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PREFATORY NOTE

Among the subjects to be handled in the Enquiry inte the
* Intensification of Agricultural Production ' set up by resolution of
the Fifth General Assembly (1920) of the Infernational Institute of
Agrienlture * regarding measures of every kind taken by the various
countries during the War and since the cessation of hostilities to
inerease and render more intensive agricultural production * there
appeared as the twelfth point the following :

“ Measures taken to encourage the colleetion and conversion by
manufacturing processes of waste material in view of their utilisation
as food or feedingstuffs, in the manufacture of fertiligsers... ete.”

This subject has been treated in detail in this monograph, which
is emphatically the work of a technician for technicians, keeping as
main objective the application of the various topies to agriculture
and to the interests of farmers.

The publication of the French edition by the Institute has been
followed by that of an Italian edition published, under the auspices
of the Institute, by the firm of M. Hoepli of Milan.

The Italian edition contains a considerable number of additions,
and the translation into English has been go arranged as to blend the
two preceding editions into one. This English version, for this
reason and also on account of later additions made during its prepara-
tion, is thus to be regarded as brought up to date in every respect
and as being complete in form in comparison with the French edition,
which had so favourable a reception in scientific and agricultural

circles,
A. BRUTTINI.

Indernational nststute of Agriculiure
Bome, May 1923,
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INTRODUCTION

The small yield of the ordinary crops, due to the reduced supply
or complete lack of labour, fo the scarcity of capital and shortage of
fertilisers ; the re-appearance of malaria ; the damage done by water-
courses no longer properly regulated ; the want or extreme secarcity
of selected seeds ; the great difficulty of transport and communication ;
the imperative necessity for provisioning armies and investing forces;
such were the canses that brought about during the War so serious
a diminution in the supplies of food whether for man or live-stock
on all markets, and in consequence made it necessary and even a matter
of urgency to investigate local means of production and internal sources
hitherto neglected.

It was thus inevitable that waste produets and offals should be
utilised and substitutes manufactured, Such substitutes might well
have no element of the produects they replaced beyond the name to
which was added some epithet intended either to conceal or to indieate
their origin. The waste products and offals whether of the manufae-
turing industries or of the food trades were turned to use : materials
were utilised which had formerly been regarded as of no value from
the point of view of human food ; and a further step was taken in
bringing in raw materials which up to that time had never been used
as food.

The purpose of this monograph is to show in detail all that has
been done in the different countries during the War and also afterwards
(1914-1922). along legislative, administrative and technical lines, as
regards the utilisation of the by-produets of industry, of offals and
regidunes of all kinds, of raw materials up to then completely negl-
ected, for the manufacture of produets suitable for the food of man
and live-stock and for the preparation of various fertilisers.

For many of these producis no new process was involved, but
merely bringing up to date and improvement of processes ; for others
it was a question ol fresh application of methods already known ;
for others, on the contrary, entirely new processes, often ingenious
ones, had to be employed.

It will appear that use was made of expedients devised on the
spur of the moment, of processes adopted without precedent in the
industry. But the eager quest of new methods or the bringing up
to date of disuged former methods has brought to light mueh of unsus-
pected value, as well as many ways of increasing the stocks of food,
the fertilisers, and the raw materials of numerous agricultural industries,
of future as well as of immediate importance.

1
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As regards methods already familiar, we shall conecern ourselves
with them only so far as they present some new aspect of importance,
not taken into account before 1914. It would be unnecessary, and
also uninteresting, for example, to deseribe the application to the feed-
ing of man and animals and to the fertilisation of the goil o1 the waste
products of dairying, of milling of cereals, of the manufacture of vege-
table oils, ete. It is not however proposed to omit all reference
to these : and so to make the account more or legs complete, a simple
mention of these residues and offals will be made when neces-
sary. The reader will thus find a eomprehensive survey which will
enable him to obtain the full information he may require, even if he
refers only to the sources here guoted. For that reason pre-war pub-
lications are also quoted, where anyone anxious to acquaint him-
self with a subject in detail might usefully consult them.

No work as yet exists giving a description of all, nor even the prin-
cipal produets, dealt with in this monograph. There are, it is true,
numerons publications on special points, and also on groups of produets
and by-produets, but we have not succeeded in finding a work intended
to make generally known, in the interest of the agriculturists of the
world, the most important and noteworthy faets ag to the utilisation
of offals and residues, in particular during the time of the War.

By ¢ the most important ” is meant in special reference to the
erisis which occasioned the invention or the application of a process,
but it is not to be inferred that this importance need survive at the
present time for all processes without distinetion.

It is proposed to give an account not only of what has been done
in the matter of utilisation of waste material to meet the difficult
position, ereated by the shortage or absence of raw materials, but also
what is being done now and what may be done in the future. All the
investigations, the enquiries, the experiments, the manufacturing pro-
cesses that made it possible for millions, during the war, to fight
famine for themselves and their beasts, are not to be allowed to pass
into oblivion !

There is, however, now no question of repeating all these pro-
cesses because of any utility each one had at the time; the point
rather is to preserve and to repeat those that are of real economie
value ; the remainder will pass into the past history of alimentation
and of agricultural technique and will thus take a place in the wider
subject of the War and its painful consequences.

The reader, then, will judge of the contents of this monograph,
case by ease : he will take into consideration the needs of agriculture
in his own country, its resources both as regards food and feeding
stuffs and manufactures, the supply of raw materials and methods of
working them up, the state of international frade, ete., before judging
whether it is worth while to give a trial to any particular produet
or, in certain cases, to improve the methods of manufacturing any
produet.

The gubject of this book is undoubtedly only a part of the general
survey of the sustained effort each country at war had to make, both



INTRODUCTION 3

during and after the hostilities, to meet the ever inereaging scarcity
of raw materials and industrial produets indispensable to the normal
life of gociety. It forms, however, no insignificant part of that survey,
and one which if considered in its various aspects may afford some
guidanee for present and future action.

The utilisation by agriculture of waste material, as hitherto
practised, has not always been conducted on sound technical and eco-
nomic lines. The quantity of waste produets that are lost through
negligence or intentionally thrown away is still large, and in certain
cases, very large. Manufacturing processes in use are often still go
far not perfected that the raw material subjected to them only yields
a part of its value : in faet, if 100 represents the potential utility valune
of any raw material used in manufactures or in foods, in conversion
of these potential into real utilities, it frequently happens that not all
the 100 units are utilized : a greater or less percentage remain still
potential and are lost. This is not always a result of the intrinsic
properties of the substance, but of defects in the methods of utilisa-
tion. 1If these losses were to be estimated even approximately, they
would represent very large sums. The question is thug one that arises
and its solution must be sought along the lines of most advantage to
agriculture.

It must be recognized that there was a disfinet improvement
in this respect during the war when the searcity or complete absence
of certain raw materialg, the difficulty or impossibility of transport,
the great reduetion in the supply of labour, the diminished produetion,
ete, led the different peoples to find ways of turning to account waste
material up fo that time practically ignored, and wild plants, so
far very little and merely locally used ; there were thus obtained, as
we shall see later, immenge guantities of food for men and for live-
stock, fertilizers and other valuable substances, thus enabling the large
populations to satisfy, at least in part, their food requirements and
the needs of their agriculture.

But even in this time of exeeptional stress, the utilisation of waste
material was not complete, nor was it everywhere scientifically
carried out, while on the other hand certain materials were then turned
to account which could not be so treated now, on account of their
high cost. It must not be supposed that any specific offal or residue
can be utilised with advantage : this is possible with some of them no
matter where they are produced ; but 1n the case of others, it is neces-
sary to determine in each case by preliminary investigations and by
careful experiment whether they are really worth utilising. TFor this
reason it seem advisable and even essential that institutions for pro-
moting progress in agrieulture should inelude work of this kind in their
programmes. Ag regards waste materials requiring no fresh investi-
gation for their utilisation, it iz enough to set on foot propaganda for
the encouragement of their collection, preservation, manipulation and
employment ; but for those the use of which is little known and which
are thus either wholly or partially neglected, local enquiries and in-
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vestigations are necessary, both on the technical and on the economic
side, and as soon as it is clear that it would be worth while to make
use of them, no means should be omitted of bringing them to the know-
ledge of agriculturists and of urging their application.

In this publication, which neeessarily is of an international char-
acter, such investigations are out of the question. For this reason
it hﬁb been thought better to refrain from making caleulations of the
costs of production, of manipulation, of transport and of application, ete.,
sinee the figures relating to these points would have a purely local
value, ¢. e. only for the region to which they relate. The reader must
make up for the absence of these figures by choosing the waste products
which he thinks he could utilise and by applying to these the data
resulting from his own practical experience and from bhis knowledge
of local conditions.

Part II of this monograph consists of detailed deseriptions of the
origin, characteristics, properties, and principal methods of utilisation
of such offals and residues as are of value to the farmer, a value
sometimes remarkably high, sometimes only limited, but always
worth taking into consideration, whether as likely to inerease the stocks
of food and feeding stuffs, or to supply the soil with a greater quantity
of fertilizsing substances.

All kinds of waste materials even the less well-known, have been
here brought together, so as to render the account as complete as pos-
sible, and perhaps instruetive in view of future requirements.

It seems advisable to make some suggestions as to propaganda
which governments and institutions for promoting agricultural pro-
gress should employ to disseminate among agriculturists information
necessary to the utilisation of refuse. The problem of such utilisa-
tion may seem a small one, if each offal or residue be taken separately :
but it is not so when considered as a whole, 1. e. when the aim iz recog-
nized as the employment for the feeding of men or live-stock, or
for the fertilisation of the soil, of enormous quantities of substances
which in many countries are still completely neglected or only in
partial use.

Propaganda may be made effective in two ways: 1) by oral
exposition, when possible accompanied by demonstration, addressed
direetly to agriculturistz by suitable lecturers, such as departmental
instructors, instruetors of travelling schools of Agrieulture and the
like ; 2) by the circulation in country distriets and among manufae-
turers of suitable leaflets, short, clear. practical, and well illustrated,
of the type of the excellent Bulletins which the Ministry of Agriculture
of the United States seatters in thousands among American agricnl-
turists and sends also widely into other countries. Publications of
this kind, based on faets verified by experiment and on a knowledge
of the conditions of the particular branch of agrieulture it is intended
to stimulate, are always of great efficacy. It is obviously impossible
to adopt for all countries alike one set form of presentation of the sub-
jeet or even of printing, but there can be no difficulty in adapting
the form to the special conditions of each nation.
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For propaganda on this extensive seale the action of an interna-
tional institution might be of great use and the International Institute
of Agriculture ghould be partieularly well qualified to undertake it.
It eould prepare and gend out, on the request of the competent anthor-
ities of the adherent States, either a complete documentation on the
given waste product or regidue, or a practical memorandum of a general
character, capable of adaptation by addition or meodification to the
special eonditions of the given ecountry, or on oecasion both the doeu-
mentation and the memorandum,

It iz beyond doubt that if a more scientific and more intensive
utilisation of waste material can be achieved, it will mean a saving
of hundreds of million of francs to the resources of a large number
of countries. The statistics reproduced in Part II of this monograph
are proof of the accuracy of this statement.

The character and purpose of this publication hag been made
sufficiently clear in the preceding pages. 1If it succeeds in placing
before agriculturists certain suggestions, technical information and
data on the utilisation of the produets ; if it succeeds in rousing in
them a wish to try to turn to aceount the raw materials or residues
hitherto neglected or to improve the utilisation of other products
already in use; if in other words, this work may form a modest contri-
bution to the inerease in the means by which men, animals and plants
are nourished, it will have attained its aim and the International
Institute of Agriculture will have added one more to the useful series
of publications it spreads throughout the world.






PART 1.

LEGISLATIVE AND ADMINISTRATIVE MEASURES FOR
THE UTILISATION OF WASTE PRODUCTS AS FOOD AND
FEEDING STUFFS, AS FERTILISERS, AND IN CERTAIN
INDUSTRIES.






As regards the colleetion of refuge and waste produets of all kinds,
which could be used to a greater or less degree as food for man or live-
stock, or as fertiliser, ete., the different belligerent states issued a large
number of enactments and decrees, and in some, as we shall see, an
active propaganda was carried out in the form of leaflets, lectures, ete.,
to encourage the people at large to undertake this colleetion, and so to
reduce as far as possible the consumption of food.

But though there was an active collection of certain waste pro-
duets, becauge a good price was paid for them by manufacturers of
substitutes, others and especially those that were very widely scattered,
such as leaves and various forms of vegetable rptuﬁ{* were not hrgu]y
employed in many states. It was however a different matter in GER-
MANY, where, as will be gshown later, a highly developed organisa-
tion of special Commissions was charged with the duty of arranging
for the collection of every kind of waste produet with a completeness
far beyond that shown by any other of the belligerent states. The
faet is readily explained by the influence exerciged by the blockade
from the beginning on the general economie situation of the German
Empire and its allies.

The legislative and administrative measures dealt with in this
section provide, as regards certain of the belligerent states, and espe-
cially those of Central Europe which were for so long subjected to the
blockade, a vast amount of material from which it will be sufficient merely
to select that which is most closely concerned with the subjeet for the
sake of brevity and practicality.

This appears to be the best method to adopt inasmuch a8 many
of these legislative and administrative measures are already obsolete,
and are in any case inapplicable to present conditions. The names u’r
the publications containing these measures will be given for the benefit
of those who may require to make a more detailed study of the question.
As also the majority of the processes deseribed in Part IT arve the result
of studies and experiments made by government departments, experi-
mental institutions, societies, manufacturing firms and individuals,
care has been takﬂl to assign the credit to the proper quarter in e u:-h
ingtance,

The necessity has not been overlooked for making a full historical
doenmentation, such as to enable the reader to find in a single pub-
lication a full account of all the measures adopted. He will thus have
the opportunity of estimating the importance of those that are of most
interest to him, from the point of view of their practical application
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and possible improvements through the use of the readier working
methods now available as a result of the better conditions of industry
in general and of agriculture in partieunlar.

Mention has already been made of the special conditions affect-
ing the Central Empires in the matter of their food supply ; the reader
will note that in the account to be given in the following pages the meas-
ures taken in Germany for the utilisation of refuse and waste produets
are far more important both as regards number and significance than
any similar measures taken either by the Allies or by the United
States.

As already stated, this difference is mainly due to the blockade :
in fact while the Allied States could in spite of the submarine warfare
readily exehange their produets and obtain supplies from their colonies,
from the Dominions and America, the Central States, hemmed in more
closely every day by land and sea, were soon obliged to rely
solely on their own native resoureces as regards raw materials for in-
dustries and agrieultural produets. And as before the war the impor-
tation of raw materialzs and of certain agricultural produects was con-
siderable, means had to be found, even when taking into account the
reduced consumption due to rationing, for making good the absence
of imports ; accordingly attention was specially direeted to the pos-
sible utilisation of waste produets and the manufacture of substitutes.
The abundance and variety of substitutes surpassed all possible pre-
war conceptions. Hence Germany became * the country of substi-
tutes ', and the German nation, as was abundantly shown duoring
and after the war was indeed fortunate in that the end of the conflict
saw too the end of certain substitutes made out of refuse that no one
had ever thought of using in this connection and which it would have
been better never to use at all.

But it must however be recognised that, speaking in general
terms, these substitutes and the utilisation of refuse enabled the German
people to prolong their resistanee, though the substitutes were only
one of the factors in this resistance and could not take the place of all
the other factors which determined vietory or defeat.

Before treating in detail cattle feed and fertilisers it seems desira-
ble to make some general statements with regard to what was done
in certain states in the way of studying the problem of the utilisation
of refuse and waste produets immediately after the outbreak of war.

In GERMANY the results of the blockade were at once anticipated,
and a lecture and press propaganda was undertaken (particularly
for the purpose of enlisting the services of the rural population in the
securing of food supplies. This took the form of a wide distribution
of printed matter to clergy and school-masters snggesting schemes for
meetings and conferences in farmers’ clubs, schools and churches (1).

(1) Of, Dde Lebensmiticlversorgung und die Mitarhei! der ldndlichen Bevolkerung bei der
Lebenamittolversorgung. Vortragsstofl fiir Geistliche und Lehrer 2o Vortriigen in Vereinen, land-
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This propaganda was one of the first pieces of work undertaken
by the Kriegserndhrungsami (War Food Commission) who took great
pains to set out the most important considerations in food economy,
with special regard to the points which experience showed to be ordin-
arily the subject of guestion and answers at leetures and meetings,
and indicating the topics to which it was necessary for the lecturers to
devote their special attention (1).

In the general plan followed in Germany from the outbreak of
war, showing how with the frontiers closed food problems should be
studied, recommendations were made to the effect that in addition to
intengive methods of eultivation, a better use should be made of agri-
cultural produets, and orders in this sense were issued for all the States
of the Empire. It was hoped in thiz way to emphagise at once the ne-
cessity for a systematic collection of refuse and waste produets, and
also of wild fruits (for making preserves, syrup efe.) (2).

In AUusTRIA where the means available were much more limited an
attempt was made at once to earry out a plan for controlling the food
supply of the people and of the live stoek, on the analogy of the German
plan, and hundreds of measures were passed in thig sense, of which it
is necessary here to give a chronological account (3).

In addition to the ordinary substitutes for wheat flour, experi-
ments were made with very finely ground lueerne and clover hay flour,
and this bread was free from any taste of hay. BSeveral kind of moss
were also used, and the utilisation of 1|Ihl]]'|{*g'l ated straw was also pro-
posed (4).

In the UNITED STATES the Burean of Chemistry has in recent years
made important investigations into the ntilisation of the offals of cer-
tain agricultural produets, and although in that country the shortage
in food and feeding stufls brought about by the war was immeagurably
less than that experienced by the Central Powers, the Secretary for
Agriculture even after the war pointed out (5) the immense importance
of the processes by which certain perishable agricultural products can
be transformed into material that can be Lv]}t and untilized as need
arises. The United States thus felt the effects of the war even after
it was over, while during the war eertain kinds of refuse to be men-
tioned later (e. g. seaweeds), were widely employed,

wirtachaftlichen Vereinen, Gemsaindeabenden, und sonastigen Gemeindeveranstaltungen in
Sehule und Kirche, Zusammengestellt von dem Leiter des Noachrichtendienstes des Kriegser-
nihrungsamts Dr. Arno HorrmerisTEn, Leipzig. Spanner, no date,

I:]':I 'UE_ ﬂ'ir:' e taehe Ermi!;ru;wnujir.r.ucha;‘r Py K:‘iegr_ "i-nrlrl;'lg_urnrl' |'1-|'rn|.|:i._|’_r4'|11_'r| Vil
Nachrichtendienst des Kriegsernihrungzamtz, Leipzig, Spanner, no date,

(2) Cf. Evrzeacuer PP, e Dewische Vollsernalrung und der englizsche A ushungeringsplan,
Brunswick., Vieweg u, Boln, 1915,

(%) Cf « 1) Dr. Ludwig von Norpeck zu Ratesav, Beitrdge suwr Kriegawirtschaft, Ihe
Eriegserniihrungawirtschait in Oesterreich. Parts 44-46, Berlin, 1918,

2} For the numerous measures taken in regard to milling of cereals and bresd-making.
the work of Dr. J. BroKLASA may be consulted, Das Brotder Zukunfi.  Jenn, G, Fischer, 1917
— Bee alzo, BUNDESMINISTERIUM FiUR VOLESERNAHRUNG, Oas Oesterrciohische Erndlrung
problem, Part 1.3, Vienna, 192].22

(4) SBTOELASA, Op. cit., p. 98

() Cf, T, &, Dept, af Agric. ¥ earbook, Washington, 1920, p, 5
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The numerous measures taken by the Allies will be conveniently
detailed in the following chapters, dealing respectively with human
food, feeding-stufl for live-stoek, fertilisers and certain agrienltural
industries.

I. — HUMAN FOOD

There is a striking difference between the number of measures
that were taken in GERMANY in respect of human food, and that of
the measures instituted by the other States.

The Prussian War Minister (1) laid down the lines and undertook
the direction of the vast organisation created for the colleeticn not only
of raw materials, but also of all kinds of offals and residues, an organ-
isation into which, as a result of the co-operation of thousands of
students and school-children, the whole nation was eventually drawn;
thus was instituted the * Kriegsaunsschuss fir Sammel and Helfer-
dienst ” (War Commission and Voluntary Service for collecting ma-
terials for utilization), subgeguently known as “ 8. A, " (Bammelabteil-
ung ) (Department for collection of materials for utilisation), and an
official was attached to each Command of the Army Vietualling Ser-
vice, whose business it was to report not only on army vietualling but
also on the food supply of the civil population, in so far as the interests
of both coincided.

A special department of the Public Food Supply was constituted,
whose business it wasg : 1. to treat with the military Staff authorities in
regard to their intervention in the matter of the provisioning of the
civil population ; 2. to keep itzelf informed of the state of feeling among
eivilians and of the general food situation ; 3. to represent the War
Office on: all the other Ministries, Prussian as well ag Imperial, the
Federal Couneil. the Food Commission, the State Laboratories for In-
spection of Food-stuffs, in fact on all bodies conecerned with the food
question, ete. For example when in 1916 the * Kriegsamt =~ (War
Commigsariat) was instituted, there was assigned to it among other
functions that of * arranging for the distribution of meat and fat to
munition-workers .

This National Food Department entrusted experts with the duty
of examining the possibilities of inereasing the produetion of fats by
making better use of hones. The experts came the coneclusion to
that even in time of peace an insufficient use was made of bones, and
that in time of war this use was even less satisfactory, because of the
concerted action of persons influenced only by selfish degire for commenr-
cial zain. The voluntary organizations which had been set upin differ-
ent parts of the Empire for the purpose of collecting all kinds of mate-
rials still available were threatened with extinetion, in consequence
of disagreement about methods of administration and of mis-

(1) Ci. Proux Robert, Heitrdge Keiegswirtechaft, Part, 65, Das Bammelweson in der
Iiriegswirtzehaft. Berlin, 1919
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directed enthusiasm, and the large quantities of materials already col-
lected remained stored unused in schools and publie buildings. Henee
on 29 March 1917 the War Commission and the Voluntary Serviee
above mentioned were combined with the Prussian War Department, and
the Chancellor revoked previous measures and gave orders that for
the future the Food Commission should be responsible for the provi-
sion of food stufts, and speecially for meat and fat, including supplies
for the munition-workers.

With a view to turning the work of the voluntary colleetors to
better account, the Food Commission arranged that all the Central
anthorities and the offices depending on them (in so far as they were
not direetly subordinate to the War Commission) should work in
harmony with the organizations of voluntary collectors and should
direct their efforts for the common ends. The first Food Commissio-
ner Batocki, and also his suceessor von Warpow, did all in their
power to bring about a close co-operation between the efforts of the
State Burean and of the innumerable War societies and those of the Com-
mission for the collection of material still available. The Ministry of
Public Instruction of each of the Confederated States had effective
support from the school managers and headmasters in induecing the
sacholars not to remit their efforts in collecting.

The collection and revival of the use of so many different materials
hitherto neglected as unnecessary if not valueless began with the forag-
ing excursions urgamﬂ-ut by the ppnple of East Prussia who had suffer-
ed from the invasion of the Russian army. As these excursions be-
came general, it resolved itself by degrees into a matter of collecting
whatever came to hand. The Commission appointed to for direct
this collection was defined in the monograph entitled * Denkschrift
zur Sammlung von Abfallstoffen und Wild friichten ”, which was re-
printed three times, as an Association for the collection of offals and wild
fruits, a programme which later had to be simplified. But while the
undertaking and its results grew in importance, there was an increase
too, largely for lack of capital, in the difficulties to be overcome as to
grading, warehousing, utilization and transport of the stuff collected
and especially of the table refuse. The result was that in the spring
of 1917 a certain further uniformity had to be introduced into this im-
mense organisation of voluntary collectors of refuse, by the institu-
tion of local and distriet offices and committees of t]w War Offices and
Offices for War Economy, as well as War Committees subordinate to
the War Commissariat, which was itself, on 13 April 1917, placed in
direet dependence on the War Service for Collection of Waste Material
and of Voluntary Collectors.

If the collected matter was requisitioned by the State, it was sent
to the Kriegsgesellschaften (War Associations): in any other case it
was gold freely at the Government controlled price or at the prices
agreed between the War Commissariat and the representatives of the
dealers. A share in this work was also taken by the Tmperial Assoeia-
tion for concentrated foods, dried foods and wild fruits — the War
Commissariat for vegetable and animal oils Commissariat
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for coffee, tea and substitutes — the Association for nettle enltivation
— the Association for collection of beech leaves and mast (1).

The material colleeted wag stored in speecial depots (Sammelgiiter):
the most important of these was the depot for the waste products
that could be used direetly or indirectly for food or feeding-stuffs,
such as : wild froits and plants — bone — seeds of forest trees and
mast — horse-chestnuts — acorns — table refuse — coflee grounds
— leaf-hay. The collection and utilisation of wild fruits and
plantg had been handed over by the Fruit and Vegetables Commissa-
riat to a duly registered society, known as * Wildfrueht ', which did
some collecting on ifs own account, but was endeavouring to do so on
the same lines as similar associations. The country was divided into
distriets in each one of which the organisation was directed by respon-
sible experts in whom confidence was placed and who had to be mem-
bers of the above mentioned society, the shares of which were sold at
50 marks with limited liability.

An essential point in the utilisation of wild plants and fruits was
to ascertain if they were of direet use for food or ecould only be used in
conjunction with food-stuffs proper to make them last longer, or if
they were possible substituted for spices, tea, coffee, drugs, ete.

The Bulleting and Lists of prices published periodically by the above
above-named society show in full the measures taken, the fruits util-
ised, and the prices obtained.

The Decree of the Federal Council relating to the trade in bones
dated. 15 February 1917 preseribed that anyone to whom delivery
of 500 kilogrammes or over of bones had been made in the course
of a week was obliged to make a deelaration to that effeet, every
saturday, to the War Commission for Oils and Fats. The basic price
had been fixed at 10 pfennig the ke,  In the first place the fal was ex-
tracted to be used for various technical purposes or to be refined for
table use — the latter by methods go improved that a finely flavoured
oil was obtained, irrespective of the quality of the raw material. The
edible o0il 80 obtained wag uged for the making of margarine : glue was
then extracted from the bones as left, and finally they were ground
and dried to make feeding stuff mixed with other ingredients. The
industrial fat obtained from the bones was used in candle fact-
ories, where stearine, oleine and glycerine is extracted from it, as
well as materials for the manufacture of soap and explosives. That
is not all : with the bones soup and soup tablets were made which
replaced meat extracts.

The fatty matter of bones is extracted either by steam in an aunto-
e¢lave, or by benzene.

The Oils and Fats Commission arranged for the extraction from
the kernels of cherries, plums and apricots and the pips of lemons,
oranges and pumpkins an oil ealled frudtseed oil ; the residues from this

(1) Chapter 1T of the brochure of M. R, Plohn, already quoted, contains a comparison of
tie various moethods devised for colleeting these products, and a detailed and interesting de-
seription of the crganisation of the sehool-children =et to do the collecting.
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manufacture were to some extent employed in making cattle-food.
From 1 kg of seeds, an average of 50 grammes of oil as extracted,
s0 that 4000 metrie tons of seeds supplied, in 1916, 200 tons of oil:
10 pfennig was paid per kg. of seeds, that is as much as for 1 kg. of
bones which supplied, according to quality, from 70 to 100 grammes
of fat.

In making use of beech mast, experience already acquired was
available; the Oils and Fats f‘nmmmmn did not hegln on this till
30 July 1918. To induee a good number of people to colleet them
seeds and to deliver the full quantity collected, the State paid them
1.66 Marks the kg. (fixing 1.50 Marks for sales between private persons),
left each person to collect as many as he pleased, and allowed the col-
lector 60 grammes of fable oil per kg, of mast delivered, at a price of
of 90 to 95 pfennig. If the collector preferred to extraet the oil on
his own account, the State authorised him to bhave half the mast he
delivered pressed, leaving the cake residue at its own disposal. Al-
though the aczhwtg of the collectors was greatly interfered with by in-
fluenza, the revolution and bad weather, nearly 400,000 kg. of table
oil were sucecessfully obtained from hm.{-li mast, as well as a Propor-
tionate amount of fat and cake for live-stock.

The gquestion of fats became more and more serions throughont the
war in all the Stateg, but in Germany it was of the first importance,
and the efforts made there far outdistanced all that was done in the
Allied States to secure for the people the necessary food fats. The
following information, in addition to what has been said, may be of
interest (1).

The total quantity of animal and vegetable oils and fats eonsumed
yearly in Germany in time of peace was, in round fignres, two million
metric tons, including 400,000 tons of butter and about 1,100,000 tons
of oil, lard, suet, tallow, erude margarine, Kunsispeisefet! (a mixture
of different fats) and margarine.

The principal oil-yielding erops of Germany in time of peace were
spring and autumn rape or navette, linseed, poppy, hemp and eamelina :
they covered altogether nearly 125,000 acres, and produced 15,000 to
18,000 metric tons of oil. The slaughter-houges supplied 700,000
metrie tons of fat and the utilisation of bones 15,000 tons. Not reckon-
ing butter, of the remaining 1,500,000 metric tons of fats nearly half
were of home produetion : the rest was imported, particularly in the
form of oil-seeds, which were worked up in Germany.

In January 1915, the Kriegsausschuss fiir pflanzliche und lieri-
sche Oele und Fette (War Committee for Vegetable and Animal Oils
and Fats) concerned itself with all the fats except butter and lard,
which came within the scope of the Zentral- Einkaufsqesellschaft {Len-
tral Purchasing Society), which at the beginning of 1916 also undertook
margarine, and then became fransgformed into the Reichsstelle [iir Spei-
sefefle (Imperial Office for Edible Oils).

(1) Cf. Ewarp M., Beitrage zur Kriegwirtschafi : Die pflanzlichen und tierischen Oele
und Fette ausschliesslich der Molkervinrodukte, in Frieden und Krieg, Berlin, 1018,
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These organisations endeavoured to remedy the shortage of fats
by the following means : prohibition of their use for certain purposes
(as, for example, floor-wax), limitation for other purposes (burning,
Inbricating, ete.), requisition and rationing. The use of edible fats in
industry was prohibited.

People were informed that for washing of clothes, ete. a Waseh-
pulver (washing powder) might be employed, containing only 4to 5 9,
of fatty acids, while for toilette soaps 20 Y, is necessary.

To encourage the growing of oil-yielding plants agrieulturists
were supplied with seeds and fertilisers at low prices, and a number of
industrial and commercial facilities were granted to them. In this
way an inerease of 50 9%; in the produection was obtained in 1916, as
compared with 1915, and in 1917 an inerease of 100 9%,.

In 1915, some experiments in the cultivation of the sunflower
as an oil-yielding plant were made; in view of the good results obtain-
ned, orders were issued in 1916 for the growing of sunflowers along the
railway lines, but the secheme did not succeed, as this plant is not suit-
ed to the climate of Germany : hardly as much seed as had been sown
was gathered, On the other hand, suecessful nse was made of a num-
ber of home-grown oil-yielding plants, whose value in this way had so
far been little recognised, especially orchard-trees, from which fruii-
stones were collected and put to use from 1916 onwards.

If fruit-stones are erushed (shell and kernel together), and the oil
extracted by pressure or by solvents, there is obtained : 1) a very
small yield, as the shells retain part of the oil ; 2) a non edible oil, be-
cause there is an admixture of the waxy substance which forms a thin
covering of the inner skin of the shell ; 3) the residue is of no use as feed-
ing-stuff. But a means of separation was successiully found.

In 1916, chiefly owing to the activity of the schools and of women’s
patriotic organisations, 4000 metrie tong of fruit-stones were collected
which at the rate of an average vield of 5 %, of oil gave 200 metrie tons
of edible oil, employed for the most part in the manufacture of mar-
garine. Oils were made besides : from  pumpkin reeds produced in
Germany or bought in the Balkans and in Asia-Minor (10 9 vield of
oil), from lemon and orange pips, from grape seeds (the Bundesralsverord-
nung [decree of the Federal Council of 3 August 1916 ordered the requi-
sitioning of grape residue and the separation of the stones from it. In
1916 160 metric tons of oil were obtained from grape seeds); beech-
mast (to encourage the collection of this, it was well paid and besides the
collector obtained for every weight of mast delivered one tenth of the
weight in oil ; the shortage of labour however put a stop to the collec-
tion) ; foxglove seeds, red pine seed, wall-flower seeds, cornfield weed-
seeds, the colleetion of which was orgamsed in 1917,

The Kriegsausschuss ordered the removal of the germ from bread-
stuft eereals and extraction of oil from the germs. Before the war,
the extraction of the oil of maize was almost unknown in Europe. It
assumed importance in Germany, especially after the conquest of
REumania, whenee came large supplies of maize. As time went on
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the technigue of this extraction was improved, so ag to obtain a yield
of 1.5 to 2 9%, of the whole grain, and in consequence in 1917 several
thousands of metric tons of oil could be obtained. Degermination
of rye, wheat and barley was ordered also: the first yields 1 9, of germs,
the other two 0.5 9% of germs, containing 10 %, of oil. There is no dif-
fienlty about the geparation of the germs in the milling ; it was done
in some mills even before the war and these germs were mixed with
bran to make concentrated food of high value. In 1917, the German
mills turned out every month 1500 metric tons of grain, from which
130 tons of oil were obtained. The residues contain respectively the
following quantities of albumen : maize 10 9%; to 20 9% ; wheat 35 9%, ;
barley 40 9, ; rye 42 9 to 43 %, ; and, besides, starch, sugar ete. They
are nsed in the form of meal for soup and Morgentrank (morning bever-
age). The meal of maize germs is remarkably like pulse-meal in its
composition and forms a good substitute for it, having nearly the same
taste as pea flour. Taking all these oils together, Germany was able to
equal and even to surpass the production of vegetable oils of the pre-
war period. With few exceptions, these oils were used in the manu-
facture of margarine.

As a result of the reduction of stoek and scarcity of fodder,
and the consequent impossibility of feeding the animals, the home pro-
duetion of animal fats was greatly reduced during the war. Attempts
were made to remedy this by improving the methods of preparing
internal fat, a process carried on in central model establishments., Ger-
many was divided into 50 Sehmelzbezirke (fat-rendering areag). The in-
ternal fats (leaf) of healthy animals yielded Feintalg (refined fat) and
those of diseased animals or of carcasses technische Talg (industrial fat).
Half of the refined fat was given up to the Kriegsausschuss which ar-
ranged for its transformation into margarine of superior quality. The
residues of the refined fat (skirtings, greaves, seratehings) were made into
gausages, known as Griebenwiirste (greaves-saunsages), while thoze of
the industrial fat were used for cattle feeding-stufls.

The preparation of pig fats was carried on under the same condi-
tions as before the war, and no centralisation of this industry took place.

In conformity with a deecree of the Federal Council of 13 April
1916, the utilisation of hones was taken over by the Kriegsauschuss
fibr Oele und Fefte (War Commission for OQils and Fats).

In time of peace there was no manufacture in Germany of edible
bone-fat.  When bones are boiled in a saucepan, about half their fat
goes into the soup and the remainder is lost. It is however easy to
extract the whole of the fat, e. g. by water vapour under pressure it
can be obtained either from uneocked bones, or from bones from which
soup has been made, provided that in either case they are fresh. Other
by-produets can be obtained from bones: soup cubes, gelatine, glue,
feeding-stuft, fertiliser, raw material for the preparation of phos-
phorus (for munitions),

Before the war from 25 to 26 million marks worth ol bones were lost
to the German industry of bone-utilization. A deeree of the Federal
Council of 13 April 1916 made it necessary to notify all large quanti-

2
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ties of bones : burying of burning of them was forbidden ; the guan-
tity to be employed for food was restricted. These measures were
amplified in May and in October 1916 consolidated and more stringent
by the decree of 15 February 1917. The collection and delivery of
bones fo firms dealing with them was controlled by the communes
who received 1 kg. of margarine for 100 kg. of bones delivered. For
supplying bones the payment was 10 pfennig a kilo, and 18 marks for
100 kg. From May to December 1916, there was obtained, on an
average, 30 metric tons a month of edible bone-fat ; in the first months
of 1917, 82 tons were obtained per month, and after that the guantity
inereased rapidly. This was partly due to the fact that, as the arti-
ficial preparation of glyecerine for military use had been a success, a
larger quantity of bone was available for food purposes. The sale of
cows’ feet in butchers shops was forbidden, as they were requisitioned
for the preparation of neats’ foot oil to be used as lubriecating oil for sub-
marines. A notification of 29 June 1916 made obligatory the manufac-
ture of feeding-stuffs and of industrial fats from all animals or parts
of animals rejected by the slanghter-houses as diseased, as well as from
all earcases and slanghterhouse offals. This work was carried out un-
der the auspices of the Kriegsausschuss in 1917 in 720 centres, 327 of
which were built on a pew pattern with thermo-chemical equipment.
Cattle meals were made in these after extracting the fats. Numerous
military installations were set up on the two fronts for the treatment
of animal careases by the same methods.

Fish offals and fish meals were likewizse deprived of their fats
before being given to cattle. Fats already used were made avail-
able again, being taken out of dirty water by means of apparatus
known ag Felifinger (fat-catchers), 15,250 of which were sold by the
Kriegsausschuss at the beginning of 1918.

Fats were obtained from : the residual liguor of textile factories
— leather waste (130 metric tons in 1917) — fullers’ earth (135
tons in 1915).

The following fat substitutes were prepared: as industrial oils,
the mineral oils — as drying oils, pine-tree oil and coal-tar (produced
by distillation of coal) — the natural resins as partial substitutes
for soaps (lathering like soaps) — for toilette soaps elay and pipe-
clay were used, plus 30 9 of soap to 20 9 of fatty acids, ete.

On the advice of the Reichsjleischstelle (Imperial Meat Office)
of Germany, the local and provineial Meat Offices established during
the war, Zentralwwrstereien (central sausage factories and factories
for the working up of meat). In these latter slanghter-house offals
were worked up, with the minimum posgible loss and with utilisation
of all the viscera for manufacture of the sausages known as Dawuer-
wigrste (1).

Horse fat was also used as food. Edible fat was extracted both
from fresh bones and from bones already cooked and collected from

(1) Cf. Dr. Kritoer, Dr. Maver, Dr. Nikras, Dr. von OsTERTAG, von SCHLIEBEN and

BomonL, Heitrdge zur Kriegswirtschaft : Vieh und Fleigeh in der deatschen Kriegswirtschaft,
Berlin, 1917.
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houses, restaurants, war kitchens, ete. From these bones, industrial
fats were also made, as well as cattle-meal and phosphatic fertilizers.

Kitchen refuse of all kinds was used for fattening pigs.

In the Kadaver-Verwertungsanstalten wund Abdeckereien (establish-
ments for ntilisation of carcases) meals of great value as feeding stuffs
were made.

Abjalljette (offal-fat) was obtained by washing the guts of cattle
and sheep and removing the mueus from them.

In the establishments set up in 1915 in Belgium by the German
military administration, the carcases were heated to 1500 C. in an atmo-
sphere saturated with water-vapour and were thus completely disin-
tegrated and sterilised. Then the fat and the gelatinous substances
in solution were separated. In the first vear 1500 carcases were
dealt with, and produced 366 metric tons of meat meal, 93 tons of
bone-meal and 57 tons of fat. Meat meal is a good concentrated feed
for cattle, containing 40 9, of digestible albuminoeids and 19 to 20 9
of fat. Bone meal has been employed as an excellent fertiliser (1).

The guts, bladders and stomach linings were used in the prepar-
ation of cheap sausages. The searcity of fat brought back into use
certain old-fashioned recipes for extracting fat from pig-skin, especially
in country distriets (2).

As will be seen in Part I, the foods of vegetable origin also give
scope for a utilisation of waste material, bread being an exception as
will shortly appear.

In Germany (3), large quantities of jam were made with sugar,
with frunits of inferior guality and with substitutes, such as beet-root,
carrots, pnmpking, rhubarb fibre, elder-berries, tomatoes and also
fruit-pulp treated in a special way.

The use of dried potatoes which had been geéneral even before
the war, especially for cattle-feeding, was still further increased during
the war when they were utilised for bread-making (4).

Acorns were in particular nsed as a coffee substitute, after drying
and roasting.

Horse chestnuts were reduced to a meal, or were used for making
saponine and lactie acid, in which the salt known as ** pereaglycerine ™
wias used instead of glyeerine.

In 1918, 13 marks were paid for a hundred kilogrammes of
fresh acorns, and 10 marks for the same quantity of horse chestnuts.

(1) Korrer Dr. Th., Handbuch der rat, Verwert. von Abfallztoffen jeder Art.  Wien u,
Leipzig, A, Hartlebhen, 1921, p. 10,

(2) Cf. Dr. GoeErz DBniers, M., Woss-Z1eTz, Dr. M STEGEMANXN-RUNK, Beilrdge zur
Kricgswirtschaft : Die Hauswirtsehait im Kriege. Berlin, 1917, p. 59,

(3) Cf. Dr. REOHARDT, Beitrdge zur Kriegsuwirtschaft, Part, 25 ; Die Kriegsmassnahmen
zur Regelung des Verkerhrs mit Ohst, Berlin, 1918,

(4) Those who wish to know what was done during the war in Germany for the drying
of potatoes and utilisation of produets thus obtained in breadmaking and food generally may
consult : e, W, LAUTEXEACK, Beitrdge zur HKriegswirlschafl, Paris 564-55: Die Koartofiel.
trocknong im Kriege. Berlin, 1918,
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Large quantities of these were collected and sold to the official whole-
sale dealers,

The technical, economic and legislative measures taken as to
digtilling in Germany during the war are very numerous and of mueh
interest ; but as they only partly concern the subject of waste material
it i3 thought unnecessary to mention them here; those interested
may consult the publication of A, SKALWEIT entitled Beitrdge zur
Kriegswirtschaft, Branntweinwirtschaft und Volkserniherung, Berlin,
1918. Only the information in respect of the manufacture of alcohol
from residues has been reproduced here, as follows :

When the scarcity of potatoes and cereals for distilling became
noticeable, the use of molasses was permitted in 1915, Dut as during
1915-16, molasses had to be reserved as an ingredient in feeding-
stuff, the use of artichokes, beet-root and beet root juice was again
allowed.

By an Order of 22 March 1917 permission was given to distil,
not sound potatoes, but frost-bitten, damaged tubers, or those in any
way unfit for human food which would have been utilised for prepara-
tion of fecula or dried except for the eireumstance that there were no
factories for either purpose in the neighbourhood.

During 1916-17, nearly 250,000 metric tons of molasses were used
in the distilleries, of which 86,000 tons were used in the manufacture
of ferments.

Distilled molasses by itself does not produce lees that ean be
used as cattle feed, but this defect was obviated by adding sueh an
amount of potatoes or beet-root as to make it so available.

From the season 1916-17 onwards, a new uze was found for aleohol
in Germany : the fatty acids obtained as by-produets in the manufac-
ture of fats for industrial purposes, when treated with aleohol, are con-
verted into ethyl ethers, after which they are worked up into artifieial
edible fats (Kunstspeisefetie). These digestible and not unpalatable
ethers served to increase to a perceptible extent the very scanty
provision of fats available in Germany.

A notification of 28 June 1917 gave special privileges to alcohol
employed in this way.

The measures adopted in the invaded parts of BELGIUM were in
many respects similar to those taken in Germany, partly because they
were dictated by German authority, partly because in Belginm too,
in spite of American assistance, there was a great shortage of food
during the war (1).

As proof of the extent to which utilisation of waste material was
carried in Belgium the following list is taken from the publication
mentioned in the preceding note. It is a list of the by-products and
offals obtained in milling the oats of the country (all such oifals

{1} Cf, Rapport géndral sur le fonctionnement ¢f [ss opérations du Comsté National de Se-
gours ef o Alfmendation, Deuxidme Parctie, in Le DMépartement o olimentation, Vol, I, Bru-
xellos, Wromant ot (e, 1921



LEGISLATIVE AND ADMINISTRATIVE MEASURES, ETC. 21

having commercial value during the war): sharps — thirds —
pollards — feeding meal — bran — mill dust (fine quality) — black
mill dust — oatmeal residues — hulls — shapes — straw — short
straws — straw dust — husk — chaff — weed seeds — siftings —
screenings — vetches — coarse vetches — barley sereenings — peel-
ings during drying — winnowings — sweepings — gievings — fine
and coarse residues after cleaning bran — grit — wild oats — elean-
ing up residues.

Damaged cargoes such as wheat, rye, rice, beans and peas ete.
were sent to the factoriez of DE BrouX, at Noirhat, for the manufac-
ture of yeast, while the sweepings were often made over at a reduced
price to various charitable institutions.

The waste from cleaning, husking and from manufacture of veast
with the above grains was made into feeding stuff,

For the manufacture of yeast for bread, a confract wazs made be-
tween the National Committee and the Yeast Manufacturers’ Associa-
tion, according to which all the aleobol produced had to be drained
off, while the brewers’ grains had to be sold to the nsual customers
at a price that must not exceed 3 francs the 100 kg.

In FrRANCE (1) State intervention in the feeding of the nation
meant as elsewhere the passing of a number of measures, but the
record of these between 1914 and 11 November 1918 does not include
any of importance on the collection and utilisation of waste material
on lines similar to those adepted in Germany, with the following
exceptions :

During the first weeks of the war, slanghtering for the French
armies was carried on in buildings hastily adapted where it was im-
posgible to utilize the offals, which were thus buried with the hides.
The stabilisation of the line improved the sitnation in this respeet (2).

In November 1914, General AziBErT established behind the lines
at Rheims a serviee called * Fat Manufacture Centre ” the business of
which was to collect in the slanghtering centres the internal fat (leaf)
and cows’-feet and to eonvert them into utilisable matter, e. ¢. ren-
dered down suet fat, to make edible fat, carriage grease, grease for lea-
ther, or for arms, ete.

(1) Cf. : 1) Lecexpre R, Alimendation ef ravitaillement, Paris, Masson et Cle, 1920,
p. 237 — 2) MIXETERE DU RAVITAILLEMENT GENERAL, Recwed des Lods, Méerels, Arrités,
cir, intéressant le Raritaillement de o France, 1.1V, Pariz. 19171918, 31 Those who desire
obtain complete information on the prohlems of the food supplies for man and  livestock in
France during the war may with advantage consult the publications mentioned below which
contain & very full series of analyzes of all that was published in France on this subject,
There seemz however to be no mention of adminiztrative or legal measores dealing with
the utilisation of wasie Il'lil.lvlzl'jrl]_ Part I will contain referonces Lo !t\lh]i:l':-l.lil:lll.:-g ru'f.ﬂ.
technical charactor relating to the fecding of hve stock,  The title of the publication in quest-
ion is K, LEsENDrRE, ProMémes sciendifigues dalimendation en Franee pendont o guerre,
Comptes renduz dez séances de la Commizsion d’ Alimentation de ln Sociéeé de Biologie, o Bi-
bliographie analytigue des travaux franeais publids pendant ln guerre (1914-1918), Masson
et (e, Parig, 1919,

(2) Cf. Ch, Movrew, La Chimie et la Guerre. Masson et Cie, Pariz, 1920, p. 138,

El
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This service had to deal daily with 4 metrie tons of fat and 3 tons
of cows’-feet.

In 1916 the Minister of War decided that an organisation on
similar lines should be created in each army.

In these Centres for the manufacture of fats, use was made of
offals that would otherwise be thrown away and likely to be a danger
to the health of the troops, if allowed to putrefy.

Studies were also made in the Laboratory of the Food Inspection
Department of the extraction of oil from stones of apricots, peaches,
cherries, ete. ; from acorng, grape seeds, coffee grounds, tomato and
orange pips, ete. (1). The manufacture of grape seed oil and apricot-
stone oil was industrialised and thus a considerable addition was
ensured to the tonnage of supplies available for certain industries,
in particnlar soap-making.

With the object of increasing the guantity of grape seeds collected
the Government had a leaflet printed for circulation among vine-
growers. As a matter of fact the quantity of oil lost each year in France
by not using grape seeds is estimated at 15,000,000 kg.

The Government alzo took up the question of extraction of oil
from maize germs. A factory was set up for this purpose at Ville-
franche-sur-Sadne, where the extraction of grape-seed oil was also under-
taken. This latter process was also earried on in works of private firms
in the departments of Hérault and Var.

A decree of 10 September 1918 forbade the distillation of cider,
perry, or lees until 15 December 1918, but a subsequent decree of
8 December 1918 prohibited the distillation of cider and perry, till
1 October 1919, but allowed that of pomace, on condition that a deeclara-
tion was made by the proprietor of the quantity of cider, perry and
pomace in his possession and of the number of persons maintained on
his farm.

The guantity of pomace distilled might not exceed 10 % of that of
the ciders and perries in store with the addition of one hectolifre per
person maintained on the farm.

But a subsequent decree, of 25 February 1919, annulled the
previous one and permitted * the immediate utilisation of material
which might be lost if not nsed before the date fixed by the decree
of 8 December 1918 ™ (2).

To encourage the collection of horse-chestnuts, mast and acorns,
a Notice of the Ministry of Agriculture and Revietualling, of 19 Sep-
tember 1918 (3), stated that in 1917, 3000 tons of horse-chestnuts had
bheen collected and used by the distilleries, adding that it was necessary
in 1918 to collect not only horse-chestnuts, but also mast and acorns.

To save collectors trouble over consignment, the Commitiees
for receiving cereals also took the horse-chestnuts, mast and acorns.

(1) Cf, Ch, Movnrer, op. cit,, p. 144,

(2) BEr, Frawg,, Mix, pE »'Acn. ET pv Bavir.,, Hecuetl des lois, déecrelz, arrétés, elo.
snlér, e ravil. ri;; I Franee Vol 1V. Paris, Iﬂlﬂ, P 206, — 1-'.1'-!_ T, 1'.”"1 - 03,

(3) Recueil de lois ste. Vol IV, p. 60,
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Among the numerous wheat substitutes added to flour for bread-
making in Franee, roasted groundnut cake meal may be mentioned,
added in the proportion of 5 to 10 9% (1).

A certain number of publications appeared in ENGLAND during
the war dealing with food and feeding stuff on technical lines, but there
seem to be none dealing especially with the utilisation of waste mat-
erial for human food (2).

The system of eollecting household refuse by volunteers adopted
in Germany and earried out in particular by school-children would
probably have been applied in England if the war had continued. In
fact it was clear that decided advantages had already been gained
by making trials of such collection in different localities, and it will
be seen that the best results follow from a good system of colleetion.

*“ The municipalities have it in their power " writes H. J.
SPOONER (3) ““to render great serviee to the State by organising
a complete system of collection of waste including house-to-house
calls by voluntary women helpers . Thizs work aims at the incul-
cation of the collection and utilisation of waste material, az well as
of every kind of economy in consumption. The author goes on to say
in the passage under quotation that volunteer committees might
organise such eollection, sorting, packing and transmission to main
depots, which should be prepared by the distriet engineers and survevors
with properly equipped departments for different kinds of waste mat-
erial, while arrangements would be made with the railway and canal
companies for the use of otherwise * returned empty ™ trucks and
barges for transport, or of space for dumping.

What has been said of the other Allied States may be taken as
applying to ITary, with the exeeption of the waste or rather the by-
produects resulting from the milling of cercals or from the manufacture
of oil cake, such exception being due to the very fact that these are to
be considered rather as by-products than as true waste material.

Substitutes. — The growing secarcity of the foodstuffs in all the
belligerent States proved a stimulus to the ingenuity of a large number
of experimentors, some however so wanting in seruple that substances
actually harmful to the consumer were employed as substitutes.  Fraud
of this kind in faet flourished, in spite of the penal measures passed

(1) Cf, Ch, Mouvrew, op, cit., p. 140,

(2) A full résumé of the subjeet of ordinary foods, during and after the war, is found
in the work of E. W, Smasxpax, Amimal Foodstulls (London, G, Boutledge 19205, on pages
310 and 3}1;], under the title @ « Some Effects of the War ks the ]:'l'l::ll'hh'"' jon |;'|.!I'|.|:]. the Con-

sumption of Animal Foodstuffs. — See also : 1) T, B, Woon, The Nadional Focd Sepply
tn Peace and War, Cambridge, University Press, 1917, — 2} T. B, Woop and G, F. Hor-
EINg, Faod Keonomy in War Time, Cambridge, University FPress, 1915, — 3] M H. Bew

Food supplies in Peace and War, London, Longmans, 1820,
(3) H. J. Srooxer, Wenlih from Waste, London, Geo, Routledge and Sonz, 1918, p, 21,
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and the penalties frequently enforced. Desire for quick and large
returns was sirong enough to surmount all obstacles.

But this was not always the case : many substitutes were recognised
to be not only good but even very valuable, and their use was not
merely permitted but even urged by the authorities. It may be said
that the manufacture of substitutes meant during the war an important
contribution to the stocks of food and was instrumental in many parts
in warding off famine. This fact was more or less marked everywhere ;
but the greatest development of substitutes was in Germany, where
special organisations were set up for their produection and distribut-
ion. During this war Germany was ealled the * country of substi-
tutes 7. In faet in the ease of many food stufls only the name re-
mained, while the substance was entirely different : this was notably
s0 with tea and coffee.

There were in Germany Imperial Offices whose business it was to
examine food substitutes and to grant authorisation for their sale.
Some offices received only a few score applications, others dealt with
up to 2000. Between the end of June and the beginning of August
1919, the number of applications rose from 11,496 to 13,329, Of these
latter, 11,040 were approved unconditionally, temporary sanction
was given to 149, and 2180 were rejected, though later on 197 of these
were approved.

Waste material of all Kinds was largely employed in the manufac-
ture of substitutes.

Apart from the measuares taken in all the States to permit or en-
foree the admixture with wheat flour for breadmaking of potato-
flour, of pulse and of other substances containing starch or feeula
not however to be regarded as waste material, the Order of 13 June
1917 in Germany may be mentioned : this allowed, in order to econ-
omise wheat flour the substitution of Steinmehi (vegetable ivory flour).

Coftee is a foodstuff for which there have alwavs been a large number
of more or less satisfactory substitutes, some replacing it ecompletely,
some merely admixtures. But during the war, the high price of coffee
occasioned a still further inerease in the substitute trade and when its
importation was rendered impossible, as it was in the Central Empires
by the blockade, the manufacture of substitutes reached an almost
ineredible piteh and the word * coffee  was the one most frequently
employved by the inventors and manufacturers of substitutes (see
p. 72). It is thus of interest to know that in Germany (1) there were
before the war and when it began : 65 factories for making chicory
and ground substitutes for coffee — 60 for making coffee from barley
or ryve malt — and about 100 smaller factories for roasting cereals
(Rostereien) : in 1916 the whole number rose to 560, but in 1917-18,
it fell to 124,

Some considerable part of these products were mixtures of chie-
ory, dried and roasted beetroot, acorns, ete. There were also 20

(1) Cf, Bitmerver, Fritz, Boitrdge sur Kricgewirtechaft: Die Kaffee, — Fraatzmittel
vor und withrend der Kriegszeit, Berlin, 1918,
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factories of *‘coffee essence ”’ prepared with sweetened substances
and 40 factories for fig coffee.

In many ecases the substitutes too were adulterated by means
of fruit stones, nut shells, ete. One factory even employed tannin
in this way, till the frand was discovered. The following were used

in large gquantities : grapestone cake — coueh-grass — maize germs
— oats husks — robinia seeds — potato pulp — residues of pressing
fruit for ecider or syrups — beetroot collars and leaves — small

seeds — maize rachides — heather — ete. But such produets had a
_dizagreeable taste and were late drooped ont.

“ There iz no material ’ says M. BURSTNER, ** which has not
been made into coffee substitute, from the wild radish to sawdust. ™’

As to yield in coffee substitutes of the respective waste materials,
the following may be quoted: dry malt (75 %) — dried beetroot
pods (70 %,) — the moist residues from pressing of fruits (17 9%,).

The same author has estimated at 131,000 metrie tons the quantity
of raw materials required to produce the coffee substitutes in use in
Germany during a single year of the war (1917-18) and suggests obtaining
this quantity by using the following quantities of the different materials
employed :

Barley o i e A s we L B00-Chons.
Chicory roofs ecat up. . . . . . . . . . 16900 »
Dried anpar beet . - . . . . v . oa -2 35000 »
T Ty R R e e S T B W T 3 000 "
Residues of dried grapes, asparagus and

robima mpaedE - e s e s 3 000 "
Roasted hawthorn berries, . . . . . . . 300 n
Dried apple.aliees . . . . . . . « « &« 10000 "
Dried beet (not sugar). . . . . . . . . 13000 n

Total . . . 131 000 tons.

Among the numerouns plants roasted during the war to make
coffee substitutes, those that may be econsidered as on the whole suit-
able are those containing a good deal of sugar and stareh, and also
those that are powerful stimulants, and in addition those that eontain
poisonous substances ag, for example, luping, after the removal of
suech substances. Some substances that were guite unsuitable were
however employed, such as sawdust, nutshells, and cabbage-turnips.

In Germany, the raw material for the making of coffee substitutes
was distributed at the diseretion of the XNational Food Ministry.
With the exception of fig eoffee and coffee essence for which there
were special rules (in virtue of three ordinances of November 1917,
December 1917, and August 1918), the price of these produets was
controlled, as was also that of acorn coffee in 50 far as it was not in-
tended for pharmaceutical use. Mixing of coffee substitutes with
a cereal or hop base with other coffee substitutes was only allowed
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by the authority of the Food Commission, and the same applied to
tea. The admixture of real coffee with substituter was forbidden.
The peace time measure prohibiting the making of machinery for the
puarpose of manufacturing artificial coffee berries remained in force
thronghout the war. There was a further prohibition on any sale of
these substitutes accompanied by statements that they were exempt
from caffeine or that they contained ** nutritive salts " or * salts res-
torative of the vital forces  or * physiological ™ or ** hygienic *’ salts,
thus deseribing the very small gquantities of phosphate salts and other
salts permitted by law. Notices had to be posted in the sale depots
showing the name and the domicile of the manufacturers, even if it
was a question of substituteg not made up in packets. The admix-
ture of tea with medicinal plants was exempt from all control and re-
strictions, provided it was described as a medicine.

The chief manufacturing regions for substitutes were the two
Saxonies, as well as the provinee of Brandenbourg, which includes
Berlin. The Rhine provinees, Westphalia and Wiirtemberg, formed
a group apart. In the other countries and provinces the proportion
was much lower: 53 to 54 9, i. . more than half of all the substitutes
were made in Prussia.

Not reckoning the substitutes of essences and lemonades, Berlin
produced by itself more substitutes than all the kingdom of SBaxony,
of that time, and Hamburg nearly as much as all Saxony. The spe-
ciality of the two Saxonies was Backpulver (baking powder), of
Hanover the substitutes nsed for making puddings and sweet dishes,
of which there was a large consumption. Omne quarter of all the sub-
stitutes for soup came from Prussian Saxony. Substitutes for spices
were the speciality of Berlin first, then of Hamburg. Berlin manu-
factured 80 9%, of all the imitation sausages ; Hamburg 27,6 9%, of all
the meat extracts and soup capsules ; the Rhine provinces manufae-
tured 19,8 9%, of the coffee substitutes ; Hamburg was the foremost
of the 19 States that manufactured tea substitutes, the * German
teas . 25,97 %, of the imitation beer came from Bavaria, Prussian
Saxony followed with 22,12 9, the Rhine provinces with 8,07 9,
Westphalia with 7,02 % and Berlin with 2,46 %, Prussian Saxony
manufactured one-fifth of the imitation liqueurs; it also turned out
nearly one-third of all the other substitutes of food stuff, Next came
Berlin, Hamburg, Prussia and Silesia.

On the whole, application wag made for the recognition of 12,900
food substitutes, and recognition was granted in the case of 10,625,
subdivided into 87 groups as specified in the annexed Table, repro-
dueced here as showing the great importance of substitutes in Ger-
many during the war.
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Authorisations granted for manufacture of substitutes in Germany.

Names of the substitute

Maoat substitutes . . . .
Snusage substitute .
Meat jellies amd pastes .
Meat soup cubes
Meat soup substitute cul:ms
Meat extracts . . .
Concentrated extracts {v&getnhla a.nd ammai}
Condiments and pastes . . . . . . . . . . .
Fish jellies and pastes . . :
Fat substitutes
Milk substitutes . .
Cheese substitutes .
Egg substitutes
Vegetable soups .
Flour substitutes. . .
Vegetables, kitchen harb@
Pudding powders
Table jellies ., . i
Flours for puddings
Fruit joms and jellies
Marzipan substitutes . .
Confectionery -
Sweetmeata ., .
Honey flavouring
Honey o08sence pawdar :
Imitation honey p-uwdam, eto,
German tea .
Cocon, chocolate _ .
Beer substitutes . .
Basal substances . .
Extracts ;
For beer substitutes | Sweetening sulut:um :
Byrup - S i
Additional rrmtt.ur L,
Imitation fruit juice . . . . :
Flavourings (fruit, ete.) ﬂ.mmm.m GESCNCES und mla- S

Bweetening solutions . . . . . .

Lemonades

Concentrated ]rmtn.hun ]Emuﬂadm S
[ Extracts 5
Basal substances. .
Essences

For the preparation |Syrups . .

of lemonades | Aleohol |

Ethers
Acids
. Fizatives . .

Warm beverages . :

For preparation -clf Haﬂ.al Ell.lhﬂt-ﬂllcﬂﬁ. :

punch and of warm | Flavourings .
beverages Syrups . .

Number
of the deflnite
COTeERs s

29
BT
22
HE ]
120
48
11
199

19

10
511

[ —_
=3 t
=3 & o

]l—ll‘.-"«.-l

ES
& =1
o0 g S B3

182
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Authorisations granted for manufacture of substitutes in Germany.

— — s e r — == -

Names of the substitute

For proparation of § Extracts
punch and of warm
boveragos Original substances

Concentrated extracts
Beverages resembling ligueurs , . .
! Easonees

; Essences

Extracts i
Basal substances , .
Byraps . . .
Substitutes . . :
Oil mixture . . . . .
Concentrated extracts
. Flavourings . .
Beverages replacing wine . .
Eazences
Extracts :
Other substances

For making \
beverages
resembling liqueurs

For beverages
replacing wine

Haponine o
Seltzer Water . .
Preservative . . .
Condiments |

Mixtures, .

Extracts, .

E=zsences

Aromas . .

Balts |

Bugar , . .

Powder |, . .

Leaf proparation . . .

il of bitter almonds, .
Condiments for salad . .
Imitation vinegar
Baking powder
Colouring matters

Il. — FEED FOR LIVESTOCK.

Sweestening solutions . .

e ——
——

Number

of the definite
coneessions

Gl ewl S

L=

il
14

Special and extensive research on the guestion of livestock
feeding was carried out in every State, but especially in GERMANY,
where attempts were made to replace the most common feeds, which
had become more and more searce owing to the blockade and consump-

tion by the army.

It may be stated that the research and experiments on this question
made in Germany during the war equalled in number and scientific
value, all the measures adopted in a minor degree in other countries,
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for though the need was great in all countries, it was greatest in those
at war with the Allies.

From an official reply sent to the International Institute of Agri-
culture by Germany, ag a result of the Enquiry of which thizs Mono-
graph forms a part, the following statement is extracted (1):

The measures adopted to facilitate the eollection and preparation
of waste products with a view to rendering them fit for animal feed
are contained in the following Regulations :

1. Bekanntmachung iber die Verwertung von Speiseresten
und Kichenabfiillen (Notice as to the utilisation of table refuse and kit-
chen waste) of 26 June, 1916 (Reichs-Gesetzblaft, p. 593) and 8 January,
1919 (Reichs-Gesetzblatt, p. 17).

2. Bekanntmachung iiber die Verwertung von Tierkérpern
und Schlachtabfillen (Notice as to the utilisation of ecarcases and
slanghterhouse offal) of 29 June, 1916 (Reichs-Gesetzblatl, p. 631), modi-
fiedd by the Regulation of 17 August, 1917 (Reichs-Gesetzblatt, p. T15)
and by the Regulation of 8 April, 1920 (Reichs-Gesetzblatt, p. 496).

3. Verordnung iiber Weinrester und Traubenkerne (Order re-
garding wine lees and grape seeds) of 3 Aungust, 1916 (Reichs-Gesetz-
blatt, p. 1917), modified by an Order of 27 September, 1917 (Reichs-
Geselzblatt, p. 871).

4. Bekanntmachung betreffend Ausfithrungs beztimmung zur
Verordnung iiber Weintrester und Traubenkerne (Notice regarding
the mode of application of the Order concerning wine lees and grape
geeds) of 3 August, 1916 (Reichs-Gesetzblait, p. 887), and of 21
September, 1916 (Reichs-Geselzblatt, p. 1073).

3. Verordnung iiber die Gewinnung von Laubhen und Futter-
reisig (Order on the production of hay from the leaves of trees and of
fodder from twigs) of 27 December, 1917 (Reichs-Gesetzblatt, p. 1125).

6. Grundlegende Verordnung iiber Futtermittel (Fundamental
Order regarding Fodders) of 10 Jannary, 1918 (Reichs-Gesetzblatt, p. 23).

Orders 3 to 6 are now no longer inf orce. The Order of 8 April,
1920, on complex feeds for livestock to protect agriculture against adul-
teration (Keichs-Gesetzblatt, p. 491) and the rule for its application
of 8 April, 1920 (Reichs-Gesetzblatl, p. 494) should also be noted (2).

The different methods adopted for utilising as livestock feeds
animal and vegetable waste mayv be considered here, The technieal
methods of utilisation and the properties, composition, ete. of the
products obtained, will be dealt with in Part II.

The *‘leather serapings ', 4. e. the sticky, fatty layer removed
from the sking when they are prepared for tanning was, in aceordance

{1y Cf. FremeErr vox Freveerc, Heitrdgpe zur Kriegsiirfschaff, Part 59.680, Die Fut-
termittelwirtschaft im Kriege, Berlin, 1919
{2) See also : Bestimmungen betreffend die Reichamittelstelle, Geschiiftsabteilung,

Gescllschaft mit beschriinkter Haftung, Bezugsvercinigung der deutschen Landwirte, Zu-
sammengestellt vom Rechizanwalt Dr. Orre, Syndikus der Reichsfuttermmttelstelle, Ge-
schifteabteilung, July 1918, Berlin Greve. — This work contains the decisions concorning

the mazimum and minimum prices of coneentrated, feeds seeds, straw, hay and fodder substi-
tutes,
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with the Order of 24 February, 1916, no longer used except for making
gelatine, glue and a livestoek feed °* which could be preserved for a
long time ”’, the guantity of which was fixed at 80 9 of the total
quantity under treatment. The War Commission obtained this glue
at controlled prices, superintending its produetion, and reselling it at
an inerease of & 9, if considered desirable, to cover expenses. The feed
thus obtained was distributed like the other livestock feeds (Orders
of 31 March, 1915, and 16 May, 1918). But the need of glue on
the part of the army increased to such an extent that it was no longer
posgible to assign part of it for the production of livestock feeds.

The Order of 13 April, 1916, completed by that of 2 May,
1916, prohibited the burning, burying or destroying in any way the
bones of animals, on condition, of course, that the loeal authorities
provided for their removal. The collecting of bones was greatly faeil-
itated by the joint action of collectors and traders; the supervision
of the treatment of the bones was entrusted to the War Commigsion
for Artificial Livestock Feeds, who were charged with the duty of
subjecting the feed obtained, if necessary, to fresh freatment and of
making suitable mixtures with other feeds; the price of the feed
was fixed by the Chancellor. 0Oils and acids were subsequently ineluded
also in the above Order.

The Regulation regarding the execution of the Orders (16 Fe-
bruary, 1917) preseribed that whole bones, as well as fragments and
debris, not assigned by the War Bureau to manufacturers of articles
made of bone, should, after the oil and fat had been extracted, be set
aside by the War Bureau for artificial livestoek feeds, while one part of
the bones should be kept for making glue. The War Bureau and the
War Commissariat for Oils and Fats together fixed the price of the oily
substance extracted from the fresh bones and of the feed produced.
In the declaration to the War Commissariat for Artificial Livestock
Feeds of the quantity of feeds manufactured, their raw protein content,
digestible protein and phogphoricanhydride contents had to be specified.

In order to obtain from earcases a larger quantity of machine
0ils than in peace time, and also for the manufacture of livestock
feeds of animal origin, local authorities were invested with the power
of limiting or suspending free trade in sinews and nerves.

The Order of 29 June, 1916, made it obligatory for public slaugh-
terhouses which, in 1915, had slanghtered a minimum of 2,400 head
of large cattle, to produce themselves, under the superintendence
of the Commissariat (which eounld advise improvements in methods of
working and also grant loans for perfecting installations), artificial
livestock feeds and machine oils. Hides, horns, hoofs, claws, pigs’
bristles and feathers were excepted. The products thus obtained
(powdered animal waste and blood) became the property of the State,
whieh employed them in the manufacture of livestock feeds; many
carcases however had to be buried and were entirely wasted, on aceount
of the lack of coal, means of transport and labour.

The Order of the Federal Counecil of 26 June, 1916, granted to
communes of more than 40,000 inhabitants the power of obliging
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landlords to place in the yard or court of each house receptacles solely
for table and kitchen refuse, which they were bound to have emptied
three times a week.

A special Commissariat established at Berlin bought this refuse
at a *““fair 7 price and from it manufactured a °° Milehkraftfutter ™’
(eoneentrated milk feed), being under an obligation to supply the com-
munes, on favourable terms, with a quantity of this feed proportionate
to the guantity of refuse furnished by each commune.

By the Order (already quoted) of 3 August, 1916, grape residues
and grape seeds became the monopoly of the Commissariat for Forage
substitutes which arranged for the extraction of the oil from the
seeds: these were then dried and ground for the manufacture of a
* transportable feed ” to be mixed with others of a better quality.
The price of the residue had been fixed at 4.5 marks per 100 kg. fresh,
and 2 marks after *° piquette " had been” made from it or after di-
stillation.

The Order of 27 September, 1917, compelled distillery owners
to keep all pressed residues for the War Commissariat and raised the
price of fresh residues to 6.5 marks per 100 kg. ; but the powder ob-
tained was so low in nutritive value that it could not be mixed with
other feeds, and the use of wine residues had to be given up.

Attempts were also made to use horse-chestnuts in place of the or-
dinary livestock feeds, but were unsuecessful, and they were used as
substitutes for coffee,

On 8 November, 1915, the sale of livestock feeds extracted from
wood and straw was placed under State control dnd their use
restricted.

On 19 December of the same year, the following were also
controlled : veteh and other seeds of legumes not used ag human food
— waste from the grinding of beech-mast — eastor-oil seeds freed of
their poisonous elements — heather flour.

The legislative and administrative measures for facilitating pig-
breeding with a minimum consumption of the livestock feed which
can be used for human food were very numerous in Germany (1).

Among the expedients used were: the extension of pasture in
woods (under timber) — the gathering of beech-mast — the manu-
facture of meat-powder from slaughter-house offal and a ** Kiinstliche
Futterhefe * (forage yeast increased in an artificial medium — disin-
tegrated straw and wood — ground heather — efe)) (see p. 92 and
the following pp.).

For the collection of household refuse in Germany, measures were
adopted which are worthy of a detailed description. Housekeepers
were compelled to wash, dry and preserve fruit kernels for collection.
Further, bones and food waste had to be kept in separate receptacles,
In some towns, especially the smaller ones, housekeepers were obliged

(1) Cf, A, SEartwErr and W. KLias, Beitrdge zur Kriegsmoirtsehafi, Parts 20.2]1, Da=
Schwein in der Kriegesernithrungswirtschaft, Berlin, 1917,
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to carry the refuse to the collecting centre, but in the majority, a
gspecial collecting service was organised (1).

At first however some towns, and especially Essen, made exten-
sive use of this refuse. To overcome a good deal of resistance, the
commander-in-chief of the Mark of Brandenburg published an Order
in January 1915, which made the collection of kitehen refuse obliga-
tory also in Berlin, and the commander of Westphalia also adopted
similar measures. Az a result of these and similar orders, the forage
requirements were reduced by about 2 million tons (2).

The value of the concentrated feeds made from table waste (3)
corresponded to that of barley of medium quality. The German Im-
perial Company for the Manufacture of Concentrated Feeds paid from
1 mark 50. to 2 marks per ton for table refuse per truek load. When
the communes supplving the refuse so desired, the Company delivered
to them the extracted concentrated feed, so that the livestoek in the
various districts suffered no privation. The quantities of table re-
fuge thus utilised were enormouns: taking as an average 60 gm. per
head per day, there would be a total production of 3,060,000 tons
yvearly, or 750,000 tons of concentrated feeds. The principal dif-
ficulties in the utilisation of this refuse were, on the one hand, its rapid
decomposition, and on the other, transport, which iz even more difficult
in war than in peace time. The experience gained during the war,
says the writer in a note, proves that in the future efforts should be
made to effect further improvements in the utilisation of table refuse,
which probably could only be attained by concentration, a plan which
incidentally does not prevent the continnance of the practice of
giving it when fresh to animals where this is enstomary. On the other
hand by permitting owners of livestoek to feteh the table refuse them-
selves, no advance iz made towards the desired object, becanse the
collection is not made with sufficient care and regularity. Amnd when
the refuse is in large gquantities, the livestock owner does not trouble
to colleet it from every part of his districts, and the same is the case
when there is an abundance of fresh forage, so that a considerable
gquantity of the refuse iz wasted and swept away.

The Society for the Manufacture of Dry Forage made a start
with the collection of coffee grounds, but this was soon given up, as
they could not be used to advantage,

By order of 27 December, 1917, the War Commissary for Food
Supplies granted to the competent local authorities the power fo issue
important orders regarding the collection of leaves to replace hay :
and when the searcity of army forage and especially of oats had, in
1918, increased to a serious degree, the military aunthorities established

(1) Ci, Dr. Goetz Briers, M. Yoss.Zierz and Dr. M, Siecemaxx Ruxg, Beitnige
sur Kriegewirtschaff, Die Kauswirtzechaft im Kriege, 1917,

(2) Cf, M, Scrcaacuer, Douteche Velkserndhenng wad Volkserndhrungspolitih im Kricge,
Berlin, . Heoman, 19135,

(3) Cf, Fremmerr vox Freveenc, Beitrdge zur Kriegewirischaft om Kriege, Berlin, 1915,
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a special Department for Replacing Hay by Leaves. The Minister of
Agriculture and Forests had previously given instructions as to the
extent to which owners of woods and forest rangers should allow
leaves to be gathered. In each loeality groups of pickers were formed.
The head of the gang took charge of the collecting and the sales to
the local representative appmntﬂl by the German Agriculturists’ Fed-
eration. Generally speaking, only the young leaves of any species
were to be gathered, with the exception of the black elder, eytisus
ete. The leaves were simply pulled from the branches, or the branches
were c¢ut up to 1 em. in thickness, tied into lumcll-.w; dried, and the
leaves detached by shaking or beating. The green leaves were im-
mediately taken out of the sacks and put in barns or other large sheds
in layers of about 15 em. deep, which were frequently turned to pre-
vent mildew. On certain fixed days the harvest was sold to the loecal
collector, who paid 4 marks per ton for green leaves and 10 for those
dried in the open air. The ecollector had to look after the transport
to the nearest railway station, to the drying-place or to the depots,
for the sum of 50 pfennig per kilometre. The total price per ton of
leaf-hay gathered 10 km. from the railway station was 16.50 marks.

The War Commissary for Forage Substifutes undertook to subjeect
the leaves to the necessary freatment ; the leaves, after drying, were
reduced to a powder which, mixed with molasses, was made into cakes
having a nutritive value 5 "-" o higher than that of hay. Thegathering
of the leaves, begun towards thu end of May 1918, was not to extend
over the end of August, but, in view of the good results obtained, was
prolonged. The Minister of Public Education pointed out its excep-
tional importance in a special Order and directed that whole classes of
scholars were to be exempted from instruction in order to employ
them in this work, even during the holidays. Thanks to the exper-
ience gained by t]lP many War Societies previously instituted, the
gathering of leaves began and continued on a really vast ﬂmleu The
railways granted reduced fares to scholars taking part in the work.
The Department for Replacing Hay by Leaves supplied sacks, rakes
and presses for pressing the leaves. The harvesters were insured
against aceidents oceurring during work. The result was so satisfac-
tory that the Chief of the Department of Army Revietualling and the
Chief of the War Commissariat publicly thanked all those who had taken
part in this work. To strengthen the relations between the numerous
groups of harvesters of objects so varions, to keep them up to date in
information, arouse their zeal and encourage the public more and more
to take part in this work, the War Office published a bulletin showing
the results obtained and deecisions taken, and also had recourse to
Wollfl's Ageney, to special publications, cirenlars and calendars intended
especially for young people, to conferences with lime-light views,
exhibitions, and even to the gramophone and cinematograph.

The registers instituted by the War Commission at the beginning
of the War for the Collection of Utilisable Waste Material and for the
Service of Voluntary Collectors, showed 6,109 local committees, not
ineluding those of the Grand Duchy of Baden, Wirtemberg and

3
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Bavaria, which had organised the same service independently of
the Empire.

To replace forage, the lack of which became more and more disast-
rously evident, the State bought up at a generous price, at the same
time I‘i'gl_llﬂ.'l-lllﬂ' the trade, great gquantities of vine tendrils, seaweeds,
reeds (especially the paniculated kind): these did not ﬁml favmlr
with livestoek owners ; lupin stems and mangold tops or sugar-beet
collars of the 1917 uml 1918 harvests cost at controlled State prices
as much as straw, i. e. 80 marcks per ton.

An Order of 27 December, 1917, prohibited owners from felling
trees or cutting off branches before the leaves had appeared, or even
from entering the ground where they were growing. The military
aunthorities mobilised the young people of the schools, who gathered
enormous quantities of leaves and branches. The feed obtained by
grinding and pressing the branches was intended to replace ordinary
forage and partly also oats for the horses at the front. By the Order
of the 11 May, 1918, all green leaves chopped, ground, ete., had to
be reserved for the forage Commissariat. Dispmtes as to prmes Were
settled by arbiters. But the excessively high price was only justified
by the exireme necessity.

By grinding and chopping, a possible livestock feed was obtained
from straw and the wild growth of pasture land and moorland (Orvder
of 13 April, 1916). Attempts were also made fo utilise conch grass
as fodder, but the quantity of sand adhering to it and its very costly
preparation prevented its being used.

The following table shows, in tons, the production by the War
Commissariat for Forage and Artificial Livestock Feeds (a limited
Company with share capital formed in September 1915):

1916 17 1918
m. tons m. tons m. tons
1) Forage & livestoek feeds with high albuminoid con-
b e S e e e S e e TR s R e it G 109 24 153 12 213
2) Forage with low albuminoid content. . . . . . . 15 828 71 796 138 213

OB RS T [ e et D T } e 44 716 101 641 141 500

Toral . . . 66 653 197 590 282 928

From the beginning of the War onwards, great hopes had been
placed on straw flour (see p. 63).

Up to the publication dated 5 Oetober, 1916, of the prohibition
of sales of any kind of forage, except that produced on farms, cereal
straw flour (dried and ground straw) was largely sold, generally under
names which concealed the nature of the feed. Sometimes this flour
also contained small gquantities of green plants dried and ground,
probably weeds, Later, straw flour was distributed to farmers throngh
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the ** Bezugsvereinignngen’ (co-operative societies for purchase and
sale).

A Bundesratsbestimmung ** (Deeision. of the Federal Council)
of 19 August, 1915, prohibited the sale in Germany of ground cocoa
husks or food containing them, so as to prevent their use to adulterate
human food, but a subsequent decision of 21 August, 1915, permit-
ted their sale as livestock feed, mixed with finely ground straw or hay,
or with wheat or buck-wheat husk.

For feeding pond fish (especially carp and tench) maize and lapin
could no longer be used, as these had to be kept for human food,
thoungh it would have been better to have used them for pig-feeding.

As a substitute, a special fish meal was successfully manufac-
tured from fish which eould not be used for human food, the sort that
are generally thrown back into the sea when the nets are drawn up.
Thiz powder was only slichtly salted ; it was impossible fo use the
ordinary fish meal made from fizh heads and herring refuse because
it iz too =alt. More of this fish feed was made by drying the shrimps
that pass through the meshes used for separating those which ean he
used as human food. These shrimps, when given to fish of the
salmon tribe give the flesh a pink colour much appreciated in certain
districts.

The following were also used as fish feeds : shellfish refuse, i. e
what remains after the ** flesh * has been taken, and Graxenmehl, 1. e.
the residue, dried or ground, of cod-liver oil extraction. At the re-
quest of the Westphalian Chamber of Agriculture, experiments were
made in the use of depesits from eream separators in place ot curds
for fish-feeding.

Meal from slaughlerhouse offal and carcases may sometimes be
used as a fish feed, but generally its profein is not very digestible on
account of the high temperatures used in its preparation.

With a view to the complete utilizration of fish offals and especially
to the extraction ol every particle of cil from fish livers and heads
and from other offal used in preparing fish meal, the * Kriegsver-
wertung fir Fischabfille Gesellschaft mit beschrinkter Haftung ™
was established at Altona. The fish meal was used for making a
soup seasoning after boiling with concentrated hydrochlorie acid,
nentralising, then filtering, ete. For thiz reason the * Reichskommis-
sdar fiir Fischversorgung ” (Imperial Commissary for the Fish Supply)
did not authorige its use as a cattle feed but only as a feed for fish
in fish-preserves,

By order of the ** Reichskommissir {iir Fischversorgung " the heads
of all herrings imported were to be removed and used for making
fish meal or fish oil. At the end for the year 1917, a.ter nine
months of provisional trial, thiz ordinance eame into l"ull force. The
annual importation from Norway into Germany of 100,000 barrels
of herrings (of 100 kg. net weight) supplied 1,500,000 kg. of heads
from which nearly 90,000 kg. of fish oil (train oil} and more than 400,000
kg. of fish meal was obtained.
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The fish-meal waste after the oil had been extracted and the
soup seasoning prepared from it and the waste from shrimps too
small for ordinary table purposes but used in the preparation of the
game seasoning were worked up as a cattle feed,

By the order of 15 February 1917 (Reichs-Gesetzblatt, p. 137),
all preserved foods prepared, wholly or in part, from damaged animal
matter, or in any way unfit for human eonsamption, had to be de-
livered to the  Kricgsausschuss fiir Oele und Fette ” (War Commit-
tee for Oils and Fats) where they were turned to account for the
production of fats.

At the end of 1917, the delivery of grain for poultry-feeding-
wag altogether prohibited. As a substitute the *° Gefliigelbackiut-
ter © was used, a feed prepared from mill refuse and bran (** Nachmeh-
le ), and eventunally from weed seeds and waste consigned by the
Federal Food Office.

A substitute named ** Avitin >’ was made, as to which no infor-
mation is available (1).

Feed substitutes were also made by mixing molasses with ex-
cipients (** Triiger ') formed from : chaff of all kinds, chopped straw,
turnip-seed waste and chopped paat (2).

If during the War Germany was, as already said, the * country
of substitutes ', which to a considerable extent, made up for the
great lack of ordinary provisions it must be admitted nevertheless
that in this case also, every medal has its reverse side, for there
was much severe eriticism of the substitutes in Germany, some of
which was directed against the war food policy and the rationing.

For purposes of information, the following passage from a work
by F. Horr, » member of the Reichstag and of the Prussian Diet is
reprodueed (3):

“ Even in the Central Committee of the Reichstag we have had
to listen to an address delivered by an official of the Imperial Min-
istry for the Interior. in the presence of Dr. HELFERICH, Government
Representative, which would have realised the wildest dreams of
the agrarians. The orator brought home to us the faet that by dry-
ing leeg, grinding straw, weeds, carcases, fish, by working up food
refuse, ete., we shonld be able, even during the war, and better still
afterwards, to fill the gaps in our forage reserves. But the songster
then became mute. A member of the Committee having asked
Dr. HELFERICH whether this new branch of production was remuner-
ative, the latter... had to reply * that the manufacture of the said
substitutes is so ecostly that the question is bound to arise whether

(1) Cf, Vox Ban, Beitrage sur Kriegaowirtschafi, Part 49, Dio kriegswirtschoftliche Rege-
lung der Eierversorgung im Deuntachen Heich unter bezonderer Berfickzichtigung  der
Organisation in Preussen. Berlin, 1918, p. 43,

(2) Cf. H. Senvmacuer, Deuwtsche Volkserndhrung und Volkserndhrungspolitik im Kriege.
Berlin, C. Hegmann, 1915,

() Cf. ¥. Horr, Am Abgrund voriiber [ Die Volkserndhrung 4m Kriege, Borlin, G, Reiner,
1919, p
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once the war iz over, their preparation should be continued : the
highly vaunted drying of lees, especially, is so costly, that in certain
exceptional cases they might perbaps be used as a feed for sick ani-
mals, but never for livestock as a whole. ”

“The importance of the utilisation of table refuse and that of
wild phnls (e. g., thistles) has been greatly emggemtcd'

* Many draught animalz in the towns and in the country have
died from inanition, the official ration given them being quite in-
sufficient to sustain them. The situation was somewhat ameliorated
when establishments for treating straw were set up, which gave good
results evervwhere.

* Regarding the exploitation of pasturage, on which the Pres-
ident of the Imperial Commissariat for Food Supplies bases his whole
stock breeding policy, it shonld be remembered that Germany only
possesses in all 6,500,000 acres of pasture and cattle enclosures which,
under the most favourable circumstances, would not suffice to sustain
about 7 million head of livestock for more than 5 or 6 months. ”

As a guarantee against fraud, rules were drawn up in Germany
to fix the minimum and maximum proportions of useful or noxious
substances that livestock feeds put on the market might contain (1).

According to a Notice dated 21 February 1917, the * Be-
zugsvereinigung der deutschen Landwirte ” (German Farmers’ Trod-
ing Association) had to guarantee that the livestock feeds it distribut-
ed, besides being up to average standard, had constituents as follows :
Cereal waste : maximum 1 % of sand.

Oat bran : maximum 25 %, of raw cellulose.

Wet potalo pulp : at least 15 % of dry matter.

Meat meal or carcass meal: at least 55 %, of protein and fatty
matter : maximum 27 ”i. ash.

Herring meal : at least uu o protein and fatty matter.

Fish meal : at least 55 9 ]nnivm.

Ground dry Wood : at least 13 9, nitrogen.

Bone gelatine : at least 45 9, protein.

Leaves, root ends and beet tops, dried : maximum 1 % sand.

Drry fredt pulp : at least 88 9 of dry matter, maximum 2 9, of soil
sand.

Ground clover hay: no residue on 3 mm. sieves, maximum 2 % soil
or sand.

Straw flowr : maximum 2 %, soil or sand.

* Eiweiss strohkrajtiutter * (see p. 92): 15 9%, sugar — 60 9, of straw
dry matter — maximum 14 %, water.

Common reed flowr : maximum 10 %, water (15 %, in chopped, but
not ground, reeds) — maximum 2 9% sand.

(1) Cf, Kurwe, Dr, Max, INe Kricpsfuttermittcl, Stutigart, E, Ulmer, 1918, pp. 7-8,

N, B, — This anthor deseribes in this book his own researches and  those of other ex.
perimenters. A hibliography is attached to each chapter and the numerous references to
this work that follow are to be understood as indicating that the relevant bibliography may
there be found. (4. B.).
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Meat meal : at leagt 76 9, raw protein and fatty matter — maximum
11 9, wadter.
Mussel meal : at least 9 9%, raw protein — maximum
% Fand and 3 9% salt.
Grape residue powder: at least 12 9% raw protein and fatty matter
— maximum 12 % water and 3 9, sand.

[
[

%, water,

The measures adopted by the Government in AURTRIA for the
supply of livestock feeds were numerous, and, like those regarding
human food, copied to some extent similar measures adopted in
Germany.

The following information is faken from a special Report sent
to the International Institute of Agrienlture by Dr. HEgMANN KALL-
BRUNNER and entitled : “ Measures adopted by the Austrian Gov-
ernment during the War (1914-1918).

The great variety of livestock feeds was due to some extent to
the stoppage of brewing and of the distilleries, releasing respectively
malt and dried grain, and distillery residues.

The measures taken to make good the seareity were numerous,
but had not the desired results, for livestock feeding became more
and more difficult.

An Order of 8 May 1915, No. 58, establised the State control
of brans.

Molasses was reserved for the production of aleohol and thus
coulil not be employed in livestock feeding. The yeast nsed in brew-
ing, dried and deprived of its bitter flavour, was used but the guanti-
ties available were very limited and eontinued to decrease.

More use was made than in the past of the blood of slanghtered
animals.

The Government ecarried on excellent propaganda for the util-
isation of kitehen refuse, but it was impossible to obtain it fresh
and utilisable for poultry feeding, so that the attempt had to be aban-
doned. Nor did they suceeed in getting it dried in the home, with
heating apparatus, ag advised.

The *° Futtermittelzentrale” (Central Feedingstuffs Office) was
enfrusted with the duty of requisitioning and distributing all kinds
of forare, and this control was also extended to the different oil
cakes. This Office also had to distribute one quarter of the molagses
waste, sugar-beet cultivators and milech cow breeders having the pre-
ference,

Propaganda regarding forage substitutes was earried on by the
Government organs of the press, and their preparation was facil-
itated, especially in the State forests,

In the third year of the War, the seareity of waste for coneentrated
feeds was still more strongly feli.

Powdered cockchafers, the rhizomes of rushes ground, and even
heather, as molasses excipients, were used in this connection. The
Government also tried to utilise nettle waste from nettles used in
manufacturing materials to replace cotton, as well as slaughterhouse
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and careass offal, dried and ground to powder. Unfortunately, the
necesgary coal was lacking.

During the war, the farmers used bone meal more and more
for poultry and pigs, but the low prices rendered its collection
diffienlt.

An order of 28 September 1918, No. 330, directed that horse-
chestnuts be gathered by the joint efforts of school-masters and their
scholars. Colleeting centres were thus established, which also had
the duty of collecting other wild fruits.

A special technical Committee wag formed to examine new feeds.

An Order of 11 October 1916, No. 349, compelled all sugar
refineries to dry all beet pulp and deliver to the Feedingstuffs Office
which had to consign it subsequently to the producers.

On 1 May 1917 a * BErsatzfuttermittelabteilung  (Department
for Feedingstuffs Substitutes) was instituted, which placed on the
murket various feeds prepared from waste products. Olive residues
after extraction of the oil were used as livestock feed.

Attempts were made on a large secale to utilise the nutritive and
digestive principles of straw by treating it with soda under pressure
(see p. 92).

The Central Feedings tuffs Office experimented with many
forage plants recommended as new.

It may also be useful to give some information on the use made
to waste and residues as livestock feeds, during the War, in Bohe-
mia. This information is taken from two reports by Prof. R. TRNEA
at the Academy of Agriculture at Tabof (1). The materials used
were : slaughterhouse offals, tanning refuse, potato fops, asparagus
tops, rhubarb leaves, ground wheat and pea straw, maize stalks,
ground heather twigs, ground beet seed, brewers grains, broad-bean
pods, olive husks, peat mixed with 20 9, of molasses, erushed grape
seeds, almond kernels and plum stones, apple residues and mill dust.

The ALLIED STATES instituted a Commission Scientifigue du Ra-
vitaillement (Scientific Provisioning Commission) with the task of
examining the gquestion of human food and livestock feeding (2) both
from the physiological and statistical standpoints.

As regards food for livestock, this Commission examined the
quantities available, during the last three years of the War, in France,
Italy and the United Kingdom, and drew up the fellowing table.

In determining the quantity and nature of concentrated feeds
necessary for livestock in the countries of the Allies for the agricnl-
tural year 1918-1919, the Commission included wheat offals, rice
husks, brewery and sugar refinery residues ete., among these feeds.

(1) Dr. Prof. Texga, Vilefnd krmiva. — Casovd Ermive ahnojiva vdlednd. Hospodaisko,
Chemického vyzkumného ustavu piti krdl Ceské Hospodifské Akademii v Tdboie. Rada 11,
Cislo 14-15. V Praze, 1918,

(2) Cf Commission Seieniifigue du Ravitaillement, General Report : Food Resources
and Needs of the Allied Countries, 2nd Report. Rome, Dec, 1915,
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AVAILABLE QUANTITIES OF WASTE FOR LIVESTOOK FEEDING,

France — 1918-1919 Production & Importation

Wheat and mestlin bran and refuse (" impu-
7 ] MR R R e [

Rye bran, and refuge. . . . . . + « . . « 247,910 »
Barley N ST Vg SR e e 97,285 »
Maize ¥ .N ESEY 097,280 »
Brewery and distﬂle:y residues . . . -« 100,000
Molasses . . . o S T 9,000 »
Beet pulp from ﬁ.ugal TE'ﬂllﬂI‘lf‘H < ww w00
Grape residues . . . . i el e e A R URERE e
Apple and pear mmdueﬁ sl ez Lo en s s SR i
BEmmed il . o o R T e e | DAy

Ttaly — 1917-1918
Rice husks. . . . AR Pt Sl S e 17,200 tons
Maize leaves and ?Hﬂkq I - il 21 RR
Sugar refinery and brewery residues . . . 300,000 » (1916-17)
Grape residues . . .« o v o v 0 ivos o« 2400002 ( o 3)
Simrnpned: Bkl .5 s e b e v 10,000 » { » »)

United Kingdom — 1913-1919
Molasses, and feeds treated with molasses 10,000 tons

Rice flour and refuse . . . . oy 10,000  »
Malt from breweries and -:11:-1““[-'[1{-"5-. e ARS0J00E - p
Woctory avashe . & ool i aNee i 3G 10,000  »

- In BErGiuMm (1) the scarcity of animal feeds increased side by
side with that of human food, partly on account of German requisi-
tions, so that the Belgian farmers had a very hard struggle to keep
the livestock which they still had alive.

In connection with livestock feed, the German representative,
in a reply to the Central Crops Commission, suggested replacing the
shortage of bran by using different vegetable feeds, and also recom-
mended the substitution of * carcass powder ™ rm' meat powder,
and the utilisation of the household and market refuse which is gen-
erally thrown into the dustbin.

When the importation of livestoek feeds, ineluding distillery,
brewery, sugar refinery and mill residues, ete., was stopped, the
Agricultural Department asked for a reduced rate for the transport
by rail of fresh pulp from sugar refineries. This was granted.

Among the industrial by-produects used for feeding cattle and
horses, molasses took an important place in 1915, and the manufae-

(1} Cf. Rappord spéeinl sur le forelifonnement el les opérations de la Section Agricole duw
Comiré National de Seconrs ef d” A limentation, « Section Agricola s, 1914-191%.  Brussels, 1920,
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turers undertook to supply Belgian farmers with four fifths of the
molasses produced by them in the year 1914-1915.

In September 1916, the Central Oils Commission allowed the
Agricultural Department to distribute among its provineial distriets
the meat meal coming from knackers’ yards, viz., 20,000 kg. in
1916, 76,000 in 1917 and 427,000 in 19185.

The German distriet authorities had prohibited the use of straw
as litter, but on a protest being made, the Governor General author-
iged the use of straw offal for sick animals and those with young orin
milk.

In addition to the feeds distributed by the Agrieultural Section,
the provincial Relief and Food Committees took over the digtribution
of the by-produets from flour mills and maize-mills, but only a small
percentage of the live-stock could benefit from these. This con-
tribution wag further greatly reduced when the bread famine ne-
cesgitated the grinding of whole meal, there being thus no produetion
of bran.

At Louvain (close to the establishment where maize was treated
for its produets and by-produets) a large swine-fattening undertaking,
afterwards completed by pig-breeding and rearing pens, was set up.
These took the maize by-produets at very little above cost price (1).

The Committee for the North of France, on receiving damaged
herrings from Rotterdam, had a livestock feed made from them by
the factories at Remy.

The same Committee handed over to the National Belgian Com-
mittee a livestock feed made from damaged cocoa. A similar feed
was produced by the factories at Remy and contained : 15 9% of dam-
aged cocoa, 40 9, of ground ** kafs ’ (chafl), 30 9; of bran and 15 9%,
of pollards. In the course of the first half of the year 1918, the fae-
tories at Remy produced 10,130 kg, of livestock feed from 1,794 kg.
of damaged cocoa.

Although the position in FRANCE as to supplies was much bet-
ter than in the Central Empires, the question of the use of waste mat-
ter, especially for livestock feeding, was attentively examined by the
Government. After consultation with the Director of the School of
Veterinary Surgery at Alfort, the authorities issued a cirenlar (2)
addressed to the Prefects, dated 18 July 1917, containing a ** Note sur
I’Alimentation du Bétail en période déficitaire »  (Observations on
Livestock Feeding in times of scarcity). The Note shewed that at
that time many food stuffs little ntilised, or entirely neglected, might
gerve for the feeding of domestic animals. These food stufls are:
pulse unfit for human food — rice and other residues — grape and

(1) Cf. Rapport géndral sur le fonotionnement of les opérations du Comsté National de
Seeonrs ef & Alimentalion, Douxitme Partie, « Le Département d’Alimentation s, Vol L
Brussels, Froment ef Cie, 1921,

(2) Cf. MixmsTiEre pu RaviTanresment Gexerar, ffeenedl des Lois, Iéerets, Arrités,
Circulaires, apports, Documents intéressont fe Ravitailloment de la Franee, Vol, I, Paris, Impr.
WNat, 1917, p. 318,
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apple residues — heather — broom — mistletoe — the leaves and
twigs of trees — vine leaves and tendrils — gourds — ete. For
swine feeding, reeds might be turned to account.

Use could also be made of tanning refuse, fish meal, and the con-
tents of the paunch of slaughtered oxen. Horse-chestnuts and
acorns could also be brought into general use ; the former are more
especially adapted for sheep ; cattle also consume them, but the re-
sults are less satisfactory from an economical point of view. They
may also be given to horses. Swine invariably refuse them, and they
are poisonous in the case of fowls, ducks and geese,

“ Undoubtedly considerable quantities of really useful foodstuffs
are not used at all, or not rightly used. Certain feeds, known in
gome Departments, are unknown in others. It ig therefore of great
advantage, economically, to diffuse praetical knowledge on this quest-
ion among stock breeders and owners generally. ™

In spite of the conecise but very useful contents of this Cirenlar,
the question of livestock feeds ought, according to some writers (1),
to be examined also from the physiological point of view, so ag to
obtain information on the systematic and economical use of livestock
feeding stuffs. For instance, M. LEGENDRE, Secretary of the Com-
mission d’Alimentation de la Société de Biologie (Food Commigsion
of the Biological Society), after dealing with the searcity of live-
stock feeds and the utilisation of numerous substitutes, says: * There
is above all no pratical knowledge of the physiological aspect of live-
stock feeding, a question which has not yet been formulated in
France, in spite of its great economic importance, and all that is
available are the insufficient data furnished by some experts, supple-
mented by some practical information collected on a farm by Gouin
and AxpovarD. This problem of the seientific feeding of farm stock
i8 one of those which require the most urgent attention to-day.”

To remedy the scarcity of forage, the * Intendance ' introduced
forage mixed with molasses as a horse feed (as part of the ration for
horses), and, for that purpose molasses were requisitioned and priced
according to their sugar content (2).

Finally it was ordered, by a decree of 24 September, 1919,
relating to cereals unfit for milling, flour unfit for making bread and
to short weights of grain or flour in the mills and bakeries, with a
view to checking certain regrettable practices which had come to light,
that the following could not be gold without the aunthorisation of the
“ permanent cereal bureaux "' : eereals which had become unfit for
grinding, cereal residues and flours which had become unfit for bread-
making as well as the offals from these flours.

Persons taking such produce had to undertake to use it for feed-
ing their stock or for industrial purposes without rights of disposgal to
others (3).

{1y Cf. R, Lecexpre, Alimentation, Ravitaillement, Masson, Paris, 1920, p. 300,
(2) Cf, MoumrEAT, op, cit.,, p. 145,
(3) Reewedl des lods, ote, Vol VI, 1920, p, 88,
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In ITALy, in spite of the searcity of forage, no special measures
were taken to colleet and ufilise waste, in the way adopted especially
in Germany, except in the ease of olive residues. A Lientenancy De-
cree dated 2 September, 1917, No. 1479 (1), forbade the use as
fuel of olive residues not treated with solvents, and afterwards or-
dered the residues after thorough treatment to be placed at the dispo-
sal of the National Fuel Commission, which had to allocate them
for use as fuel. Regarding the possibility of wsing such exhausted
residues as a livestock feed, the Decree says nothing.

In coneclusion, Italy did not feel the absolute necessity of hav-
ing recourse to residues or other matters not classed as ordinary live-
stock feeds, other than the common use made of the residues left
from the grinding of cereals and from the extraction of oil from grain,
because, even during the War, the farmers were able in spite of the
great searcity of labour to produce at least the absolutely necessary
feed for livestock.

This was also the case in the other countries of the Entente,
which explains the great difference, both as to number and nature,
between the measures adopted by these States and those taken by
the Central Empires, especially Germany.

In the UxiteEp KiNeposm, which, in spite of the action of the
German submarines, could continue to get supplies from the Do-
minions and Colonies, little need was felt for recourse to waste products
for food in general so that British special legislation (2) includes no
particular measures other than those concerning the use of cereals,
of their by-produets and of the orvdinary food. Great activity, on
the other hand, was shown in the matter of fertilisers, to be deseribed.

An important Orvder dated 27 Sept., 1918, bore direct reference
to the collection and utilisation of waste and refuse, and laid down
the following general rules (3):

The Army Couneil, in concurrence with the Admiralty, the Min-
istry of Munitions, the Board of Trade, the Board of Agriculture and
Fisheries, the Food Controller and the Loeal Government Board,
has full powers to regulate, prohibit, and give directions relating to
the collection, destruetion, disposal, sale, purchase, delivery or stor-
age of waste as defined for the purpose of the order, and may confer
on any loeal authority such powers as appear necessary for the pur-
pose of giving effect to the order.

The local authorities could also be authorised, upon their own
application, in any e¢ase where refuse was collected by the anthority,
to utilise any such waste for any purpose judged suitable.

(1) Cf. Roceolia Ufficiele delle Leggi ¢ ded Decreti del Regno d lialia per gli anni 1914-
1920, Rome, Tipografin delle Moantellnte,

(2) Cf. : 1) Manual of Emergeney Logislation, Defence of the Realm Manual, Sept. 30,
1019, London, H. M. Siationery Office, — 2) Supplemont to the Manunal of Emergency
Legislation, London, H. M. Stationery Offica, 1914-1915.

(3) Manual of Emergency Legizlation. Defence of the RBealm Manual, Sth d., Sept,
40, 1919, London, 1918, p. 48,
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There was finally to be a definition of the material that for the pur-
poses of the regulation was to be regarded as waste,

Penalties were enacted against those who should not have ob-
served the measures and carried out the orders relating thereto. Special
conditions were indicated for the application of the Act in Seotland and
Ireland.

The British Military Authorities (1), during the War, obtained
good results from the utilisation of waste products of the field
food faetories, the total receipts amounting to £ 700,000, It
may be estimated that from this utilisation about 13,000 fons
of suet were obtained, yielding 1,300 tons of glyeerine, valued
at £ 312,650. ;

The factories working for the French Military Authorities sup-
plied 500 tons of glyeerine.

Other sources of profit were the sale of horse-hides and bread-
crusts, the utilisation of bones, ete. .

In 1917 the British - Military Authorities realised £ 5.626,000
from the utilisation and sale of all the waste produets.

In spite of the great production of animal and vegetable foods and
forage in the UnrrEp StaTeEs of which a large part was destined to
supply the Allies during the War, the food consumption was con-
trolled and a special administration for this work was created under
the name ol * Food Office .

A special department of this Office (2), known as the ** Garbage
Utilisation Section ', gave particular attention to the collection of
household refuse, especially in the large towns. Owing to the ac-
tivities of this seetion in 1918, in 40 towns, with a total popula-
fion of 2,217,000 inhabitants, the household refuse, which had pre-
viously been wasted, was utilised as swine-feed ; in addition, 3 towns
now have an installation for extracting the fats from this refuse and
converting it into fertiliser.

The monthly reports on the treatment of this refuse show that
more than 25,000 tong of fats have been extracted, and over 160,000
tons of fertiliser obtained, from the hounschold refuse of about 19
million inhabitants.

The flesh of swine fed on this refuse up to 1 October was estim-
ated at 30,000 tons, the refuse being obtained from 12 millions inhab-
1bants.

In accordance with the * Food Control Aect™ of 10 August
1917, in the United States molasses must be sold aceording to the
trading laws in foree in the various localities where produced and,
like syrups, cannot be * cornered 7 (3).

(1) KoLner, Dr. TH., ap. eit,

(2) CE Anneal Report of the U7 8 Food Adminivreation for the Year 1918, p. 1% Wash-
ington, Gov. Print. Office, 1919

(3) Cf. The United States Food Adminizteation and the U, 8. Fuel Admin. DMessages
from the President of the U, 8., Washington, Gov. Print. Office, 1914,
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ITI. — FERTILISERS.

Agriculturists were well aware, even before the war, that all
kinds of vegetable, animal, and even mineral waste, when suffi-
ciently decomposed and subjected to special treatment, ean be nsed
as fertiliser.

During the War, therefore, the different Governments did not
find it necessary, as in the cage of food substances, to take steps to
regulate and enforee the collection and utilisation of numerous waste
products which were formerly wholly or partially neglected. Never-
theless in certain countries the opportunity, and sometimes the
necessity, arose of examining more closely certain questions relating
to manuring ; and, in consequence, useful and important action was
taken.

Privately, as well as officially, through oral and press propag-
anda, action has been taken to urge farmers to utilise all waste
material unfit for human or animal food, so as to lessen, at least
partially, the gerious econsequences attendant on the absolute lack
in certain countries, or the great scarcity in others, of the ordinary
fertilising matters supplied by the trade.

The greatest need was for phosphatic fertilisers, and then, with
the exception of Germany, for potash and nitrogenous fertilizsers.

By the employment of more intensive processes for the nitrogen
produced by distilling pit-coal and by largely extending the manufac-
ture of synthetic ammonia by the HABER method and that of nitric
acid by the ScHONHERR method, Germany succeeded in producing
the nitrogenous substances required in the War and also, to a con-
giderable extent, those needed in agrienlture. Her potassic salt
mines supplied all the potash needed, but, on the other hand, the
importation of phosphates was completely stopped, and she had
to confine herself to the constant, but insufficient production from
bones.

In the countries of the Entente, on the contrary, while it was
possible to keep up, to a limited extent, the supply of mineral
phogphates, the gquantities of nitrate and potassic salts left over for
fertilising purposes by the munition works fill far short of the re-
guirements of agriculture. Hence the synthetic and non-synthetic
production of nitrate salts and nitric acid, were carried further, and
reconrse was had (as will be seen in the Second Part) to vegetable
refuse in order to obtain potash ; but if the needs of the armies were
satisfied, it was impossible to satisfy, except to a very small extent,
thoge of the soil. It was then that the farmers of their own accord
used all kinds of waste matter to maintain, at least partially, soil
fertility, as the problem of the food supply became more and more
urgent on account of the submarine warfare and the increasing
scarcity of labour, which affected every part of the belligerent
countries.
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The following statistical note (1) shows the quantity of nitrogen
from waste nsed in GERMANY on the land cultivated before the war
in the 30 chief erops (an area of 81,250,000 acres). The yearly re-
quirement was 3,005,000 tons of nitrogen, of which 1,674,463 tons
were forthcoming from different sources, among which waste mater-
ials represented the following quantities of nitrogen :

PRTIN 2 vt wt st Gt St S e L 127,600 tons
THmaTh MERe e ey e aes 76,660 »
Solid exerements . . . . . . . . . 106,000 »
Industrial waste produets. . . . . 100,000 »
By products of gas industry . . . . 71,300 »

Total . . - 475,450 tons

The difference between this total and the 1,674,463 tons mentioned
represents the nitrogen contained in: seeds — atmospherie precipitation
— bacteria in legumes — calcinm cyanamide — synthetic ammonia
— imported nitrate of soda. There was thus a deficit of 1,330,557
tons of nitrogen, which had to be made up for the most part by syn-
thetic ammonia, the production of which was greatly developed.

In AUsTRIA (2), as also in all the other countries, all gas-works
were obliged to eolleet the ammoniacal water and pass it over to the
factories engaged in utilising it.

The glue factories had to grind bones to powder, and in order
to supply them with the necessary quantity of bones, a thorough
system of collection was carried out, espeecially in the military
slanghter-houses. The same took place in the other belligerent
conntries.

The transformation of phosphorites info snperphosphates entirvely
ceased, and the small production of basic slag was encouraged as
much as possible.

The prices of phosphatic fertilisers of all kinds were regulated
by the Order of 31 July, 1915, No. 224; the Order of 11 May,
1916, No. 136, placed under one management the undertakings con-
nected with bones and their derivatives, and the subsequent Or-
ders (of 11 May and 29 June, 1916, Nos. 137 and 206) fixed the
prices.

“ Hohlendiinger * (cave fertiliser - bats’ excrement) was also
utilised, but the searcity of phosphates eontinued to inerease to such
an extent that in 1918 only 7,090 tons-of ground bones and 1190
tong of superphosphates were available. In 1919 the quantity of
ground bones fell to 500 tons. .

(1) CFf., IxteEnRxaTIONAT [NsTITUTE OF AcRicvnTore, Inalernafivnal Bevicw of the Science
and Practice of Agricultirr, Nov, 1921, No. 10091,
(2) According to H, Karrnrusner's Report, already quoted (See p. 38).
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In BErLciom (1), the Governor General, by a Decree dated 27
March, 1916, fixed the following maximum prices for the different
chemical fertilisers, waste produets, ete.:

Fertilisers.
Price per kilo
of nitrogen,
in francs

Powdered horne . = & o @ & vw o 5 2.10
Enaand dreload. e oo 50 s i . e 2.60
Powdered hides, wool waste and other

similar produets :

@) TAW. oL 0.50

b) dissolved by steam or sulphm 10 dcm 2.10

Crude ammoniac produets . . . . 3.20
Composite organic fertiliser nhssnh{ﬂ h}

sulpharie acid. . . . .. . . 0 . 2.70

At the end of 1916, the * Coal Control  placed at the disposal
of the Agricultural Department 117 tong of ammoniacal water con-
taining 5 9, of nitrogen, 30 tons of sulphate of ammonia manufactur-
ed by means of bisulphate and peat and 40 tons of residuary matters
containing 5 9, of nitrogen and lime.

The Department had these various fertilisers used on the spot
either by spreading them on the bare ground or by pouring them
into purin cisterns.

Use was also made of a fertilizer called *° Poudro ™ coming from
sifted street sweepings, poor in fertilising principles but of rapid
action. The following guantities were bought and distributed :

EE

T L1 At e RO 7 ;|| B0 31 1
| T S 1 et
| o e N S S 530 »

Regarding mill dusts the Agricultural Section was informed that
they were bought for preparing livestock feeds and for mixing with
fertilisers. As this dust contained spores and other injurious mat-
ters, the Agricultural Department decided to take measures to pre-
vent its being placed on the market.

From an investigation made on the subject during the month
of December 1915, by M. GrarFriav, at the request of the Agricul-
tural Department, it was found that the quantities collected were
from 1,000 to 1,200 kg. per week in each factory. All this dust was
gent at the expense of the Comilé National to a factory at Brussels,
whieh paid 7 franecs per 100 kilos for it. In this factory the waste
matters were separated az follows:

(1) Cf, Rapport spéeial sur le fonetionnement ef les opérations de Ia Section agricole du
Comité national de secowrs of «{alimentatfon, Section agricole, 1914-1919,  Brussels, 1920,
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1) Wheat small straws, for lining brewers’ vats and for feeds
treated with molasses.

2) Husk, fine straw refuse, ete., especially for feeds treated
with molasses.

3) Small seeds and grain offals, for poultry.

4) Dusts, sold at 4.50 fr, per 100 kg., for preparing fertilisers.

M. GRAFITAU drew the following conclusions from his invest-
igation :

“a) All mill dusts should be sent to eentral depots and sereen-
ed, in order that they may not enter in a raw state into livestock
feeds.

“b) The consumption of straws, husks, small seeds, is one of the
causes of the propagation of dizeases of wheat. But as means exist
for eounteracting ‘-tlluae, such produets may be used in the preparation
of feeds when there is scarcity. It would be desirable however
to have them sterilised before use.

“¢) Dusts separated from plant refuse should be exclusively
used for manuring meadow-land. ™

Following this report, the ** Congeil général de la Ligue de défense
contre la fraude " (General Council of the League of Protection against
Adulteration) recommended the following measures :

“1) The sending of all dusts from the cleaning of grain to
special establishments for sereening in order to prevent their intro-
duction in a raw state into livestock feeds.

“2) The work to be done as job work as in milling and the
sales to be direct to the consumer,in order that it may be known for
what purpose the sereened produects are intended.

“3) Sale of the cleaned (*° depoussiérés *) produets for the fol-
lowing purposes :

“a) Small straws (Pailleffes) for brewing or as forage.

“b) Husks and fine residues for the manufacture of feeds
treated with molasses, ete. (Preference should be given to usesin
which the sterilisation of the germs is brought about).

¢) Small seeds and grain residues for poultry.

“4) Bale of the dust as fertiliser for meadow land.

“ From an analysis of two samples of mill dust made for the
“ Comité National ™ at the State Laboratory for Analyses (* Labor-
atoire d'analyse de I'Etat ) at Tervueren, the following approximate
estimate of their value as fertiliser was made :

No. 1) Nitrogen, 2.64 % at 1.560 fr. per kg.. . . . 3.96 fr.
Phosphorie Acid, 1.11 9%, at 0.50 fr.. . . . 0.55 »

4.51 fr

No. 2) Nitrogen, 1.76 % at 1.50 fr. per kg.. . . . 2.64 fr.
Phosphoric Acid, 0.75 % at 0.50 fr. . . . . 0.37 »

3.01 fr,
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With a view to unifying the action of the Provincial Commit-
tees in this matter, the Agricultural Department brought these
measures before the notice of the National Committee in a letter
dated 29 January, 1916.

In June 1916, in consequence of another letter from the Sec-
tion on the same subject, the National Committee requested the
Provineial Committees to sell no more mill dust to manufacturers
or middle men, but to place them at the disposal of the farmers.

In October 1916, the Section called the attention of the Provin-
cial Seetions to an offer by the firmm LAGRANGE of Antwerp to pay
20 franes per 100 kg. delivered at Antwerp for fine and coarse wheat
husks and * paillettes ”* obtained by treating mill dusts. They were
to be employed for manufacturing a feed mixed with molasses ealled
* Sueréma .

“Bueh, ”’ — to quote the Department — * were the meagre sources
of supply in fertiliser at the disposal of our farmers during the War.
It is surprising that with the shortage of farm manures, reduced
both in quantity and richness through the decrease in livestock and
poorer feeding and in the almost total absence of chemical fertilisers,
the production of the soil in Belgium ecould be maintained for a
period of 4 years at a respectable level. To effect this, the country
had to utilise the accumulated reserves of manure. She encroached
on her ecapital and impoverished her working resources .

In the UNiTEp KinGDOM, very active measures were taken fto
ensure the nitrogen necessary not only for the manufacture of muni-
tions, but also for agrienlture. Although the general conditions of
the supply of raw material had become more and more serious, even
in this country, her colonial and foreign trade was never entirvely
eut off. Nevertheless, very valuable work was done by the Nitrogen
Produets Committee, and the publication of all the results of its in-
vestigations was very useful (1).

Of the numerous subjeets treated in detail in the work refered
to above, mention only will be made of the following, which will be
eonsidered from the technical point of view in Part II: Nitrogen from
schists — Nitrogen from peat — Nitrogen from sewage waters —
Nitrated products of agriculture — ete.

The Ministry of Munitions of War issued a Decree dated 7 Aug-
ust 1917, ordering that the production of blast-furnace (* haut-
fourneau ') dusts, trading in the same, their treatment and analyses,
be submitted to the Controller of Potash Produetion in the Min-
istry.

The * Food Production Department ” supplied the Agricultural
Experiment Station at Rothamsted with the necessary funds for a
series of investigations having as their objeet the discovery of the

(1) MiwisTRY OF MUSRITIONS oF W AR, Nitragen Products Commitice, Final Report. Lonlon.,
H. M. Stationery Office, 1920,

4
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best means of transforming straw into manure without first using it
as litter.
In ScorLanp the Commission of Enquiry on Food Production

in one of its Reports suggested among other points the following (1):

1) Carefully keeping human fertiliser for application to the
soil.

2) Using as forage all suitable straw and for litter replacing
straw by peat.

3) Utilising a8 much as possible the sewage waters of towns
and villages.

For the manufacture of nitrate fertilisers,in FRANCE, M. DESHAYES,
Deputy for the Oise, took the initiative in recovering dried blood and
other residues. The recovery of these products was only organised
in 1916. All slaughter-house offals (bones, horns, blood, ete), were
received at a Central Depot at Ablis Paray (Seine & Oise) (2).

To make good the lack of potash, full nse was made of the salt
pits at Giraund in Camargue, and the salt marshes and lakes of Tunis,
also molasses and the water in which wool had been seoured (3).

In the * Recueil de lois, decrets, arrétés, ete. intéressant le ra-
vitaillement de la France (4) 7 (vol. VII, 1921, p. 269) we find a ** Liste
et Quotités des produits alsaciens-lorrains vxempts de droits d’en-
trée en Allemagne par UArt. 68 du Traité de paix (List and Quu-
tas of products from Alsace Lorraine exempt from 1mpmt duty in
Germany by Art. 68 of the Peace Treaty), to which is annexed the
Decree of 29 December 1920, which establishes the exemption as
from 11 January 1921 to 10 January 1922.

Among these produets, are given belons those bearing on the
present article :

10th Rags and waste of all kinds. . . . . . 6,400 tons
28th Coffee grounds . . . . . . AN 400 »
31st Forest produets, osiers for h’lﬁkel mak-

ing), sawdust and wood chips. . . . . . 1,260 »
blst Vinegar, lees and yeasts . . . . . . . . 800 »
53rd Waste products of agriculture, including

brang . . . R B L R e
S4th Leather mﬁlv g i T e el B 1.680 =»

In the UNITED STATES, from May 1916 to April 1918, human
food waste was ecollected in 96 towns, and one town in particular also

(1) Cf. Repor ¢ by the Dept, Commission appointed to inquire into the question of main-
taini ng and if possible inereasing the prerent Production of Food in 8cotland, Edinburgh,
LR,

(2) Cf, Cun, Movreau, work quoted, p. 137,

(3) Of O, MoUrEAU, op. ecit. p. 177

(4) To facilitate the utilization by Planters in the I"'rem‘-h Colonies of residues from eolonial
industries, the Threctors of the Revuwe Agriccle of Réunion Island (n®. 10, 1921) concaived
the idea of offering the farmers a book dealing with residues. With this object in view,
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took steps to extract the fats from them. The total population of
these towns was about 26 millions. The waste collected in the two
vears amounted in all to 4,998,066 tons ; in 12 towns, with a popula-
tion of 7,684,711, 1,055,118 tons of waste were collecied in the two
vears, from which 21,749 tons of fats were extracted (1).

It has been proved that the extraetion of fats from sewage by
industrial processes is not advantageous from an economieal point
of view.

The extraction of potash from seaweed was alzo earried farther
(see page 207).

IV. — WASTE AND RESIDUE STATISTICS.

The great economic importance of waste products and residues
is elearly shown by the statistical data available in the case of many
materials, but unfortunately in the present state of statistical research,
and owing to the nature of the materials themselves, the quantity of, and
trade in many cases still remain undetermined. It would however
be nseful to be in a position to ascertain what quantity of waste and
residues could be depended upon in case of need if any given category
hag to be subjected to a process of industrial or agricultural utilisation.

The statistical data of the total production are fundamental,
but taken alone are not sufficient to give the farmer a precise notion
of the different ways in which waste produets and residues may be
utilised. The data as to production therefore should be followed by
other data on the chief uses, already adopted or to be applied, of waste
products and residues. Thus, for instance, as regards Human foods,
when the average content in nutritive assimilable matters is known,
the guantity of digestible material in the waste products could be ascer-
tained,as well as the number of calories and the relation in value between
such material and the foods in ordinary use. These foods could thus
be replaced by the waste produets and, on this basis, the unit and total
value of the residues could also be ascertained.

As to Livestock feeds, when the data for production are available
and the average content in nutritive digestible elements is known, the
quantity of these elements corresponding to the total produetion can
be determined, and then the guantity of ordinary feeds which may be
replaced by waste products and also the total saving effected, basing on

the collection of samples of residues from perfume distilleries, ete., and the sending of the
samples for analysis in France, has already been begun,

“When the farmer ©°, 2ave the REeview, ' haa before him a residue from an aprienliural
industry, he should not look upon it as an inert and rotting mass which, after a certain
vime, will be transformed into mould, but should consider what can be produced from it.
whether it he animal, vegetable or household refuse, if utilised thus increasing the value
of his holding. — Consequently it is of the utmost importance that he should contrive to
utilise these residues ™.

(1) Kotrer, Dr. TH., work guoted.
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average current prices. Further, taking as a basis the fizures which re-
present the proportions of each of the nutritive elements of which the
various fundamental rations are composed, the number of rations cor-
responding to each species of animal and their corresponding value
may be determined, according to the total guantity of elements.

As regards Fertilisers, after the total produetion of waste pro-
ducts and their average confent in fertilising elements has been de-
termined, the corresponding quantity of these elements may be de-
termined, and afterwards, the guantities of ordinary fertiliser which
may be replaced by the waste products, the total area of the different
crops which may be fertilised by them, ete.

The International Institute of Agriculture already makes enquiries
to determine statistics of the I'nternational Trade in Concentrated Cattle
foods and the International Trade in Fertilisers and Chemical Products
used in Agricultuwre. It would be useful in addition to have an enquiry
made with special reference to articles not included in these publications,
80 a8 to obtain on as comprehensive a scale ag possible statistical data
for the production of waste material and residues.

Certain difficulties would undoubtedly arise in such an undertaking,
from the nature of the refuse, the more or less rapid wastage and deter-
ioration after produetion, as well as difficulties in collection and trans-
port, but these need not be considered as prohibitory for all waste
products. Those, indeed, for which positive data can neither be
collected nor determined, would be set aside, but for many others
direct or indireet statistics can be furmshed, and the enquiry ean
do muech to lay down the lines of sueh statisties.

Though this enquiry should relate to a considerable number of
products, it ean be conducted with comparative ease, because the
waste produects and residues are often plentiful on the markets and
their statistical data well known. In any case, it is not necessary to
give statisties for all the materials treated in this book. In the first
instance, all available information might be colleeted for publication,
the statisties being amplified in proportion as new «data are obtained.

Among the large number of products, there are many for
which direct data could be obtained ; but, in the case of others,
thiz will not be posgible. The difficulty could then be overcome
by indirect research, that ig, the figures could be obtained from the
percentage of the waste produet or residue in the corresponding origi-
nal produet, for which accurate data ecan be more easily obtained.

The data should relate to uses of residues as well as quantities,
and the statisties classified aceordingly.

There are however waste products and residues for which, even
by such a method, statistics would not be fortheoming, since there
are products for which it would be impossible to determine the
total waste.

In such ecases the statistics of the finished produects will serve, if
not to give an exact idea as to the world or local produection of a cer-
tain residue, at least to show the degree of utilisation attained and
the quantity of the produets obtained.

T R — L .
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At present statistics of residues are made by the International In-
stitute of Agriculture only in the following cases: the Milling of cereals,
0il Extraction from Seeds and Oleaginous Fruits, Sugar Refining,
Brewing and Distilling, Bones and Bone Fertilisers (Trade), and
Organic Nitrogenous Fertilisers (Trade). The last group inecludes :
@) residues of horns and hoofs for fertilisers ; b) various animal re-
sidues ; ¢) cake fertilisers ; d) soy cake.

It seems therefore, desirable that this work should be extended
to include data on the production, prices and trade of the more
important and more easily determined waste produets and residues, or
produets extraeted from them (oilg, aleohol ete).

The following are some of the subjects for which statistics might
be drawn up:

Human Food. — Yeasts ; coffee, tea and cocoa and spice substi-
tutes ; By-produets and residues of dairies ; Blood ete.

Livestock Feeds. — Straw, pods and husks other than cereal
Leaves, twigs and tendrils ; Marsh and fresh water plants ; Seaweeds
Acorns, beech-mast and other forest-tree fruits ; Horse- chestnuts
Unspecified seeds ; Fecula residues.

Fertilisers. — Grape residues; olive husks; Tomato residues ;
Tanning refuse ; Papermaking residues ; Mill dust and sweepings;
Potash from various industrial residues; Residues from gas-works;
Soap-works residues ; Cake fertilisers (specified) ; Slaughterhouse
offals ; Fish meal ; Meat meal ; Bones and bone produets; Animal
glue and lard residues ; Dairy residues ; Wool, horsehair, silk and hair
waste ; Leather waste ; Street sweepings and urban refuse ; Utilisa-
tion of sewage waters, ete.

Industries. — Alcohol : from sawdust, from cellulose manufacture,
from fruits containing starch, arums, and other liliaceae, ete. ; cream
of tartar from wine lees, ete. ; Oils from : maize, grape seeds, tomato
seeds, melon and pumpkin seeds, tobacco seeds, fruit kernels, lemon
pips, beech mast, silkworm-chrysalides, wool fat, fats from household
refuse and sewage water, ete.

E U T 1)

An attempt has been made, as far as possible, to give some
examples of the way in which stafisties relating to waste products and
residues could be prepared, while in respeet to the materials of which
the International Yearbook of Agricaltural Statisties gives the total
production, statisties have been made in accordance with the principles
set forth above.

The reader should understand that the general fotals in the
statistics given in Part II are not completely available in all cases for
the simple reason that waste products can neither be all collected nor
used in all parts of the world. It is merely desired to give an
estimate in order to show the importance of waste produets and
the advantage fo farmers of utilising them, at least in part, in the
best possible way.
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COLLECTION, PRESERVATION, TREATMENT, PROP-
ERTIES AND USES OF WASTE MATERIAL FOR HUMAN
FOOD AND FEED FOR LIVE STOCK, AS FERTILISER AND
IN CERTAIN INDUSTRIES.






In Part I1 the chief techmnical considerations in regard to the
varions waste materials are set out with speecial reference to their
employment as food or feeding stufl, as fertilisers, or in industrial
produetion.

It should be added that for the sake of brevity mention has been
made in each case of the main characteristics only, the method or
methods of dealing with, handling or preserving the particular residue,
and its principal uses.

In a large measure the substances under discussion have been
tamiliar and in general use for a longer or shorter time as the case may
be ; but the aim here has been to describe the uses to which they have
been put morve especially during the war and after and to give a clear
account of the technical processes rendered desgirable and even essen-
tial during these six years by the serious shortage of raw materials
and of manufactured products.

Bome processes are novel, others, already well known, found
fresh applications and were often considerably improved. The reader
will probably find some subjects of more interest than others, and
will decide to concentrate his. attention on these.

If this study sueceeds in providing a summary of definite infor-
mation ag to the utilisation of waste material, in zpecial reference
to farming and farmers, we ghall have the satisfaction of having pro-
duced a work of a certain usefulness.

I. — HUMAN FOOD.

1. — Bread.

In countries that do not grow enough wheat for domestic
consumption, the problem of the bread supply has always been
serious, but during the war it became of erucial importance. The
legislative and financial measures adopted at that time by the wheat-
importing States are a matter of common knowledge : their aim was
to prevent the searcity of bread jeopardising as it did in ancient times
the social fabrie itself, the maintenance of which the nations engaged
regarded as absolutely vital, and strained every nerve to ensure.

Paramount as the question of the bread supply thus became among
the economic problems of certain States, it was natural that research
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should be undertaken and practical application made of new methods,
There was also a revival of former methods under pressure of the ever
inereasing needs and the growing diffienlty in producing home grown
wheat and other cereals, and still more in importing it from abroad.

Bread substitutes, investigations and trials of expedients for re-
placing in any way the shortage of breadstufls, were chiefly developed
in the blockaded Central Empires ; but similar methods were adopted
outgide their limits, particularly after the submarine warfare occagioned
the loss of many large cargoes of cereals bound for Europe, making
the wheat shortage increasingly acute and dangerous.

With the exeeption of considerable guantitiezs of pulze, the ma-
terials used as bread-stuffs were chiefly either waste produets of varions
industries, or the produce of the ealtivated or uncultivated land.

In this chapter, a brief but comprehensive review will be given
of the prinecipal waste materials employed, though their use is for
the most part discontinued, now that the usual course of trade is
re-established and unhindered. The following statement then is fo
be considered as of chiefly historical interest.

One of the substances most suitably added to bread, hoth becanse
it is one of its natural constituents and because it increases ifs nour-
ishing quality without altering its essential characteristics, 1s yeasi.

There are various kindg of yveast, but the most important are those
that have the property of causing hydrolysis of starch. When spe-
cially prepared for food purposes, veast dries and is easily made into
flour.

In GERMANY several kinds of Ndahrhefen (food yeast) were placed
on the market, and the chief consumption of yeast during the war
was along these lines. By adding 2.5 9, of yeast to flour, a ** K-bread ™
is prepared which is especially rich in albaminoids, and of agreeable
taste and smell not like those of yeast itself. In “ K-bread " the
protein content reached 10.54 9 estimated on dry matter, even when
20 %, of ground potato flakes had been added to the flour (1).

FK. JALOVETZ (2) prepared with 92 9% of flour and 8 % of dry
Ndahrhefe, a bread rich in protein and with a taste and smell not reecall-
ing those of yeast. The objection to the use of this yeast however is
that it brings about a very large secretion in the organism of urie
acid : in faet, 10 gm. of Ndhrhefe set up as much seeretion of urie
acid as 100 gm. of meat, so that the Ndahrhefe “bread was unsuitable
for gouty subjects.

To prepare ** N-bread 7 a paste of ryve flour is first made and then
dry yeast iz mixed with if, kneading it till a soft dough is obtained
whieh is eut into shapes.

This bread contained 42.9 %, of water, and 15.4 % of proteins
estimated on dry matter.

(1) Of, Rossyans and Maver, N-Brot, ein Kraftbrot-Nihrhefebrot - Eiweissreiches Brot,
in Dettsche Bassigindustrie, vol, XIX, 1915,
[E] (‘F o .l'.l'xr_:hrf_,l'f !”i'r {Taale r.ﬂm.i.l:.rpl” er ,\.rtfu‘ll.u“.ﬂ- tegead ﬂ'rumr.-um'.rh ' vnl, 3:::, HH.T,
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The nutritive value of the war bread could be considerably
inereased by adding certain residues, such as skimmed milk, cagein, blood
ete. (1), Bread making experiments proved that a spongy and pal-
atable bread was obtained by adding to the flour up to 10 9 of sugar
and 20 9% of dried skimmed milk or casein.

A bread that was said to be light and good was prepared with 50
partz of raw potatoes grated, 50 parts of cooked potatoes, 50 parts
of grated carrot, 5 9%, of sugar and a little salt, kneading the whole
with skim milk and yeast, letting it rise for 6 hours at a tempera-
ture of 302 C, then mixing in 10 parts of dried skim milk and as mueh
flour with a high extraction (Kriegsmehl = war flour) as was needed
to make a sufliciently hard paste, i. e. about 70 parts.

As has been said blood (serum) was also added to bread with a
view to enhancing its nutritive value, and at the same time utilising
the oxygen set free by the aerated water added to make the bread
spongy (2). The blood iz kept in a refrigerator for 24 to 36 hours,
then the sernm is separated from the eoagulum by decanting or filtering
and is used alone.

The setting free of the oxygen whitens the bread and cheeks the
action of those miero-organisms, always present in flours, which in-
terfere with satisfactory bread-making.

With a view to increaging the guantity of breadstuff flour, re-
course was had to ground decorticated colton cake, generally used for
feeding stock.

C. A, WELLS (3) predicts a great future for this ground eake as
human food. From 1914 onwards this cake was dealt with by a
number of cereal mills and a fine meal was ground [rom it, containing
a much less quantity of erude cellulose than that found in the
decorticated cake itself.

This meal contains twice as much protein ag does meat, but it
iz a vegetable protein whieh according to a number of physiologists
is not the equivalent of an animal protein.

As this flour is difficult to knead, wheat flour is mixed with it.
especially for bread and cake making.

The author quoted above has tried this flour on himself for some
length of time without experiencing any ill effectz. It appears to be
thoroughly digestible : its nutritive value, expressed in calories, is
higher than that of meat, while the price 158 very low.

With the process of breadmaking, advocated by W. OsTwALD
and A. RIEDEL (4) the guestion of substitutes is opened : according
to these anthors, it iz possible, or at least it was possible during the
war, to replace within certain limits for the purpose of breadmaking
the gluten of cereal flour by starch paste. By using a paste of potato

(1) Cf. H, Ktran, Kriegsbrot, in Zeitschrift fur dfentliche Chemie, vol, 21, 1015

{2y Cf. R. Droske, Kraftgebicke , in Chemiker-Zeifwng, wvol, 39, 1915,

(%) Of. Journal af Industrial i ,':J'I..:?Enﬂﬁi‘!-.llﬁ l’!hrmt'&!ry, vol, 6, 1914,

(4) Cf. W, Osrwarp and A. Rever, Getreidemeblloses Geback, in Chemiker-Zedtung,
vol, 35, 1915,
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starch and chemical yeast (1) they succeeded in obtaining a satisfactory
potato flour bread : and bread was also made with mixtures of potato
flour and tapioca.

Decidedly good results were obtained from an experiment in making
bread with potato flour and compressed yeast, reduced to an acid paste.

During the war the fact was recalled in Germany that the Russian
peasants, especially in bad seasons make use of a plant called ** Kra-
snaja trava’ (red plant) for making breadstuff flour. This plant
according to information given by Nikolaj Busch, Keeper of the
Petrograd Botanieal Garden, appears to be Amaranthus paniculatus L.
or Atriplex rosea (2). A variety of the former with white seeds, called
Landesi, is grown in North India, under the name of Ranatampala,
but it seems that this is not the Linnean species, but the Amaranthus
paniculatus of HooOKER corresponding to the Amaranthus hypochon-
driacus of LINNAEUS, and to the A. erythrostachys of THELLUNG.

Shortly after the beginning of the war it was reported from Ger-
many that a process had been invented for making a nourishing flour
or meal out of wheat .and oat straw. A great deal was said about
it at the time, but the guestion was put aside, and straw remained
straw, good at best as a feed but not as a bread stuff (see p. 63).

When the utilisation of waste material as livestock feed is con-
sidered, the different processes, especially as employed in Germany,
for making straw more appetising and digestible will be described
(see p. 92). Here certain attempts to use straw for human food are
recorded, attempts of whieh today even in Germany nothing remains
beyond the memory.

Oat straw meal was used to make bread. The percentage compo-
sition of the straw and the bread are here given (3).

Bresd made

lla!lirﬂ:.'m from this
flour
A R e e Vi AU e G e D819 34.56 9
Albmmimoios; oo Sl T i B0 ben aiie o 295 .07
R o i i e L R e 2 58 traces
Carboliydrates and cellulose. . . . . . . . . . . TH.55 57.52
R e e e S R e 10 25 .85

o e R R e A e S L e 4.63 ==

There is thus no advantage in an admixture of oat-straw flour
with cereal flour, as the bread is much inferior.

(1} Creamn of tartar 4+ bicarbonate of soda, or tartarie acid 4+ bicarbonate of soda, or
carbonate of ammonia,

(2) Cf. Zedeschrift filr Untersuchung der Nabhrungs und Genussmittel, vol 20, 1015 — An
investigation into the question seems to point to its being Admarenthus pondeuwlaius, CEF
Polnaja Enziklopedijo Russbage Selsbogo Krosiagatva, vol, TX, p. 87. Devrien, Bt. Paters-
burg, 1905, — In Greece, the flower-buds of Atripler rosea are eaten as capors,

(3) Cf Ronnm, Anvry, Haferstrohmehl, in Berdoht der Chemidschen Untersuchungsanstals,
No, 32, Leipzip, 1915, Summarized in Zeifschrift fdr Unfersuchung der Nohrungs. und
Genusmiltel, wol, 63, 1917,

e i . o
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The author of the foregoing analyses, A. ROHRIG (1), says that in
Germany flour for flouring bread was sometimes made from wood,
straw, or husk ; carbonate of lime, chalk, tale and other mineral sub-
stances were also used, owing to the prohibition of the use of cereal
flour for the purpose. A deeree of 13 June 1917 allowed flour of
vegetable ivory to be used (2).

Besides the materials mentioned, bicarbonate of ammonio was
employed in Germany (3) as a substitute for fats in breadmaking,
that is to replace the fat used before the war to smear the loaves in
order to prevent sticking to the oven. This process, diccovered by
a Minden baker, consisted in making a paste with potato-flour to
which was added a little bicarbonate of ammonia solution. This was
brushed over the sides and under part of the loaves to prevent
adhering.

2. — Wheat Germs (4).

In the manufacture of flour for very white bread according to
modern systems of milling wheat, the germs or embryos are removed.
These are then separately treated, either for making a speecial flour
of high nutritive value, or for the extraction of lecithin, uged in medicine
a8 a tonie.

This germ flour contains : nitrogenous substances 40 to 50 %, —
fats 9 to 10 9, — starch 30 %, — ecelluloge 5 to 10 9%, — mineral
substances 4 to 5 Y.

The proportion of lecithin is 20 9% ineluding : phytine, nuclein,
nucleoalbumin, and phogpho-organic salts.

3. Yeast.

Among the materials composing the food rations in Germany
there was a special yeast, known as Ndhrhefe (nutritive yeast) (5).

Opinion varied very much about this yeast: owing to its high
cost its use is rather as a condiment than as a food (6).

Following the examination made by Herr ScHOTTELIUS (7)),
the nufritive yeast prepared by the Berlin Anstalt fiir Garungs-ge-

(1) A, Rinric, Streamehl, in Bedeht der Chemischen Untersuchungsanstelt, vol, 33, Leip-
gig, 1913, Bummarised in Zeitschrift fllr Undersuchung der Nahrungs. wnd Genussmitiel,
vol. 33, 1917,

(2) Srapruacexy H,, Feidrdge zur Kriegevirtschaft, Ersatzlebepsmittel in der Kriegs.
wirtschaft, parts 56.58  Berlin, 1914,

(%) W, MurrrErpT, in Seifschrifi fiir Unfersuchung der Nahrungs- und Genussmitiel,
vol. 31, 1016,

{4) Cf, P, Razouvs, FLes ddchets ef sous-produits industriels, Dunod, Pans, 1921,

(6) Of. Dr. M. KettoEr and Dr. G, Texivs, Bedtrdge zur Kriegowirischaf?, Part 14, Die
Maszenspeisungen. Berlin, 1917, p. 22,

6y Cf. A BRourwma, BHerichte der chemischen Untersuchungen der Chem, Untersuchungs-
anstalt, Leipzig, 1915,

(7) Deutsche medizinische Wochensokrift, No. 41, 1815 and Zedtachrift fir Untorsuchung
der Nalrungs- wed Genwgamittel, vol, 36, No. 314, 15 August 1918,



62 PART 11.

werbe is a powder of a light brown colour, resembling semolina, of nen-
tral, searcely noticeable, taste and with the smell of burnt sugar. It is
not goluble either in hot or in eold water. When examined under the
microscope it proves to be formed of oval ecells of yeast.

According to the analysis made at the above named Institute
it contains : albumin 54 % — fat 3 % — non-nitrogenous extracts
28 9, — water 8 9% — ash 7 9. As regards nutritive value, 1 kg.
is equivalent to 3 kg. of semi-fatted beef. Foods containing Ndihrhefe
have no unpleasant taste and no ill effects.

1 kg. of Ndhrhefe gives 4520 calories : in 1915 it cost 2.5 marks.

No investigation of the written accounts makes it quite clear
what is exaetly the nature of this yeast. The conclusion to be drawn
is that it has been intentionally kept a secret, and particulars of
its post war manufacture and use for human food are also not to be
obtained.

4. — Ground decorticated cotton cake (1).

This residue of the extraction of oil from cotton seed, already
mentioned, has been deseribed as a wholesome food, richer in protein
than meat, and suitable as a meat substitute in small guantities :
one ounce of this cake replaces 2 ounces of meat, while the daily ration
of an adult should not exceed 2 to 3 ounces. It may be used for
making bread, bisenits ete. like wheat flour, with which it may be
mixed in the proportion of one part to four parts of wheat flour.

This ground cake is not aceeptable to every one : zome like it and
some do not.  If made from seeds of inferior quality it may be harminl.

It contains: protein 43.4 9%, — fat 13.5 9%, — non-nitrogenouns ex-
tracts 22.3 9%, — cellulose 5.4 %, — water 8.5 9% — ash 7 9%, The
average coeflicients of digestibility are: protein 88.4 9, — fats

93.3 9%, — N. free extractzs 60.6 %,

Aceording to the experiments made by J. RATHER (2) the protein
of ground decorticated cotton cake was digested by the human organ-
ism in the ratio of 78.6 9, as against 96.6 %, for meat. The pro-
tein of this cake has thus a coefficient of digestibility equal to that of
pulse flour, and nine-tenths of that of cereal flour, and eight-tenths
of that of meat.

During the war, ground cotton cake was employed to a limited
sxtent for human food, but owing to the fact that it is not quite harm-
less except in small quantities, it seems unlikely that there will be any
continuanee of its use at the present time, and this mention of it is
enoungh to put the facts on record.

Its use for live stock feeding is, on the other hand, more im-
portant.

(1) Cf 2. 5. Frars, Cottonsesd Meal oz Human Food, in Texzas Adgriculivral Krperomend
Slatior, Buwlletin No. 1285 Aunztin, 1310,
(2 Of, Jowrnal of the American Chemienl Socicty, vol, 36, 1914,
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5. — Straw meals.

At the beginning of the war, news reached the countries engaged,
through the medium of sundry periodicals, that a process had been
invented in Germany for the manufacture from straw, hay and other
parts of plants, of a meal suitable not only as a feed for live stock
but also ag human food (1). In spite of the importance of the subjeet,
the statement did not earry eonvietion, and go great was the inceredul-
ity expressed that the matter was dismissed and nothing more was
heard of the discovery that FrRIEDENTHAL claimed to have made.

It seems desirable here to refer briefly to this process, basing what
follows on the experimental results obtained in Germany beginning
firom the date when the invention was first made publie.

W. KErp, F. SCHROEDER and B. PryL (2) stated in the first
instance that FRIEDENTHAL'S experiments had net been systemat-
ically earried out, nor verified by the proper scientific tests. They
took oat, rye, wheat and barley straw, chopped in varying degrees,
from cutting with a chaff-entter, to grinding in a mill,

The straws selected do not differ greatly as regards soluble sub-
gtances, their arrangement on an azcending scale being as follows :
wheat, rye, barley and oats. These substances are soluble in water,
dilute hydroehloriec acid, a dilute solution of earbonate of ammonia,
or malt extract, to practically the same degree whether the straw has
been milled or only chopped, and contrary to the opinion of FRigpDEN-
THAL the solubility is not affected by the breaking of the cell walls.
In any case the quantity of soluble substances is at most ten per cent
of the straw and at least one third of them are mineral substances.
Larger quantities of substances are dissolved by the action of extraet
of malt, which makes the temperature rise to 60° C, than by the other
solvents.

Sinee the cereal straws do not contain carbohydrates capable
of transformation into sugar under the action of diastase and in par-
ticular do not contain stareh, these substances cannot possibly be
found in straw meals.

Nitrogenous substances soluble in water and substances that may
be extracted by ether are present in very small quantities, and consist
respectively of albumen and fats only. The proportion of the nitro-
genous substanees does not exceed one per eent. These components
are therefore of no real importance for the nutritive value of the straw
and would not in any cage pay the cost of milling.

Even ruminants only digest a part of the crude cellulose which
represents one third or one half of the straw. and as milling does not

(1) Cf, Friepexruar, Die Nihrworteraehlicssung in Heu und Stroh und Pllanzenteilen
aller Art, Reichenbachache Buchhandlong., leipzig, 19135,

{2y W, Kerr F., Scuronper, B, Pryrn, Chemische Untersuchungen zur Beurteilung des
Btrohmehls als Futtor- und Nahrangsicivtel, in Arbefion aus dem Koeiserlichen Gesundfeits-
amie, 1915, vol, 50, pp. 232-262. Summarizged in Zeitsehrift filr Untersuchung der Nalrungs-
wnd Genussmndttel, April 1916,
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modify the pliysical and chemical properties of the crude cellulose,
it cannot increase its digestibility.

The proportion of non-nitrogenouns extracts from these straws
varies between 30 and 40 9, of which half are insoluble or undigeste
pentosans : there are also absent all the carbohydrates that ecould
be transformed into sugar by the malt extracts. The remainder con-

sists of : organic acids and their salts — colouring matters — bitter
substances — substances not determined — all of which may be

considered as having a negligible food wvalue in no way comparable to
that of sugar or starch. By use of the solvents a,lleady mentioned
the following quantities of the different components have been extract-
ed : nitrogenous substances one 9%, — sugar one 9%, — organic acids
and their salts one 9% — mineral aecids 3.5 %, — substances not
fully determined (colouring matters, bitters, tannins) 3.5 9%, It is
clear from this that even the non-mitrogenous extracts of the straw
are valueless as food for non-ruminants and man, so that straw,
even when reduced to a meal, is useless as human food.

Experiments with pigs made by ZuNTz have shown that straw
meal is only so much undigested bulk for them. For human feeding
it must be absolutely ruled out (1).

6. — Wild plants used for human food.

Man has always used a number of wild plants for food, gathering
them when the part or parts utilised for food are at the most suitable
stage for the purpose.

Among the rural population of certain regions wild plants form
or might form an important source of food and even in some centres
of population, as for example in Italy from Rome southwards, there
is a large consumption of certain kinds of wild plants as vegetables
at all times of the year. This is unfortunately not the case in the
majority of the centres of population in the different eountries.

During the war the more or less pressing need for food stuffs nat-
urally stimulated the search for wild vegetables so that in addition
to the Lkinds usually eaten plants whieh in normal times were
completely ignored were used as food.

A detailed reeital of what has happened in Ruossia during the
recent famine would be out of place here: it is enough to mention
that wild plants and even weeds have formed the only means of sub-
sistence for thousands of peasants and other country dwellers.

It iz thus worth while to reproduce below some lists of wild
plants recommended as food during the war, many of which before
that time were not so used or only to a small extent.

It should be noted that the species mentioned represent only
a very small number of all those of which some part is edible. For

I”I:I' 'I!'hd_' ﬂullr nf '|.'||.|'jn1-5-i HLraws Was :vl!l](l Hn Ul*l‘h'lrlh_f Iinrl,l{‘-r !liﬂ'q_'ru_-ut e '[-l'u”a_rrrn(‘:Jll
aus Getreideabfiillen, Pllanzenfutterinebl, Futtermehl fiir Jungvieh und Schwoine, Erbsen-
strobmeh]l, Weizenmehl|kloe, ete,

T T
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full information on the subject, the anthoritative work by STURTEVANT,
edited by U. P. Hedrick, may be consulted : Sturtevant’s Notes on
Edible Plants. Albany, J. B. Lyon Co., 1919, 1 Vol., quarto, p. 636.

In the preface to this book, dated June 1 1919, W. H. JoRDAN,
Director of the Board of Control of the New York Agrieultural Exper-
iment Station says: *° It is especially appropriate that such a volume
should be issued at this time. Food problems are becoming more
and more acute as the demand for food inereasingly overshadows
the supply. Primitive peoples depended upon food resources that
are now neglected. Ofher sources of possible human nutrition have
doubtless remained unfouched ...”

For tropical plants, the reader should consult the work of A.
CHEVALIER : Les Végétaux utiles de ' Afrigue tropicale franeaise. Paris,
Challamel.

The following list, relating specially to Germany, has been taken
from the work of L. DIiELs, entitled Ersatzstoffe aus dem Pflanzenreiche,
Stuttgart, Erwin Nigeli, 19158. As a rule, with certain exceptions,
the Latin names are given only of wild plants or plants but little eul-
tivated, omitting those usually eultivated for human food or feed
for live stock or for providing raw materials. Certain wild plants
are also omitted which though more or less utilisable were of little
importance even during the war.

1. — PLANTS OF WHICH THE LEAVES, STEMS, FILOWERS, FRUITS,
ROOTE, TUBERS ETC, CAN RE USED AS VEGETARLES, EITHER RAW OR COOKED

Barbarea vulgaris — Nasturtium officinale — Cardamine amara,
C. pratensis — Geum wrbanum — Veronica Beccabunga — Valeria-
nella sp. — Bellis perennis — Sanguisorba  officinalis, N, minor —
Ulmaria  pentapetala — Epilobinm  sp. — Primula sp. — Taraxa-
cum officinale — Achillea Ptarmica — Iris Pseudoacorus — Portu-
laca oleracea, P. sativa — Salicornia herbacea — Agrostemma Githago
— Ranunculus ficaria (tubers) — Berberis vulgaris — Sinapis alba —
Brassica wnigra (Sinapis wigra) — Cochlearia officinalis — Semper-
vitum tectorum, S. soboliferum — Sedum reflevum, S. mite, 8. album,
S. maximum (tubers) — Sawxifraga tridactylites — Galega officinalis —
Oxalis Aeetosella — Eryngiwm sp. (roots) — Glawr maritima — Sa-
molus Valerandi — Brunella vulgaris — Glechoma hederacea — Bor-
rago officinalis — Plantago Coronopus — Phyteuma spicatum, P.
orbiculare — Carduus nutans — Cirsium oleraceum, C. arvense, (.
bulbosum — Urtica dioica, U. wrens — Humulus Lupulus — Chenopo-
dium Bonus-Henrvicus, ete. — Atriplex sp. — Beta vulgaris — Rumex
Aecetosa, R. crispus — Stellaria media — Cerastium  caespitosum —
Holostewm wmbellatum — Papaver Rhoeas, ete. — Brassica Napus, Bras-
sica Rapa esculenta, ete. — Sinapis arvensis — Nasturlium sp. —
Erysimwum  cheiranthoides — Sisymbrivm  officinale, ete. — Capselln
Bursa-pastoris — Lepidiuwn  ruderale — Medicago sativa — Trijo-
lum sp. — Malva sp. — Aegopodium Podagraria — Symphytum of-

5
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ficinale — Anchusa officinalis — Plantago major, etc. — Tussilago
Farfara — Petasites officinalis — Galinsoga parviflorn — Onopordon
Acanthivm — Lappa sp. — Silybum Marianum — Pleridium aqui-
linum — Triglochin maritima — Poligonatum multiflorum, ele. —
Polygonwm Bistorta — Amaranthus sp. — Ranunculus repens —
Crambe maritima — Cakile maritima — Ononis spinosa, 0. repens
— Lythrum Salicaria — Daucus Carota — Anthriseus Cerefolium,
A. sylvestris — Heracleum Sphondyliuvm — Angelica sylvestris —
Lomiwm purpureum, etc. — Betonica officinalis — Pulmonaria offici-
nalis — Campanula sp. — Helianthus annuwus — Achillea Millefolinm
— Chrysanthemum Leucanthemum — Hypochoeris maculata — Sonchus
arvensiz, N. oleraceus — Sagittaria sagitiifolia — Butomus wmbellatum
— Seirpus maritimus — Ovrehis sp. — Lathyrus tuberosus, L. montanus
— Oe¢nothera biennis — Carum  Bulbocastanum, O. earvi — Chaero-
phyllum  bulbosum — Pastinaca sativa — Stachys palustris — Cam-
panula Rapunculus, ete. — Helianthus tuberosus, H. macrophyllus, ete.
— Tragopogon pratensis, T. orientalis,

2, — PLANTS CONTAINING FECULA OR STARCH
(ROOTSE, TURERS., FRUITS, SEEDS, ETC).

Typha sp. — Nymphaea alba — Nuphar lutewm — Arum ma-
culatum — Calla palustris — Alisma  Planfago — Quercus  sp. —
Aeseulus Hippocastanum — Chenopodinm sp. — Glyceria fluitans —
Panicum sanguinale, P. lineare — Trapa natans — Ulmus campestris
— Betula sp. — Alnus sp. — Pinus s5p. — Picea sp. — Polygonum
wodoswm, P. lapathifolium, P. Convolvulus — Bromus sp. — Hordewm
wmurinum — Festuea sp.

1. — LEGUMINOUS PLANTS.

Pisum sativum, P. arvense — Vieia hirsuta, V. fetrasperma, V.
Cracea, V. villosa, V. ervilia, ete. — Lathyrus safivus, L. sylvestris,
L. pratensis, ete. — Phaseolus sp. — Lupinus sp. — Ornithopus sa-
tieus — HKobinia Pseudacacia.

1. — SUGAR FIELDING PLANTS,

(rlyeyrrhiza glabra (roots) — Betula sp. (juice) — Aeer platanoides
(juice), A. Psewdoplatanus (juice).

5, — FRUITBEARING TREES AND BUSHES

Mespilus germanica — Crataegus Owyacantha, C. monogyna, ete.
— Pyrus sp. — Sorbus Aucuparia, S. domestica, 8, torminalis — Cy-
donin japonica — Awmelanchier vulgaris, ete. — Rosa sp. — Prunus
avium, P. insititia, P. spinoga, P. Padus, ete. — Berberis vulgaris —
Mahonie aguifolivm — Vitis sp. — Cornus Mas — Sambucus nigra,
S, racemosa — Vaceiniwm sp. — Arctostaphylos  Uva-ursi — Hyp-
pophdie rhamnoides — Physalis Alkekengi.

s T ——
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It seems desivable to add to the preceding list, the names of
certain colonial wild plants, which ean be used for the same purposes
as those above-mentioned. Here too, only the wild plants are given,
and not the species nsually ecultivated, unless they also grow wild (1) :

1. — PLANTS CONTAINING FECULAL OR STARCH,

Sporobolus affinis A. Rich., 8. indicus var. capensis Wild., S. pani-

cotdes A. Rich — Taecca pinnatifida Forst. — Boscia salicifolia Oliv,
— Cissus edenocanlis Stend. — Ceropegia convolvuloides A. Rich, —
Cyanotis  hirsuta A. Rich — Cyphia glandulosa Hochst. — Tree-

ferns (2), ete.
d — LEGUMINGEHS PLANTS,

Lablab vulgaris Savi — Phaseolus Mungo L. — Cajanus Cajan
Millsp. — Entade sudanica Schw., E. abyssinica Hoch. — Cordeauria
edulis Hemsl.

. — SUGAR YIELIMNG PLANTS,

Sorghum Ankolih Korn. — Pheniv dactylifera L., Ph. sylvesiris
Roxb., Ph. rechicata Jacq., Ph. abyssinica Drude.

. — FRUITBEARING TREES AND LBUSHES,

Ziziphus Jujuba Lam., Z. Spina Christi L., Z. mucronata W, —
Seleroearya birrea Hoch., — Hibiseus esculentus L. — Doryalis ver-
rucose Warb., — Syzygium  ovariense Benth. — Diospyros mespili-
formis Hoch. — Mimusops Kuwmmel Hoech, M. Sehimperi Hoch, —
Strychnos  Unguacha A, Rich. — Acocanthera abyssinica Hoch, —
Carissa edulis Vahl. — Cordia Gharaf Ehrenb., C. abyssinica R.
Br., ete. — Commiphora Boiviniana Engl., C. Paolii Chiov. — Flueg-
gea obovale L., — Antidesma vemosum Tul. — Sorindein somalensis
Chiov. — Landolphia floride Benth., L. Petersiana Kl. — A framonum
Korarinag K. Schum.

We reproduce the following list of wild plants, eompiled by
Prof. TrRoTTER ip a publication issued during the wav (3).

PLANTS USED A8 HUMAN FOGD,

#) Leaves, buds, ete.: Pinus halepensis — Chamaerops humilis —
Asphodelus microcarpus, A. tenuifolius — Iris juncea — Cynomorium

(1) Cf. : 1) E. CRIovExDA, Materie prime di vegetali spontansi o celeivati nelle nostre Co-
lonie di Eritrea e Somalia. Fetditute Cofondale Talionse, ome 1921, — 2) YvEs Hevny, Plantes
A huile. A, Colin, Paris, p. 201, — ) H, JomerLce, Les huiles végbtales, J. B, Baillidre ot fls,
Paris, 1921, — (4) Ioegy, Plantes industrielles, J, B, Bailliére ot fils, Paris, 1916,

(2} At Honolulu (Hawsii) & new industry has lately come into existenee for extracting
fecula of good guality from the medulla of the trunk of tree-ferns (Ci. Bull. Econom. de
I Tndo-Chine, No, 154, new series. Hanoi-Haiphong, 1922, p. 365.)

(3) Cf, Twoovrer, A, Flora cconamien della Libia. Colonial hand-books published by
the Ministry of the Colonies, Rome, Tip dell’Unione editrice, 1915, pp. 318.330,
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coccineuwim — Linexr spinosa — Rwmexr tingitonus, K. vesicarius —
Atriplexe Halimus — Portulaca oleracea — Brassica Napus, B. Tour-
nefortii — Diplotaxis Duvieyrierana — Eruea  saliva — Nasturtium
officinale — Oxalis cernua — Hibiscus cannabinus — Statice Thonini
— Caralluma europaca — Phelypaea atropurpurea, P. condensala,
P. lutea, P. violacea — Salvia Verbenaga — Hedypnoides polymorpha
—- Hyseris radiata — Koelpinia linearis — Scorzonera  alexandrina

— Tragopogon porrifolius.

b) Flowers or infloreseence : Alliwm roseum — Muscari comosum
—  Capparis rupestris — Carduncellus acaulis — Cynarva Secolymus,
C. Sibthorpiana — Onopordon var. sp. — Rhaponticum acaule.

¢) Underground parts : Cyperus esculentus — Chamaerops hu-
wilis — Allivm Ampeloprasum — Musecari comosum — Tulipa aus-
tralis — Alhagi mawrorum — Buninm mouritanicum — Ferula var.
gp. — Frodium guttaium, K. hirtum — Pancratiwm maritimum.

d) Fruits or seeds: Ephedre alata — Aristida pungens — Dac-
tyloctenium aegyptiocum — Panicum miliacenm, . lurgidum — Pen-
nizsetum dichotomum — Hyphaene thebaica — Queveus Ilew — Mesem-
bryanthemum Forskalii — Ficus Telonkat, F. euwcalyptoides — Cap-
paris Sodada — Aecacia tortilis — Astragalus bacticus, A. lanigerus —
Vigna sesquipedalis — Rhus Oxyacantha — Nitravia tridentatea — Ba-
lanites acgyptiaea — Arbutus Unedo — Salvadora persica — Salvia
spinosa — Citrullus Colocynthis.

¢) Condiments and flavourings: FErythrosticius punciatus —
Lovrus nobilis — Sinapis alba — Ammodaveus Leucothricus — Crith-
mum  maritimum — FPetroselinwm  ammoides — Pituranthus fortuosus
— Balanites aegyptiaea — Phlomis floccosa — Rosmarinus officinalis
— Thymus capitatus, T. hirtus — Ononis falcata — Retama Raetam
— Trifolivm tomentosum — Trigonelle anguina, T. laciniata — Vicia
Fseudocracea, V. saliva, V. monanthos — Ferula var. sp. — Pitu-
ranthos tortuosus, ete. — Ziziphus Lotus — Evodium arborescens —
Fagonia arabica, F. sinaica — Nilraria {ridentata — Zygophyllum
album — Haplophyllum vermiculare — Malva silvesiris — Limonas-
tram Guyonianum — Slatice Bonduelli, 8. globulariaefolia, 8. prui-
nosa, 8. Thowini, S, tubifera — Periploca levigata — Salvadora persica
— Convolvulus supinus — Hyoseyamus Falezlez — Phelypaca (1) vio-
lacea — Lavandula coronopifolia, L. mullifida — Marrutivm deserti —
Globularia Alipum, G. arabica — Plantago albicans, P. ovala — An-
themis glareosa — Anvillea radiata — Artemisia variabilis — Alrae-
tylis serratuloides — Calendula officinalis — Carduncellus acaulis —
Centaurca  contracta, C. dimorpha — Chrysanthemum coronarium —
Cladanthus arabicus — Rhanterivm suaveolens — Zollikoferia arabica.

OLEAGINOUS PLANTS.
Juniperus macrocarpa — Pistacio Lentiscus.
ALCOHOL YIELDING PLANTS,

Asphodelus microcarpus — Arbutus Unedo.




HUMAN FOOD 69

This section should not be concluded without reference to a work
of particular interest and value at the present time which was sub-
mitted by Prof. O. MATTIROLO, in April 1918, to the R. Accademin
di Agricoltura of Turin, under the title of Phytoalimurgia Pedemon-
tana (1).

The anthor deseribes a considerable number of the wild plants
of Piedmont which are fit for human food, but as the greater number
of them are alzso widely diffused in other countries, the subject matter
of the book should be of value beyond the limits of Piedmont, and it
is for this reason that attention is ealled to it here.

It should be noted that Prof. MaTTiRoLo published this book
before the war was over (1918) and while there was pressing need
for food-stuffs to enable the struggle to be continued at all costs.

MATTIROLO quotes VILLARS, who in 1794 stated in his Catalogues
des substances végétales qui peuvend servir a la nowrriture de Uhomme, ete.,
that in the departments of U'Istre, la Drome and the Hautes-Alpes
use was made of only a hundred kinds of food plants, while the ancients
made use of not less than 500. “ If ViLLars could eome to life again
says Prof. Marrirono, *“ he would be horrified to see to what this
hundred has shrunk, for in our time there are not more than thirty
wild plants that are used for food 7.

Further on, our author says: * How extraordinary it is that our
rural and particularly our urban population have such a prejudice
against using wild plants for food. ..

“1 admit that I am not recommending choice foods (we do not
have any such now) but I know that the earbohydrates, the nitrogenous
substances, and the fats which wild plants contain are identical with
those contained in cultivated plants. ..

“If we are not yet reduced to feed only on weeds, at least it is
reasonable to look about us and take note of the supplies of food that
Nature herself offers. ™

In dealing with the different kinds of plants the anthor has arrang-
ed hiz material solely from the point of view of food, whilst at the same
time keeping more or less to the classification propozed 1800 years
ago by GALEN in his Treatise on Foods. He thus obtained the following
12 chapters :

I. Stems transformed for storage of plant-food: (A) Rhizomes —
(B) Tubers, Bulbous-tubers and Tuberous-rhizomes — (C) Bulbs.
I1. Roots transformed for storage of plant-food.
III. Young shoots, soft, juicy and edible.
IV. Plants, the leaves and spring-growths of which are used in
" salads.

(1) Marrirono, O, Phytoalimurgia Pedemontana, ossin Censimento delle specie vegretali
alimentari delln Flora spontanea del Piemonte, in Annali delln 8. decodemda di Agrisoltura
i Torine, vol. 61, 1918, p. 107, ¥, Bona, Turin — A full bibliography of the subject is at-
tached to thizs work. The numerousz illnstrations are taken from Compendio della Flora flaliona
of Frori and PioeErTi. (CF, Prof. A Fiori. leonographia Florae ltalicas, or Flore fie.
liana illustrata, nd ed, enlarged. Bancazcianc Val di Pesa, 1921
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V. Plants, the spring-growths of which are especially used for soups,
V1. Plants used in omelets and cakes.
VII. Flowers used as food.
VIIL. Fruits and seeds used as food.
IX. Oil-yielding plants.
X. Plants or parts of plants used as substitutes for tea and cotfee.
XI. Fungi — Algae (1) — Lichens.
XII. Bibliography of Food-Produetion.

In order to complete the preceeding list it has been thought ad-
vizable to mention here the species classified by Prof. MATTIROLO which
are arranged in the order set out immediately above. For the sake
of brevity the common name of each species is omitted, only the Latin
name being given.

RETZOMES,

Aspidivm Filiz-mas Sw. — Arum maculatum L., A. italicum Mill.
— Iris  germanica L. — Polygonatum multiflorum  All. — Tamus
communis L. — Alisma Plantago L. — Sagittaria sagittifolia L. —
Typha latijolia L. — Butomus wmbellatus L. — Cynodon  Dactylon
Pus. — Nymphaca albe 1. — Nuphay lutewm Sm. — Ovobus tube-
rosus L. — Polygonum Bistorta 1. — Calystegia sepinum L. — Me-
nyanthes trifoliata 1.

TURBERS, RULROUS-TURERS AND TUBERGUS RHIZOMES,

Gladiolus communis L. — Croecus vernus L. — Colchicum awtum-

nale L. — Stachys palustris L. — Cyelamen ewropaem L.
BULBS.

Tulipa sylvesivis L., T. clusiana D. C., T. praecox Ten. — Lilium
Mavtagon L. — Muscari comosum Mill.,, M. racemosum Mill.,, M.
botryvides Mill. — Oprnithogalum narbonense L., O. pyrenaicum L., O. wmn-
bellatum L., O, termifolivm Guss. — Alliwm vineale 1., — Leocojum
vernum L. — Erythronium Dens-canis L.

ROCITS.

Asphodelus albus Mill. (A, ramosus L.) — Orchis Morio L., O. ma-
culata L., O. latifolia L., O. variegata All., O. jusca Jacq., 0. sambucina
L., 0. globosa L., O. militaris L., 0. mascula L. — Corydalis cara L. —
Ficaria ranunculoides L. — Spiraca Filipendula L. — Siwm sisarum
L. — Bunitum Bulbocastanum L. — Symphytum tuberosum L. —
Camponula Rapunculus L. — Bryonia dioica L. — Onopordon Aecaii-
thinm li. — Scorzonera hispanica L.

(1} For the gelatine of the Algae {azar-agar), ef, I, A, Firp, Chem.  Age, vol. 20,
No 12 N_ Y., 192].
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YOUNG STEMS, .
Humulus Lupulus L. — Aspavagus officinalis L., A. fenuifolins
L.. A. acutifolius L. — Ornithogalum pyrenaicum L., O. narbo-
nense L. — Ruseus aculeatus L. — Tamus communis L. — Polygo-
nalum  multiflorum — Chenopodium  Bonus-Henricus L. — Berberis
vulgaris L.
S LALNS,

Erythronium Dens-canis L. — Paretaria officinalis L. — Urtica
dioica L., U. urens L. — Rumer alpinus L. — Polygonum Bistorta
L. — Lamium album L. Ajuga  replans L. — Veronica Becca-
bunga L. — Companule Rapunculus L. — Phytewma orbiculare L.,
P. Michelit All,, — P. spicatum L. — Lapsana communis L. —
Leontodon hastilis L. — Pieris hieracioides L. — Crepis faelida L. —
Tragopogon pratensis L. — Hypochaeris radicata L. — Taravacum
officinale D, C, — Lactuea scariola L. — Sonchus arvensiz L., 8. ole-
raceus L., N, asper Vill. — Cichorium Intybus L. — Bellis perennis L.
— Portulaca oleracea L. — Valerianella olitoria L. — Poterium San-
guizorba L. — Ononis spinosa L. — Silene inflala L. — Barbarea
praecox R. Br. — Diplotaxis tenuifolia D. C. — Eruca sativa L. —
Nasturtium officinale D. C. — Bunias Frueago L. — Calepina Cor-
vini Desv., — Capsella Bursapastoris L. — Thlaspi perfoliatum L. —
Ficarin ranunculoides — Papaver Rhoeas L. (1).

PLANTS USED FOR SGUPS.

The composition of different cooked dishes made from 64 species
of plants is shown in tabular form (op. cit., pp. 209-213).

PLANTS USED FOR OMELETS AND CAKES.

Melissa  officinalis L. — Pyrethrum Balsamita L. — Avtemisia
Abginthivm L., A. dracunewlus L. — Apiwm Petroselinum L. — Ros-
marinus officinalis L. — Salvia pratensis L. — 8. selarea L., S. of-
ficinalis L., S. glutinosa L. — Ocymum Basilicum L. — Thymus Ser-
pillum L. — Sonchus oleraceus L., 8. asper L. — Plantago lanceolafa 1.,
P. media L. — Urliea diocica L. — Hypochaeris radiata L. — Pa-
paver Rhoeas L. — Lamium purpurenm L., L. maculatum L. — Stel-
laria media Vill. — Medicago sativa 1.. — Parietaria officinalis L. —
Lapsana communis L. — Sinapis arvensis L. — Raphanus Bapha-
nistrum L. — Bumex Acetosa — Bunias Erwcago L. — Silene in-
flata L.

FLOWERS USED A5 FOOGI.

Cucurbita sp. — Impatiens sp. — DBellis perennis — Tropacolum
majus L. — Violets — Roses — Jasmine — Robinia Pseudo-acacia

(1) Various species of Salicornia have long been used, amd were used consziderably
during the war either preserved in vinegar or cocked in various ways, As regards the nse
of these sea-zhore or salt land plants compare Revue o'hist. nat. appl., Vol. 111, No. 7. Paris,
1922, pp. 199 and 206
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L. — Cytisus Laburnum L., C. alpinus L. — Nimphea sp. — Nu-
phar sp. — Magnolia Yulan.

FRUITS AND SEEDS USED AS FOOD (RAW, COOKED, GROUND INTO FLOUR, ETC.O,

Fagus sylvatica L. — Corylus Avellana L. — Quercus pedunculata
Ehrh.. Q. sessiliflora Sm. — Trapa natans L. — Prunus Mahaleb L.,
P. spinosa L., P. Padus L., P. Brigantiaca Vill. — Cornus Mas L. —
Pyrus torminalis Ehrh., P. Aucuparia Gaert. — Cerasus Avium L. —
— Pyrus Avia Ehrh. — Berberis vulgaris L. — Rubus fruticosus L.,
R. caesius L. — Physalis Alkekengi — Vaccinium vitis-idaea, V. myr-
tillus, V. wuliginosum — Raspberry and strawberry — Ribes Gros-
sularia L., R. alpinum L., R. pefracum Wulf, E. nigrum L., E. rubrum
L. — Sambucus nigra L. — Celtis australis L. — Pinus Cembra 1.
— Aeseulus Hippocastanum L.

7. — Substitutes for coffee, tea, cocoa, spices, etc.

At the beginning of the war after the bloeckade of the Central
Empires had been established, there speedily followed an inereasing
scarcity of coffee, tea etc., and every means was taken to meet first
the shortage and then the complete absence of these commodities,

For this reason especially in Germany a large number of substi-
tutes eame to be recommended and actually sold, some of which
had been in use even before the war: later on as the need became
more pressing and the investigation of resources was extended long
lists were drawn up of wild plants and of parts of them (seeds,
tubers, bulbs, ete.) stated to be more or less suitable for making a
beverage that might be called tea or coffee. Very few of these
plants thus put to a new use are fit to be retained for the purpose,
but out of the large number probably some may be considered as
taking their place among the substitutes for stimulants with the
advantage that they do not contain more or less harmful alkaloids.

It seems worth while therefore to give some general account of
the subject and to indicate broadly the kinds of plants used and
recommended as coffee and tea substitutes. From the importance
attaching to substitutes in the Central Empires, Germany of course
took the lead in this matter. In the Allied States, in so far as overseas
trade was posgible apart from the submarine activity, real tea and
coffee were always obfainable, and the problem of substitutes was
of much less importance than in the Central Empires, especially in
the lagt years of the war (1).

A list is subjoined of substances that had been employed in the
preparation of coffee substitutes more or less freely before the war
the use of which was greatly inereased during the war.

(1) Of : 1) Biyrsrexer, Fr,, Beitrdge zur Hriegswirischaft, Die Kaffee-Ersatzmittel vor
uned wiihrend der Kriegszeit, Berlin, 1018, — 2) Rozenios F., ete., Beitrdge zur Kriegetoiri-
schaft, Kaffee, Tea, ﬁuki}u. in der Kriegswirtschait, Berlin, 1918,
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Pulsge takes the first place, but in 1918 the use of it was forbidden
for any purpose other than direct feeding. Then follow tubers and roots ;
tubers of artichoke (Jerusalem) and dahliag, roots of dandelion, sal-
sify, elecampane (Inula Heleniwm), burdock (Lappe spp.), feverfew,
star-thistle (Carlina vulgaris), galingale (Cyperus esculentus), the wood
pea (Orobus tuberosus), common reed (Phragmiles communis), arrow-
head, reed mace (Typha angustifolia and 1. lalifolia), the male shield
fern and the bracken fern, guaking grass (Briza sp.), parsnip, sugar
Leet, yellow water lily, ete.

Next come the veteh seeds (Kaffeewicke), carob seed, chestnuts,
horse chestnuts, asparagus berries (1) (also asparagus refuse), beech
mast, seeds of pumpkin, melon and watermelon, sunflower, hemp,
lime tree, robinia, beet root, buckwheat, goosefoot, of Ruseus aculeatus
(butcher’s broom), Galiwm spp., camelina, broom, evening primrose
(Oenothera biennis), plaintain, serradella, water calthrop (Trapa natans),
ranunenli, ete.

Then the fruit of the medlar (or loguat), of the service tree juni-
per, sloe, elder tree, dogwood (2), berberis, wild rose, eranberry (Ozy-
coceus palustris), mulberry, holly, ete.

Finally the dried yeasts of wine and beer.

A coffee substitute was also made in Germany from the dregs
of beer casks by the following proecess : filtering in a filter press for se-
paration of the brewers’ grains, then drying in a roasting apparatus
at 1000 C. By the method patented by BErRcHTOLD of Berlin, the
drying iz done at 180° C to 2300 C (3).

During the war investigations were made as to coffee substitutes
m countries far removed, the results being afterwalds made known in
European countries. Among others may be noted the observations
made in the Laboratory of Agricultural Chemistry at Poona (Britizh
India) (4) on the roasted graing of Cassia Tora, a bushy weed, the seeds of
which are sold under the name of artificial coffee and coffee substitute.
When powdered they look like coffee, but the smell and taste of the
infusion is different, although pleasant. These seeds contain a glue-
oside, hemodin.

In the distriets of Waterberg, ete. (Transvaal) the natives employ
as chicory the dried root of Capparis albitrunca. A London firm
informed the Imperial Institute that it was an excellent substitute
for ehicory in coffee (5).

(1) M. G, ScHroeTER, in Zeitschrift iy Untersuchung der Nahrungs. wid Genussmatied,
vol, 32, pary. 11, 1916, has proved that asparagus berries when roasted have o flavonr muel
resembling that of real coffee powder. The infusion iz pleasant, a little sweet, with no bit.
ter taste, These rosgted berries contain : water 6,82 9f — nitrogenous matter 17,5 95 —
ether extract 8 63 95 — water extract 3269 %, — invert sugar (reducing) 880 %, — minaral
substances 4. 454 '}E,

{2} The dogwood (Curnus Mas L) has been the subject of a special study by C. GRIEBEL
(Zetiachrifi fir Untersuchung der Nohrungs. and Genussmiticl, wol, 34, part 5, 1917): he
eav= that the fleashy part of the berries can he used in’ making preserves and that the seeds
yvield a eoffee substitute.

(3) Korxmm, Dr, TH., op. cit,, p. 50,

(4) Tavmawe, V. A, in The Poona Agriculiural College Magazine, vol, 1X, Xo, 1, 1917,

(5) Bulletin of the Imperial Instituwte, vol. XV, No, 1. London, 1917
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There have been alto numerons substitutes for fea, as appears
from the lists of plant species reproduced later on. German tea was
prepared in 1917 by the consumers themselves and consisted of mix-
tures of leaves of myrtle, raspberry, strawberry plant, bramble, flowers
of the lime, of heather, woodruff, and camomile.

In South Germany special use was made of the fruits of the wild
rose (hips) and also of apple peelings and dried apples.

A special brand of tea called *° Odenwalder Gebirgs-Krauter-
Tee, Marke-Graco 7’ congisted of a chopped mixture of the flowers of
lavender and elder, liguorice root, leaves of coltzfoot, of the straw-
berry plant, of bramble, birch and water mint (1).

The species of plants used, or stated to be suitable for use, as sub-
stitntes for coffee, cocoa, tea, tobacco, and spices, are grouped in the
following lists.

SUBSTITUTES FOR PLANTS YIELINNG STIMULANTS AND ALKAIDS ;
AXND SURBSTITUTES FOR SPICES (2),

SUBSRTITUTES FOR COFFEE : Arachis hypogeaa (seeds) — Casszia
oceidentalis  (seeds) — Astragalus baeticus (seeds) — Beta vulgaris
(roots) — Brassica Rapa (rootg), B. Napus, (roots) — Daucus Carota
(roots) — Solanuwm tuberosum (tubers) — Seorzonera hispanica (roofts)
— Cichorium Intybus (root) — Taeraracum officinale (root) — Tri-
tieum repens (root) — Phragmites communis (roots) — Hordewm sativum
(seeds) — Secale cereale (seeds) — Zea Mays (seeds) — Asparagus
officinalis  (seeds) — Iris Pseudoacorus (seeds) — Quercus pedun-
culata and €. sessiliflora (seeds) — Fagus sylvatica (seeds) — Ber-
beris vulgaris (fruit) — Rosa canina  (fruit) — Prunus  aviwm  and
P. amygdalus (seeds) — Crataegus Oxycantha (fruit) — Sorbus Aria and
Sorbus Aweuparia (Iruit) — Robinia Pseudacacia (seeds) — Savotham-
nus scoparius (seeds) — Lupinus luteus and L. angustifolium — Ci-
cer arielinum (seeds) — Lathyrus salivus (seeds) — Telragonolobus
purpureus (sceds) — Ornithopus sativus (seeds) — Pisum  sativum
(seeds) — Glyeine hispida (seeds) — Aesculus Hippocastanum (seeds)
— Vitis vinifera (seeds) — Cornus sanguinea (fruit) — Ilex agui-
jolium (seeds) — Planfago major and . media (seeds) — Galium Apa-
rine (seeds) — Helianthus annus (sewds).

SUBSTITUTES FOR COCOA @ Arachis hypogaea (seeds) — Glyeine
hispida (seeds) — Castanea sativa (seeds) — Cornus sanguinea (fruit)
—  Ligustrum vulgare ([ruit).

SUBSTITUTES FOR TEA. — Rubus plicatus, K. nemorosus, K. cae-
sius, K. idaeus — Fragarvia vesea, F. moschata, F. grandiflora, F. chi-

(1) Krarrr, K., Ergobnisse der Untersuchung von Ersatzmittel fir Nabrungs. und
Crenussmittel, in  Zedtschriff fir Uwlersechung  der Nabrongs- v Genuzsmiliel, wvol, 533,
No, .9 1017,

For cofiee and tea see alse HastErvrix, A, Kafiee und Koafiee-Erzsatzstofie ; and Tee,
Tee-Ersatzmittel, ete,, Akadem, Verlagsgesellschaft, Leipzig,

{2) LMELs, op. cit., p. 222 et Bq
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loensis — Marchantio polymorpha, ete. — Asplenium  rufa-muraria —
Anthopanthum odoratum — Saliz sp. — Myrica Gale — Juglans regioa —
Betula sp. — Ulmus sp. — Urtica wrens — Dianthus sp. — Ranun-
culus sp. — Cruciferae sp. — Sedum maximum — Ribes nigrum —
Sorbus  Auweuparia — Crataegus  Oxycantha — Potentilla  sp. — Al-
chemilla sp. — Agrimonia eupatoria (frnit and leaves) — Rosa Eglos-
teria (leaves and fruit) — Prunus Cerasus, P. spinosa — Melilotus
officinalis (flowers) — Trifolivm sp. — Anthyllis vulneraria (flowers)
— Ilex aquifoliuvm — Frongula Alnus (bark) — Tilia sp. (flowers)
— Alihaea sp. — Malva sp. — Hypericum  sp. (flowers) — Viola
tricolor (plants, flowers and fruit) — Epilobium angustifolivm — Sa-
wicula  europaea — Coriandrum sativum (aromatic fruits) — Carum
Carvi (aromatic fruits) — Pimpinelle Anisum  (aromatic fruits) —
Foenieulum  officinale  (avomatic frits) — Peweedanum Oreoselinum
— Pyrola sp. — Vaccinium Myrtillus, V. Vitis-Idaca, V. Oxyecoceos
— Calluna vulgariz (stems, leaves and flowers) — Primula officinalis
(leaves and flowers) — Frawinus excelsior — Genliana sp. — Pal-
monaria  officinalis — Lithospermum  officinale —  Lavandula  spica
(lowers) — Galeopsis dubia (plant and flowers) — Betonica officinalis
— Melissa officinalis — Origanwm vulgare Thymus vulgariz (plant),
T. Nerpyllum (plant) — Mentha piperita (plant) — Veronica Becea-
bunga, V. montana. V. Chamaedrys, V. officinalis, V. prostrata-Alec-
torolophus  sp. (plant and flowers) — Plantago sp. — Asperula
odorata (plant) — Sambueus nigra (lowers) — Seabiosa sp. — Sue-
cisa sp. — Bellis perennis (inflorescence) — Anfennaria diviea  (in-
florescence) — Aehillea Millefolivm (inflovescence) — Chrysanthenivm
( Tanacetum) vulgare (inflovescence) — Matricaria  Chamomilla (inflor-
escence) — Tussilago Farfora — Carlina vulgaris — Centawra Cyanus.

With regard to the plants, to the names of which no speeial in-
dication is attached, the leaves are used, generally whilst still young,

SUBSTITUTES ForR ToBAcco (1): Iris florentina (the rhizomes for
snuff) — Valeriana officinalis (roots).

Plants the leaves of which ave used : Sphagnum sp. — Salix sp. —
Myrica Gale — Juglans regia — Corylus Avellane — Belula sp. —
Fagus sylvatica — Quercus sessiliflora, Q. pedunculata — Ulmus cam-
pestris, ete. — Humulus Lupulus — Cannabis saliva — Urlica dioica,
[7. wirens — Rumexr crispus — Rheum officinale Beta vulgaris —
Berberiz vulgaris — Nasturtium officinale — Plaianus oceidentalis —
Prunus Cerasus, P. Mahaleh, P. spinosa — Rhus glabra — Aesculus
Hippocastanum — Tilia sp. — Althaea officinalis — Archangelica offi-
cinalis — Arctostaphylos  Uva-ursi — Cyelaomen  cuvopacum — Gen-
tiane 8p. — Symphytum  officinale — Anchusa officinalis — Lavan-
dula spica — Glechoma hederacea — Brunella sp. — Belonica (Sta-
chys) officinalis — Salvia sp. — Thymus vulgaris, T. serpylluim —
Plantago major — Asperula odorate — Sambucus nigra, S. vacemosa

{1} The majority of these substitutes are not used alons, but are mixed with tobaceo, —
The species mentioned were not all recommended or nzed in Germany ; some  were sed
in Norway, Latvia, Austrin ote.
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— Viburnum Opulus — Aster alpinus — Helianthus annuus — Aehil-
lea Millefolivm — Tussilago Farfara — Arniea montana — Doroni-
cum sp. — Senecio vulgaris — Cichorium Intybus.

Plants the lowers of which are nsed for snmff : Convallaria majalis
— Rosa sp. — Melilotus officinalis.

Fruits used as snull : Aesewlus Hippocastanwm.

SUBSTITUTES FOR SPICES : — Ginger: Acorus Calamus (rhizo-

mes); Cloves: Geum Urbanum (whole plant infused); Vanilla: Pi-
cea excelsa and Abies pectinata (the resin forms the raw material for
the manufacture of artificial vanilla); Capers: Caltha palustris (low-
er-buds) — Ficaria ranunculoides — Tropacolum majus — Sarotham-
nus scoparius — ete.; Pepper: Capsicum annwwm (fruit) — Asarum
europeum (leaves).

Others are mentioned, but as they are of less importance they
are omitted here for the sake of brevity : the following however
mentioned by TROTTER (op. eit.) may be added : Rhamaus prinoides
Her.,, R. infusionum Del. — Catha edulis Forsk. — Abrus precato-
riug L. — Carissa edulis Vahl. — Salvadora persiea Garcin, — Moringa
oleifera  Lam.

In DieLs’ treatis e from which the above information is taken, there
are further groups of substitutes not directly connected with the subject
of this work : the chapter headings only are given (1): Substitutes for :
MEDICINAL SUBSTANCES — SAPONACEOUS SUBSTANCES — RUBBER AND
GUTTAPERCHA — RESINS — HESSENTIAL 0OILS — TANNING MATERIALS —
FIBROUS MATERIALS — SILKE — TIMPER.

8. — Dairy by-products and residues.

The by-produet of most importanee both in bulk and in the use to
which it is put is skimmed milk, which has proved to be a very valuable
food for young animals in conjunection with cattle cakes which supply
the fats removed from the milk.

It is however used by man both with and without his knowledge,
as it is frandulently sold as whole milk or added to such milk instead
of water.

Skimmed milk is used to make a poor kind of cheese and in the
preparation of fermented foods such as yoghourt, kephir, ete.

It contains about 40 gm. of casein and 40 gm. of lactose per litre.

It is also used in the preparation of various fermented sweetened
drinks called * milk lemonades ” (Molkenlimonade), milk foam ete. A
method of treating skimmed milk eonsists in eurdling it by pressure or
with an acid and then adding sugar to the separated whey, finally
passing in carbon dioxide. In this way a refreshing and palatable
drink is obtained. '

(1) Cf, Diews, L., op. cit. p. 274 and sq.
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Other produets made with whey in Germany during the war were
those known as “ Dr. Eichloff’s Fleischersatz” and “Pyrmonter Nihr-
wiirze .

9. — Blood.

The blood derived from the slaughter houses is an offal which is
employed in certain cases not only ag a live stock feed and az a fertiliser
but also as human food.

Pigs’ blood and the blood, of pouliry are used entirely for human
food, but little use for this purpose was made of the blood of ruminants
or horses till the war. Then owing to the shortage of animal food the
blood of slaughtered animals of all kinds became much more largely
used as food, whether after cooking, or by extraction of the serum
for different purposes as will be explained further on. Meantime it is
worth remarking that the blood of cattle has a food wvalue nearly
equal to that of beef of prime quality.

Blood serum was tried in Italy during the war for human food :
serum bread (see p. 59) was made at Milan, and at Reggio Emilia the
Comitato per la diseipling dei consumi in 1917-18 introdueed this sernm
snecessfully into the components of soup pastes as a substitute for eggs.

Sernm 18 also used instead of water in kneading bread in the pro-
portion of one part of serum to three parts of flour.

For the manufacture of serum on a commercial scale, ALTANA (1),
advises defibrinating the blood by whipping immediately after collec-
tion : then subjecting it to centrifugal action.

From a full grown ox 25 to 30 litres of blood yielding 15 to 20 litres
of sernm may be obtained, each litre of sernm contairing 75 gm. of
protein matter in a dry state, i. e. a8 much as 15 eggs contain together.

Serum may also be used for eakes and other food products (maca-
roni ete.).

Horse blood, according to LINDET (2), may be treated in the same
way as blood of eattle, and its gernm c¢an replace white of egg, as it
contains 10 9, of coagulated albuminoid, 4. e. 2 9, more than eggs.
The blood is collected with the necessary attention to hygienic require-
ments, the fibre extracted by whipping, and the serum then allowed
to settle so as to separate the globules. If can also be subjected to
centrifugal action. Food made with this gernm had an excellent taste.
The difference between ifs price and that of white of egg was very
considerable.

Bleeding a horse produced 20 litres of blood yielding 10 litres of
sernm equivalent to 200 eges.

To obtain serum the blood of any slanghtered animal ean be used,
but it may be noted that the settling of the globules in the sernm of

(1) Cf, Arnzaxa, Dr, G, in Industrie ltalione Illustraie, vear IV, section I, No, T,

Milan, 1920, p. 25,
(2) Cf, Comples rendus de ' Aeadémie d'dgrieultire de France, vol, IV, No, 29, Pariz, 1918,
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the blood of sheep or cattle or other rnminants takes longer than in
the sernm of horse blood.

To make the following statement complete it may be added that
the albumen of c{mgmaw:l blood keeps for some months in chloroform
water containing 0.5 %, of formaline solution. The chlorine that clings
to this albumin is IEHEF to remove (1).

Whole blood epagulated by heating also keeps a long time in a
formaline solution. A large addition of sugar has also a preservative
action, but for a shorter time.

Experiments made with dogs have proved that formalin taken
into the system is less injurions than is supposed : only 0.6 9, of the
formalin 8o absorbed in the case of dogs and men has beeniound in
the urine : all the rest has been oxidised during digestion.

The blood may be prezerved for some weeks by adding boric or
salicylie acid : it cannot then be used directly for human food, but its
albumin may be so used in coagulated form prepared as 'I]S'llﬂl

The unlg, way to keep blood so that it may be immediately and
directly used for human food is by a large addition of SUZAT,

Aceording to M. Sarkowski, chloride of methyl might be used
snecessfully to preserve blood, in the same way as it is used to preserve
milk.

10. — Meat substitutes.

Few people ¢an be found to believe it possible to produce by manu-
facture anything clesrrving the name of a real substitute for meat :
vet during the war in the Central Empires there appeared among the
innumerable hmd substitutes two meat substitutes called * Wurst ™
(sausage) and *° Schnitzel 7 (entlet). These congisted of a mixture of
potatoes and wyeast combined by an amorphous substance (paste)
seasoned with a little pepper and coloured by a colouring matter
extracted from coal-tar (2).

A sgubstitute much more nearly resembling meat than these was
one obtained by treating blood with ehloride of lime .m-’l oxygenated
water, which was ealled in Germany °° Fleischersatz  (meat-substi-
tute) and * Sparfleisch ' (economy meat) (3). But this does not seem
to have had a special importance, ag it is simpler and more convenient
to use blood as human food without preliminary transformation.

'ﬂ"itlu fresh bones containing approximately 50 9, water, 15 9, fats,
12 9, of nitrogenous substances and 22 9, of ash, there was made in
Germany and Denmark an extract zold under the name of ** Fleisch-
extract ”’ (meat extraet) and of * Knochenbritherzeugnisse ™ (bone
extracts) taking the form of a powder or a partially solid paste. A nu-

(1) Cf Sawwowskil, E., in Biochemische Sestschrift, No. 71,1915, — Summarised in Zeii-
sehrift fir Dntersuchung der Nahrungs- und Genussmittel, wol, 32, 1914,

{2) Cf, M, MaxsrELD, Fleischersatzmittel, in Berichie der Untersuchungsansiaoll des allge -
meinen ODeaterreichischen Apotheker-Vercines 1013-1918, — Summarised in Zeitschrift fir
Untersuchung der Nahrungs und Gerussmittel, 15 April 19186,

(3) Pharmozeutisclies Zentralblats, vol. 57, 1918,
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trient ** Niahrpriparat ” made from this contained 6.62 9 water,
25.76 9, nitrogenous substances, 2.03 9, fats, 57.2 9 ash, 32.51 9, lime
and 23.97 %, of phosphoric aeid.

“ Knochenbrith-Wiirfel ”  (bone-extract cubes) were also pre-
pared (1).

The best meat substitutes of vegetable origin are those prepared
with dry yeast: when quite dry these contain 50 %, of nitrogenous
matter.

Az other vegetable meat substitutes, there may be mentioned pea
and bean flour, ** Pllanzenfleischersatz 7 (i. e. vegetable meat-substi-
tute) (2).

11. Substitutes for table oils.

The oilz whether for table use or otherwise that can be obtained
from the various waste materials will be detailed in Part IV. Here
mention will only be made of a substitute for salad oil illustrating
the extent to which the manufacture of food stuff substitutes was ecar-
ried by the Central Empires. .

In Germany there was manufaciured from the mucilage of Ice-
land moss (Cetraria rangijering) a mixture called ** Salathilfe Gloria
of which the component parts were this muecilage, powdered yolk of
egg, benzoic acid, a yellow colouring matter and common salt (3).

In 1915-16 there appeared on the Austrian markets a number of
so-called zalad oil substitutes (* Salatéleerssatz ', ** Salatel 7, Salatdl 7,
ete.), composed of an aqueous solution of mucilage of lichen preserv-
ed with borie acid and coloured yellow with an extract of coal tar (4).

In both cases then the mixtures contained no fatty substances
and they might therefore be regarded as fraundulent.

They were however so much in demand that 12 kronen a litre
was paid for them though their real value was not more than 50 hel-
ler a litre.

(1) Ci. Dr. Fr. Evsas, Beitrdge sur Hricgswirtschajt, Part 29, Die Nihrmittelverteilung
im Kriege. Berlin, 1918,

2) Ci, Zedtschrift fitr Untersuchung der Nabrungs. wund  Genussmitiel, vol, 34, 1017,

(3 Cf. A. Bevreiexy and other authors: Mitteilungen avs der Praxis des chem,
. Untersuchungsamtes der Stadt Dresden, in Zeitschreift fiir Untersuchung der Nahrungs- und
Fenuse-mattel, vol, 32, 1018,

{4) M. MawsFeELp, Ocl-Ersatzmittel, in Bericht der Untersuchungsanstalt des Allgemed.
ten Oeolerreichischen Apotheker Vereines, Vienna, 1915-1018, Reproduced in Zeitschrife f.
Uniersuchung der Nahrungs. wnd Genussmitie!, vol, 33, 1817,
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II. — FEED FOR LIVE STOCK

1. — Straw, Husks and Pods.

The straw of cereals ranks with forage that is poorest in albumin
and richest in crude fibre (1). Spring cereals, owing to their short
growth cycle, give better straw than winter cereals.

Stubble straw being mixed with weeds is a better forage than
pure straw.

The straw of leguminous plants is much more nutritious than that
of cereals, and iz compared by KELLNER to clover hay of average quality,
but since it is for the most part coarse, rather flavourless, and often
musty, horses dislike it, so that it ean only be used as a supplementary
feed for cattle and sheep.

Among the leguminous straws suitable for the feeding of live-
stock may be mentioned the straw of the garden bean, horse bean,
veteh, lapin, chickpea, soy-bean, ete. (2).

Straw is algo produced by other species of plants, rape, colza,
sesame, camelina, poppy, buckwheat, caraway, anise, fennel, coriander,
sunflower (3), etc.

Pea-straw is a good food for cattle, as hag been shown by experi-
ments made at the Agrienltural Station of Washington, United States.
It can be fed either alone, or mixed with lneerne hay, or maize silage.
It was given to fully-grown cattle at the rate of 7.9 or 16 1bs. per day
and per head. From these experiments, it appears that the value of
pea-straw is about 30 9 less than that of lucerne straw (4).

Pea-straw iz one of the best legnminous straws (5), and wag used
like others in Germany during the War in the form of forage meal.
It contains according to KriNG: water 11.2 9% — crude protein
7.5 % — ecrude fat 1.1 9%, — N-free extracts 39.2 9%, — crude fibre
35.6 9% — crude ash 5.5 %, .

Horse-bean straw. — If harvested when still green, this straw
may be compared with a rather inferior hay ; its value is greatly re-
dueed if it ig allowed to turn vellow and dry by standing (4). In the
first case, it contains: water 10.56 9%, — crude protein 12.6 9% —

(1} CI. . Keriwer, FPrinciper fondomendaur de Calimentation du  bétagl, Librorie
Berger-Lovrault, Paris, 1811, p. 126,

CE, also CH, Corvevin, Des fidsidus [ndusiviels dons I Alimeniciion du Béledl, Paria,
Firmin-Didot et C,

(2) M. A. Crosey, The utilization of Pea-cannery refuse for forage. U, 8. Dep, of
Agr., Bur, of Plani Ind. Circulaor, No. 45, Washington, 1810,

(#) Detailed information rogarding all these straws will be found in Manual of Stock-
Feeding, E. Porr's, p. 304 et sqq. (ital. ed. 1.3 vol.,, Torino, 1007)

{4) Cf. Breeders’ Gaszette, vol, 77, No. 15. Chicago, 1920,

(6) Of. Krwe, Dr. Max., Die Kriegafuttormittel. Stuttgare, 1918, E. Ulmer, p. 52,
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erude fats 1.6 9, — N-free extracts 31.2 % — ecrude cellulose
29.3 9%, — crude ash 14.8 9.

Rice straw iz generally used for litter, being not very good as a
stock feed, although it ean be much improved if it is dried directly-
after the harvest and put in the silo with half-dried grass. After
about one month in the silo, it can be fed mixed with coneentrates.
This silage keeps for several months (1).

Potato haulms (2). — When these are still green, they make
fair forage, but lose mueh of their value as soon as they begin to turn
yellow, and become worthless if allowed to become dry by standing.
In many places, potato haulms are regarded as practically useless,
and are left to rot on the ground or at best thrown on the manure-
heap. During the war however they were turned to better account,
especially in Germany, where enormons quantities are produced.

I't should, however, be remarked that these stems cannot be fed
green to live stoek, as the animals would refuse them, but require to
be gilaged or dried in the air. According to 3 analyses by Dr. MEYER,
potato haulms contain: water 8.6 % — crude protein 13.7 %9, —
crude fat 2.9 % — N-free extracts 38.1 %, — crude fibre 17.8 %, —
crude ash 18.9 9%,.

When given experimentally to dairy cows and sheep, at rate of
4-5 kg. per head per day the digestibility coeflicients of these haulms

were as follows: organic matter 64 9, — crude protein 57 9, —
fat 53 % — N-free extraets 63 %, — crude fibre 66 %, — starch

value 34-36.

Ground potato leaves make a good pig-feed.

Flax stems. — These are the stalks of flax after the leaves have-
been removed. They are useless as a stock feed, for they are generally
refused by the animals, and also their high ernde fibre content reduces
their nutritive value almost to nil. They contain, according to FIL-

KER (3): water 11.6 %, — crude protein 2.3 9, — crude fat 0.6 9,
— N..-free extracts 21.4 %, — erude fibre 62.8 %, — crude ash
1.3 %,

The Husks are generally richer than the corresponding straw.
The best cereal husks are those of oats and barley, after which come
wheat husks ; rye husks are very indigestible, while the husks of rice
and of millet have no alimentary value.

Husks should always be boiled before being fed to stock, as
amongst other reasons the heat destroys the spores of injurious
micro-organisms such as Aeclinomyeces bovi.

The erude fibre of the husks is more or less mixed with investing
substances ; it is digested more easily by sheep than by pigs which do
better on fibre that is but little lignified. The better digestion of erude
fibre by sheep is probably due to the fact that rominants grind up
the husks more thoroughly during mastication and rumination, while

(1) Cf. Krawg, Div, M, Op, oit,, p. 18,
(2) CI. Il grornale di Risicvliura, vol. X, No, 9, Vercellh, 1920,
{3) Cf. Krmwag, Dr. M, Op. eit., p. 52

6
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the food undergoes more intense fermentation in their digestive sys-
tem (1).

The Pods of peas, vetches, garden beans and lupins have the same
food value as inferior red clover or meadow hay of ordinary quality.
Lentil and clover pods have a higher food value. The pods of colza,
camelina, mustard and buckwheat and the capsules of flax are less
digestible than cereal husks., Ground-nut pods and the * hulls 7 of
coffee-beans, to which reference will be made later, have hardly any
food wvalue.

Garden bean pods were used as a forage in Germany during the
war, especially for pigs ; they must not be fed in large quantities as
they induece constipation.

Hoxcayme gave these pods to a lamb in order to determine their
digestibility ; the results obtained were as follows: 89.2 9%, of the or-
ganic matter, 70.5 %, of the erude protein, 72.9 9%, of the fats, 89.5 9
of the N-free extracts and 94.5 9, of the erunde fibre was awvailable.
It should be observed that although there were large quantities of
erude fibre present, its digestibility was fairly high. The percentage
composition of the bean pods and bran (by-produects obtained by
grinding) is as follows :

Garden bean Garlen bean
ol . bran

e i | = e
B e e L 10.5 % 10.1 95
e probeimr kT e e R A iy 10,1 | 13.7
I T M Sl P e e e SR AU SR 0.7 ' 1.8
MAren BEITABEE . .ociw wow s mm e omos whw T 45 4 52.5
o pallnlon. colniad i s e s acth o 30.2 18.2
A e e T W i = D P i 31 3.7

MacH (2) suggests that the large guantities of pea-pods forming
the residues from vegetable canning factories could be dried and made
into a stock-feed. When dry, these pods contain: water 14 9, —
crude protein 14.8 % — erude fat 0.9 %, — N-free extracts 50.6 9
— crude fibre 15 %, — e¢rude ash 4.7 %,. The starch wvalue of the
freshpods is 8.4, and that of the dried pods is 45-46 (3). These pods
are especially suited for cattle and pigs.

Air-dried Ground-nut pods {4)contain 89.93 parts of dry matter :
2.6 parts crude protein — 2.9 parts fat — 7.2 parts N-free extracts —
2 parts fibre and 14.7 parts organic matter. As has been already said,

(1) Cf. e Landw, Versuchs-Stationen, Vol. LXXXIIT, Parts 3-4, Berlin, 1913,

(2) Cf, Landwsrtschaftliche Presse, No, 43, Berlin, 10916,

{3) Cf, Krawe, Dr. Max. Op, cit., p. 24, 124,

(4) Ci. Fenrera Dr A, Prodotti dell’Arachide ¢ loro utilizzazione, in L' Agrie. Colon,,
No, 3, Firenze. 1923, p. 07,
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they have no food value but were sold finely ground during the war
in Germany under the name of groundnut bran (** Erdnusskleie ')
at 24 marks per kg. 100, According to KELLNER, the digestibility
coefficients of this substance are as follows: erude protein 36 %, —
fat 96 9, — N-free extracts 39 9%, — crude fibre 3 9%, — starch
value 0.1.

“ Red bran " and “ fat bran *’ are richer produects obtained from the
gronnd-nut-oil industry. The first is made from the integuments of
the seed, which are removed by some manufacturers in order to produce
a finer oil. For the same reason, and to secure a very white produet,
the germs are removed from the seeds. The nutritive value of this
residues is very high ; if the bran is pure, the nitrogen content may be
as much as 24 9, and the fat content 20 9

Coffee hulls are a mixture of the outer integuments (90 9;) and
the inner integuments (10 %) of the seeds. They are used in Germany
for the preparation of a molasses feed, and contain a large amount of
fibre (71.76 %). When air-dried, their dry matter content is 88.73 9 :
erude protein 0.2 9, — traces of fat — 2.6 9, N-free extracts, — 7.8 9

organic matter — 10.6 9, erude fibre.
Coffee hulls, like peanut pods, can be used for fuel (1).
Cacao hulls. — Are also unsuitable for a stock feed, and may

be compared to the straw of winter cereals.

Wh(-n air-dried, they contain 90.93 %, dry matter composed of :
) S ) H} crude  protein — E;ﬁ o0y fat — 221 9% N-free extracts —
2.8 9% ernde fibre and 32.5 9%, organic matter (1).

DE MARNEFF'S analysis is however somewhat different being :
water 13.24 9%, — nitrogenous matter 11.08 %, — fats 2.9 %, — N-free
extracts 46.71 9, — fibre 16.03 % — mineral substances 10.04 9.

When the cacao hulls have not undergone any alteration, they
can be soaked in water and added to the basic ration of cows
in quantities of 0.6 to 1 kg. per day (2). Cacao hulls (the peri-
gperm of the geed) have also been examined at the Municipal Labora-
tory of Le Mans (France) with the result that they are considered
dangerous, especially for horses ete.,on account of the theobromine they
contain. On the other hand, if the cacao-hulls are freed from the ex-
tractive substances (with a view to the preparation of theobromine
and of extracts for use in confectionery and the manunfacture of malt
coffee) they have no longer any food wvalue (3).

Horse-poisoning by caeao hulls has also been reported by FonzEs-
Diacon : a ration of 700 of these hulls contains 0.7 %, theobromine,
a substance by which horses are easily affeeted (4).

Cacao hulls, when fed by RICHARDSEN to dairy cows in a eompara-
tive experiment,at the rate of four parts in 10,000 of live weight
decreased the milk yield about 15 9, as compared with the amount
obtained by feeding barley.

(1) Ci. I. Frivsce, Op. cit,, p. 226,

{2} Cf. P. Razous, Op. cit,, p. 333,

(3) Of. Annales des Folsifications el des Frawdes, Year X111, Nos=. 131-132, Paris, 1918,
(4) Ibidem, Year X111, No, 135.136. FPars, 1920,
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Ag the sale of pure flour of ecacao hulls is forbidden in Ger-
many (1), to prevent its use in adulteration of human food, it is
now mixed either with straw or hay (3 parts), or with cereal or
buckwheat husks (5 parts) and in this form ean be gold for feeding
live-stock.

For ruminants, the digestibility of the erude protein in cacao hulls
is only 15 %, whereas the availability of the fat is 84 9] and that of
the N-free extracts and erude fibre 48 9, and 21 9, respectively. The
gtarch value iz 34, 8o these hulls can be compared to meadow hay.

Since caeao-hulls ecause constipation, they must be fed sparingly
and mixed with molasses.

Their chemical composition according to KrLiNG is as follows:

e ] PR P el L e i b e D T 11.7 %,
e Erobeins oo i e S e e ot ek 14,1
] L e gy e Tered ool e ) B e gt e 2.4
B=Erna eRhrRokE 25 00 e e e e e e e 43,7
e B - rob ot S o T e e e 17.4
T i P S e B e e D e 8.7

In Germany, during the war, a stock feed ealled ** Kakaomasse ” was
put on the market. It consisted of a mixture of cacao hulls with the
residues of the seed itself and a little straw, and contained according
to KLING : water 12.4 %, — crude protein 248. % — crude fat
3 9% — N-free extracts 40 9% — crude fibre 9.6 9%, — mineral subs-
tances. 10.2 Y.

A recent series of experiments made at the Istituto Zooteenico di
Lucento (Lucento Stock-Breeding Institute), Turin, by the Director
Prof. V. VEZzANI (2) have shown that :

1) The hulls of cacao are readily eaten by pigs, provided they
are fed in small amounts 5-6 9%,

2) They give a pleasant flavour of chocolate to the ration.

3) Given in the above quantities, they do not in any way
hinder the increase in live-weight, or the fattening of yvoung pigs.

4) If eacao hulls form more than 10-12 %, of the ration, they
produce distaste and nausea, while if the amount is increased to 16 %,
and over, gserious disturbances of the digestive system and even death
result. The subjeet however iz worth further investigation, for there
was nothing to show that the death of the pigs used in these experi-
ments was due to theobromine.

The author suggests that, as a matter of precaution, pigs rations
should never contain more than 5-6 9, of caeao hulls which ought
to be chiefly used to improve the flavour of other foods and make them
more appetising.

(1) 1) Kraxe, Dr, Max, op. cit, p. 47 ; 2) Berliner Ticrdreziliche Wochensehrift, Year 38,
p. 333. Berlin, 1922,

(2) V. Vezzaxt. L'uzo alimentare delle bucee di cacao nell’ alimentazions dei suini, Jfaf,
zoot, di Faeento (Turin). 1922, — Bee also, Eperuanp, Berliner Tierdrzfliche Wochenschrift,
Year 38, No. 20, Boerlin, 1922,
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The Pods of the wild radish, or white eharlock (Raphanus Rapha-
nistrum) (fig. 1) frequently oceur in wheat sereenings. According to
KriNa, their nutritive value is 40 %, of that of a good forage barley.
They are good for cattle and horses but are unsuitable for swine.
These pods contain: water 6,90 9%, — crude protein 10 9, — fats
6.78 9%, — N-free extraets 43.32 9%, — erude fibre 30.40 9, — ash
2.60 % (1). :

In Germany, some of the residues of this order have been used in
preparing compound feeds, such as (2):

a) Husks of spell ground and mixed with gelatine, buckwheat
Hour and condiments. Their nitrogenous substances are fairly di-
gestible, but the availability of the other components is below 4 9.

Spelt husks are ground and sold in

Germany under the names of ** Spelz-
sprenmehl 7', “*Spelzmehl ”’, or ** Futter-
feinmehl . From 3 analyses of this
praduet the following averages have
been -obtained : water 8.6 %, — crude
protein 3.2 9, — crude fat 0.86 9%, —
N-free extracts 45.8 % — crude fibre
34.8 ¢, — mineral substances 7 9.
The digestibility of these husks is very
low and is not improved by grinding.
They canse irritation of the oesophagus
and conghing in horses but these troubles
can be prevented by feeding the husks
as a hot mash (3).

by Involucres of seeds of sugar-beet,
— These are very rich in non-digestible
celluloge and are unsuitable for live-
stock.

¢) Ground pods of beans (and other From Dr. A. Fiorr. Teanographia Flo-
lequminosae). — These contain a large ™¢Tteliere. Padova 1805-1804.
amount of non-digestible fibre. As a
rule, the pods of leguminosae have a composition and availability
similar to those of the straw of these plants, but they contain a little
less fibre, and a little more protein. Their percentage composition,
according to GUILLIN, is as follows: water 11.76 %, — protein 6.68 9%
— fat 0.34 %, — carbohydrates 43.22 ¢, — fibre 34.84 %, — mineral
substances 3.16 9.

Finely ground elover and lucerne hay contain from 7 to 8 9
crude protein, of which about one half is digestible (4).

The Pods of the guango (Inga Saman) have been used in experi-

Frez. 1. — Wild radish.

(1) Cf. Londw, Jahrbuch fir Boayern, No. 11-12.  Muanich, 1916,

(2) Cf. Die Landwirtschaftlichen Verswehs-Stationen, wvol. XCVI, Parts 5.6, 19189 :
Val, XCVII, 1920,

(3} Ruwa, De. Max., Op eit.,, Chapt I1, p. 40

(4) Cf. A, Mewozzr and V. Nrcconr, Alimentazione del bestiame, Milan, Hoepli 1910,
p- 219,
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ments in Jamaica, 15.5 fo 26,5 Ibs per head per day having been fed
to cows without any bad results.

These pods are very rich in sugar and are astringent, fermenting
readily. They are fed mixed with maize stalks, or guange bagasse,
the whole mixture being first dried for several hours at 65.50 C (1).

Integuments of colton seeds. — These consist of the seed coat
which is separated from the albumin before the extraction of oil.
They are used ground, as a stock-feed, fertiliser, or for fuel.

Integuments of horse beans (2). — These are separated from the
albumen in the factories making dried wvegetables for soups. They
are mixed with the embryos and ground : the bran thus obtained is
an excellent feed, especially for dairy cows and pigs. Only a small
gquantity should however be given to pigs as the integuments contain
oxalic aecid. Their average content is: dry matter 89.8 9, -— nitro-

genous matter 45 9%, fat 1.4 9% — N-free extractz 37 Y%, — crude
fibre 44.8 % —ash 2.1 %.
Buckwheat residues (2). — DBuckwheat bran consists of the

hulls, seed integuments and embryos, plus the particles of flour. It
is a feed of little value. Buckwheat forage meal without the hulls
is much more nutritious, as it consists chiefly of embryos and the
seed flour. It may contain: dry maftter 879, — nitrogenous
substances 20.6 %, — crude fat 5.2 9% — N-free extracts 55.4 % —
erude fibre 2.8 %9, — ash 3 9,. It is excellent, especially for swine,
draught-horses and poultry, but should always by fed in moderation :
its excessive use indueces the disease called
fagopyrism.

According to HoNcaMp and BLANCK (3)
the following percentages were obtained
from a digestibility experiment earried
out on sheep with buckwheat integuments:
crude protein 6.6 %, — fats 100 9%, —
N-free extracts 24.7 9% — crude fibre
8.3 9 — starch value of airdried integn-
ments : 2 kg, per 100 kg, — digestible
albumen 0.1 9,. This residue is thus of
little wvalune as a food. HoNcamMp and
Branck found its dry maiter contains :
erude protein 3.6 9, — crude fat 3.6 %, —

N-free extracts 45.7 9, — crude fibre
48.9 % — mineral substances 1.3 9%,
Pods of black medicago (Medicago lu-
Fig, 2, — Black Medicago. pulina) (fig. 2) (4). — In Germany, these
From Dr. A. FIORI, op. cit. were put on the market as a war stock-feed

(1) Cf, The Jeurnal of the Jamaien Agricultural Society, Vol, XXIV, Nosz, 6.7, Kings-
ton, 1920,

(2) Cf. Porr, E. Op. cit,, Vol. ITT, pp. 241-242,

(3) Cf. Krmwag, Dr, Max, Op, ecit, p, 42,

(4) Cf. Krmwg, Dr, Max, Op. cit,, p. &5
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(** Kriegsfuttermittel ”’). According to HoNcAMP and BLANCK they
contained : erude protein 16.7 9%, — pure albumen 16.1 %, — crude
fat 2.3 9, — N-free extracts 46.9 9% — crude fibre 26.3 9%, — mineral
subatances 7.8 %,.

Aecording to these authorities, the following percentages were ob-
tained from digestibility tests made on a sheep : erude protein 49.9 9%,
— fats 51 9, — N-free extraets 47.1 %, — crude fibre 68.5 9%, —
starch value of air-dried material 36.2 9% — amount of digestible
albumin 6.6 9.

This may be compared to good meadow hay and used in the
same manner. Only a little should be fed to swine, and never uncooked.

Fia, 3. — Common Sawwort, Fia. 4, — Wild Rape

From Dir. A. FIORI, op. cit. From Dr, A. F1orl, op. cit.

Husks of common sawwort (Serratula tinctoria 1..) (fig. 3) (1). —
This perennial Composita which is both a forage and a dye plant,
bears husks of the following eomposition, as analysed by the Agriecul-
tural Station of Kislin : water 19.3 % — crude protein 19.6 9, —
crude fat 2.4 9, — pure protein 18.2 9% (7.4 9, of which is digestible)
— N-free extract 26.5 9%, — erude fibre 22.6 9%, — ash 9.6 %, — starch
value 30. These husks are comparable as a feed to good red clover
hay. After cooking they are especially suitable for mileh cows and
nursing-sows.

Pods of wild rape (Brassica Napus oleifera 1.) and of Wild
Turnip (B. Rapa 1..) (fig. 4) — These were of great importance during
the war, in Germany (2). The chemical composition of wild rape
pods is as follows according to HoNCHAMP and BLANCK : erude protein

(1) Ci. Kzawa, Dr, Max, Op, cit., p. 44,
{2) Cf. Krawe, Dr. Max, Op cit, p. 43
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11 9%, — pure protein 10.2 9% — crude fat 8.5 9, — N-free extracts
39 % — erude fibre 25.8 %, — pure ash 15.7 %.

A digestibility test carried out on a sheep gave: erude profein
52.2 9, — fat 86.2 % — N-free extracts 53.4 9, — crude fibre
54.8 %, — starch value 31.9 kg. per 100 kg. of air-dried material —
digestible albumin 4.3 %,. Thus these pods are of more value than
wheat husks. In many places they are fed to horses instead of straw.

Flax capsules. — Theze have long been used, when ground, as
a stock feed.

During the war, a feed was imported from Holland into Germany,
under the name of * gmun{l flax capsules ', or * flax bran *’, though
“flax husks ” (** Leinspreu ') would have been a more cnrreet. appel-
lation.

KLING (1) made an analysis of a coarsely ground mixture of
Aax capsules with a few leaves and stalks.

According to KELLNER, the eapsules contain : water 11.6 9%, —
crude protein 3.5 9%, — crude fat 3.4 9, — N-free extracts 356 9% —
erude fibre 40.7 9%, — mineral substances 5.8 9%, — digestible albumin
1 %, — starch value 17.7.

These capsules have about the same value as cereal husks. When
cround and mixed with boiled potatoes, they form a good pig food.

Poppy capsules. — These residues, which are dangerous because
of the alkaloids they contain, were also sold as a feed in Germany
during the war. Sometimes the capsules alone were put in the market,
at other times, they were mixed with mineral impurities, weed-seeds,
and oil-factory residues, but they were usually sold under names that
disguised their true origin, such as : residues of oleaginous seeds (*° Oel-
saatabfille ), bran of oleaginous seeds (*° Oelkleie ') ete.

Use proved these residues to be poisonous.

Inteqgumenis of acorn. — The albumin alone of these seeds 158 em-
ployed in the manufacture of coffee, leaving as a residue the integu-
ments, which when dried and. ground have been recommended as a
stock-feed.

Their percentage composition according to E. MULLER is as fol-
lows :

A e e e P e L R e ST e i
N e e e T R L e T e R a.8
T e e o e SR s e e P e 2.8
2 S e . [ S P A P D Al 41,4
LB L Ts [ ] v, o R P i i mi i s i e S S e e il.8
] R s B e e R e e e S e e =

Acorn-integuments therefore have a very low nuftritive value as
compared with cereal husks.

Apricot and Peach kernels and Walnul shells. — Kuring (2)
analysed a food sold as a substitute for cereal husks ; it was a flour
made of apricot and peach kernels (82 %) and 1-.,111111’( shells (18 9;)

(1) Cf, Krrxe, Dr. Max. Op ecit,, p. 45,
(2) Cf. Kiixwa, Dr. Max, Op. cit., p. 48,
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It contained : water 9.6 % — crude protein 4.6 %, — crude fats
1.5 %, — N-free extracts 60.1 9, — crude fibre 22.2 9 — mineral
substances 2 9.

This food may be given to cattle and horses but not to pigs. Be-
fore feeding, it should be well soaked in water, in order to prevent
the presence of any hard particles that might cause abrasions in the
digestive organs.

Residues of sunflower heads. — After removing the seeds, the large
sunflower heads are generally thrown on the manure heap. During
the war, it was suggested in Germany that they might be used for
human food, but ag was only to be expected they found no purchasers.
They can however be used as a stock-feed, if dried and ground,
mixed with a little oil-ecake or other substance rich in protein. Sun-
flower heads ean be silaged after being chopped, but such silage soon
decomposes when once the silo is opened.

According to Krina (1), these residues contain: water 89 9, —
crude protein 0.7 %, — crnde fat 0.4 9% — N-free extracts 7.3 9,
(0.035 9%, tannic aecid and 2.3 9 sugar) — crude fibre 1.6 9%, —
ash 19

Sunflower stems when chopped and treated with steam for 3 to 4
hours ean be satisfactorily fed to pigs. Their nutritive value is higher
than that of cereal straw, as is shown by their composition: water
7.8 9%, — erude protein 9.8 9, — crude fat 0.7 9, — N-free extracts
34.8 9, — crude fibre 33.8 9, — erude ash 13.1 9.

The three following tables are taken from FPorT (op. cit., Vol. II),
who obtained the data from the results of the analyses of variouns
authors.

Table I gives the average percentages of the nutritive substances
present in some ordinary kinds of husk., Table 11 gives the same data
for the pods of common pulse plants.

(1) Cf. Kuawo, Dr. Max, Op. cit., p. 34



4]

90 PART 1I1.

TABLE 1. — Percentages of nutritive substances
in different kinds of husks.

Species i i | e KOG e
A R R S 85.7 172 | L& |'8s8 | 231 | 102
7 LT e R e SR I B T R G T R T T S
Black Medicags (Medicago upuiina)| 862 | 207 | 22 | 208 | 210 | 108
Bird’s-foot Trefoil {Lotus corniculatus) | 840 | 164 | 3.8 I 55T | 518 | 8.4
Serradilla (Ornithopus safivus) | . . — Ty | — —_ | —_
CRR o s e e et e 860 | 500 | 28 | 400 | 279 | 105
e e e | T 45 | 17| 8ss2 | 309 | 109
T A P e e Rl 32 | x| BE) | any 8.4
1T IR Bkt A Y [ 860 | 4.6 20 | 284 | 430 7.5
1 FE e ST N . woap BER 3.1 15 | as5 | ans 12.4
Dari (Sorghum tartaricym) . . . . . 8909 | 379 0.0 53.3 M43 | Te
Bapeand Colza . . . . . . . . | BT .8 1.8 | 38,0 37.0 i .4
14 ) e ot S e e ) (T T R 87 | 840 | 359 | 78
Camelina (Camelina sativa) . . . . 888 | 2.7 1.1 | 826 | 452 | 7.2
Buckwheat. . . . . . ... .. .| 868 4.6 1.1 | 353 4386 | 22
Maize stripped stalks . . . . . . . 87.8 | 2.9 0.8 | 463 | 369 1.9

TABLE II. — Pereentages of nutritive substances

in the Pods of different Pulse plants.

. Lentils Horse Peas Lupins ey : Vatchea

beans beans |

|
Dry matter . . . . . .. ... .| 860 | 850 | 880 i 87.3 | 898 | 887
Nitrogenous matier . . . . . . . 18.4 10.6 108 0.0 fi 0 : 104
e e e e R 18 [ L& 2.0 0.7 1.6 1.7
W-frea extracts. . . . . . . o . . 374 293 0 | 424 430 3z.9
e e e e e s 19.5 362 320 282 304 1.9
Sl e R S 70 | T4 | 72 6.0 83 | 88

Basing our ealeulations on the world’s statistics of the chief
cereals (1) to which reference has been made, an estimate can be made
of the total average residues from each by taking their average straw
yield per acre as: wheat 2 metric tons — oats 2 metric tons — rye
1.8 metric tons — barley 2 metric fons — rice 2.0 metriec tonsg —
maize 3 metric tons.

(1) Cf, International Institute of Agriculture, Tnternaifonal Year-Book of Agriculiural
Statisties, 1017-1018, Rome, 1820,
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Quantities of Straw produced by the different Cereals
the two Hemispheres. Average of 1909 to 1918-1919.

in

Annual straw-yield
| in tons

Cereala Area in ncres

T e e e T 268,073,359 : 216,967,702
L S N ey il e e e e S e 103,170,224 | 76,151,815
T e e 78,251,740 63,333,784
e N e e R Ll 139,149,648 112,622,080
L e R O i A e S L e s 155,686,984 [ 188,887 476
Rice 108,777,278 110,049,895

Tokal . . . 553,008 233 : T8T.012.652

Taking these guantities into consideration, fogether with the faet
that a large part of their residues remain unused on the ground (which
is in itself no actual harm), some idea can be gained of the advantage
that might have resulted from their careful nse either as forage, or fer-
tilisers. In order to determine the value of these residues as stock-
feeds, it is necessary to consider their average content of digestible
elements as given by KELLNER (see Part Il, No. 44), and by basing
calculations on the total world production, the total quantitites of
digestible nutritive elements contained in the wvarious straws will be
found: these are given in the following Table.

Total straw
of Northern
and Southern Crude Ne-frea
Cr Hemispheres Crude fats Crude fibre
ope s albumin extracts
Average
L1010
g metrle tons | metrie tu_ma : I:mt._rtn tnm-._ mat.r_in__tun_s ::_lml,ric tum_a. :
Wheat 218,067,702 | 433,035 867,871 SR 206,704 44,261 411
' 0.2 9, 0.4 %, 13.3 % 20.4 %,
Rye 75,151,616 | 450,910 300,607 | 9,894,558 16,533,355
0.6 o5 . 0.4 9 12.9 % 20 of
Barley 633,393,784 443,537 : 253,335 | 8,043,301 13,300,005
[ | e 0.4 9% 12.7 54 21 9,
Okm:. < L { 112622080 1, 4G4 087 563 110 18,582,643 23.538.015
[ 1.3 9 0.5 2% 16.6 9 0.0 B
Maize 188,887 476 | 3,211,087 pdd, 437 32 458,640 44,388,557
1.7 9% 0.5 2 IT.2 %4 23.5 °f
Rice . . . . .| 110,049,895 2,761,247 | 1,100,499 11,775,339 22,120,029
' 2.6 % 1.0 95 10.7 % 201 %
Totals . . |1.337,012,55% | 8,354,603 4,029,859 109,341,381 164,140,462
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2. — Disintegration of Straw (1).

With a view to improving the digestibility of the straw of
winter cereals, especially wheat straw. several processes have been
proposed and tested (chiefly in Germany) by which the availabi-
lity of the straw might be increased by treating it so as to liberate
the fibre from the investing substances, especially lignin and silica, in
order to facilitate the action of bacteria in bringing about its decomposi-
tion and disintegration. In these processes, it is not necessary to eli-
minate the lignin entirely, but merely to soften the fibrous portions
and thus break the bond between the lignin and the celluloge.

Satisfactory results were obtained from treatments with alkaline
lyes of caustic soda and carbonate of soda, and also with milk of lime.
Acids on the other hand only gave negative results.

Treatment with caustic soda lye. — The method that proved
most satisfactory was BECKMANN’S, in which the straw was treated
cold with alkahs.

The feeding experiments made by HoNcHAMP with straw treated
by the BECKMANN proeess have shown that destruetion takes place
of part of the organic mater containing all the group of nutritive sub-
stances.

Treatment with 3.5 9, and 7 9%, caustic soda increased the dige-
stibility of winter cereal straw 72 % and 94 9, respectively.

In eonclusion, the increase in the starch value due to disintegra-
tion was considerable in the straw of winter cereals, but slight in straw
from Leguminosae and Cruciferae.

The BECEMANN process ig carried out in the following manner
by the ** Veredelungsgeseilschaft fiir Nahrungs- nnd Futtermittel, Bre-
men and Berlin ":

The straw is chopped and placed in flat boxes made of wood or
tin (the fixed height being 50 em; the surface area, 2 8q. metres per
kg. 100 of straw): 8 times its weight of 1.569, — 2 9, of soda lye
is then added and allowed to work for 12 hours ; the mixture should
be stirred from time to time. Afterwards the straw is washed.

(1) Cf. 1) Honcame, F,, (Fber Strohaufschliessung, Die lendwirt, Versuchssiat,, vol, XCV,
Farts 1-3. Berlin, 1919, — Z) Hansex JJ,, Die Aufschliessung von Stroh mit Kalter Natron-
lnnge noch dem Verfabren von Beckmann, Méttedd. der Dentseh, Landw Geseli , vol XXXV,
Part 4. Berlin, 1919, — 3) Maawwvs H., Theorie und Praxis der Strohaufschliessung.  Berlin,
P, Parey, 1919, — 4) Hoxcaur F, and Bavsaxy F,, Untersuchungen itber dem Futterwert |
des nach verschiondenen Verfaliren aufgeschlossene Strohes, 11 Mitteil. : Aufschluss des
SBtrohes durch Atzkalk mit und ohne Druelk, III, Mitteil : Aufschluss des Strohes mit
Boda, Ihe dondw, Versuchestat,, Vol, XOVIII, Partz 1-2. Berlin, 18921, — §) vox
Wisser, Beitrag zur Ermittalung eines cinfachen und zuverlizsigen Verfahrenz die Hihe des
Aufashliessungagrades von Kraftatroh und desgleichen analytisch festzustellen, e fandw,
Versuchastad,, v, XCII, Partz 5-6. Berlin, 1921, — 6) WeizEr 3, and Zeirscneg A., Uber Stroh
pufschliessung. Le londw, Versuchsstat,, vol, XCVIL, parts 1-2,  Berlin, 1920, — ) Krixa dre.
Max, op. eit,, p, 6l et sqg, — 5) GrREcommE A, La Désagrogation des Pailles, La Fie Agr,
cf ftur., No, 346 Parnes, 1922
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I'ingERLING has compared this cold lye method with CoLsMANN
boiling lye method. He obtained the following results.

Straw disintegrated

|  Straw dizsintegrated by BECEMANX

Nutritive substancoes by COLEMANN
process PTOCERS
[ for & days | for 12 hours
Orpanje matber . . . . . . oL BE.TT %% . T2.78 %, 71.08 9%
MWfron axtraates . . . .. . . . 15,80 79,59 A3.565
] e e e S e G, 01 B4 ThH
L ] 0o S e S 73.28 [ 70,36 TH.EG

The plant installed by HANSEN at the Agricultural Institute of
the University of Kénigsberg for the purpose of testing the BECK-
MANN process showed that the average water consumption is 4.02 cubic-
metres per 100 kg, of dry straw; this gives 410 kg. of disintegrated
straw containing on an average 16.9 % of dry matter. The loss in
dry matter was 22.4 % as against 37.16 %, with the COLSMANN process.

It takes 20.8 litres of cold soda lye but only 16 litres of boiling
soda lye to disintegrate 100 kg. of straw.

HanseEN also compared the effect of the two proeesses from thestand-
point of the immediate composition of the produet and obtained the
following results :

TtritiTe snbatarites Straw dizintegrated by cold lye | Straw disintegrated by hot lye

[(BECKMANN process) (COLEMANS process)

for 3 days for 12 hours for 3 days | for 12 hours

Dy matber ... .. .. &0 10,20 o 16.81 o, | 100,00 100,00
N.-free extracts . . - . . . . 4,18 4. 36 : 2559 ; 27.57

|

B i L £ i S S 018 019 5 1.10 1.11
s fhew: s ool s 2 i, GG 44 40,93 38.32
Btarch walue . . . . . . . . 0,50 072 58,38 A7.79

HANSEN has observed that horses prefer straw that has been disin-
tegrated with cold lye. In the case of milch cows fed for 3 months on
straw treated by both methods, the variations in the milk yield and fat
production obtained from straw disintegrated with cold and boiling
lye respectively were very slight (1).

Treatment with milk of lime both with and without! pressure. —
The experiments of Hoxcamp and Bauvmany have demonstrated

(1) The liguid derived from the treatm ent of straw with alkalis, if noutralised with min-
-eral acids, or aluminium or caleium aalts, produces a precipitate which when separated by de-
cantation and kept moist can be used as glue. (Cir. : Koviker Dr. Th,, op, cit., p. 440},
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that the disintegration of straw by milk of lime also causes greater
losses in organic matter when the process is carried out under pressure
than when no pressure is applied. The fibre does not appear to be
attacked.

Milk oflime removes less of the investing substances than are remo-

ved by caunstic soda, but the quantity of organic matter is almost the

same in either case, so that the amount of lignin present in a digsinte-
grated straw is not an exact measure of the degree of disintegration.

The starch value of straw disintegrated by milk of lime is mueh
higher than that obtained by the soda method : 48.68 as against
13.29.

Straw disintegrated by milk of lime was readily eaten by stoek and
no digestive disturbances were observed.

Disintegration of Straw wilh carbonate of soda.— The siraw is treat-
ed in the same way as in the preceding methods, being boiled for 3
hours with 8 times its weight of an 8 %, solution of carbonate of soda.
The cellulose is not attacked at all, but the pentosans are probably
much affected. This method is in no way inferior to treatment with
caustic soda lye.

A ecomparison between rye straw disintegrated by boiling for 5
hours with 8 9%, milk of lime without pressure, and the same straw
digintegrated with carbonate of soda of the same concentration, but
boiled for a shorter time, has shown that the latter process is more
effective, as may be seen from the following digestibility coefficients.

Straw disintegrated Straw disintegrated
with milk of lime with carbonate of soda

OIrRaGe -TOAAT 2= e s e eiis 0 e e 53.4 % 60,6 9
g TR g e R 32 2 41,0
Lebvebenie i hme s ooy ot s e RS e i 78T 80.2

BEErOR - FEIOE i re e niel e e i 47.1 65.6

. — ]

Analytic determination of the extent to which the Straw has been dis-
integrated. — The following tests were applied : 1) phlorogluein test ;
2) WEENDE'S method ; 3) gravimetric method ; 4) volumetrie method ;
b) WonL’s caleinm chloride method. The results show that in order
to determine the changes which have taken place in straw treated with
canstic soda lye, the straw must be analysed before and after treat-
ment and further, the disintegration process adopted must generally
be known. .

Vox WissEL deseribes briefly 3 hitherto untested processges invent-
ed by: — WAENTIG and GIERSCH — MacH and LEDERLE — WILL-
STADTER (1).

(1) Cf, IMe Landwirtschaftlichen Versuchs-Stafionen, Vol, XL, Berlin, 1917,

A
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WEISER and ZEITRCHEK made comparative experiments in Hun-
gary during the war with the BECKMANN and LEHMANN processes. The
latter consists in treating the straw with a boiling lye of caustic soda
for 4 hours under a pressure of 4 atmospheres. The digestibility of
the erude fibre and N-free extracts was inecreased by this process
12-13 9, and 25 9, respectively. For each 100 kg. of straw, 200 litres
of wlter containing 1.5 kg. of 96 9%, caustic soda were mhlwl The
food thus obtained was tasty, had an appetising smell and owing
to the formation of acetic acid a decidedly acid reaction. Its nutri-
tive value, always allowing for the absence of digestible albumin, is
equivalent to the nutritive value of good hay. In faet, its starch
value is increased from 56-77 by this process. By uging an autoclave
of 14 ¢ubie metres, these authors obtained sufficient disintegrated straw
for 200 head of fully grown cattle.

They also treated the straw with a caustic soda lye (8.40 kg. in
240 litres of water per 100 kg. of straw) for 6 hours under ordin-
ary pressure, but found that the long washing neeceszitated by the
gtrong coneentration of the caustie zoda removed a large amount of
the dry matters, while the digestibility of the crude fibre was but
little increased.

The same investigators also tried treating straw with steam alone,
or with steam and lye together. In the first case, the dlgesllhlhly
was considerably mcmaaml but not to the same extent as in the com-
bined treatment. The stmw when merely steamed, wag stiffer and less
appetising, as well as less economical of nitrogen than when algo boiled
in soda lye.

They alzo obtained good resultz by treating the straw with milk
of lime, but the straw required washing thoroughly afterwards.

In conclusion, straw treated by the soda lye proeess under pres-
sure, called in Germany “Htmhstnﬂ'”_ has proved its superiority
over straw treated in any other manner. It is true it loses half its
dry matter viz., the crude protein, and most of the N-free extracts,
but the remainder consists essentially of fibre, is easily digested and has
the same starch value as pure starch.

The digestibility experiments made with this straw gave the fol-
lowing results.

Organic | o iree extracts | Crude fibre
mattar
With cattle aceording to KELiveEr . . . . £8.3 9 8.2 9 5.8 %
With sheep ] » FINGERLIMG . . . 73.2 72.2 77.3
With zwine n » FoeeERLIMG | . . LR 63.7 04.8

* Strohstoff ©' can be converted into a commercial stock feed by
mixing it with molasses (*° Strohstoffmelasse ', * Strohkraftfutter )
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accordirg to the OEXMANN method, in which the damp disintegrated
straw is mixed with molasses and then dried. By this means, a sticky
mass ig obtained having the following composition :

L e e e T e O o e R R e 0.3 9, 0.7 95
Mivrogenons matbers. . . . . . e w0 s e e e me aow o 200 a.1
BT [ 73y Py e Lt e SR a e o S b e e 0.4 0.4
L T T e e 20,0 30,8
RIS A BTRE. B it e e e s W s el I T 3.0 51.4
Meral SEEbRERNBE . U T R e (b e e e 4.7 4.4

Starch value 70-75, granting the starch value to be that of puré
starch, as has been said.

As disintegrated straw mixed with molasses contains hardly any
albumin, it is mixed in Germany with foods rieh in albuminoids. First
dried yveast was used. and afterwards lupin seeds that had been ground
and freed from their bitter taste ; by this means, a commercial feed
was obtained which went by the name of *° Eiweissstrohkrattfutter ™.
This should contain, at the maximum, 14 9%, water — 55-60 9%, of
the dry matter of straw of 90 9, awvailability — 22 9 of N-free ex-
tracts, of which 13 to 15 9% is sngar — 10 9%, erude protein, of which
6 9 is digestible albumin — 2 9; ash. This feed keeps well.

4.5 Ibs. per head and per day can be given to steers, it also suits
dairy cows. In the case of horses, 1 1b. : replaces 2.55 lbs. hay and 0.92
Ibs, oats; up to asont 2.8 lbg, per head and per day may he fed, but this
maximum must be reached gradually. * Eiweisstrohkraftfutter ’ can
be fed to swine at the rate of '/, to !/, of their ration, or 3 to 4 lbs.
per 1000 Ibs. of live-weight.

LEmMANN's method, which has already been mentioned, may also
be applied on a small seale on an agricultural farm in order to obtain
“* Anfeeschlossenes Stroh ', or *° Krafltstrohfutter ., This is prepared
either by boiling the straw in an open caldron with caustic soda lye (at
least 10 kg. of canstic soda being used per 100 kg. of straw) in order
to ohtain a feed with the digestibility of bran, or else the straw is boil-
ed with caustic soda lye under a pressure of b to 6 atmospheres (us-
ing 4 kg, of soda per 100 kg. of gtraw) which makes its digestibility equal
to that of natural meadow hay. If the amount of soda is raised to
10-12 kg. per 100 kg. of straw as digestible a food is obtained as the
best concentrates.

The complete plant required for this treatment is supplied by
Messrs BROMBERGER (Nollendorfplatz, 6 1, Berlin); it consists of
a forage-chopper, a tub for the lye, mixing basin, boiler ani
washing-tank.

In the CoLsMANN process, which is also a home method, the straw
is mixed with the soda lye and left standing for 12 hours ; after this
it is put into a masonry tank and dizintegrated at about 100°C. by
means of a carrent of steam. For each 100 kg. of chopped straw
16 kg, of 33 9 soda lye diluted with 267 litres of water are used.
After boiling, the mass is carefully washed and pressed: it then

i o i B
= el o L

T T
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contains 25 to 30 9% of dry matter and has the following chemical
composition :

According Accopding According
to HEROH to HEISCH to the Kisalin
I II Agricultural Station

T T R T o o e R 80,2 o 80T 9 75.0 87
Crodeprotein . o « « + o+ & 0o 1.7 1.1 0.3
o ERE s e e e 0.2 0.1 0.3
M-froo extracts . . . . . . . . 2.6 2.3 7.6
eI hmar = e i e s 248 14.0 L6, 0
Mineral substances . . . . . . 1.5 1.3 ! 0.8

Large quantitites of war-fodder were made in Germany by the
LEaMANN and CoLsMANN processes, which made it posgible to cope,
at all events to some extent, with the dearth of stock-feeds.

A plant for treating straw by the LEHMANN process was installed
in L. FAVRESSE'S farm at Balitre, Gembloux (Belginum) in 1917.
This agriculturist found the method practical and very useful at the
time when there was a scarcity of pulp from the sugar-factories.

When ted to dairy cows, and especially fo animalg being fattened
for the butcher, this straw gave better results at Balitre than pulp (1).

An excellent method (provided the results obtained are certain)
has been proposed by FRANZ LEHMANN for making a stock-feed rich
in albuminoidg from digintegrated =traw and ammonia. The straw
was subjected to the action of steam and the ammonia added, after
whieh it was left to heat spontaneously and allowed to cool; subse-
quently fungi (species not stated ) were introduced. At the end of 4 weeks,
this straw contained 11.02 9%, protein, instead of the usual amount,
§.35 %,. In another sample of straw treated in the same manner,
but with the addition of ammonium sulphate and sodium phosphate,
the protein content rose from 3.17 %, to 16.41 9.

According to STUTZER, a protein feed could be made from peat
by disintegrating it with hydrochloric acid, adding some ammoninm
sulphate, and inoculating the mass with fungi.

The investigators mentioned in the note at the head of this chapter
obtained negative results, as has already been said, on treating straw
with aecids. STUTZER (2), however, by placing 100 parts of straw for
1 to 2 days in 600 parts water containing 4 parts hydrochlorie acid,
and subjecting the mixture to the action of steam under a pressure of
3 atmospheres, obtained a greatly improved produet, ag is shown by the
following coefficients of digestibility.

(1) Of. A, Canrier, L'emploi des poiliez en alimentation, Min, de I"Agr,, Aviz aux
Cultiv, Brussels, M. Weissenbruch, 1821, p, 13,
(2} Of. Die Landw. Versuchs.Staltionen, Parts 2-3.  Berlin, 1915,

7
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Untreated straw Treated straw
Do miakber . . w0 o 0 e . 0 s e 57,50 9 47.70 o2
Crude protein . . . . . e e A L A 65,7 -
e s e s R e e e e S 33,00 5200
N-free exiracts . . . . . . i e g A S R G, 240 3030
PRALOSERE . St cni-isre o mie e e Sda S A 23.06 01.75

The straw thus treated is more nufritive; it is brown and has a
pleasant smell.

Amongst the methods of disintegration by means of acids should
be mentioned SCHWABLE'S process of treating acid with hydroehlorie
acid, the product not being subsequently washed.

HaxsiN gives the following figures for straw thus treated: water
23.6 %, — er llill’* protein 6.6 9, — pure albumin 5.9 %, — ecrude
fat 1. E!' % — N-free extracts 33.9 % — crude fibre 27.6 9%,.

This stlaw is readily eaten by dairy cows and eauses no digestive
disturbaneces, but its nutritive value iz low : 7 units being only equal
to 3 units of natural cat straw or 1 unit of sugar-beet slices. It is much
inferior to straw that has been disintegrated by alkalis. A hydrolised
hay flouris also made in Germany ; this contains, according to the analy-

ses carried out at the Bonn Agﬂculi ural Station : water 8.9 % — crude
protein 2.2 9, (pure albumin 1.7 %) —W fme extracts 43.3 9, — crude
fibre 41 °, — mineral substances 3.2 ;

No details of the disintegration proc f"RH have been published. Feed-
ing tests conducted by RICHARDSEN with cows have proved this feed
to be inferior to hay residue, for it only produces, in comparison to the
latter, 89.8 9%, milk and 94 9% fat.

GEIB'I_ANH (1) has made, in Germany, a compound food with straw
flour and straw treated with caustic soda lye. Thiz produet he called
“ Zellulogsenfutter . It contained : Straw 65 9, — Dried potatoes
20 Y%, — Molasses 15 %,. Pigs will not eat it, however, and the results
obtained may be regarded as negative.

Straw fHour has also been mixed with ground grain and fed with
gluten and molasses, or alone ag a basal ration (2). The nitrogen not
being assimilated, it was conecluded that this feed is not profitable.

NOLSSON (3) obtaing straw cellulose and sawdust cellulose by
reducing the straw and sawdust to a fine paste and adding 10 9, of
maolasses. This feed is also sometimes cut up into slices, but animals
will not eat it by itself; horses will only take it mixed with hay or nat-
ural straw. Cowsg and horses will readily eat the cellulogse when ent
up into little disks and mixed with wheat shorts.

(1) Cr. Landw. Woehenschrift flir die Provinz Sachsen, wyear 18, No. 17. Halle, 1916.
(2) Cf. Mitteilungen der Dewtschen Landidrischafis-Gescllechaft, No. 16, Berlin, 1915,
(%) Nornz=ow J, Foedereelludosa, Stockholm, H, Bonniers, Malmié, 1919,
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For dairy cows, 1.3 kg. (2.8 1bs.) of cellulose containing 10 9, of
water makes a nutritive unit, provided albuminoids have been added.

For horses, 1.2 kg. (2.7 Ibs.) of the celluloge is equal to 1 nutritive
unit.

When cellulose is fed, not less than 40 gm. of digestible protein per
nutritive unit may be given, this should be supplied by concentrates.
If the forage of the distriet iz poor in mineral substances, lime and
phosphates must be added to the ration at the rate of 20 gm. per day
per head.

For more detailed information regarding straw flour the readeris
referred to the chapter bearing this title in the part dealing with
Human Food (see p. 63).

3. Maize Rachides and Stems.

When feed is scarce, the rachis (axiz or stripped stalk of the
maize cob) ground and reduced to flour in speecial mills can be fed
to stock in the form of a paste mixed with hot water and some
handfulg of meal. Its nutritive value iz however very low., not
exceeding that of wheat husks,

Thu rachis of maize contains: water 9.83 % — crude protein
3.40 9%, — fat 0.32 ':';”., — N-free extracts 4991 % — crude fibre
34. 1]’ ”{] — fsh 2.37 %.

With the object of making lht‘ﬁt‘ rachides mto an easily digested
foodd ScUrRTI and MoORRELLI (1) have devised a method of treat-
ing them by hydrolysis. The produect, when finely ground and dried

at 100 C., contained: fat 0.52 9%, — crnde protein 1.95 9%, — fibre
38.6 9 I.-(, — ash 2.119%, — N-free extracts 57.02 9%, — pentosans
15.81 %, — water-soluble organic nmtlﬂ 5.60 %, — organic matter

qnluhle in dilute hydrochlorie acid 46.30 %,.

The hydrolysis of the maize rachides flour 18 carried out by subject-
ing it to the action of 4 9 sulphurie acid at a temperature of 1300 C.
Previously, the flour is mixed with 10 times its weight of water.
From 100 units of the flour thus treated, 60 units of cellulose and
some 40 units of sacchariferous compounds are obtained.

The maize stems are sometimes used as feed In winter, the thinnest
and softest being selected. They are passed through a chaff-cutter
and fed mixed with hay, straw, bran, or green fodder.

The thicker, harder stems are fermented and put on the manure
heap. In the United States, they are used for making a special feed,
as a source of cellulose, for making paper, and charcoal, az well as for
packing material ete.

The stalks of Jerusalem artichokes have on several occasions been
employed as a stock-feed, their nutritive value when dried being almost.
e¢qual to that of meadow hay. If fed alone however, they ferment

(1) Cf, Le stazdond sperimentali agrorie ifalione, Vol, LII, Partz 5.6, Modena, 1919,



100 PART II.

in the digestive tracts of the animals, therefore these stems must
be used in a mixed ration. Their digestibility has been determined
as follows : organic matter 656 % — crude protein 55 9, — fat 70 9%,
— fibre 54 9%, — N-free extracts 72 9, — calories 66 (1).

4. — Leaves, Twigs and Young Shoots.

These plant residues have long been employed for feeding live-
stock. During the war, owing to the searcity of fodders from artifi-
cial meadows, their use was greatly intensified in all the belligerent
countries, and in some of them special societies were -even created
for gathering leaves suitable for stock feeds, as has already been stated
in the first part of this Monograph (see p. 32).

The leaves of many trees and shrubs make a good food for cattle,
if gathered shortly before the time of their natural fall, and the plants
suffer little from the loss of their foliage at that period. In many
countries leaves form an efficacious substitute for fresh fodder in sum-
mer ; the foliage of the olive-tree is frequently used for this purpose,
hence it has been well named the * aerial meadow . Amongst the
most eommon treez whose leaves form a good stock-feed may be men-
tioned the elm, olive, mulberry, poplar, field maple, willow, oak,
chestnut ete, (2); turnips, beets, Jernsalem artichokes, cabbages,
rhubarb, ete., are herbaceous plants frequently used for the same
purpose.

The leaves of many species can be fed just as they are gathered,
but some kinds need to be put in the silo,

Elm leaves are very good ; they contain about 65 9, of water
and 5 9%, albuminoids, of which about half is digestible. The nutritive
ratio varies between 1:5 and 1: 5.5 (MENozzi and NiccoLr).

Willow leaves are most nuiritious. Aceording to C. D. HaLL (3).
they contain when air-dried : water 10,09 %, — erude protein 15.3 9, —

erude fat 5.35 9%, — erude fibre 19.5 %9, — carbohydrates 40.4 9%, —
ash 8.94 9,. The ash contains: potash 9.93 9%, — phosphoric acid

5.04 %, — Willow leaves make a good poultry-feed.

DE Marcrinrac (4) sueceeded in feeding 25 head of ecattle for one
winter on Chestnul leaves, which had been gathered green together
with their fwigs from a copse in the height of summer, and kept
until December in a eool, dark, well-ventilated room. They were
given to the animalg either dry, or beiled, after having been chopped.

{1} Cf. Landw, Jahebiicher, vol. 46, Part 1. Berlin, 1014,

(2) Cf. 1) P. Decuamene, Technique de P'otilisation alimentaire des feuilles d'arbres,
O R Ade. d'dgr., Vol 1V, 1918, — 2) DE Marcinnac, Les feuilles de chiitaigner pour Ie hié-
taal, O B, Ae, d’Agr., Vol, IV, 1818, — 3} I}, Caxwow, SBurl'ensilage de ramilles, . B de. d’Agr.,
Vol, 1V, Paris, 1918 — 4) C. Goyor, Sor 'emploi des fouilles des arbres forestiers, . .
Ae, &' Agr., Vol. IV. Pariz, 1918,

(#) Cf. Journal of the Depari, of Agrie, South Africa, Yol. I, No, 5 FPretoria, 1920,

(4) Cf. Compies rendus de Adcodémie & Agriculiure de France, Vol 1V. Ko, 27,
Paris, 1918, .
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As these leaves are heating their action must be corrected by
a liberal supply of sueculent food such as turnip-tops. The chestnut
leaves given with maize silage, kep the stock in excellent condition.

The leaves of the Netile-tree (Celtis australis) (fig. 5) make a good
fodder for cattle and goats : 100 parts of fresh leaves contain : nitro-
genous substances 6.3 — fats 0.10 — carbohydrates 16.69. The fruits,
which also make a good feed, have a pulp containing 39.4 9%, of sugar
and a kernel with 67.1 9, of fat ; when the latter is extracted, the re-
sidue consists of a cake with 12 9 protein, 12.4 9, fat and 48.5 %
of N-free extracts (1).

During the war, an attempt was made, under the direction of
A. BTUuTZER and W. HAUPT (2), to use Pine-tree needles (fig. 6) for

Fiz, 5 — Nottle tree, Fig, 6. — Pine troe,

From Dr. A. FIORI, op. cit. From Dr. A. Florl, op. cit.

feeding live-stock. They were fed chopped to lambs at the rate of
150 to 250 gm. per head and per day, plus a basic ration, but the ani-
mals ate them with reluctance ; 24 9 of the organic matter of the leaves
was digested when they were mixed with hay or with potato-meal.

The injurious or unpleasant substances ean be removed by alecohol
and the digestibility thus increased 35 9, but, of course, such treat-
ment is not economical. The digestibility of pine-needles is about
half that of hay as regards the fibre and organic matter, but remains
well below half in the case of the protein and N-free extraets.

The presence of tannic substances appears to be the chief cause
of the unavailability of pine-needles which are unsuitable for a
stock-feed.

(1) Cf, Deott ATvd M.  Ann, della B, Sowola sup. di Adgric. di Portici, Vol, XIII. Por-
tici, 1916,
(2y Ci. Londw, Jahrliicher, YVol. 48, No. 4. Berlin, 1915,



102 PART II.

It is, however, possible that a good result might be obtained by
an acid treatment as in the case of sawdust (see p. 154).

According to DECHAMEBRE (1), 100 lbs. of hay can be replaced
by 275 lbs. of the green needles of the Scolch Pine (Pinus sylvestris).

The eabbaje iz a very useful herbaceous plant from the point
of view of fodder, the outer leaves of the kitchen-garden cabbage, and
still more those of the field cabbage, being largely used for feeding
stock.

Aceording to I. I. DE VRIERS (2) their alimentary value is com-
parable to that of cereal residues. The leaves of red cabbages have
twice as high a food value as elover hay while the leaves of white cab-
bages are twice as nutritious as natural meadow hay. Red eabbage
leaves however may impart their peculiar smell to milk whereas the
leaves of the cauliffower and of the white cabbage have no bad effect
upon the fat and the skimming vield.

From 6.5 to about 9 lbs. of these leaves may be given to cows
per head and per day. Their percentage composition is as follows :

Cabbage leaves

Cabbage according without veins
- - | according
to H. C. MULLER . to F. MAOH
Waker- &5 S Lo b R e e G e 12 8 o 13.8 8
L | e A e B e C e e e L 9.4 15,9
et B e e e e SR T 1.3 4.0
AT g o ol - S R e e TaT 22.0 37.0
LE 1T Ll e R e e W 9.7 11.0
Mineral sdbabminpss: o oos o G A ow e e il dE.8 16,6
Leaves and Root-collars of Sugar Beets. — These can be given

either dry or as ensilage (3). Aceording to A. RICHARDREN'S (4) ex-
periments they suit cows best dry and fed with the basal ration at
the rate of 0.8 kg. per day and per 100 kg. of live weight. On the
other hand the leaves produce more fat if fed with the basal ration
in the proportion of 4 to 6 kg. per day per 100 kg. of live weight.
A crop of 20 tons of beets per acre suppliez about 10 tons of leaves
and root collars.

During the war every effort was naturally made to turn to good
account these residues of the sugar beet crop, always available in
large guantities, When it was not necessary to utilise them to the
full or within a stated time, they were given to the stock green or

(1) Cf. Comptes rendus de PAde, d'dgr, Vol TV, 1018,

(2) Cf, Nederlandsch FLandbouw Weekblad, Year XXV, No, 45, 1917,

() Gt J. W, Joxes, Beet top Bilage and Other By-produets of the Sugar-heet, U, &,
frept, of Agric, Farmers' Bullefin 1085, Washington, 191%

(4) Cf, Landw, Johrbiicher, Vol, 49, Parts 3-4. Berlin, 1914,
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after ensilage, but during the war the plan was adopted in Germany
of drying them, not only to preserve them for use, but also for pur-
poses of transport and sale.

The raw material is first chopped and dried mechanically, af-
ter which it is passed through a sieve to free it from most of the sand
it contains, as this is injurious. Not more than 12 9%, sand, or 11 9,
water should be left.

According to Kring thiz feed contains: water 9 9% — crude
protein 12 %, — ernde fat 1 %, — N. free extracts 59.6 %, — crude
fibre 10.5 9, — crude ash 7.9 9.

Thus, evidently it should be supplemented by other substances
that are richer in albumin. The oxalic acid present makes the feed
slightly laxative but its aperient properties are less than those of the
fresh leaves. Its digestibility is fairly good: 53.2 9, ecrude protein
— 14.8 9%, crude fat — 83.4 9%, N. free extracts and 79.4 9 ecrude
fibre being available (HoNcAMP).

This feed is especially suited to ruminants, if given in a moderate
amount, and mixed with a little hay and carbonate of lime. If ground
to meal, it may be fed to swine, 4 kg. being used to replace 15 kg. of
sharps per head and per day (1).

During the war, dried, ground stems of seed bects were put on
the market in Germany. According to KLiNG (2) this feed contains:
water 8.8 %, — crude protein 5.5 9%, — crude fat 1.6 9% — N. free
extracts 49.4 % — crude fibre 24.5 %, — crude ash 10.2 9.

These stems were used for making molasses feeds. They were
tested by EmlRENxkorLLE on lambs, but proved to be lacking in diges-
tibility. Their starch value is 13.5.

In Germany, a “ meal of seed beets stems” was also offered
for sale ; this was composed of the stems chopped up with a number
of leaves and a few ground glomerules, plus 12 9, sand, elay and other
impurities.

Another similar feed was a mixture of the stems and residues
of the seeds of seed beets.

According to KuiNG (3) it contained : water 10.9 %, — crude pro-
tein 9.5 %, — crude fat 1.9 9%, — N. free extracts 36.6 %, — crude
fibre 16.4 %, — crude ash 24.7 9% (of which 11.9 % is sand).

The leaves and tops of the Sugar cane, instead of being burnt on
the field as is generally done, ean be made into silage. In this form,
they make a nutritious food that is readily eaten by stock, and has
an alimentary value little inferior to that of whole maize silage.

Bagasse (the erushed, pressed sugar-canes), provided not more
than H0-60 9%, of their weight has been lost by sugar-extraction, have
a certain food value if given fresh, but these stems are more generally
piled up into heaps for a year or two, and used as manure (4).

(1) Bee the Agures on page 111,

(2) Cf. Krrxa, Dr, M, op. cit., p. 58.

(3) Ci, Krixg, Dr, M,, op, cit,; p. 64,

(4) P. A. Yoper, Growing Sugar-Cane for 8yrup. I, & Dep, of Agr, Farmera® Bull,
1034, Washington, 1919,
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Rhubarb leaves had always been used as a manure, bul during
the war in Germany they were fed to stock, after removal of the
large median rib. According to KrinG (1) even when dry they are
rich in protein (29.9 %, being present in the dry matter) but they
are best fed green: in that state they contain: water 90.00 9% —
crude protein 2.80 — crude fat 0.40 — N. free extracts 3.90 — crude
fibre 1.00 9%, — mineral substances 1.9 9%,.

In some parts of Germany, fields of rhubarb are grown which
provide a guantity of leaves.

These can be used as silage, provided they do not make up more
than 14 of the dry matter of the rations, as they are slightly laxative.

The parings of turnips, and even slightly damaged turnips make
a good stock-feed (2). The dry parings contain: water 9-16 %, —
crude protein 10-12 9, — crnde fats 0.92-1.13 %, — N. free extracts
41.6 %,. Turnips are best dried and sliced, when they contain: water
9-10 % — crude protein 9-10 % — erude fat 1-56 9%, — N. free ex-
tracts 49-58 9.

In 1917, an attempt was made in Germany to (3) obtain a sub-
stance suitable for admixture with bread-flours by reduecing chopped
and dried turnips to a meal which was then mixed with 30 9 dried
potato flour. The compound however proved guite unsuitable for the
purpose and had to be used at a great sacrifice as a stock feed. It
contained : water 13.9 9% — crude protein 7.5 9, — crude fat 1.1 9
— N. free extracts 64.1 9%, — erude fibre 7.9 9, — ash 5.5 %, — starch
value about 65. It is specially suited for a pig feed.

When these parings and damaged
turnips are nsed, care must be taken
that they are not really mouldy,
and also that there is not more
than 1 9, of sand, soil ete.

Asparagus tops (lig. 7) when the
eyele of growth is complete contain
the fruits, and when ground form
a residumm that can be used as a
forage for ecattle and horses, and
if not too much lignified also for
awine.

According to Kring (op. eit.,
p. 24) this forage contains: water

7.2 % — ecrude protein 17.3 9
— fat 4.1 9, — mineral substances
6.5 9%

" iy

In Germany, Prof. Ramaxy of
Eberswalde suggested using the
From Dr. A. FIORL, op. cit. oreen or dry twigs (of a diameter not

Fia, 7, — Apparagus tops and fruits,

(1) Krxg, Dre, M, op, cit,, p. 15 ;
(2) Cf. Londw, Jahrbuch fir Bayern, Yoar VI, Nos, 11.12, Munich, 1916,
(3) Braxe, Dr. M., op. cit.,, p. 70,
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exceeding 2 em.) of all leafy ligneous plants gathered at any
time.

These twigs are ground and fermented with about 1 9, of fer-
ment (?), in water of a temperature not above 60° C in which some
fine bran has been zoaked. This food,
if some tasty substances be added, is
readily eaten by stock.

In countries where Olives (fig. 8) are
grown, the pruning residues, viz. leaves
and twigs, are of much importance.

Prof. G. BRIGANTI has made a
detailed study of them from which we
have obtained the following data (1).

These residues are by no means to
be despised ; they contain : water 46 9%
— total dry matter 54 9, — ash 2.9 9
— digestible albuminoids 2.9 9, — fat
1.2 9 — XN. free extracts 259, —
nutritive ratio 1: 9.6 %, — commercial
units 36.34 (MENOZEZI).

An analysis made (for this anthor at
the K. Staz. Agr. of Modena) of the part Fie. 8. — Olive: branches, flowers

of the twigs really eaten by the animals, Rug St
that iz to say omitting the wood, gave From Dr. A. FIORI, op. cit,

the following results : water 31.80 9%, —
total dry matter 68.20 9% ash 5.09 9, — digestible albuminoids
5 9% — fat 0.75 %, — total N-free substances 27 9%, — nutritive
ratio 1:5.7 % — commercial units 43.

According to Prof. BRIGANTI, in 2 years, 6 metric fons of branches
and leaves of which 2 metric tons ean be used for stock are obtained
from 2.5 acres planted with 100 olive-trees lopped and pruned alternate
years. A large amount of forage can thus be obtained in olive-growing
countries, as only the stripped branches should be burnt, but
unfortunately great guantities of the leaves are wasted, or used
for fuel.

Olive-leaves ought to be fed green as far as possible ; the remainder
can be left on the branches: these are piled up in heaps and do not
suffer from the sun or bad weather. As soon ag the leaves are dry,
they are easily stripped off, and are put aside for making the stock
feed which is prepared by soaking 40 kg. of the leaves in 100 litres
of warm water containing 200 gr. of kitchen salt. They are left to
soak for about 12 hours, and then given to the animals which eat
them with avidity. Cattle or sheep accept daily 1 to 1.0 kg of
green leaves and 0.75-1 kg, of dried leaves per 100 kg, of live weight.

Vine léaves and shools — These residues of the vine are obtained
from the different operations to which the plant is subjected when

{1y Cf, G, Brisawmrti. L'utilizzazione dei enseami dell’ olivicoliura nell® alimentazions
del bestiame, in Bell. Soe, Agr. Heliand, Year XVI1I, Nos, 16-17. Rome, 1912
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green (topping, removal of leaves and barren shoots, pruning, ete.),
the leaves are also collected after the vintage. The guantity obtained
naturally varies greatly, but an average of 4 000 kg. of green leaves
may be reckoned from one vineyard ;: this amount shrinks to 1600 kg.
when the leaves are dry. If possible it is better to save labour in
picking the leaves by sending the sheep to browse on them on the spot.

The leafy shoots are made into gilage and can be uged after 40 days
treatment. Their food wvalue is equal to that of good hay.

They are prepared as follows (1): immediately after the vint-
age they are all collected, the leaves are stripped off and the shoots
are chopped up and erushed thorounghly. The pulp thus obtained
is put in the silo, well compressed, and covered with a layer of straw,
or beaten earth. When the fermentation is over, that is to say, at
the end of 6 to 7 weeks, this feed iz ready for eating. It contains a
considerable quantity of ethyl aleohol (1.25-1.65 9).

The leaves, which are kept apart, make a better food than the
shoots. Their starch value iz 42.5.

Morntz (2) has suggested grinding the shoots to make a stock
feed. According to KELLNER, the one year old shoots contain on
an average : water 14 % — ecrude protein 4.5 9, — erude fat 1.4 9
— N-free extracts 38.6 9%, — erude fibre 39.3 9% — ash 2.2 9% —
gtarch value 14.3.

The fibre should be removed by machine, after which the shoots
can be fed to horses at the rate of 2 kg. a day, and to cows at the rate
of 4 kg. Vine shoots are, however, of less value than oat straw (Cza-
DEK). and ecan only be used in case of neeesgity as a substitute for
roughage. As was said above, they are more digestible and aceept-
able to ecattle when made into silage.

Heather meal (3) — The species used i (Calluna vulgaris Willd.
= Frica vulgaris L.) (fig. 9.) the ling, a low shrub, with erect
branches and terminal clusters of pink, or white, flowers.

Before the War, this plant was at most tied up in bundles for
firewood, or used like the other varieties of heath as a support for
gilkworm eocoons, but during the war lack of forage obliged many
agricalturists, especially in Germany, to have recourse to it for feed-
ing their stock. From the very beginning of hostilities, ling was
fed to the cows, first in its natural condition, and then dried and
mixed with the Cross-leaved Heath (Erica ftetraliz), the more ligni-
fied stalks being dried and made into two kinds of fodder-meal.
known as ** Heidemehl I and * Heidemehl 1T 7.

The first was prepared as deseribed above, while the second was
made by grinding the stalks separately ; and was used for making
molasses feeds.

From 100 parts of fresh Eriea about 30 parts of No. 1 meal are
obtained.

(1) Cf, Vosrre, in €. R, de P deadémie d’ Agriculture de France, Yol. ¥V, No, 9. Paris,
T91%,
Ci. Krmxe, De, M., op. cit., p. 66
M

(2)
(3) CI. Eomwe, Dr. M., op. eit,, - Do ag
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Kring gives 6 different analyses of * Heidemehl 17 made by
himself and other chemists : the averages of these is : water 9.63 ©), —
crude protein 5.95 9%, — crude fat 5.98 9% — N-free extracts 44.66 2

— crude fibre 26.8 9%, — crude
ash 6.96 9.

The animals refuse these
meals at first, but alterwards
become accustomed to them,
and soon show evidence of
their nutritive qualities. These
“ Heidemehle ”’ ean be given
to cattle, horses, sheep and
goats. They should be fed
soaked to ruminants, but only
slightly moistened when used
for horses. To voung pigs small
quantities of Meal 1 ecan be
given mixed into a paste.
Meal II has little nutritive
value, and chiefly serves as an
excipient. Its feeding gualities
and appetizing character can
however be improved by admix-
ture with other substances as
is the ecase also with the
common broom.

The Common Broom (Saro-
thamnus scoparius) (1). — Of
this plant only the upper, more
tender, portions ean be fed to
horses and cows. According to
F. MAcH, they contain when
green : water 57.4 9, — crude
protein 6.1 % (of which 4.6 9
is digestible) — erude fat 0.9 9
— N-free extracts 22.8 9, —
crude fibre 11.6 %, — crude
ash 1.2 9.

Prof. K. Gouix (2) states
that this forage should be

Fra. 9 — Heather.

From FrANCE, K. H. Floristische Lebenshilder.
Stuttgard, Eosmos Gesell, der Natwmfr., 1908

ground, mixed with cereal chaff, moistened with salt water, or molasses,
and allowed to ferment for 12-24 hours before use. Before being fed,
some concentrated feed must be added sueh as oil-eake, milling offal,
grain screenings, etc. Care must be taken not to give too much
broom to stock as 1 kg. of this plant containg about 3 gm. of spartein,
a poison affecting the aetion of the heart.

j Cf, Ermva, Dr, M, op. cit,, p. 33
2y R, Gorvin, Les aliments du bétail. J.-B. Baillitre ot Fils, Pans, 1922 p, 73,
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Young beeches (1). — These often cover the soil of beech woods
and are regarded as valueless, since they will never grow into trees.
They are easily uprooted and were therefore recommended as a feed
for swine, horses and and cattle in Germany during the war. It is,
however, more economical to turn out the pigs to graze on them
in situ. '

They have generally been used green, but ean also be dried. The
percentage composition of these young plants when green and dry
is respectively : water 81.1 — erude protein 5.7-30 — ecrude fat
0.6-3.2 — N-free extracts 8.4 (of which 0.16 9 is tannic acid)-44.7

Fra. 11. — Haze Ceryeus Avellana):

3 — Wi 1 : i
Fra. 10, illow (Saliz alba): branch L Al e Eoniie

and flovers.

From Dr. A. FIORI, op. cit. From Dr. A. FIorl op. cit,

(of whiech 0.85 %, is tannic acid) — crude fibre 2.8-14.6 — crude
ash 1.4-7.5.

Female infloreseences of willow (2) (fig. 10). — Before the war these
were very seldom used ; during the war, however, they were employed
in Germany as a stockfeed, and proved the first year to be an ex-
cellent green forage, especially for young animals.

According to MacH, these inflorescences contain : water 72 9
ernde protein 5.3 9, — crude fat 0.7 %, — N-free extracts 16.1 %
— crude fibre 3.9 %, — crude ash 2 %,.

Hazel eatkins (3) (fig. 11). — These have been used dried and
eronnd as a substitute for wheat bran.

Sumae leaves — It is well known that the leaves of Rhus coriaria L.
(fig. 12) are rich in tannin (13-16.5 2}) and used in tanneries. This

(1) Cf. Euwa, Dr. M., op. ait., p. 33, .
(2) Cf. Krixa, Dr, M., op. cit., p. 32,
(3) Kraxag, De, M., op. cit,, p. 33,
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tree is a native of the dry and in particular the hot regions of South
Europe and temperate West Agia. In Sieily it is fairly extensively
grown. Needless to say, the leaves whether fresh or dry are, unless
previously treated, totally unfit for a stock feed and indeed no animals
will touch them. During the war (1), however, these leaves after
being freed from tannin by soaking in water and dried were put on
the market in Germany. According to two analyses made respec-
tively by HasELHOFF and A, SCHOLL, they contained : water 10.1-6.7 9
— erude protein 9.7-10 9%, — crude fat 8.2-6.7 9, — N-free extracts
40.0-45.5 9, — crude fibre 19.3-21.8 %, — crude ash 12.7-9.3 9.

In composition, these residues resemble oak leaves. As their
effect upon animals is unknown, they must be fed with caution.

The following table gives the average percentage of the dried
leaves of various plants that can be used as a stock feed. The
figures have been taken from E. PorT (op. cit., vol. II, p. 308 et sqq.)
who has obtfained them from the data supplied by several authors.

Fie, 12, — Sumae: branch, flowers
and fruits,
Fre, 1%, — Ash (Frozsinus excelsior):

From' Dr. A. FIORI, op. cit. branch, flowers and fruits,

From BRUTTIXND A., Diz. 4i Agric. Mi-
Iano, F. Vallanli, 1001,

(1) ¢f. Kxixa, Dr. M., op. cit., p. 17.
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Species Dry }Htrﬂu- |
matter | matter
Alder ., . = 19,5
Lime | . - 16,2
104 T g -- 15,9
Horse-Chestnut 14.7
Haveel 13.8
Poplar . - 13.4
Nettle-tree 12.3
Ash (fig. 13). 10,1
Plane. U bRt 0.8
Hornboam (fg. 14). . - 8.7
Service tres . . - 7.5
Beech 546 i b
Bireh, 54.3 4.3
Oak . . 85,2 14.8
Willow . . . Lobie | 82.8 13.5
Robinin  peeudacacin i 6.3 | 15.2
Common maple | | 8.1 | 102
MGIDEEEY: . o alwmie et | ma 16,3
Spanish Chestnut (fresh lmvﬂa}i G0 ‘ 4.3
Mistletoe (with berries) . . | 89,3 15.3
Fir (green needles). . o 424 | 3.3
Spruce (dry needles) . . qERn i 0
Heather (fresh tips) . . 43,9 | 3.6
Heather {(dried rips} . . . 92T 5.2
Male fern (silaged), . G4 0 4.4

Algae : [
Fucus vesgeulosus l 6.2 5.3
Faons gerrgius , . ; 4. 2 | 15.5
Laminaria esculentn ol LT 9.1
Zoslers AXIRG . . . . . . . ! B7.5 13.3
Lichens : '

Cotrarin islendica 87.2 12
Cladowie rangiferinag | T LI I 3.2
Usnea barbata | . Ag.T 7.0
Lecanora caculonda . . . 93.0 1.9

Crude fat

5.0
2.9
2.9
2.0
3.1
4.1
4.8
2.3
1.4
2.9
4.6
31
10,6
3.4
3.6
2.3
a4
4.1
4.4
5.4
4.1
i3
4.2
0.2

0.7

4.3
1.1
0.4
2.2

3.3
1.7
3.1
1.0

N-free

Crude

Ash
extracts fibre

48.5 103 | 4.4
44,3 13.2 11.4
499 BE | 107
48,5 14.9 7.8
54,4 P00 R
50.56 11.2 8.8
44,7 1.6 153.7
5200 B9 7.7
47.7 17.6 11.4
G6G.0 15.4 8.1
5G9 110 8.1
47.0 28.2 3.8
42.7 245 2.2
41.9 206 4.1
41.1 17.1 5.6
36,3 24.7 6.0
42.6 183 8.8
49.6 6.9 | 11.0
32,9 10.0 | 24
20,48 26.7 | 8.7
‘0p2 MEZ | g
46 0 24,6 2.7
17.4 15.6 3.2
44, 6 34.3 3.4
1.2 15.3 2.4
45.5 2.9 1
46,2 3.9 27.
d4.2 6.3 1.1
39,3 17.6 15,0
4.5 4.0 i 1.3
62,1 19.5 | 3.4
48.7 16.% | 109
15.1 | 28.0

32,0

In order to obtain figures giving an approximate idea of the world’s
production of sugar-beet residues (in this case the leaves and root-
collars) the bagis taken is the average leaf and collar production per
100 kg. of roots, although it must be admitted that this is very
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variable, ranging between 33 kg, and more than double per 100 ke.
of roots. Our estimate therefore can only be approximate, since
it must be based on the total average production of the sugar-beet,
but it will give some idea of the large quantity of nutritive substances
supplied by the residues of the beet erop. By taking the average
between the extreme figures of MUNERATI (33 kg.) and of ScHNEI-
DEWIND (66 kg.) we obtain 49.5 kg,
or in round numbers, 50 kg. of
leaves and collars per 100 kg. of
roots.

In order to estimate the amount
of digestible nutritive substances and
of fertilising prineiples, we have borrow-
ad from MUNERATI (1) the following
average percentages for the leaves and
root-collars taken together: protein
substances 2 — n-free extracts 7.3 —
fat 0.2 — nitrogen (.3 — phosphoric
acid 0.1 — potash 0.37.

From these figures, the statistical
data obtained from a world production
ol roots amounting to 47.,459,510.2
metric tons (2), the average for
1909-10 to 1918-19, would be a8 Fie. 14 — Hornbeam. (rpinis
follows : betulus),

From BRUTTI®T A. ofr. et

Amount of nutritive and fertilising elements contained by the leaves
and collars of the world production of sugarbeets for the period 1909-1910
to 1918-1919 (taking the toial as 47,459,510.2 metric fons).

As jorage:

Albuminoid substances. . . . (2 92) 949,190.2 m. tons
N-free extracta . . . . . . .. (7.39%) 3.464,544.2 m. tons
B sl S e e e e BN 94919 o boms

Az manure :

BFOoeR . oo e v o e o (0.8 95 142 8988 m. fong
FPhosphorie acid. . . . .- . . (0.1 9) 47,459.5 m. tons
Pobtaghi e o o e e s L . . ID3T %) 175.600.2 o tons

(1) Cf. MUuNERATL, O, La Barbabictola, p. 100, Turin, Unione Tip. Ed. Torinese, 1911,
(2) Ci, INTERNATIONAL INSTITUTE OF AGRICULTURE, [fnlernational Yearbook of Agrie
eultural Stafistics, 1917-1918, Rome 1920, p. 80,
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LEAVES AND RooT-COLLARS OF BEETS USED FOR FORAGE.

R e R T R A e A S R T R R B W P R T R Y
N-free extracts

s B i

Albhum. Malerials

[

Fat

LEAVESR AND Roor-CoLLARS 0F BEETS USED FOoR MANURE.

A SRR b AR TN B S R T R T R SR i Rl
Potash

R P A T el e o R T A el MY B SR S A

Nitrogen

oot T

Phosphorie acid

Fic., 15, — Diagram showing the world average annual production
of leaves and collars of Sugar-beet,

5. — Prickly Pear Slabs (1).

These are not a residue properly so-called, but a plant produet very
plentiful in eertain countries and obtained especially from species of
wild Opuntia, which do not bear good fruit like the Prickly Pear (Opun-
tia ficus indica) (fig. 16) wudely enltivated for its fruit in Sieily, Asia
Minor, America ete. (The slabs of this too have been unsed from time
immemorial as a feed for cattle, sheep and goats, and are in thiz sense
a residue turned to stock-raising purposes).

In a series of experiments made in South Texas under the direction
of the Burean of Animal Industry of the Department of Agriculture
of the United States use was made for 3 years of the slabs of Opuntia
gommet, O, eyanella, ete. Their average composition was: water 91.30 9
crude protein - 0.58 %, — albuminoid protein 0.29 % — ether

{1y CF : 1) Jouwrnal of Agricultural Rescorch, Vol. IV, No. 5, Washington, 1915 —

8y Imstitwde of Scienece and Induestry, Bulletin No. 12, Melbourne, 1919 — 3) Quecnslond
Agrioulivral Jowrnal, Vol, VI, Pare, 1V, 1816 1) Depariment of Agriculture, Bombay,
Bulletrre 58, Bombay, 1914, — &) New MWewies Coll, of Agr. and Mechan, Aris, Agr. Exp.
Stat,, Bull. Ko, 64, Albugquergue, 1907, — 6) D, GrirriTas, U, S, Dep, of Agr., Bureou
of Plant Ind., Bull. XNo. 124, Washington, 1908 : Farmer's Bullstin No, 483, Washington
1912, and No. 1072, Washington, 1920, — 7} 8. Bivso, Il Fico d'India in Sicilia, Palermo,
1879, — 8) Dr. G. GuasrerLLa, Coltav, del Fiee d'lndia, Catania, Battinto, 1913, — 9) Ju-
etz Cu, ., Prickly Pear as a Fodder for Stock.  Dept, of Agr. Union of South Africa,
Se, Bull. No. 146, Pretoria, 1920, 10) N. V., Hawmante, Exp. of Prickly Pear as an

Emergency Cattle-Food, The Agr. Jowrn, of India, YVol. XVII, Part. IV, Caloutta, 1922, —
11} i.-.r"I|I|:I.|-H:i il Caetas par Palim. des anim. .‘\'-eelralr-f_ aw Noo 3 du I.EHH. il f‘fillﬁ:, i Fowe,
mén, de ' Algérie. Paris, 1910, A Bregap and E, X 8, Wanrex, Prickly Pear, its value
a8 o fodder for :ﬂl"u!h, Ungon of Scuth .I__‘J't-r-!l. .“ejl]'. -':'_f .|g',r.l‘, |$1_L'|[, No. 4. Pretoria, 1922,
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extract 0.12 9, — N-free extracts 4.67 2, — crude fibre 1.169, —
ash 1.76 9%.

The best rations for dairy cows (per head and per day) were as
follows : sorghum hay 1.5-2.7 kg. + prickly-pear slabs 27-45 kg. + ground
cotton-seed cake 0.5 kg., or else : prickly pear slabs 50 kg. + ground
cotton-seed cake 0.9 kg.

When fed alone these slabs do not give satisfactory results, for
though they have no bad effect
upon the milk, they slightly reduce
its fat content. They should not
be given i1n larger quantities than
27-34 kg. per head per day for fear
of produecing diarrhea or even a
reduction in live weight. Feeding
experiments made on sheep at the
Grootfontein Agrieultural College
in South Africa (1) have shown that
sheep fed on 12 lb. per head of
these slabs for more than 250 days
require no drinking-water, This feed
was, however, supplemented with
substances richer “in protein, tor
instanece, lucerne hay.

Opuntiae thus save drinking-
water which renders them inva-
luable in times of drought. In
an experiment made with cattle in
Queenstand  (Australia) slabs  of
Opuntia inermis (aspineless variety)
that had not been scorched or gsinged,
were fed and no water given for 4
months, but from 18.2 to 20.5 litres
of liguid a day were obtained by
the animals from these sucenlent
stems. The best complementary
fecd was a small quantity of lucerne
hay and oil-cake.

Opuntia  inermis musl never
be given alone, as it decreases the
fat content of the milk, although it may slightly increase the milk
vield. It is not suited to nursing-ewes, or to lambs.

In British India, Horx used chopped gpiny slabg from which the
gpines had been removeld by singeing., They were fed for 6 months to
steers in the proportion of 100 parts slabs to 6 parts of cottonseed, and
at the rate of 7.2 kg. per head and per day. The animals throve on
this ration, as did also some dairy cows and buffaloes that were given
6.3 ke, of the same mixture.

Fia, 16, — Prickly-Pear.

From FRANCE, op. ¢it,

(1) Ci, The Agr, Gaz, of New South Wales, Vol, XXXTV, Part, 1, Jan, 1923, Bydney.

8
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The residues of the edible Prickly Pear fruit are the skins which
can be fed fresh, especially to pigs.

The quantity of sking and seeds constitute a congiderable percentage
of the fruit especially in Mexico, the original home of this caetus, where
the residue amounts on an average fo 56.18 9. Both the slabs and skins
are fed fresh, as they ecan neither be dried nor made into silage. In
Italy, and other South European countries, and in North Africa, where
the prickly pear grows well, its stems can be used as a supplement-
ary, or emergency, stock feed, especially in summer, although they
must not be given exclusively or in the form of a basal ration. Care
should be taken only to use slabs 2 or 3 years old, as when younger they
canse diarrhoea, and the older stems become too tough. The spines
must be burnt off and the slabs c¢nt into slices before they are fed.

L. BURBANK's (1) important work on Opuntia is well-known.
Thiz celebrated plant-breeder has succeeded in creating a spineless
cactus with a view to its use as a forage plant in arid regions, but as
it is not a wild plant it does not come within the scope of this work,
and is theretore merely mentioned here.

6. — Marsh and Water Plants (2).

These are generally regarded as useless, or at best are employed
as litter (3).

One of the marsh plants most suited for forage is the Reed-grass
(Phalaris arundinacea L.)(fig. 17) which gives two or if manured, three
crops a year. It attains the height of 1.80 m. The Reed-grass must
be cut before Hlowering, otherwise it becomes too hard.

(1) Luvraer Bournawe, Hiz Methods and Discoveries and Their Practical Application,
fol, VIIT, Burbank Presz, New York and Londeon, 1014,

(2) Cf. : 1) HExKiNG in Georgine, Year 8, Nos, 35-36, Eoinigsberp, 1015, — 2) ErTe.
poRffF and KUPFER in Landw, Jahrbiicher, Vol. 48, No. 3, Berlin, 1015, — 3) Frttace, W,
Begtrdge =ur Kricgmoirischaft, Parts 34-38, Ihe Fische in der Kriegawirtzchaft. Berlin, 1918,
— 4) Paraxirike, H. P, in The Agriculiwral Journal of India, Vol. XV, Part I11, Cal
cutta, 1920, — §) Hoering has devised a method of making briguettes for fuel from marsh
plants eut into pieces of 1.3 em. dried till they only contain 8 9 of water and pressed,

The heating power of this material wazs 4000 cal, and it can alzo be used in steam-
engines, (Cf, Korrer, Dr. Ta,, op. eit.,, p. 38).

(%) Az an important instance may be mentioned faloseo, a mixture of marsh plants
much used as litter in the country districts of Pisa and Emiha, According to Prof, ¥, Besting,
it is chiefly composed of the following species : Phragmifes communis — Scirpus maritimun,
&, trigucter — Sparganium  ramosus - - Oyperus longus, ©. Monti — Carexr paludosa oo, —
Glyceria aquatice — Juneus anceps, J. Tevageya, ote. — Sagittaria sagittifelic — Catabrosa
aquatice — Typha latifolio, T, enpustijfolia, ote,

According to the same anthor, the average percentage composition of falasco 11 as fol-
lows: water 14.94 — fat 2.72 — fibre 23,52 — protein substances 4.77 - - carbohydrates
and non-probein substances (per diff.) 49,37 — mineral substances 4.68, In 100 kg there
are ; total nitrogen 0.893 — phosphoric anhydride 0,279 — potash 0.8506, sodium chlo-
ride 1. 344, secondary constituents 85,

Thiz marsh product ecan thus well be used for stock-feeding and azs a litter, otherwize
it acenmulates and forms peat (Cf, A, BrurTiNg, Dizicnario d' Agricoltura, Vol. 1, F.
Vallardi, Milan, 1901, p. 308),
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The Common reed (Phragmifes communis) (fig. 18) ean be cut two
or three times in the year. It is chiefly fed to horses either chopped
ereen amnd mixed with straw, or else dried. Like the Reed-grass,
Phragmites communis is fairly rich in nutritive prineiples.

Before the war, it was used in Germany only as litter, or for thatech-
ing roofs, but during the war, it served not merely as a forage for cattle
and horses — as has been said — but as a substitute for coffee and a
source of saccharose.

It the reeds are eut before they flower, cows and sheep eat them
readily, but once they have become lignified, their forage value is

Fra. 17. — Reed-grass Fiz., 15, — Common reed.

From Dir. A. FIORI, op. ¢it. From 1ir. A. FIori, op. cit.

logt. The upper part of the reed which bears most leavesis more va-
lnable than the lower portion, and young plants are the most nseful.

Young air-dried reeds contain: water 6.8 9%, — erude protein
29.1 9, — ash 12.4 9%, — digestible albumin 10.7 9. In his exper-
iments on lambs, M. Hoxcamp obtained the following coefficients of
digestibility which are by no means high : organic matter 33.3 9, —
crude protein 36.5 %, — erude fat 35.1 9, — N. free extracts 26.6 9
— crude fibre 40.6 9.

During the war, the °° Kriegsausschuss fiir Ersatzfutter ” (War
Commission for Forage Substitutes) had a food prepared which was
called ** Schilfrohrmehl ” (Reed flour); it was made from well-devel-
oped plants and contained 5-9 9 protein and 30-59 9, erude fibre,
ita nutritive valne being about the same as that of straw-meal.

Reeds make very good food for eattle and horses ; they need not
be ground when fed to the latter. The flour mixed with the tips of
very young reeds is the best form in which to feed them to pigs.
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Floating FPoa (Glyceria fluitans) (fig. 19) grows in stagnant or
slow-running waters. Like the other species, . aguatica and G. spee-
tabilis, it is eaten with avidity by stock.

The following are iwo analyses of the whole plant of Glyceria agqua-
tica : erude protein 11.2-10.6 9%, — pure albumin 9.7-9.2 % — digest-
ible albumin 7.0-6.6 9;, — fat 2.5-2.6 %, — N. free extracts 37.7-41.2 %}
— sugar 7.7-9.4 9% — crude fibre 27.5-26.9 %, — mineral substances
9.1-6.7 9%,.

The following plants were also used duoring the war as a stock-
teed especially in Germany, where they were given green or boiled

Fra, 19, — Glyceria fluitans, Fiz, 20, — Yellow water-lily,

From Dr. A. Florr, op. cit. From D, A, Frori, op, cit.

to swine and poultry : Nuphar (yellow water-lily) (fig. 20), Nymphaea
(white water-lily) (fig. 21), Duckweeds, and Watercress and Pondweed,
also Salvinia natans (fig. 22) Hoff.

Dnekweed (1). This name is given to the Lemnaceae, a family in-
cluding several genera ( Lemna arrbiza, L. gibba (fig. 23), L. monorrhiza,
L. polyrrhiza and L. trisulea), all common plants growing in ditches
or ponds. They form a food with a high water content, but the
solid portion iz rich in nutritive substances.

A. MAvER states that the composition of L. trisulea when fresh
is as follows: dry matter 5.7 9, — nitrogenous substances 1.8 9
— erude fat 0.2 % — N. free extracts 2 %, — ecrude fibre 0.6 % —
ash 1.1 9,. It is a good food for swine and poultry. It ean be preserved
by putting it into the silo, or else by drying it first in the air and after-
wards in the oven, or drier. When dry, it snits fowls excellently ; its

(1) Cf. 1) Knixa, De. M., op. cit., p. 30, — 2) Porr, E., op. cit., Vol 1I, p. 348
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Fia. 21. — White water-lily.

From Dr. A. Froni, op. cit.

percentage composition is :

STOCK

Fra, 22 — Salvindg nalons,
From Dr, A. FlorI, op. cit.

protein 30.4 — crude

— N. free extracts 24 — crude fibre 20.8 — ash 22,1

Owing to the great dearth
of forage in Germany during
the war, an attempt was
made to use also rushes
(Juncus effusus L. and Seir-
pus lacuster L.) (fig. 24) for
feeding stock.

Rabbits will readily eat
the former if it is very dry.
It proved digestible when
fed dry to dairy cows, at
the rate ot 6-kg. per head
and per day, but even 2 kg.
a day decreased their milk
vield., Seirpus too affects
the quantity though not the
guality of the milk.

Hoxcamp and BLANCK
tound the dry matter of Seir-
pus maritimus (ef, KLING, op.
¢it., p. 29) contained : crude

protein  10.3 %, — pure
albumin 0.2 %, — crude fat
2.2 9% — N. free extracts

46 %, — erude cellulose 31 9,
— ash 10.59%,.
In experiments on lambs

Fia.

23, — Lemna gibba.

From FRAXCE, op. cit,

o
£
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Howxcamp obtained the following coefficients of digestibility: organic
matter 43.3 9% — crude protein 42.6 9, — fat 52 9, — N. free extracts
37.6 %, — crude fibre 51.7 9,. This forage has a food value comparable
to that of good summer stubble.

Typha sp. (Reed maces). It is well known that these common
plants of the marshes, ditches ete, of which the chief species are Typha
latifolin (Great Reed mace) (fig. 25) and 1. angustifolia (Lesser Reeid
mace) are used for making mats, cord, baskets, roofs of huts ete.
During the war, a society was formed in Germany under the name of
the ** Typha Verwertungs Gesellschaft ”* for the extraction and working

Fia, 24. — Scirpus lacuater. Fia. 26, — Typha latifolia.

From Dr. A. F10RI, op. clt. From Dr. A. Frogt op. clt.

up of the fibre of the reed mace. The latter was nsed also for making
materials for soldiers’ cloaks.

Asg the roots of the plants are very rich in starch, they were fed
to swine in place of potatoes, and a kind of flour wag also extracted
from them. The young shoots of the reed mace can be cooked and
eaten as asparagus which they much resemble as regards flavour.

Elodea Canadensis (1). — A plant growing in still, or very gently-
flowing waters. It is a native of Canada. Cattle and pigs eat it readily, -
if it is fed as soon as gathered.

According to HorFMEISTER it containg when fresh : dry matter

12 9%, — nitrogenous matter 2.2 9% — crude fat 0.3 9%, — N. free
extracts 5.1 %, — crude fibre 2 9, — ash 2.4 9.

Elodea c¢an be preserved in the silo.
Mosses, Liverworts and Lichens (2). — The mosses here in question
are the Bog-mosses (Spagnaceae) that live in wet and marshy places.

(1) Cf. Porr, E., op. cit., Vol. II, p. 347.
(2) Porr E., op, cit,, Vol. II, p. 350
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When moistened affer being dried, they absorb a large amount of
water. They have been used, especially during the war, as a substitute
for straw in feeding horses and cows. Acecording to TREFFNER these
mosses, if air-dried, contain : water 12.6 to 15.6 9, — fat 0.5 to 2.2 9,
— sugar 10.42 9%.

- Analyses made at the " Konigliche Landw. Zentral Versuchs-
Station ”’ of Munich gave the following figures : water 10.6 %, — crude
protein 11.7 9, — crude fat (resins) 5.2 9%, — N. free extracts 32.1 9
— crude fibre 35.1 9%, — ash 5.3 9.

As regards their composition, these mosses may be compared to
good hay made from leguminosae (Cf. KLiNG, op. cit., p. 36).

Mosses and liverworts, should be boiled or steamed before they are
fed to stock.

Several species of lichen (Cetraria islandica, C. nivalis, Cladonia
rangifera, Usnea barbata, Lecanora esculenta ete.) arve eaten by wild rumi-
nants (reindeer ete) and also by domestic animals of the same group.

Brackish water plants, for example, herbs and shrubs growing
over immense tracts on the banks and at the mouths of the rivers
on the West coast of India, have also been used for forage. Some of
the chief species are Acanthus ilicifolius, Avicennia officinaliz and
Alewropus wvillosus. They given chopped to cattle either alone, or
mixed with other fodders. Certain speciez of Fueus have also been
employed as a stock feed, especially F. vesiculosus of which the percent-
age composition fresh and dry respectively is : water, 37.97-11.82 —
ernde protein 6.50-10.52 — fat 1.65-3.43 — N.-free extracts 26.78-
41.93 — crnde fibre 8.95-20.00 — ash 14.13-16.32.

Thiz Fucus can be fed, dried and ground, to cattle, swine and poul-
try, but only as a supplementary ration.

7. — Seaweed and Iceland Moss.

It is well known that in certain maritime countries (Japan (1),
Ireland, Scotland, the Faroe, Norway, ete.) certain kinds of algae have
long and habitually formed an article of human diet, but such nse has
no special connection with the subjeet under disenssion here.

{1} In Japan, a very important product ealled Kauten is obtained from algae, This is a
kind of glue prepared by heating, cleansing, washing and bleaching the seaweed in the sun,
after which itiz boiled in frezsh water and the resulting viscous substance 1z straiped through
a coarse eloth and dried ina wooden box, On becoming gelatinous this extract is compres-
sad in a box with a wire bottom and issues in the form of threads which are dred in the air
and despatched to the market. This substance iz used os a subsiitute for fish glue, and in
China is employved in making artificial edible birds-nesta,

Another logs refined seaweed glue is known ag Farori, The aleae are washed, dried in the
sun and rolled, The glue is used to mix with colour-washes and in the trestment of paper ote,

o Kombu s is a genorie term applied to edible seaweeds; front it a large number of food-
stufis are prepared. These algae come almost entively from Hokkaido whare they are gathered
from the rocks,
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It is however a matter of less general knowledge that seaweed
hag been fed to horses since remote antiguity, and that during the world
war it was again successfully tried and recommended as a means of
supplementing the shortage of feeding stuffs.

The army-horses of JULIUS CAESAR'S troops were fed on seaweei
in Tunigia, during the African campaign, to save them from starvation.
It is not known what species were used for the purpose, but judging
from the great seaweed banks now found on the shores of North Africa,
and especially on those of Tripolitania, it would seem that the plant
given to the horses was not properly speaking an alga, bat rather a
Naiadacea, Posidonia oceanica (see fig. 27 and p. 218) though very pos-
gibly there was a certain admixture of true seaweeds such as Lami-
naria, Fucus spp. ete. (1).

The Laplanders feed seaweed to their cattle and the inhabitants
of the coast of Ireland and Scotland, and those of the Farce give it
to their horses as well.

Ag regards modern experiments with forage seaweed, we may
mention two studies made in France by Apriaxy and LAPIQUE re-
spectively (2).

The seaweed used in these researches (Laminaria flevicaulis) was
thoroughly washed with fresh water with the addition of a little lime
(4-0 gm. per litre) and a small amount of aecid to prevent the formation
of mucilage, then rinsed for 15 minutes and subsequently dried in the
air. Through thigs treatment the seaweed loses its hygroscopicity
and much of its salts content, and is then known as crude algine. This
keeps as well as hay and retains 40 9, of its sugar whereas the
repeated washings, originally part of the process, reduced the sugar
to 3 %.

Laminaria flevicaulis, when dried, had the following percentage
composition : water 14.40 — carbohydrates 52.60 — nitrogenous
substances 17.30 — fibre 11.569 — mineral substances 3.90 %,. This is
almost the same as the composition of oats; in fact ADRIAN es-
timates that 750 gm. of the seaweed are equivalent to 1 kg. of oats.

The horses nsed in the experiment soon became aceustomed to
this forage and digested it very well, as much as 100 % being probably
available. In the case of horses that are not being worked, La-
PICQUE believes that the whole oat ration might be replaced by the

(1) The following is the passage from Julius Cassar's History of the War in Africa in
which montion s made of alepe beine ased as food for the horses: °° . Caesariani
*pravi annona sunt conflictati, pabuligue inopis premebantur, Qua necessitate concti ve-
“ torani milites equitesque, gqui multa terra marigue bella confecizzent et periculis inopingue
“tali =aepe eszent conflictati, algs e littore collecia, et scqua dulei eluta, &t ite jumentis
* egaurientibus data, vitam eorum producebant ' (Biblioteea degli Serittort Latini, e Bello
Africann, ¢, XXIV, p. 720, — Antonelli, Venice, 1836)

3y Apnrrax in Compdes rendus de U Académic des Sedenees, YVol, 166, No, 1. FParis, 1018,
— Larique, Ihidem, Vol 169, No. 27, Pariz, 1918, — Cf alzo: 1) J, CosTa¥Ti¥ and
F. Faipeav, Les Plantesz, | Laroussze, Pariz, 1922, p. 280, — 2) Bavvaoeav, C,, Ttilization
des Alpues marines. (0. Doin, Parig, 1920, — ) Topaxpe, .. G. Bernanl Courtois et
la Découverte de liode. Vigot Fr. Pariz. 1921, p.&6l. — 4) P. LaxpRER. Zur Answertung
dier Meeregalgon, in Zeitachr, fiir techn. Biologie. Vol, X, Lepzig, 1922, p. 193
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alga. 1t has a rather higher mineral content than oats and also con-
tains a little iodine, but no bad effects were observed on feeding 1t
at the rate of 2-2.6 kg, per head and per day. The same cannof
be said in the case of Fueus servatus. The seaweeds most common in
the European seas after Laminaria flexicaulis arve L. saccharina,
L. Cloustoni and Saceorriza bulbosa.

Other investigations on this subject were made, during and after
the war, by BrocQ-RoussEav, Head of the French Veterinary Ser-
viee (1). In his experiments on Hun,t::-ul:-l draught-horses it was proved
that their oats ration could be entirely replaced by seaweed without
at all affeeting their ontput of work. The horses thus fed remained
in good condition and even Inereased in weight.

The seaweed should be eollected by preference towards the end of
August apd in September, the time it is richest in sugar. The hard
leathery basal portion must be removed, and as it grows to a great
length, it must be eut into pieces of 3-4 em.

The aunthor does not state the kind used.

A good stock-food can be made from seaweed by a patented pro-
cess invented by D. CrovsioE and H. F. WarNeECKE of Stockholm.
The seaweed is washed, steamed under pressure, pressed and dried under
reduced pressure. The expressed liquid is concentrated at low temper-
ature under reduced pressure, and the zalts that crystallise out are
separated by centrifugation. The brine is then mixed with the seaweed
that has been treated, and the whole is dried under reduced pressure
and made up into little eakes umluining: water 5 9, — protein 13 9,
— dligestible earbohydrates 67 9 f.it
1 9, —fibre 9 9%, — mineral whsmmm B9,

Mention ulmului also be made of
I. BILLITTERI'S feeding experiments made
in Sieily (2) with Ulva Lactuca (fig. 26)
gathered on the shore of Palermo.

The seaweed was washed repeatedly
and dried in the sun, the whole mass
retained its brilliant green colonr and was
covered with mannose erystalz.  The stock
to which it was given ate it readily and
with evident pleasure.

I. BrLLrrTert draws attention to the
faet that seaweeds rich in salts and thus
mjurions are refused by animals; it is
therefore necessary to remove the salts by
frequent washings with water acidified by
the addition of hydrochloric or sulphuric
acid at 13 %, or with fresh water containing  Fus, 26, — Ulve Lactuca.
little lime, or magnesinm, since these From FRANCE, op. cit.

(1) Ci. La vie agricole et rurale, Vol, XVIII, No, 20, Pare, 1921,
(2) 1. Bizrarrerr, Alimentazions gratuita per eqguoini, bovini, ovini, eaprini, polli,
conighi, ece. Palermo, 1921, p. 8
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substances form insoluble compounds that hinder the seaweed from
swelling np again.

The proeess is as follows : the seaweeds, as soon as they are gathered,
are put into baskets which are left for 10 to 15 hours in running water,

or else into barrels of water
) with a tap at the bottom.
: ' Az soon as bubbles are seen
\ / ; rising from the surface of the
seaweed, the barrels are
emptied, the seaweed I8
again washed in fresh water
and then dried in the open
air. In this manner is
obtained a dark-green mass
that is easily eut and keeps
well when dry provided it is
often turned over (1).
Carraghen or Irish maoss
(2). — This is composed of
two species of seaweed Chon-
drus erispus and Ch. mam-
milosus that are collected for
feeding to eattle, especially
on the northern and western
coasts of Ireland. They
- are very rich in mucilage,
Fre, 27. — 1) Zostera marina 2) Posidonia oceandca. an:l when {II'E, form a
horny looking mass, weigh-
ing light and dissolving
almost completely in boiling water. In 100 parts of air-dried seaweed
were found : dry matter 81.2 — nitrogenous matter 9.4 — N.-free
extracts and fat 55.0 — crude fibre 2.2 — ash 14.2. Among
the nitrogenous matters, algine is present; these seaweeds also contain
another substance breaking up into galactose, glucose and fructose
(J. SEBOR).

These geaweeds are easily digested. In America, a * seaweed
flour ”’ used in bread-making is obtained from them.

The glass-makers’ seaweed (Zostera marina) (fig. 27) can also be
used as a stock-feed in place of the species already described after it has
been washed in fresh water, dried and chopped. The results of 2
analyses according to Dr. M. KLiNG (3) are as follows.

From FRARCE, op. cit.

(1) Mr, P, Groeas (in Le Mondteur Scientif. Quesneeille, Paris, 1020, Part 836, p. §)
mentions that 1,200,000 tons of seaweed are collected on an average annually in Europs
for the iodine industry, while s much larger amount is used for manure, The 1,200,000
tons, on burning, lose 180,000 tons of their original substance ; their nutrititve value iz equal
to that of oats, while their monetary value iz over one thousand million liras,

(2) Porr, E., op. cit,, Vol. I1, p. 3406,

(3) Kzixa, Dr. M., op. cit., pp. 38,
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Unwashed Washaod

seaweil aeaweed
R e e i e P iy Ao e e e S T o B.6 o 10 2 o
i L e L ST DT AR T SRS e S e e S S e 13.8 14.4
Al et it rprtr b r o = e e el TR D T R B R 3l 3.1
T R R T T v S TR i 1.2 1.2
B P i L R e e e L e e e e 40.7 40,5
LR L aT b e Al SRS e e i e e S e 18.0 201
L T Y R A e e e 17.7 13.7

The so-called Ieeland Moss (Cladonia rangiferina) (fig. 28) which is
a lichen, was used in 1915-1916 as a forage by Jacosr and HessE and
also by MorGHEN and his fellow-workers (1-2). The following are
two different analyses of the plant.

Analysia Analysis
by Porp by MORGHEX

T e T 15,8 % 8.6 9
Crude protein . . 4.8 4.5
Crude fat . . . T o B e T R e i e 1.0 2.3
AT S B e o e et EeL e SN B & I e 25.8 42 4
Crude fibre | . - 822 410
Mineral substances | 1.4 1.2

This lichen was fed to a lamb and proved only poorly digestible.
The substances assimilated were: organic matter 13.5 9%, — crude
protein 21.1 9%, — fat 10.1 9% — N.-free extracts 19.1 %, — crude
fibre 14.2 9,. The lichen passed into the excreta almost without
alteration. Sheep and swine will only
eat it mixed with other forages having
a pleasant flavour.

Thiz lichen is rendered more appe-
tising, especially for pigs, by being
made to swell for 24 hours in a solution
of potassinm, and then washed in water SiIFAN
to remove the produets similar to tannie ;
acid.

It iz advisable to use Ieeland moss
only in eases of great dearth of rounghage
and to give it solely to sheep and eattle:
horses or swine digest it less well and
it does not suit them.

Special mention ought here to be
made of the use of seaweeds as a stoek Fra. 28. — Tceland Moss.
feed in Germany during the war (3). From FRANCE, op. eit.

(1} Kriwa, Dr. M., op. cit., pp. 38
12) Cf. Die Landwirtschaftlichen Versuchs-Stationen, Vol. LXXXVIIL, 1916
{3) Cf. Krivg, Dr, Max, op. cit., p. 38
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Seaweeds were often found on the markets of Germany, some-
times fresh, otherwise dried and ground. The most common was
Fucus vesiculosus, (fig. 29) but other kinds, such as Fucus serratus,.
F. baldicus, Ascophyllum nodosum ete., were algo often to be seen ; since
however, they contain too much iodine (0.01-0.5 %, of the dry matter)
they did not give good results:the greater part of the iodine always
had to be removed by washing in fresh running water.

Before the war, dried ground seaweeds used to be sold under the
name of * Norgit ™ (because a large quantity of them came from Norway):
during the war they were also known as * Tangit ",

In wet seaweeds, where some of the water had dripped away dur-
ing transport, M. KrLixG found : water 38 9, — erude protein 10.5 %,
— crude fat 1.7%, — N.-free extracts 26.8 9, — crude fibre 8.9 %
— crude ash 14.1 9%,.

The analyses of the dried ground seaweeds according to 3 differ-
ent investigators were as follows.

A mdlr]:;: - “ Tangmehl " i ‘l'mm:_lr g

to HOXOAMP aceording according

amd GOHTTSCH to M. ELIXG to FORSTER
L' e e (R e LR LI | 11.4 % 11.8 #, 14.3 %,
Crude prodeinm . .. < b el a [ il (5] w1
Bl Bl P A R | 3.1 3.4 1.9
Wefree extract ;| . « « = o+ = s ' 568 2.0 52.2
3T ] e e 3.5 20,0 3.0
Cradaimal. o omais ool v Rk 19,1 163 19.5

y LoGEs states that the dried, gronnd Norwegian *° Norgit "’ contains :
ernde protein 8.8 %, — crude fat 1.9 9, — N.-free extraets 57.4 9
— sodium chloride 5.6 9.

As the above figures show, these ground seaweeds are rich in
N.-free extraets (starch, arabinose, d-galactose ete. but poor in protein
and fat.

Up to 47 %, of the N.-free extracts of the species of Fuecus were
digested, and 93 %, of those present in Ascophyllum. The availability
was much lower in the ease of other species ; the nitrogenous substances
were never digested.

From the feeding experiments hitherto made, it appears that sea-
weeds chiefly suit eattle and pigs, but they must not be given alone.
BECEMANN and ZUNTZ are of opinion that swine, like cows and sheep,
could be fed on these seaweeds for months without any ill effects. The
meat and fat of the animals thus fed were in perfeet condition and free
from any special smell of seaweed.
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Owing to the volume and weight of the fresh seaweed it does not
pay for transport, but should be eaten on the spot ; a wider market
eould however be found for the dried ground product of its price were
lower.

8. — Weeds (1).

Under this head are to be understood all the wild herbaceons
plants often found growing amongst cultivated plants, especially if
the soil has not been kept
clean during growth by weed-
ing and hoeing.

Weeds, however, from our
point of view, cannot be
regarded as useless, or even
harmful, for many of them
make excellent forage.

For example, the weeds
growing amidst the winter
cereals contribute largely to
inerease the nutritive property
of the stubble when mown
with it.

Some plants may be regard-
ed as being in a sense the
residues of different crops.
These should be turned to
account as soon as they are
sufficiently developed.

During the war, the use
of these weeds was greatly
infensified everywhere, but
especially in Germany, where
they were the object of many
expeliments.

Thus, for instance, in the From PRAXCE, op. cit.
Palatinate, together with
chopped vineshoots, the following species were fed to cows : the Lesser
Bindweed (Convolvulus arvensis) — White Goosefoot (Chenopodium
album) — Chickweed (Stellaria media) — Creeping Thistle (Cirsium
arvense) — Common Sowthistle (Sonchus oleracens) — Annual Mercury
( Mereurialis annua).

When dried, the mineral composition of the above plants is beiween
the following minima and maxima: nitrogen 2.77-4.45 9%, — phos-
phorie acid 0.85-2.01 9%, — potash 4.91-11.78 %, — lime 1.03-5.30 9.

Fia., 2, — Furus vesiculosus,

|:I} Ci,: 1) Krxg Dr. Max in Die Londw. Versuchs-Stationen, vol, 85, Part 6. Beclin,
1914, — 2) Wemprnn M. in Landimannen  Erdschrift for Lowrdtmdn, Year I, No. 17,
Stockolm, 1918, — 3) Hawaex et Mez in Dewtsche Landiwirtschaftliche Presse, Yoar 43,
No. 22 Beriin, 1916,



126 PART I1,

All, except the last plant, can be fed fresh to dairy cows. These
weeds can also be dug in (before their seeds ripen) as green manure.

Counehgrass (Agropyrum repens) (fig. 30) which is so relentlessly
combated as a really injurious weed, makes a good forage having a
nutritive value very near that of hay. When dried it contains : erude
protein 8.3 9%, — fat 1.2 9%, — N.-free extract 62 9, — fibre 16.5 9
— ash 5 9%, — water 7 9% — starch walue 37.3, comparable to that
of good hay. Live stock (especially horses and sheep) eat it readily.

Nettles (Urtica dioiea and U. urens) (fig. 31) make an excellent
forage which is fed dried, chopped
and mixed with straw, especially
to dairy cows, but also to sheep and
swine. When chopped and boiled

Fre, 30, — Couchgrass, Fiz, 31. — Nettle (Urtica dioiea L)

From Frow . Plantes nmisibles & 1'agri- From BRUTTISI A., op. cit,
cultnre. Bailllére, Parlz, 1917.

nettles form a stimulating poultry food. The average percentage
composition of the two species of nettle is ag follows (1).

Urtica divica i-'i:ﬁ' e
young matter)

e T 1] 7 e s e e e S R e S ] S : 88.6 o e
W T 1 Rt e e i R N 18.3 19.9 92
Ormade fad o v v @ oo oot B I e T e e St L 7.7 1.5
el BT oy e T e e e R e R R e 388 41.4
Crude celluloze . . . . . . T e b T e 1.6 >4 0
RN e R SR e L L T T T S L4.0 13.0

In Urtica wrens, the digestibility percentage of the nitrogenous
matter was found to be 90.8. This plant eontainsg stimulating substan-
ces that increase its nutritive power.

In Germany neffle flour has also been recommended as a stock feed ;
this meal was probably the residue of the extraction of the textile fibres

(1} Cf. Porr, B, op. cit, Vol, II, p, 208,



FEED FOR LIVE STOCK 127

of the nettle, but it has now been recognised that the flour has no food

value and must be regarded as ronghage.

A distinefion must, however, be drawn between the true residues of
textile fibres which certainly have no food value and the leaves and
fruits of the nettle. As neitle-fibre was largely used in Germany (1),
during the war, these were obtained as waste produets, and after

drying they make a good stoek-feed.

The following are 2 analyses of Urtica dioica :

BT e e B L T I IR e R

AP TR EE - s BT F e e W R L e
Mineral anbabamoen . o hent f et e it ok

o e e T R Al L gl

According | Aeccording
to J. MACH | tn FURSTER

12.4 % 9.6 %

21.1 24 9
S 4.4 2.0
Ve Libth 9.9
B R 20,0 196
Dt $1.3 3.7

Its starch value is 43 9 and its nutritive value is equal to that of

white clover.

This feed suits all farm animals, and espeecially dairy cows,

dranght horses and poultry. It is best
given to pigs cooked.

KLING expresses a fear that the
nettle seeds which pass into the faeces
may afterwards find their way to the
fields in the manure, and thus the weed
will be spread.

A. MorrLo (2) has recently made
some experiments in feeding nettles
to chicks. He obtained better results by
mixing nettles and bran into a paste
(using equal proportions of each) than
when he substituted crimson elover for
the nettles.

Among weeds, are to be considered
Ferns, anid especially the Bracken
(Pleris  agquiline) (fig. 32) a common
plant on waste ground and in woods,
though it is sometimes found on culti-
vated land, especially if recently cleared
of trees.

(1) Cf. Krmme, Dr, M., op, cit, p. 17,

Fic. 32, — Bracken.

From BRUTTINI A, op. cit,

(2) Ci. Le Staz. Sperim. Agr. It., Vol. LV, Parts 10, 11, 12, Modena, 1022, p, 490,
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Aecording to WoLFF fresh ferns contain: water 25 9, — ash 4.87 9,
— phosphorie anhydride 0.37 9%, — potash 1.86 % — lime 0.56 9
— magnesia 0.31 %, — sodinm 0.18 9, — sulphuric acid 0.17 9%, —
silica 1 %, — chlorine 0.37 %, — and, according to various analysts:
0.9-4.0 9%, crude protein: 0.1-0.7 erude fat; 5.9-9.1 N.-free extraet:
5.9-9.1 9, fibre ; 1.7-3.3 ash. A large part of the N.-free extract
consists of stareh. In the dried fern WoLcHER has found : water
6.65 9, — fat 4.70 9, — protein substances 12.12 9%, — carbohydrates
46.84 9, — fibre 24.43 9, — mineral substances 5.25 9%,

Bracken can be used as a stock feed, especially for pigs (up to 5-7
kg. being fed per 100 kg, of live-weight), it was employed for this pur-

pose in many places during the
gty EERaEE e war, but has long been fed to
e~ ¥X @ swine in Anjou and Brittany.
The edible part of the plant is
the root which is easily extract-
ed ; it has been eaten also by
man in times of famine. Cows
however do not like it on
account of its bitter taste, but
pigs after a time become used
to its flavour.

Not more than 1 kg. per day
of this root may be fed to young
pigs, otherwise serious intestinal
disturbance iz produced. Ac-
cording to analysis made at the
University of Konigsherg the
root eontains : dry matter 42.1 9,
— crude albuminoids 4 %, —

From FRANCE, op. eit. pure albumin 3.6 9, — N-free
extract 28.7 % — ash 1.T 9%,.

The stems and leaves of bracken are only suitable for litter, for
protecting delicate plants from the cold, for packing material and for
fuel (1).

HerpBiG advizes the yvoung still nanrolled fronds of 40-50 em. in
length as a feed for young pigs, first sealding the fronds in boiling
water and mixing with a few potatoes.

The Butterbur ( Petasites officinalis Moench ) (fig. 33) (2). — Much
use was made of this plant in Germany during the war, the leaves
and inflorescences being fed, chopped and boiled, to swine.

According to the researches published by the Prussian Ministry
of Agriculture, the leaves and inflorescences of the Butterbur make
a very nutritions food that ¢an be given to pigs without any addition
of meal, or bran.

Frc., 33. — Butterbur.

(1) Ci. A, Brorrist, Dizionario i Agricoltura, Milan, Dr, F, Vallardi, 1901, Vol, I,
(2) Ci. Kuixe, De, M., op. ecit., p. 31,
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The Water Soldier (Stratiotes aloides L.) (fig. 34) (1). — Even before
the war this plant was used mixed with potatoes for a pig-feed,
especially in the wvalley of the Oder, in Pomerania, where 1t grows
very plentifully. During the war, it was naturally still more employed
for this purpose.

From analysis made at the Koslin Agricultural Station with the
object of directing the attention of agriculturists to Stratiofes it contains
fresh : water 93.2 9, — cerude protein 1 %, —

erude fat 0.1 °, — N-free extract 2.4 9, — .
erude fibre 2.8 %9, — asgh 0.5 %,. :
ia&'ﬁ.. *
Many other weeds besides those already Y S
mentioned can be used as forage, as is proved Q* 2
by the faet that farm animals eat them of their &Th‘ 1’/
byt : ' — | gt W8
A

Fic. 34, — Water Soldier, Frc. 35 — Lesser Bindweed,

From FRAXCE, op. cit. From Frox (., ap. cit,

own accord. Since it is impossible to enumerate all those plants whieh
were more or less in general use during the war to supply the lack
of ordinary agricultural and industrial foods-ztuffs, we will name a
few of the species most used in Germany for feeding, fresh or dried,
especially to dairy cows.

Of the different species of weed studied by M. Kuine (2), the
Lesser Bindweed (Convolvulus arvensis) (fig. 35) proved the most
valuable. The Annual Mercury (Mercurialis annua) is spite of its
high nutritive qualities is refused by stoek, so merits no further
mention here,

Fungi can also sometimes be fed to stock (3): specimens infested

(1) Cf. Kruzig, De. M., op. cit,, p. 31
(2) Cf, homwa, Lir. M., op. oit., p. 32,
(3) Cf.: 1) Koiwa, Dr, M., op. eit.,, p. 101, — 2) Poxr, Dr. E, op. cit.,, Vol, II,
-
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by larvae or species not nsed for human food being employed for the
purpose.

Porr gives the average percentage composition of fresh fungi as
follows : dry matter 12 — nitrogenous substances 3.5 — fat 0.2
— N-free substances 6 — crude fibre 1.4 — ash 0.9. Dried fungi
have the following average percentage composition: dry matter
81.50 — nitrogenous matter 24 — ernde fat 1.7 — N-free extraet
42.6 — crude fibre 6.2 — ash 7.

According to DITTRICH, it is safe to feed to eattle, all the red,
green, and yellow Agaries, all the Laetarii, all fungi with funnel shaped

Fre, 6. — Boletus bovinus, Fi1a, 37. — Russula emetica

or with broad sealy pileus, and Boletus bovinus (fiz. 36). On the
other hand, all Amanita, Agaricus muscarius, Russula emetica [fig. 37)
and other poisonous fungi are to be avoided.

Fungi agree especially well with pigs, and shonld always be fed
chopped, after being boiled for 10 to 15 minutes in a little water
(which should be thrown away afterwards -as a precaution), and
mixed with other foods, at the rate of 0.5 kg. per head and per
day. Fungi can be given to goats which eat them raw. Sheep eat
fungi while grazing, but avoid those that are rotten or worm-eaten,
and might probably disagree with them. Dried, eut up fungi make
a good poultry food and in the opinion of E. PorT promote egg pro-
duction.

The following table gives the percentages of some speecies of
weeds,
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TR AT 3 s
1 E E | ﬁ % é = E I E g :Eg
Speciea ; 2- = ! E - E E 2 E.E
E | S| & |& B |2 £°
=] = | =
Convolvwlus arvensis . . . - 83,1 3.6 06 88 32 | 27 2.2 1:1.5 030 016
Biellaria media . . . . . - - |8908 1.5 02| 20 1.1| 33j L2 1.8|0D:13|0D.12
Oirsium arvense . . . . . . B82| 24| 02| 44 22| 28| 1.4 0.5(060|0.10
Sonchus oleracens . . . . . . 908! 18| 04| 37| 14| 21| 11| 04027 010
Merourialis annua . . . . . B0 28| 04| 4.4 2.0 2.4 LT 0d 047|014
Chenopodivm albim . . . . | 888 246 02| 34 1.7 33| 16| 0.7 038|014
Alriplex hostatio 67.7 3.6 I3 143 .1 i, 0 4
Palyyonum lapethyfolinm T3] 3107 | 10 BL| b4 - =

=1
-
=
[
I

P, aviculore . .

|

|
=
e
B
&

1.2 | ¥5.4 | &9 30 |

In eonclusion, we give a list of wild plants forming good forage.
Group I inc¢ludes the species used during the war in Europe and es-
pecially in Germany (1).

Group I1 contains the species growing in a hot climate and men-
tioned as found in Tripolitania (2):

1. — Calluna vulgaris — Phragmites communis — Phalaris arun-
dinacea — Glycerie fluitans, G. agqualica — Fucus sp. — Ulva
lactuca — Cetraria islandica — Cladonia rangiferina — Pteridinm
aquilinum — Typha sp. — Stratioles aloides — FElodea canadensis —
Potamogeton sp. — Lemna sp. — Triticum repens — Salix sp. — Poly-
gonum cuspidatum ete. — Urtica diviea — Chenopodium  album —
Atriplexr sp. — Stellaria media — Silene dicholoma — Vitis vinifera
— Dauecus Carota — Convoleulus arvensis — Symphytum sp. —Ta-
raxacum officinale — Cichorium Inlybus — Helianthus sp.

1. — Juniperus macrocarpa — Ephedra alata —  Agropyrum
junceum — Ampelodesmos tenax — Aristida plumosa var. floccosa,
A. pungens, A. sativa — Bromus rubeus, B. villosus — Cynodon Dae-
tylon — Dactylis hispanica — Imperata eylindrice —  Lolium vigi-
dum — Lygewm Spartum — Panicum turgidum — Pennisetum as-
perifolium — P. dichotomuin — Phalaris minor — Stipa tenacissima
— Seirpus littoralis — Asphodelus mierocarpus — Muscari mariti-
muin — Colligonum comosum — Ewmex spinosa — Anabasis articu-
lata — Afriplex Holimus — Cornuwloca monacanthe — Haloenemuin
strobilacewm — Haloxylon avticulatum — Salicornia fruticosn — Sal-
sola tetragona, S. micvophylla — Suaeda fruticosa — Traganum nu-
datum — Opuntia Ficus-indica — Frankenia laevis — Tamaris var,
sp. — Helianthemum sessiliflorum — Capparis Sodada — Malcomia
aeqyptinea — Maithiola pseudoryceras — Moricandia subfruticosa —

(1) Diers, op. eit,
(2) TrOTTER, op. cit,
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Zilla microptera, Z. spinosa — Delphinum nanum — Newrada pro-
cumbens — Alhagi mawrorum — Anthyllis Henoniana — Astragalus
baeticus, A. prolizns — Genista tunetana, G. Sakarne — Lotus ercticus,

9. — Desert Plants.

Under this head come several species growing in hot, arid regions
of Mexico, Texas ete., which E. O, Wostox (1) has recommended
for use in case of emergeney: Yweea elata, Y. glawca, Y. baccata,
Y. macrocarpa, Y. brevijolia, Y. rupicola — Agave lechuguilla — Da-
silivion. Wheeleri, D. texanuwm — Nolina erumpens, N. microcarpa —
Samuela faroniona — Clistoyucea arborescens — Hr‘-?pr-'myzmcﬂ Whip-
plei — Esperolae parviflora — ete.,

None of these wild plants have hitherto been used for stock-
feeding ; the forage obtained from them would be bulky and little
nutritions. but it conld be fed mixed with conecentrates. As they
are very diffienlt to chop, some suitable forage-eutters have been
devised and put on the market; these will remove all objeetions on
this score.

An interesting note on Soapweed (Yweea elata Engelm.) has
been compiled by C. L. Forsping (2). In New Mexico, the leaves
of this Yucea gometimes make up half the weight of the ration. The
cattle will eat the leaves while on the plant and seize them either
half-way up, or at the base, in order to avoid the sharp, hard point.

" The flowers and the floral axis make a good stock-feed and are
much liked by animals, they are moreover so succulent that the eattle
need no water for several days after eating them.

The whole stem can be used if it is chopped up in small pieces in
a machine made for the purpose: it should be fed with cottonseed
meal ete., and with the eut-up leaves.

The respective percentage compogition of the stem and leaves
is as follows : water 54.7-42.3 — ash 3.6-3.6 — ether extract 1.1-3.1
— protein 1.3-4.0 — erude fibre 15.2-22.3 — N-free extract 24.1-24.2,

Among these desert plants must also be ineluded varions species
of Cactus and Opuntia. The latter have already been treated of
m No. 5, p. 112. :

10.

The bulbs of many wild speciez form good cattle feeds, but these
plants ecome under the head of weeds. One case, however, appears
to require separate mention, viz., Hower-bulbs that are past flower-
ing or unsuitable in some other way.

(1) L. & Ooep, of Agr., Bull, No, 725, Washingion, 1915,
{2) Fonspixe, O, L, Chopped Soapweed as an Emergeney Feed for Cattle on South-
weatorn Ranges, U7 8, Dep of dgr, Bufl, No, 745, Wnashington, 1819
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Shortly before the war, some experiments and analyses of these
bulbs were made in Holland, with a view to employing them as a
stock-feed (1). The following results were obtained.

Bulbs Albumin- Fat Starehy | oruge fibre.  Water Ash
oiils subztances
Narcissus oy 20 0.3 20,6 U5 I8 9 4.5 " 1.3 9%
Gl SomEl s s 1.8 0.7 342 1.4 S 2 1.
Hyacinth . . kA 34 i1 249 1.1 71.2 1.0
Gladiolas, . . . . . 3.0 0.2 254 I.4 s 5 1.3
Crocus. B T.2 0.3 43 9 2.7 450 1.1

These bulbs are therefore comparable to potato tubers. Assum-
ing the digestibility of their starchy matter to be, like that of the po-
tato, 90 9,, the starch value of their dry matter would be: 25 for
narcissus bulbs — 31 for tulips — 21.9 for hyacinths — 23.8 for glad-
ioli 38.8 for erocuses.

It should be noted that nareissus bulbs are poisonous on ac-
count of the narcisine they contain; hyacinth bulbs are also poison-
ous, but lose their toxic character on boiling: the same may be
gaidl as regards the other bulbs. During boiling, the water must be
repeatedly ehanged.

Among the bulbs may be reckoned certain tubers of wild plants,
like the Asphodel (p. 316), which are readily consumed by stock and
in some places are used for human food (2).

11. — Screenings.

By the term sereenings are understood the siftings of cereals and
other grains: they consist mostly of foreign seeds.

These residues have been chiefly fed to poultry, but are often
given to larger stock, though in the opinion of KELLNER it is a very
debatable question whether they should be thus employed owing
to the considerable amount of injurious foreign substances they contain.

They are however still used for this purpose and during the war
owing to the searcity of food of all sorts they were fed to stock in
greater guantities.

Screenings are also made into dog-biseuits, while the dust from
the sifters and winnowers is used as a fertiliser for meadows.

In Canada, a considerable amount of sereenings is given to sheep.
When ground, these residues arve also made into molasses feeds (3).

(1) Cf, Ezexpasm, J, in Verslagen van den Landbowbundige Ownderzockinges der Bybsland -
bowteprocfstation, No, XX11. The Hague, 1918,

(2) Mapcpaxn, G in Bull, de la Soc, d'His, Nat, de A frigue du Nord, Vol, 13, No. 6,
Alpiers, 1922

(31 I. R, Dymoxn, Dom =of Conade Dep, of Agrie. Grain Screenings.  Ottawa, 19156,
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In 1913, 100,000 tons of screenings (from wheat, oats, barley and
flax) were nhtamml from the Central Silos of Canada.

Experiments made on different animals have proved the small-
est weed seeds known as *° black sereenings ” to be wvalueless, if not
injurions : besides they impart an unpleasant flavour to the food con-
taining them ; and hence they are removed. The larger seeds can
be fed to large and small live-stock at the rate of 50 to 60 9%, of the
grain ration.

Sereenings are best fed ground and should always be ground
when given to mammals ; if they are fed whole, many weed seeds
pass into the excreta without losing their germinating power. * Black
sereenings ' ought to be burnt.

An interesting study of screenings has been made by G. Sa-
vINI (1) of the * R. Laboratorio delle Dogane e delle Imposte dirette
in Rome. He has examined a large number of samples of soft and
of hard wheats from Ttaly and other countries, The commonest
seeds belonged to the following species: Agrostemma Githago — Avena

sativa, A. fahm — Convolvulus arvensis — Galium iricorne — Gla-
dw!us segelum — Hordeum vulgare — Lathyrus Aphaca — Polygo-
num Convolewlus — Secale cereale — Sinapis arvensis — Vieia sativa,

V. villosa, V. sylvatica, ete.
The amount of sereenings varies from 2 gm. per kg. in a wheat from
British India. to a maximum of 756 gm. per kg. in hard Morocean wheat.

12. — Acorns, Beech-masts and other Forest Tree Fruits.

Acorns (fig. 38) were chiefly regarded
as a feed for pigs and generally eaten
by them beneath the oak-tree in the
forest. During the War, however, an
attempt was made to use acorns for
human food, especially as a substitute
for coffee ete.

As a stock feed, acornz are poor
in albumineids, though rich in starch,
and therefore eannot be given alone.
They are very useful and produce no
bad effects when added to the ration,
provided their deficiencies are made
good by plenty of green forage and
ol foods with a high nitrogen content.
Under such conditions, they ean safely
be given to all farm animals, but if
the supply of acorns is limited it is
Fic. 38, — Quercus robur: branch, best to reserve them for the pigs.

flowers and acorns, In Germany, during the war, large

From Dr. A. FIORL, op. cit. quantities of meal were made from

(1) Of. Lo Stazioni sperimentalf agrarie {talione, Vol, L1I, Parts 7-8.9, Modena, 1919,
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whole acorns (undecorticated and dried); this kept better than the
acorns themselves and had the following composition :

According According
to KLixG to KASELHOFF

Water 1.5 10.1 %%
B a C L Er g | i S e T e e TRy gy T a2 (]
L o e o e Lyl S e e e e L 3.4 .
N-free oxtracts G 5 GO 4
T P e B e e B e e e e Lib. 5 7.1
= T e 2 3.8

Sheep and pigs eat this food at once, but horses and cattle have
to be gradually accustomed to it.

The average amounts of acorns that can he fed daily to stock
are as follows :

| Fresh acorns | Dried acorns

I, Ibs.
Hngan walgling T2HTHE . ©. . 0 & ooy wir mis o wes : HE | b6
Ox » T boc FREOG RS - - cns o i e s | 13.2 7.0
Dairy cow = DR LR s e || FE e SO S S & i T . BB 5.5
L e SRS O SR L I N i 1.8 1.1
L T e e R et o L e i i | about 3 about 2

For horses a double ration of acorn as compared with oats is
required, but after acorns have been fed for a month they should
be left off for a week. Cattle and horses take the acorns raw and de-
corticated, but they are fed to pigs in the form of a coarse flour mixed
* with potatoes, or still better cooked with potatoes.

Dried and ground acorns can be given to poultry instead of
grain and bran, but as their nutritive value is much below that of
either of these two substances, the ration must be supplemented by
matters richer in albuminoids, such as meat meal, oil cakes, etc.

Mr. H. CRANFELD fed acorns to fowls for 4 weeks without ob-
serving any ill effects. They are a little constipating, it is true, but
this can be corrected by giving fish meal which is laxative. Acorns
have no injurious effect upon egg production. The daily ration de-
termined by the above investigator was 57 gm. per fowl,

Beechnuts (or mast) which are fairly nutritive and easily digested
may he added to the acorns. They contain ** fagine ”’, but this is
only toxie in large quantities. Horses can safely eat 3 kg, a day;
beechmast is however mainly regarded as food for pigs, and they are
turned out to eat it under the trees (See Oileakes, p. 156.)
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In addition to acorns and beechmast, the following fruits, although
usnally neglected by agrieulturists, ean also be fed to stock.

Fruits of the Elm (Ulmus campestris) (fiz. 39). — These are very
rich in albumin and fats; they eontain relatively little ernde fibre and
a very small amount of tannin.

Elm fruits are speecially suited to dairy cattle and to horses.
After being dried, ground and sealded, they have been suecessfully
fed to pigs.

The following are two analyses of the fruits of Ulmus campestris:

: According

According o BEYTHIEN

to Kuria mlﬁlgml':?ﬂrs
Whes. " o't it s el s S e 2 1:8 8, | 9.9 7%
T, L AL g A R M e S-S e e S e e L B e i L T | 4.0 20,8
g T T R e S T S S Sl e 153 31.1
M-fres extract . . . . . .. . s . e o 15.0 18.0
PR HRDES o 5 5 artak e e e e g | 2007 11.0
| e T e S o W TR S SRR R Tk | 9.2

Fruits of the Ash (Frazinus execlsior). — These consist on an average
of 56 %, seed and 44 %, integument. They can be fed in their natural
eondition to horses, but mnmst be dried and ground, or else made into
a mash, before they are given to pigs.

The composition of the whole fruit, seed and integument respec-
tively, is thus given by KLING.

D —— e ————————— B — - —

Whale fruit Seaul Integument
T e K e T L0 9 . 11.8 9 Lo 205
Crde probein . . + & .0 e s ) 11.1 16.5 4.4
M-fresioxiraot = 0 5iata o s i 423 . 43.6 40,6
e aE e s had e T e B S B 10.3 ' 17.3 - 1.3
EeradeAbbre:= s e ke oo Inz 7.9 28.2
3 P e e e e e e 41 2.9 5.9
A EDINNE v e e s e S 10,2 L4 3.4
oy Thaaey: i Tl R S T s 012 a1l 0. 14

Fruits of the Common Lime (Tilia ewropaea) (fig. 40). — These
are speecially sunited to horses and eattle; their composition is as
follows :

IR o el e, B e e e A . ST i 1
EEade probsin o S e e e il e e e Lis 3.6
LB, T ) I S e e o e S e S R i) |
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N-free extracts P R T (I A= e LT
B b T I e S R e e ] e R 13.5
‘|.-;:|| L : I

Starch value = 17-18

Fruits of the Common Hornbeam (Carpinus Betulug)., — As these
eontain much ernde fibre, they must be gronnd and can only be given
to cattle and horses.

Fia, 39, — Elm : branch, owers Fic, 40, — Fruits of Maple (ebove)
and fruit, and of Common Lime (below),
From BEUTTIRI A., op. cit, From FRANCE, op. cit.

Their eomposition according to two analyses 15:

KLixo's MULLER'S

analysis analvsis
| R e o s A S e L el ; ; 0.5 5.1
i RO Y = s e ot by et b Sl i o e i 8 i i
AT R RN s e W e s B e R e By e 3.6 G.7
N.free axtract (tannig 0,00 *:':], b T R e s A, = 1 -, d
Crade fibre e B L R e e B ; 3240 56 4
Ash B o e T B ST L e R T e R R N e - L 1

Fruits of the Asparagus (Asparagus officinaliz). — When dried and
ground, these make an excellent stock-feed, The whole berry contains
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63.56 %, water, the pulp containg 71.2 9 and the seeds 65.6 %,. From
feeding experiments, it has been found that lambs digest 65.5 ¢, of
the crude protein ; 89.5 9, of the N-free extract and 46.7 9 of the
ernde fibre.

The starch value of the dried berries is 64.6 9%,. The percentage
of digestible albumineids is 7.7 9,. Pigs digest these berries to a
less extent than lambs, :

Fruits of the Mountain Ash (Sorbus Aucuparia) (fig. 41). — These
can be fed to poultry and swine. Their compogition according to two
analyses is as follows.

I | I
|
|
LT T T L R e I DA e (S 77.1 0L 75.10;
it i £ e s e S S Rl L L SR 1.1 1.8
Tyt g e e S o P 1.4 1.2
B Free WEEPAOE e e AR e e Pl 17.7 15,5
L0 s L o o e e e e R e i R I e 2.0 1.4
B T e R ar Cat o (e i 0.5 1.7

From the berries of the Lawrel (Laurus nobilis) (1) an oil for con-
diment, for perfumery ete., is extracted in the distriet of the Garda,
at Gargnano (Italy).

The berries are treated while quite fresh and are boiled with
water in vats containing 1600 kg, for at least 10 hours when the
oil rises to the surface, is skimmed off, put into barrels and decanted
to obtain it pure.

The exhansted berries are mixed with straw and hay residues and
fed to caftle, horses, mules and donkeys.

Prof. FacHINI stateg that the berries, without the stones, contain:
27 °, water; 26.15 9%, oil; 7 9, crude protein;
256 o fibre; 3.50 9, ash; 10.43 %, ; phosphoric acid
in ash — 10.43 9], N-free extraet.

Fruwits of the Hawthorn
(Crataegus Oxyeantha) (fig.
42). — These contain 20 9
seed and 830 9, pulp. Fowls
will eat them, but they
have not yet been given to
larger animals. Haws have
been used in Germany like
Fia. 4l. — Fruits of the  yyany pther substances, as

Mountain Ash, g = i

a substitute for coffee. Fe 42 — Hawthorn,
¥rom CokRivor H. Nos  Thejr percentage composit-

arbres dans 1a nature, Atar, 5 5 g From BrRUTTINI A.,
Gendve, 1920, ion i8 as follows : op. cit.

(1) Ci, U, Brrzzr, [l lauro, Adssoc, [t Pro Piante Med. ¢ Arvomatiche, Milan, No. 9. 1921,
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Whole fruit Pulp | Seeids
L T ke B e S e R e 0.0 % 0,0 9 29 2 o
Foren b PR o] Ty e O SRR S R e e T S 1.4 0.9 4.1
Bi=Tean exEranbe: - L Sn LeEret T e 08 0.5 3.0
e e L 19 4 12.4 37.5
T [T ] e R T i i 25,4
LT et e e e R s e e 0.0 0§ 1.0

Fruits of the Dwarf Elder (Sambucus racemosa) fig. 43). — These
are fed to poultry. The dried berries contain 11 9, of water, 26.3 %

Frg, 43, — Dwarf Elder : berried branch.

From CorRrREvox H., op. cit

fat and 10.8 9%, erude protein. F. MAcH advises the oil being extracted
from the dried seeds, and the residue fed to stock. According to
this author, the composition of the berries and their peduncles is as
follows :

T e e e e S i e e 1 L L
S BRI o a, whu e e e e sl e e
Crude fat 5.5
Hefroe emPrack oo oo woEow e WA h e0E s .3
e tibess s s Sanna s s Slis e sl B 5.0}

e e e e T B S e e 1.0
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13. -— Horse Chestnuts (1).

The seeds of the horse-chestnut (Aesculus Hippocastanwm L)
(lig. 44) which had been regarded as useless, aroused a good deal of
mmterest during the war and many new or modified proeesses were tried
in order to render them fit. not only for a stock feed, but also for
human consumption. These chestnuts cannot be eaten without being
first treated with cold water, either pure or aciudified, or with boilling
water, in order to remove the bitter principles they contain which
are distasteful to animals, and sometimes,
as in the case of saponine, extremely
injurions to them.

WoLrF states that these chestnuts
when [resh contain : water 49.3 %, — ash
1.2 %, — nilrogen 0.69 %, — phosphori¢
anhydride 0.27 %, — potash 0.71 9, —
lime 0.14 9%..

According to GorrwaLp, however,
their percentage composition is as follows :

dry matter 91.63 — nitrogenous subs-
tances 7.81 — fat 7.22 — fibre 2.80 —

carbohydrates 79.22 — mineral substan-
ces 2.45.

GorI=s says the dry eotyledons contain :
fat 2-3 9%, — nitrogenouns substances 6-7 %,
— starch 20-30 %,. There is also a

£
BT s T L :;llsalli qu:—mhf\}*:ui' oil present (see, P 341)}.
hl’ﬂ[lﬂ]i. flowers and fruit. J'.I.IH&I- are Hllﬂ.ll:]l.]lt]'F ‘Ilgpgtl I'-.l[.? S'J J".l;:' nf

the fat, up to 93 Y%, of the N-free extract
being available, but only 60 %, of the
protein.

The albumin after it has beer washed to remove the bitter prin-
ciples produces a fine white flonr free from any smell or taste. This
ean be used not only as a stock-feed, but alsoe in the manufacture
of starch and aleohol as well as of alimentary pastes, for which pur-
poses it was employed at the College of Pharmaey of Paris during
the war.

The Académie des Seiences of Paris requested [ DECHAMBRE
to draw up a report on the experiments he had condueted at the
Grignon National School of Agriculture. The results of his investig-
ations show that fresh, erushed horse-chestnuts can be fed to sheep
at the rate of 0.5 to 1 kg. per head and per day. When steamed, or
boiled, eattle will eat them, and they may be fed (especially in the

From Dir. A, Froki, op. cit.

{1y Cfr, : 1) A, Brornisn, Diziopanio di Agrieoliura, Vol 1, Milan, ¥, Vallardi, 1901, —
2) Comples rendus de U Acadiémie des Scdences, Vol 165, Nos, 10 and 32, Paris, 1917, —
3) Nlustricrte Landw. Zeitung, Year 34, Nos, 42.43 Berlin, 1914,
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case of steers that are being fattened) to large-sized animals up to
3 kg. per head per day. Cows also eat these chestnuts readily and
without any injurious effects upon their milk. When horse-chest-
nuts are given to swine, it is best to treat them with water and then
dry and grind them ; as much as 1 kg. may be fed per head and per
day. The chestnutz must be ground, and the meal cooked and made
into a paste is used as a poultry feed.

It iz best to mix horse-chestnuts with molasses, or with beet
leaves and slices ete. :

Ti=ssERAND says that horse-chestnuts have alwaysf ormed part
of the normal ration of the flocks at the Rambonillet Sheep-Farm.

As regards their relative nutritive value, 0.5 kg. of fresh chestnuts
are equivalent to 1.5 kg. of mangolds in feeding sheep.

In Germany, HANSEN REscH has tried feeding flakes of horse
chestnuts, previously freed from all bitter prineciples, to lambs (at
the rate of 1.2 kg. per day and per 100 kg. of live weight) and to
cows (2 and 4 kg. per head and per day). The digestible part con-
tains : protein 4.01 %, — fat 5.34 %, — N-free extract and Fibre
63.02 9, — starch value 72.4.

14. — Unspecified Seeds.

Under this head, we shall treat only of some species of seed
which until the war were turned to no special account, all seeds
usually fed as concentrates to large and small stock being naturally
passed over.

Owing to the great scarcity of stoek feeds during the war, efforts
were made to make use of seeds that had before been almost en-
tirely neglected (fig. 45). In this brief aceount, we will not mention
seeds that have already been treated of in special chapters viz.., grape
seeds, the kernels of cherries and other stone-fruits, cereal sereenings ete.

Elm seeds (Ulmus campestris) (1). — The seeds in the samarae
can be fed enclosed in the pericarp to ruminants but the pericarp
must be removed by rubbing the seeds between the hands or by
some other means before giving them to poultry, which eat them
with avidity.

Elm seeds contain an oil similar to that obtained from copra.
Their chemical composition is as follows :

(1) Cf, A. BeyTamys and other authors in Zeitschrift fir Untersuchung der Nakrungs
tend Genussmitted, Yol 32, p. 315, 1916,
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Fra, 45, — Weed zeeds, ste,
1, Bromn grass (Bromus secalinus), — 2, Quitch grass (Triticum repens), — 3, Bearbind
( Polygonwm Convolvwlus), — 4, Spinach (Spinacia oleracea). — 5§, Goose oot {(Chenopodivim
album). — 6, Spurry (Spergule arvensis) — 7. Corn-Cockle (Agrostemma Giihago). —
8 Wild Mustard (Sinapis arvensiz). — 9. Charlock (Raephanus raphenisirum) — 10, White
melilot (Melilotus alba). — 11. Parsley (Pobroselinum sativum). — 12, Goose prass (Galium

Apargne).

From Dr. L. WrrrMack, Landwirsehaftliche Samenkunde. Berlin, P, Parex, 1922,
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— — — - — = — -

| Whole samara Beed Wings
L L R T .94 % | .45 % 12,66 %
oo PEERR 7 i e e 20,78 | 41.09 | 4.27
Bleada Tab's s v w Vet Wi alls ws e e a 18.01 i 23.47 13.65
T [T T e e e e e e 10.94 [ H.34 14.52
Miree extracts . . ¢ & « s 5 % 5 5 5 & 31.10 | 12.78 45.36
T o B B e e L e e 4.33 5. 70 0,64
Notribve walwe D foe asn esais WieE mra 10H_ T 144 30 | B1.00

Currant Seeds, — K. ALPERS (1) suggests that the oil should be
extracted from these seeds and the residue fed to stock.

The seeds contain: water 11.42 9% — crude protein 14.92 9
— ether extract 23.64 9, — crude fibre 22.83 9%, — ash 2.78 9.

Sugar-beet seeds that have lost their germinating power can be
ground and given without further treatment to stock. Their nutri-
tive value is %[; of that of wheat bran.

They contain: ecrude protein 11.63 %, — erude fat 4,42 9% —
ash 8.96 9 (2), and are chiefly fed to eattle crushed and mixed with
chopped straw, or chaff. They can also be given to horses, but are
only suitable for swine when ground and mixed with other food-stufls
poor in erude fibre.

The sereenings of sugar-beet geeds are also used. These residues
contain fragments of leaves, flowers and some glomerules. When
reduced to flour, the screenings are employed in the preparation of
molasses feeds. Their digestibility coefficients in the case of lambs
are: ¢rude protein 57.2, fat 63, N-free substances 45. Their starch
value is 19.

Parsley seed (fig. 45). — Seed left unsold or damaged seed was fed
to stock. When ground, these seeds can be given as a stimulating food,
but only in rather small guantities. They should be mixed with
foods containing no stimulating matters, such as potatoes, sugar-beets,
damaged hay, ete. The following is their percentage composition :
water 11.5 — crude protein 13.75 — crude fat 23.40 — N-free extract
36.04 — erude fibre 6.560 — ash 8.81 (3).

Nettle seeds (Urtica divica, U. wrens). — PorT (4) says that, in
Denmark, the seeds of the common nettle are colleeted to be given to
horses as a supplementary food.

They are dried and then pounded ; a handful being fed with oats,
morning, and evening 3 times a week., These seeds impart a gloss

(1) Ci, K, Aveens, Johannisheerkerne und deren Oel, in Zeiteehrift filr Untersuchung
der Nahrungs- und Genvzamdirel, Yol 32, Port 11, p, 499, 1014,

(2) (3) Of. Landw. Jafirbuch fitr Bayern, Year 6, Noz, 11-12. Mumnich, 1916,

{4) Porr, op. cit,, Vol, II, p. 731,
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to the horzes’ coats. If boiled, they are excellent for poultry, and
promote egg produetion.

Seeds of the Spurry (Spergula sativa, 5. arvensis (Fig. 45), 5. ma-
wima). — In Denmark, the seeds of the spurry are colleeted from wild
plants and ground, after which they are fed to dairy cows at the
rate of 3 kg. per head and per day: thiz amount, however, according
to Porr, makes the butter soft.

These seeds are fed to eattle also in the Rhine district and in
Belginm. Their average percentage composition is: dry matter 39

— N-free substances 13.7
— crude fat 10.7 — N-free

: extract 54.6 — erude fibre
6.8 — ash 3.2,
Seeds of the Plantain

(Plantago lanceolata (fig. 46),

Fra, 46, — Plantain ( Plontage Tanceslara |, K, 47, — Plantain (Plantage major),
From CLARE G. K. and Frercaer J. Farm Weeds, From Mix. FED. DE L'AGE. B. n. 58,
Ottawa, Dept. of Agr., 1816, Ottawn, 1911,

P. media, P. major) (fig. 47) (1). — These seeds are often obtained
in considerable quantities as a result of sifting and cleaning forage
plants, many plantaing growing among forage species.

The seeds are fed crushed and boiled, or very finely ground, to
ruminants, sheep, and pigs as a supplementary ration, especially in
Silesia, where they are much prized. They contain on an average :

dry matter 88.8 %, — nitrogenous matter 16.2 9%, — N-free extracts
38.6 %, — crude fibre 22.5 9, — ash 3.5 %.
Seeds of Sorrel Dock (Rumex patientio 1) (fig. 48). — This weed

is sometimes cultivated like the sheep-sorrel. According to Horr-
MEISTER, it seeds contain: dry matter 84 9, — nitrogenous matter

732

(1) Ci. Porr, E., op. eit., Yol. I1, p.
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— 12.6 %Y;erude fat 5.2 9%, — N-free extract 49.56 9, — crude fibre 8.4 ¢}
— ash 8.2 9.

Seeds of the Wild Mustard (Sinapis arvensis 1..) (Fig. 45) (1). — The
wild mustard is a weed that chiefly invades the fields of oats and
clover; it can be destroyed by watering with copper sulphate, or
ferrous sulphate.

The seeds contain a small quantity of the essential oil of mustard,
this is removed by crushing them and boiling them in water. Their
average composition is as follows : dry matter 92 9, — nitrogenous
substances 25.9 9% — crude fat
26 9, — N-free extraects 21.8 9,
— crude fibre 9.8 %, — ash
6.5 9.,

Seeds of the Corn-Cockle
(Agrostemma Githago) (fig. 45,

49) (2.

Fia. 48, — Borrel. Fra, 4% — Corn-Cockle,

From BRUTTINI A., op. cit. From FRANOCE, op. eit.

— The seeds of this common weed of cereal fields often oceur in wheat
sereenings. The embryos eontain gitagine which is poisonous. Inorder to
render the seed innoeuous, the integument and embryo must be removed
after which it makes an excellent stock-feed. The poison may also
be eliminated by erushing the seeds and by roasting, or beiling, them
in water. They contain on an average: dry matter 88.2 9% —
nitrogenous substances 15.2 9, — crude fat 5 9, — N-free extract
58.1 9%, — crude fibre 6.2 %, — ash 3.7 %.

(1) Ci.: 1) PorT, E.,, op. cit., Veol. IT, p. 761, — 2) Druvrrmdi, A. Dizionario di Agri-
eolturn, op. eit., Vol, I1,
(2) Cf & 1) dbid, — 2) ibid.

10
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These seeds can be given to healthy adult animals up to 5 kg.
per 1,000 kg. of live weight. Poultry may be fed 7 gm. per head and
per day.

Seeds of the Darnel (Lolivm temulentum) (fig. 50), — The seeds of
the darnel, a plant often met with growing among cereals, are
frequently mixed with wheat grain ete. They are poisonous in certain
cases, as they contain an alkaloid femuline, or temulentine which may
induce vertigo and paralysis in man and ecarnivorae but seems

harmless to eattle, pigs
P Fei and ducks, if the
: ] results of the experi-
ments made in this
direction are to be
believed (1). The unripe
geeds appear to be
innocnous.

It is however begt to
combat this weed and
avoid giving the seeds
to live-stock.

The seeds of some of
the common Rubiaceae
that grow in the fields
and hedges such as
Galium  Aparine (Goo-
segrass) (fig. 45, b1) G.
Vaillantii and G. tri-
corne, are found among
the residues of cereal
sifting and are regarded
as gereenings(see p. 133)
but as they have heen
the subject of separate

I treatment mm Hungary
by 1. BEENATSKY (2),
it seems advisable to

From CLARE and FLETCHEE, op. cit, mention them here.

These seeds are re-

garded as a good stock feed, but since they are very hard it is

usnally necessary to grind them. They can, however, be fed whole
to poultry. These seeds contain 1 to 2 9% of oil

Among the residues of tropical plants, Hevea seeds take an im-
portant place on account of the very large gquantities that can be
colleeted but in actual value and real use they are mueh inferior to
the chief product of this tree, viz. india-rubber.

During the war, espeecially, experiments were made with Hevea

Fiz, 80, — Darnel.

(1) Ci. Porr, E., op. eit., Vol. I1, p. 771,
(2) Cf, Kiserletugyi Kozlemények, Vol, XVIIT, Part 4. Budapost, 19145,
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seeds, as well as with other substances, to determine their food value,
Execellent results were obtained with Hevea seeds made into cake

after the extraction of their oil (1).

The first researches on these seeds were carried out at the Im-

perial Institute in 1903, a drying oil being
obtained (2).

The Hevea begins to bear seed when
4 years of age. The zeeds consgizst on an
average of 50 9, kernel and 50 9; shell.
Their average oil content is 20 %, or over.

The cake made from these seeds is
a valuable stock-feed. It is fed dry or
gsoaked to cattle which eat it readily even
if given alone, and has proved an excel-
lent feed for fattening butcher's beasts,
being little inferior in this respect to
flax.

The experiments hitherto made have
been so very satisfactory as to make it
worth while to enter into some arrange-
ment with the manufacturers of seed oils
with a view to the regular exploitation
of these Hevea residues go long regarded
as useless.

The analyses obtained at the Imperial Institute are as follows.

b T Oy o N P
Food unita I

Lupin seed residues (fig. 52). — Seeds of poor quality that are
unsuitable for sowing can be used for making the following conecen-
trated food prepared according to BURGER'S method. They are ground

(1) Cf. Freme, D, in Bulletin commercial de [o Scetion des affaires économigques du M-
nizlére des Relations exitéricures de la Bépubligue des Eicis-Unis du Brésgl,

Janeira, 1919,

147

Fia, &1, — Goosegrass,
Branch, flowers and fruits,

From D, A. FIORI, op. clt.

= él:l.kﬂ'_, or meal, made from whole :

undecorticated seeds

Extraction

5.24 %
17.50
4.45
34,29
a4 8
2.63

—
wf I"ﬂ
[

(2) Bull, of the I'mperiafl Institute, Vol, XVII, No, 4, 1918,

Pressure

11.52 9
15.31
6.08
31.97
32.54
2.68

1:3.0
BO

No. 8, Rio de
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and put into tubs filled with water ; a current of steam is then introd-
nueed until the water boils; then the seeds are left until fermen-
tation sets in, which process hastens the loss of the bitter taste. At

the end of 12 hours, some

more water is added, this is later drawn

oftf and the liquid thus obtained, which has considerable fertilising
properties, is sent to the liguid-manure pit. The mass is steamed

Fia, 62, — Lupin ( Lupinus oallus)
whole plant, flower, fruit and
o,

From Dr. A. FIORI, op. cit.

— pure albumin 4 9% —

for 14 hour, thoroughly washed for 24
hours in cold water, dried in an autoclave
and ground. The finished produet can
be fed to dairy cows at the rate of 2.6
kg. per head and per day.

Another way, devised by AUGUSTIN,
for using refuse lupin seeds that have
ripened badly and are mouldy, is to leave
them to swell for 24 hours in cold water,
for this purpose they are placed with
potatoes into partially filled bags, steamed
in a potato-steamer, and kept under water
12 to 24 hours. They are fed fresh to
stock at the following rates per head and
per day : horses 1.5 kg — draught oxen
1 kg. — fattening oxen 1.5 kg. During
the removal of their bitter properties, the
luping undergo a certain amount of loss
which has been estimated by DMessrs.
GeERLACH and KUNDRAsSS as follows (1):
water 22.2 9, — crude protein 11.4 9%
digestible albumin 3 % — fat 0.1 9%, —

N-free extracts 27 9, — pure fibre 4.5 9, — ash 44.1 %,
The following are the results of 3 analyses.

Analyzses | Breee's
of GERLACH and KUNDRASS | analysis
‘ Untreated | TORAS Treed | yupin seed
lupins ' ﬂ:&“ﬁ?ﬁ; | residues
___II-_-_ :
SV HERES e s [l 20 S TRl Boie ] 14.4 9 10,2 % 53 %
Crodesprobain. . - ia @eiE st e 30.0 d4.1 42.1
o e R S e e B | 3.9 5.1 3.8
N-free oxtracts . . . . . . . . R e [ 38.1 . 257 149.0
e Bl o ) e e e s 10,0 i 12.3 25.9
Mineral subgtanees , .« . « & & « & = = & = . ] o8 3.9
D — — —_— | -
Cotton seeds. — It is well-known that cotton-seed cake, largely

used as a stock-feed and a fertiliser, is made from decorticated

(1) Krixe, Dr, M., op. cit, p.

A3,
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cotton seeds from which the oil has been extracted. Not all agrieul-
turists however have at their disposal a hulling machine with which
to prepare this concentrated feed for their stock, but they can adopt
the method employed by many farmers in Queensland who boil the
seed in water for 15-20 minutes and give the freshly-boiled seeds
every day, especially to dairy c¢ows, mixed with some dry, or green
bulky fodder (1).

It may be useful to give the percentage composition of the seeds
of the following other speecies of wild plants of which the seeds were
recommended for use as a stock feed during the war (2):

p— Lol - —

= b |
el & gl el
3 = - 7 = =
2 B = & - - |
L T !
= e |
E 19
(S e i AL
Bromus scealinus (Bg. 45) . . | 142| 88| 2,1(63.3 | 7.2| 4.3 Cattle, Horses, Bwine,
Bromus orvensis . . . . . . 42| 97| 1.0|57.6]12.2| 0.4 id, id,
Chenopodium album . . . . . 122|153 6.5 407 203 5.0
Triticumrepens, . . . . . . 133 88| 2.8/ 60.0 95| 4.7
Cenlaurea cyaniis . . . . . . 12,9 12.8  12.3 | 48.7 | 16.6| 2.8 | with caution.
Convolvslus arvensis . . . . . 103 186 6.0(47.6 14.0| 3.8
Galivm Aparine (fig. 456) . . 0.7111.3| 4.2 | 644 | 68| 8.8
Raphanus Raphanisirum . . . 6.9 10.0 6.8(43.3 304 2.6
Campanula Rapunculus(fig. 45) 7.1|23.6|25.6)22,2|10.1|11.4
Saponaria Facearia . . . . . 1231128 30|64 8 48| 4.2
Sinapis areensis . . . . . . 7.5 282 | 282|229 96| 3.8| boiled in water.
Erysimum orientale . . . . . 85 273 282 2560 69| 4.1
Melilotus allba (fig. 45; « .« (1031332 26(36.2|12.3| 44| pround for all stock
Vicia sepium . . . . s — — — | = e -- | contains HCN ; not to
[ ' be used.
Fioio hirmed . . . . . . . . 0.7 25.3 06| 65,4 8.3 v B !
Polyponun lepathifolivm . . . | 160 126 | 5.2 | 496| B4 82|
Polygonum Convolvulus(fig. 45) | 109 105 21 685 6.4 1.6
Spergula arvensis (Gg. 45) . . [ 10,1 130|108 52,1 94 4.6 forage value =
| . | | cereals,
Trifolivm prat., Medicage sal, _ | | |
(oemldiaea) 2 o s s — |20.7| 77| — — — | seed, =soil, etc,
Medicago lupuling (residu s). — 320 6.3 — - - . dd,
Spinacia oleraces . . . . . . 8.6 |11.0| 3.9 |50.621.4| 4.6 wused like bostseed,
Iriz Ppacwloaeorus . . . . . 4.6 5.7(14.1 | 28,3 | 483.2| 2.1 | for poultry.
Rose caniéna . . . . . . . . | 7.7 10,1 9.3 359 348 | 2.2| groumd, for cattle and
' horaes,
Acacia sp. . . . e .+ v |10.338.8[102|23.1 13.6 4.0/ forall stock.
Aeer phmnmdu ['} ..... 0.9 24 4]09.4 336 6.4 6.3
Acer Preudoplatanus (*) , . . | 14,3 20,0 13.0| 27.4| 7.9 8.7 | mixed withotherforape.

(*) These seeds are fairly rich in tonnic acid {l} Td-0.16 9. Ho c[ﬂcacmus mean s
of removing it are yet known.

(1) Cf Queenstand Agr. Jowrn,, Vol. XVI, No. 5, Brisbane, 1921,
(2) Cf. Kizve Dr, M, op. ecit, p. 1561
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15. — Waste from Potatoes (1).

Potatloes as a Stock-feed. — When potatoes are mouldy, and hence
unsuited for human consumption, they can be given to swine, or used
for making aleohol.

When intended for pigs, especially if it is desired to keep the
potatoes until after May and there is no means of drying them
artificially, the tubers should be stored by first steaming them and
then placing them in trenches with air-tight walls. If all air is
excluded, losses during storage can be greatly reduced by using the
pure cultures of lactic ferment furnished by the Berlin ** Institut fiir
Géirungsgewebe " (2).

Drying is however a much better method for keeping potatoes
and was practised for the first time, in 1890, in Germany.

By 1915, there were already in that country 721 drying establigh-
ments able to deal with 23,000,000 m. tons of potatoes. In this
process, the tubers are first cut into slices (*° Schnitzel ) of different
shapes which are dried by a eurrent of hot air. Potato flakes are also
first steamed and are then pounded to a paste which is dried by 2 hot
cylinders. In order to obtain flour of erushed potatoes (* Kartoifel-
walzmehl ”’) the tubers are ground and then passed through a sieve.
This flour is used for human food, generally in bread making. The
residue that clings to the sieve is mixed with the parings (to which
a little of the pulp still adheres) and makes a good stock feed (*° Kar-
toffelkleie ™).

In Germany, potatoes were formerly always given to swine,
but during the war, they were fed fresh, or dried, to cattle, sheep,
and even horses ; later, their use for this purpose was forbidden and
only spoilt potatoes might be used for pigs and poultry.

During the war experiments were made at the Berlin Univer-
gity with the potato parings forming part of kitehen refuse (3). These
parings, after having been dried and ground, were fed to young pigs
weighing 30-40 kg. at the rate of 0.5 kg. per head and per day. The
protein and fibre contained in this residue were diffienlt to digest
but their digestibility coefficient was little lower than that of dried
potatoes. The food value of the parings is about 80 ¢, of that of the
potato slices.

As regards their chemieal composition, potato haulms much resemble
good meadow hay, if they are entimmediately before the tubers are
lifted and are then dried. The haulms ean also be made into silage.

According to an analysis made in Germany (4), dried potato.
haulms have the following digestibility values: organic matter 64 9

(1) Prof, I}, J, Hansex and Dr. Fr, Arwornp:, Beitrdge zur Kriegswirischaft : Die
EKEartoffeln in der Kringswirtachaft, Berlin, B, Hobbing, 1916,

{2} For tho preparation of sour potatoos, soe also : Part 2, of the drbeiton der Gesellachafi
ztir wirtschalilich sweekmdssigen Vorvendung der Kartoffeln, Berlin, W, 8 Eichhornstrasse,

(4) Cf. Dewische Loandw, Presse, Year 43, No, 31, Berlin, 1916,

(4) Of, Landw, Jahrbicher, Vol. 46, Part I, Berlin, 1914,
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— ecrude protein 57 % — crude fat 53 9%, — ecrude fibre 66 9, —
N-free extracts 68 9, — calories 63.

The haulms, after having been silaged for 2 months, were divided
into two lots, one of which was kept fresh, and the other dried, their
percentage composition was respectively as follows : organic matter
61.8-84.7 — crude protein 62.3-55.8 — crude fat 66.4-77.4 — fibre
49.3-64.8 — N-free extraets 62.7-66.7 — calo 58.4-66.1.

Potato haulms are given dried like hay to horses and catile;
the silage can only be fed to ecattle. Drying or ensilage of the
haulms is essential for cattle: they may be fed green to sheep at
the rate of 2 ke. per head and per day, plus a small hay ration.
Silaged, or dried, haulms were given to sheep at the rate of 355 gm.
per head and per day, plus 280 gm. of hay.

16. — Residues from Starch and Fecule Factories (1).

Residues from starch factorics. — These make a good stock feed
containing all the nutritive principles of grain with the exception of
starch, gluten and the soluble substances removed by washing.

In the modern method of making starch by the working up of
flour, the water removes the starch and leaves the gluten which in the
old process was destroyed by putrefaction. It is the residue of this
new method after removal of the gluten, starch and soluble matters
in the water, that constitutes the stock feed.

Part of the water is removed from the residue by centrifugation,
then the mass is air-dried, so that it will keep, and made into cakes
or meal. The residue from wheat grain contains: water 14 9, —
protein 14 9, — fat 1.10 9%, — ecarbohydrates 68 9.

From 100 kg. of maize can be obtained : 50 kg. starch and
25 to 30 kg. of a residue with the following percentage composition :
protein 10 — fat 6.5 — carbohydrates 15.

These residues are fed to stock mixed with hay or a chopped
straw, chaff ete.

Pulps from fecule factories. — These are a mixture of fibre, fe-
cule and small quantities of albuminoid substances. They are re-
garded as a supplementary food for oxen that are being fattened and
for dairy cows; they are given together with oil-cakes.

The pulps must be fed fresh as soon as they are obtained, as they
undergo alterations rendering them injurious to animals. If, how-
ever, it is necessary to conserve them, half their water is pressed out,
and they are then made into silage, or they ean be dried and ground.
The percentage composition of the fresh pulp (2 analyses) was:
water 86 — protein 0.7-0.9 — fat 0.1 — N-free extract 11.0-11.2 —
fibre 1.8-1.4 —-ash 0.4 — The air-dried pulp contains: water 14 9
— protein 15 9, — fat 1.1 9%, — N-free extracts 6.3 %,.

(1) Cf, : 1) FopMERTI, op, eit. — 2) Frivacw, op, cit. — 3) Razous, op. cit, — 4) Lendw,
Jahreb,, Vel 44, Poart 5, Berlin, 1913, — 5) Landw, Tierzuchi, Year 18, No_ 21, Hanover, 1014,



152 PART II.

When this pulp is silaged, it is arranged in alternate layers with
beet slices, oil-cakes ete. As soon as fermentation sets up in the mass,
the latter is vigorously mixed with a fork, after which it is suitable
for stock, not excepting sheep.

It is also recommended to cook these residues in caldrons on the
fire or with a steam jacket.

The amounts of pulp that can be added to the daily ration of
hay, straw, oil-cake etc., are : for dairy cows 15-26 kg. — for work-
oxen 12-15 kg — for fattening steers of 500 kg. weight 20-25 kg, —
for sheep per 100 kg. live weight: 2-2.6 kg. — for horses 2.5-3.56 kg.

The dried pulp keeps a long time ; its percentage composition is
as follows : water 18.26 — protein 4.21 — fat 0.31 — carbohydrates
66.23 — fibre 11.68 — ash 6.05. The corresponding food value obtained
by multiplying the protein by 3, the fat by 2 and the ifibre by 0.5,
and then adding to the sum the value of the earbohydrates, is 85.13 %,.

Washing awaters (residual water, water containing gluten) are
fairly rich in fertilising elements, and the deposit they make when
at rest is used for a manure. In starch-making, these waters are
freed from the fats which are mixed with bran, the liguid being ex-
pressed by means of a filter-press, and the resulting mass is dried.
It forms a cake with the following average composition : water 12.2 9
— ligneous matter 6.9 o, — fat 7.9 9%, — carbohydrates 51.256 9
— nitrogenous substances 14.25 9, — salts 7.25 9%.

The pomace induces greater thirst than the raw materials from
which they are derived ; this is chiefly due to its higher potassie salts
content. No salt must therefore be added to it. This pomace ought
to be given warm, as it is then more digegtible, but its awvailability
is always considerable.

A stock-feed known in Germany as * Reiskleberfutter ™ is pre-
pared from the gluten left as a residue from the manufacture of rice-
starch. It contains in addition to this gluten, some forage rice flour,
and has the following percentage composition: dry matter 92.30
— crude protein 36.94 — albuminoids 31.25 — fat 11.86 — N-free
extracts 30.87 — flbre 1.32 — ash 5.31.

An experiment has been made in feeding dairy eows on this re-
gidue at the rate of 3 kg. per head and per day for the first period and
of 5 kg. for the second. Its effects showed it to have the same food
value as a mixture of peanut cake, beet slices and wheat bran.

17. — Rice Bran and Husks (1).

Rice bran (known in Italy as * pula vergine ") is a residue of the
hulling and polishing of the grain. If ineludes the meal from the
exterior of the mesoecarp, the embryo and part of the external starch

(1) Cf. 1) MErcargLLY, B. in Il giornale di Risicoliura, Year V, No. 12, Vercelli, 1915, —
2y Groriax:, R, in Anneli dell’ Istitudo Agrario Dr, A, Pontd, Yol. 13, Milan, 1915-1916. —
3) GarerL, F., in Annali delle K. dee, di Agrie, di Torine, Vol. LX. Turin, 1917. — 4) G1o-
Liaxt, B, in Minerva dgraria, Year I1X, Nos, 8-10, Milan, 19017, — &) Pirocen:, A, in
La Cliniea Veterinaria, Year XXX, Nos, 14-15. Milan, 1917,

R
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layers. This bran is easily digested, rich in nitrogenous substances
and in fats (of which it contains more than oats), bulky and soon turns
acid. Its quality ean be determined by the estimation of its acidity.

Prof. N. NovELLI advises rice bran being pressed and made into
cakes to enable it to be kept longer. In any case, it must be stored
in a dry plate and often turned over.

Rice bran mixed with ground rice husks is apt to produce a cough.
It has no bad effeet upon the milk and may be used to replace wheat
bran, 0.765 to 0.860 kg. being substituted for 1 kg. of the latter.
Owing to its price, which is generally lower than that of wheat bran,
eakes ete., rice bran is a very economical feed for ecows and draught
horses.

The bran without any addition of husks represents 7 to 8 9
of the paddy, or unpolished rice, but the addition of the husks brings
up the amount to 10 9%, At least 50,000 m. tons of rice bran containing
7560 tons of oil are annually produced in Italy. When the bran is
freed from fat, it keeps better and iz more suited for feeding stock.
By subjecting damp, hot rice bran to a pressure of 300 atmospheres
at ordinary temperature, Prof. GARELLI obtained 6.5 9%, of crude
liquid oil with a specific gravity of 0.912 and a colour varying
between greenish-yellow and brownish-yellow., In appearance, rice
bran cake much resembles sesame cake. Rice bran contains 16.7 %[y,
ernde protein and 17.1 9%, fat, while the cake made from it contains
20 %, and 10.15 %, of these substances respectively.

According to Prof. GareLni, it would be possible to obtain by
pressure from 2000 to 3000 m. tons of excellent oil, and still more if
solvents were employed. This oil is used in making soap, fatty acids
and glycerine.

The results of an analygis given by B. MERCARELLI show the
percentage composition of rice bran to be as follows: water 13.1
— ash 7.4 — ecrude protein 12.5 — crude fat 15.4 — fibre 10.2 —
N-free extracts 45.5.

Another analysis given by Prof. R. GIULIANI ig somewhat differ-
ent : water 15.6 — erude protein 11.55 — crude fat 13.6 — fibre 9
— N-free extracts 40.1 — ash 10.5 — digestible protein 8.9. As re-
gards food value, 0.931 kg. rice bran is equal to 1 kg. of oats.

The rations of rice bran fed by GIuLIANTI to 10 Italian ecavalry-
horses for 66 days (5 periods of 12 days) in increasing amounts were
1-1.6 — 2-2.56 — 3 kg. with decreasing rations of oats of 3.2-2.7 —
2.2 — 1.7 — 1.3 kg. and eonstant amounts of 3.5 kg. hay and 1.2 kg.
straw.

These horses readily ate the rice bran made into a mash with
oats in equal weights ; this brap can replace as much as 14 of the
oat ration without the horses thereby losing any of their weight or
energy.

As regards cattle, we may mention the experiments earried out
by Prof. A. PiroccuI, at the request of the Commandant of the
Milan Army Corps, at the * Istituto Zooteenico della Scuola Supe-
riore di Agricoltura ” of Milan, with 20 work-oxen. The rice bran
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used eontained 24 %, of nitrogenous matter + fat, and had been com-
pletely freed from the awns and chaff which in other rice brans are
liable to cause eoughs. 1 kg. of this rice bran was substituted for
2.035 kg. of hay.

The animals employed in the experiment ate the bran readily
and it produced no ill effects on their health or working capacity,
but slightly inereased their total live-weight.

In coneclusion, rice bran is residue that can be recommended
from every point of view,

As already mentioned, it is sometimes adulterated with rice husks.

According to 3 analyzes made by KLING (1) riee husks have
the following average percentage composition :

water 9.4 — erude protein 3.5 — ernde fat 0.5 — N-free extra
32.4 — crude fibre 38.2 — mineral substance 16.0 — According to
KELLNER, they only contain 0.1 9, digestible albumin, and their
starch value iz 2.5 9.

LEnMANN'S experiments have shown that ruminants digested
16 9, of the organic matter — 10 %, of the erude protein — 67 9
of the fat — 3b 9 ot the N-free extracts — 1 9 of the crude fibre.

Thus it must be conceded that the food value of rice husks is
very low as a ration for cattle, and that they are injurious to swine.

18. — Brans and 0Oil Cakes.

The above regidues are grouped under the same head in spite
of their different origin, since it is merely intended to recall their
existence,

These products are offered irn large guantities, their market
prices are constantly quoted and statisties are readily available.
They have also long been employed for feeding stock, so that for
all thege reasons they have no speecial claim on treatment in this
Monograph.

19. — Secondary Kinds of Cakes (2).

It appears advisable, however, to make an exception to the
above-stated principle, in the case of certain cakes which are not
distingnished for their quality, or guantity, and thus take a secon-
dary places ag compared with the prineipal cakes made from : lin-
geed — cotton — maize sesame — colza — rape — peanut — copra
— palm-oil — poppy — soja ete.

Of the secondary eakes which are only used loeally, and to a
limited extent on aecount of the small gquantities made, the follow-
ing may be mentioned :

(1) Cf. Kriwg, Dre, M, op. eit,, p. 40,

(2) CL = 1) KeLLyer, op. cit. — 2) Porr, E., op. eat., YVol. III, — 3) Krixe, Dr.
Max, op, cit, — 4) Bussanrp, L. and Frow, G, Tourteanx de Graines oléagineuses, Ch, Amat,
Parig, 1905,
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Sunflower cake {fig. 53). — Thig has a certain importance where
sunflowers are enlfivated on a large scale, as is especially the case in
Russia, in which country the areas under cultivation and the erops
produced from 1914 to 1916 were as follows (1):

Russia in Europe (*) HKussia in Asia

Areas 4 Yield Areas Yield

HCrEs nietrie tons e nelric fons
PN e e e e 2.409,871 TRT.BAZ —_ 10,4 56
IR et e o DR ARt e e 2. 156,970 T40,987 45,414 11,501
1916 . L e 1,514,734 - 42,918 —

") For 1914 and 1915, without Poland; for 1916 without Poland and XNorth Caucasoa.

The chief sunflower-growing centres in Russia, are Kouban,
the provinces of Voroneje, Saratov and Tombov, and the region ol
the Don.

According to WoLrF, sunflower-cake has the following percentage
composition ;: water 10.8 — ash 6.7 — ernde nutritive elements : albumi-
noids 32.8; fibre 13.5; N-free extracts
27.1: fat 9.1 — digestible nutritive ele-
ments: albuminoids 27.9; N -free extracts
25.1; fat 8.1 — Nutritive ratio 1: 1.6.

Sunflower cake, like linseed-cake,
contains muecilage which gives it dietetic
properties, but it also contains narcotic
substances.

KeELLNER advises sunflower cake
for dairy cows at the rate of 2 to
2.5 kg. per head per day. It is also
gooid for oxen and sheep that are being
fattened, and can be eaten with advant-
age by horses, though it does not suit
pigs as it fails to make firm fat.

There are two kinds of sunflower
cake, one made from whole seeds, and
the other from decorticated seeds. The
latter is much In request in North
Europe as a feed for dairy ecows. In
Denmark, it has been found that as
compared with an equal weight of
cereals, sunflower cake increages the
yield of butter and milk and improves Fic. 53, — Sunflower,
the quality of both products. From BEUTTINI A., op. cit.

(1) Ci, INTERNATIONAL lxstiTUurE oF Askievnrone, Oleaginous Products and
Vegetable Oils, pp. 84-85. Rome, 1023,
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These eakes, which are diffieult to grind, keep well for a long time.

In addition to sunflower-cake properly so-ealled, there are also
“sunflower residues ” composged of the integuments with a varying
admixture of whole seeds. The analysis of this residue according to
KrinGg is as follows : water 8.9 9 — crude protein 18.4 9, — ecrude
fat 3.1 9, — N-free extracts 25.7 9, — crude fibre 39.4 %, — ash
4.5 9%.

Hemp Cake. — When in good condition, and free from foreign
substances, hemp-cake can be fed to adult animals especially to
draught-horses, but KeLLNeER advises the quantity being always
limited to 1.5 kg. per head and per day. Oxen and sheep that are
being fattened may be given 2.5 and 0.5 kg. respeetively.

In the case of mileh cows the amount must be limited to half
a kg. per day, as hemp-cake is hard to digest, rather heating and
may even cause abortion.

Aeccording to Worrr, hemp-cake econtains: water 11.9 9%, —
ash 7.8 9%, — crude nutritive elements: albuminoids 29.8 9 ; fibre
24.7 9 ; N-free extract 17.3 9, ; fat 8.5 9 — digestible nufritive
substances: albuminoids 20.9 9,; N-free extracts 16.4 %; fat 7.2 %
— nutritive ratio 1:1.6. Hemp-cake makes an excellent fish-bait
and a good food for fish in ponds, fish preserves ete. It keeps badly
however especially if it is not salted and is very dry. It ecan be used
as a fertilizser.

Camelina cake. — Camelina ( Myagrum sativum 1.) is a relatively
little-grown Crucifera of which the seeds supply oil for illumination.
KELLNER states that the plant forms a somewhat insipid stock feed
with a smell resembling that of onions and mustard. It imparts
a disagreeable taste to milk, butter and meat, and may even cause
abortion, therefore it iz regarded az a feed of little value, if not dan-
gerous, and should always be used very sparingly.

According to WoLrF, its percentage composition is as follows:
water 11.8 — ash 6.9 — crude nutritive substances: -albuminoids
33.1; fibre 11.6; N-free extracts 27.4; fat 9.2 — digestible sub-
stances : albuminoid 26.5 ; N-free extracts 26.6 ; fat 8.3 — nutritive
ratio 1:1.4.

Beech-mast cake. — Beech nuts, or mast, can be fed hulled and
ground to adult swine and catile either dry or as a mash but should
never be given to horses, as serious and even fatal symptoms may
result. An oil is extracted from these seeds which is used in the
mountains both for illumination and for cooking. (See p. 340).

DEHERAIN gives the respective percentage composition of whole
and of decorticated beechnuts as follows: nitrogen 3.85-5.94 —
phosphorie aeid 1.06 — potash 0.72 — oil 4.2-7.5.

A beech-nut eake highly recommended for cattle has been made
in Germany. Its starch value is 40 9 and its percentage composi-
tion, according to 2 samples, i3 as follows: water 16.35-10.07
— crude  protein 18.50-22.2 — fat 4.40-6.90 — N-free extracts
29.90-34.30 — fibre 17.70-21.5 — ash 11.20-4.40. Whole beechnuts
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are poisonous (Porr) but the hulled seeds can be fed to stock at
the rate of 2 kg. per 500 kg. of live-weight. When cooked, they
make a good poultry-feed.

The injurious substance present in beech-mast is probably an
alkaloid produeed when the seeds begin to decompose on the damp
earth ; it is especially toxic to horses, but appears to have little effect
upon cattle and swine, provided the amount fed is within the limits
preseribed above. It is best to cook the mast before feeding it; eare
must be taken to throw away the water in which the nuts are boiled.
Sheep and goats refuse beech magt cake made from undecorticated
nuts, but poultry eat it readily.

The fat and butter of animals fed on this cake is a little soft,
but this can be remedied by supplementing the ration with a small
amount of bean-flour, peas, or soja.

Madia cake. — This is made by pressing the seeds of the Cruei-
fera, Madia sativa Mol. The oil is used in soap-making. The cake
appears to contain an injurions prineiple (a weak narcotic); only
sheep that are being fattened can eat it and they in small quantities
only (KELLwer). Porr limits the amount to 2 kg. per 1000 kg. of
live weight.

WoLrr gives the following as the percentage composition of this
cake : water 11.2 — ash 6.7 — Crude nuiritive substances : albu-
minoids 31.6; fibre 25.7; N-free extracts 9.8; fat 15 — Digestible
nutritive substances : albuminoids 22,1 ; N-free extracts 9.4 ; fat 12
— nufritive ratio 1: 1.8.

Walnut and Hazelnut cakes. — Walnut cakes contain certain
bitter substances rendering them unsuited to dairy-cows, but they
are a good feed for work-oxen and steers that are being fattened, and
alzo for swine and poultry. These cakes quickly turn rancid and
in this condition should only be used as a fertiliser as they impart a
disagreeable taste to animals fed on them.

Contrary to the generally received opinion, Bussarp and Frow
maintain that walnut cakes promote milk production.

According to WoLFF, their percentage composition is as follows :
water 13.7 — ash 5 — ecrude nutritive substances : albuminoids
34.6 ; fibre 6.4 ; N-free extract 27.8 ; fat 12.5 — Digestible nutritive
substances : albuminoids 31.1; N-free extracts 28.2; ifat 11.2 —
nutritive ratio 1:1.8.

One analysis quoted by KLING gives the following percentage
composition : water 9.5 crude protein 9.5 — erude fat 9 — N-free
extract 46.3 — crude fibre 23.7 — ash 2.

A similar eake is made from the nuts of the hazel (Corylus avellana
L.): It has the following percentage composition : dry matter 92.9
— nitrogenous matter 17.4 — crude fat 62.6 — N-free extracts 7.2
— crude fibre 3.2 — ash 2.0. Aeccording to Porr, however, the
number of analyses made is not sufficient.

Hazel-nut eake is superior to walnut-eake in so far that it con-
tains no bitter substances but stock do not eat it readily unless mixed
with walnut-cake ; it is rarely put on the market. Hazel-nut cake
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first pressed hot and then cold still contains 8-14 9 of oil: PiroTTA
and COSRTANTINO (1) recommend it as a stock feed and when ground
also for human food.

These authors found the percentage composition of dry hazel-
nut cake to be as follows: total nitrogen 8.3 — protein substances
51.8 — N-free extract 30.0 —invert sugar 15.4 — fibre 10.3 — ash 7.4.

Tobaceo cake. — G. PARIS (2) has conducted some experiments
with the oil and cake made from the seeds of Eastern cigarette to-
bacco (Xanthi-Yaka, Herzegovina ete.). One plant of this tobacco
produces 2.5 gm. of seed as against 40 gm. obtained from Brazilian
tobacco.

Italy could produce as much as 200 to 250 metric tons of tobacco
seed, a residue which iz at present entirely unused and wasted.

The percentage composition of tobaceo cake is: water 9.17 —
erude protein 21.87 crude fat 37.68 — starch and sugar 6.05 —

pentosans 2.90 — bre 7.15 — erude ash 3.84. The ash contains :
1.97 °, phosphoric acid — 22.12 9, sulphuric acid — 3.45 %, =oda
— 28.05 9, potagh — 9.54 lime — 14.63 magnesium.

The percentage compogition of a tobacco cake made at Cerignola
was : water 11.83 — erude protein 28.63 — erude fat 1.64 — N-free
extracts 31.41 — fibre 19.90 — ash 6.59. No nicotine was present.
Diigestibility coefficients : protein 65 — fat 80 — N-free extraets 75
— fibre 45 — nutritive ratio 1:1.8.

From 250 metric tons of seed 80 tons of oil can be obtained and
between 160 and 170 tons of cake for a stock-feed, or fertiliser.

Cherry and Plum-stone cake. — Experiments have been made
in the United States to determine how refuse cherry-stones can best
be nused. When the oil has been extracted (see p. 336), the residue
makes a good feed for stoek, its percentage composition when dry
being : protein 50.87 — ether extract 15.10 — N-free extracts 42.13
— fibre 8.90 — ash 3.94.

A cherry-stone cake contained : crude protein 8.3 9, — crude
fat 6 9, — N-free extracts 25 9, — ecrude fibre 46 9, During the
war, the stones of cherries and of other fruits were nsed very suceess-
fully in Germany, for making cakes for a stock-feed.

The following is the percentage composition of a cake made from
plum-stones : ernde protein 4.1 crude fat 4.5 — N-free extracts
20.50 — erude fibre 57.0.

Cake of Pumpkin seeds (Cucurbita sp.). — In South Hungary
and other counfries where pumpkins are largely grown, an oil is
extracted from the seeds and the residue makes a digestible cake
with a good flavour, though it easily turns raneid if any considerable
amount of oil has been allowed to remain in it. The cake made of
undecorticated seeds is better liked by stock than that made from
decorticated seeds.

(1) R. Pirorra and A, Cosrantivo, Utilizzazione di piante alimentari selvatiche, R, Adee.
Linced, Com, Scientif. per UAlim, Rome, 1819,

(2) Cf, Ballettine teendeo del B, Istitido Scientifico-Sperimentale del Tabacco, Year XVII,
Mo, 1, Scafati, 1920
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The following table gives the percentage composition of several
secondary cakes.

Cakes Water | °™9® | orpgerat| Nfree | Crude |
I protain axtract fibre
— _— _ = - |. -
I |
Sinapis arvensis . . . . . . . . .5 a5 5.6 | 3056 13.8 10,2
Giedzotio vlesfere . . . . . o . o 88 28.5 4.6 26.1 17.56 14.6
e s o L M e S 12.4 12.9 7.9 3l1.4 284 7.0
Dedson-pips o & win DS —- 221 108 27.9 - —_
Eriondendron anfrastuosum (Ka- ! |
PRI i Sone e e 9.5 308 5.3 i 221 24.2 | 5.1
| [}

Amongst other secondary cakes may be mentioned: olive residue
cake — grape-seed cake (see p. 178) and those made from cumin
(Cominum Cyminum), caraways (Carum Carvi), fennel, celery, coriander,
anise, mustard, and ecastor-oil seeds and from the seeds of Lepidium
sativum L., Thlaspi arvemse 1., Avabis sagittata D. C., Currant,
Cornus sanguinea L. (bitter and astringent), and Saembucus nigra L.
(emetic and carthartic). Castor-oil eake is poisonous, even in small
guantities. KELLNER says that after the poison has been removed
or destroyed by boiling or steaming, it can be fed to stoeck but as a
rule, agriculturists prefer using this cake as a fertiliser.

Itice bran eake. — Rice bran already mentioned (No. 17), when
freed from fat by means of pressure and solvents, makes a good cake
for stock and still contains 8-9 9, of fat, and 17-18 %, of ecrude pro-
tein. When treated with solvents it is almost free of fatand containg
50-55 9%, of starch and keeps better (1).

A cake iz alzo made from sweet almonds and from bitter almonds
respectively, The former is good for ¢ows, but the latter is poison-
ous owing to the presence of amygdalin and emulsin, substances
producing prussie acid. Both these cakes are employed in the manu-
facture of the almond flour required in perfumery, consequently their
cost would in any case prevent their being used to a large extent as
stock-feeds.

The above remarks apply also to apricol-cake.

20. — Olive 0il Residues.

Although olive oil rezidues are often compared to cakes made from
oleaginous seeds, it is best to treat them separately, all the more since
they are the by-produet of fruits, not of seeds, and are handled generally
in broken pieces rather than in the form of moue or less thick cakes,

(1Y Ci. Il Giorn, di Risiculiura, Year VII, Nos, 11-12, 13, 15-18, Vercelli, 1917, and Year
IX, Mo, 9, Vercelli, 1919,
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According to P. Cuppari 153 hectolitres of olives weighing
12,660 kg produce about 77 hectolitres of residue weighing 6,000 kg.
for subsequent washing in the separating mill. After washing, these
77 hectolitres give about half this quantity of stones and 9.5 hecto-
litres of skins from which the oil is extracted. The rest is a sediment
that makes a good fertiliser.

Prof. G. BriganTI in a wvaluable article (1) says that olive re-
gidues when freed from the stones and reduced to flour have been
repeatedly found to form a good stock-feed especially suited to
cattle. On the other hand, the residue containing the stones may pro-
duce serious digestive trouble and should not be fed to cattle, or even
to swine, although they are less susceptible. The stones are removed
by means of special apparatus like the Braccr, Romel, ToccHI and
RossINI stoners, or a cereal winnower of which the sieves are adapted
to this purpose.

Two workers ean obtain daily 1000 to 1200 kg. of skins.

Prof. F. Braccr estimated that 60 to 60 parts out of 100 of this
residue can be used, the rest is made up of stones. He gives the
percentage composition of the residue freed of stones as follows:
fat 11.63 to 18 — ecrude protein 11.50 to 11.68 — N-free extracts
22.41 to 41.38 — erude fibre 19.16 to 24.12 — Digestible albuminoids
5.77. These figures, especially those referring to the fats, vary with
the kind of cn]nes the method of treatment ete.

As regards the rations fed, Commander CoLosso d'Ugento (Lecce)
gave the following :

Horses : morning and evening, oats and straw; midday, a mix-
ture of 14 olive residues and 2/; flour of leguminosae instead of
bran.

Caftle and swine : in addition to hay and straw, a mixture of
[y olive-residue flonr and 14 flour of leguminosae.

Pogs : olive residues up to 5 9, of the ration.

Prof. Braccor recommends : Oxen and cows 2-4 kg, — Calves

2 kg. — Fattening swine 0.8-1.5 kg. —Sheep and goats 0.2-0.3kg.
I’r is better to give the olive residues as mash or wash mixed with
other substances that contain little fat and mueh nitrogen.

The fresh residues must not be allowed to turn rancid or they
may become injurious.

Residues that have been exhausted with earbon disulphide,
dried and winnowed to separate the stones from the pulp and skins,
can algo be used az a catfle-feed, if mixed with barley, bran ete.

The percentage composition of olive residues as found by analysis
at the Agrienltural Experimental Station of Modena was : digestible
fat 3.80 — digestible albuminoids 7.20 — N-free extracts and digestible
fibre 39.10 — nutritive ratio 1:6.7 — commercial nnit 65,44, The
residues are fed at the rate of : 1 kg, per head and per day to cattle
and swine — 250 gm. to sheep and goats,

(1) i, G. BricaxTr, Liutilizzazione dei easeami dell’olivieultura netl’alimentazions del
bestiame, Bollotting della Socictd degli Agricoltori Daliond, Year XVII, No, 16-17, 1912,



FEED FOR LITVE STOUK 161

During the War, olive oil residues were successfully used for
feeding pigs. Prof. CuGNONI (1) made an interesting study in this
connection. The erude residue may contain 50 %, skins and 50 9,
stones, the skins are separated by winnowing and given to
stock. -
This author made experiments in feeding pigs on fresh olive re-
giduez and on those that had been exhausted by the usual solvents.
The respective percentages were as follows :

Fresh olive Exhausted olive
resjdues residues

ey sababancees. . . . - . & 0w . o= os s a ; 80.908 o0 85,71 9
Digeatibla uit.rngonmr_ﬂc aubstances . . . . . . . - 5. 30 5. 60
N:free extracts and fbre. . . . .. .. 0oL 30,05 35,08
Lo L e e e e e e e o e e . 0.908 170

Olive residues could be substituted for maize flour: 117 kg.
of the latter was replaced by 148 kg. of fresh winnowed residues
(sking) and by 165 kg. of exhausted residues (skins). They caused
no inconvenience to the animals employed in the experiment, and
the coarseness of hair attributed by the peasants of Umbria to this
diet was less observable with the exhausted residue than with the
fresh residues.

Subsequently (in 1917), Prof. CuvanonNt conducted other feed-
ing experiments on 3 cows (2) which were given fresh olive residues
for 3 periods each lasting 30 days (the first and third period serving
as a control; the ration consisted of hay - maize-meal -+ bran
beets ; in the second period, the bran was replaced by an amount
of olive residue of equal food value with the addition of 15 9, of pea-
nut cake, that is to say, the mash contained instead of 2 kg. of
bran, 1.8 kg. fresh residue free from stones in addition to the
peanut cake.

From these experiments Prof. CueNoxr coneludes that olive
regidues should be very fresh, thoroughly freed by winnow from all
stones and supplemented by a concentrate. Under these conditions,
they have the same influence as bran on the produetion of milk, fai
and live-weight, while they are more available than bran. Olive-
oil residues are thus eagily fed and are most suited to all stock, espe-
cially dairy cows and swine.

To give some idea of the total quantity of olive-oil residue that
could be turned to account in Europe, the following data of olive-oil

(1) Cf. Il moderno Zoviatre, Year IV, Bologna, 1915,
{2} L'Industric Initiera e zooteenica, Years XVII and XVIII, Reggio Emilia, 1918.1920,

11
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production may be quoted (1). By the help of a coefficient (2-2.5)
the corresponding amount of fresh residue obtained has been deter-
mined ; in order, however, to allow ample margin for cost of labour,
transport, preservation ete., this coefficient may be reduced to 150 kg.
of fresh residue per 100 kg. oil.

Metrie tons oil

2 ) R e e e S e B B . 252,251 (1909-19158)
el Dt e R e i 174,259 fid.)
R s e e B S s 0n e R ' 08,775 (1914-1918)
Pasbugal et a e e e 3 28,225 fid.)
ADBETIB . o 2w w ea owie wa s S, T it ol 3,669 (1909-1915)
Toniad . v oaon o T o e " i 30,083 {id.)
T e SRS M R S e e ot 26,147 fid.}
Total - - 613,409 metric tons
Correspanding fresh offve.ofl residue . | S20.004 W W

Assuming that equal amount of stones and skins respectively are
available whether for the extraction of oil (by separating-mill or
by solvents) or for stock feed, the following figures result for the
production of olives in Europe:

gking' .o oo 0 0w s o s 460,067 mefric fons
ghones. . . ¢ v s o o s o v s » HO0067 B

The extraction of oil from the residues, especially by means of
solvents, has however been largely developed, and thus the skins freed
from the stones are only available in part for feeding stock although
the exhausted skins can also be employed for this purpose, as has
been seen.

Sinee on the other hand, at least 12 %, of oil (putting it at a
very low average) can be extraeted from the skins, if we take from
the total quantity of sking produced in Europe (460,057 m. tons)
the amount of oil that can be extracted from it, 55,206 m. tons, a
mass of exhausted sking remain (404,850 m. tons) which can well
he fed to live-stock.

It is easy to ealeulate the enormous quantity of nutritive prin-
ciples eontained by this residue which eould be turned to better and
more extensive account than is done at present. To obtain this es-
timate we take as a basig the figcures resulting from the analyses of
the fresh and the exhaunsted olive-sking above mentioned which give
the following annual averages :

(1) INTERNATIONAL INSTITOTE oF AGRICULTURE, ¥earbook of Agricuftural Statistics, 1917-
1918, Rome, 1920, p. 111.
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Fresh residoe Exhangted residos
m. tons m. tons
o i a7 e s e e T 413,954 348,907
Digestible nitrogenous substanees, . . . . . . . . 24649 23.035
Nfres extracta and Bbre., . - - . . o . 0 . 0 LE5, 0 143 236
10578 e i o el e e R e e 45913 . BR2

As was said above, Prof. CUGNONI has been able, in feeding pigs,
to replace 117 kg. of maize by 148 kg. of fresh olive-oil residue and
1656 kg. of the exhausted residue. According to these figure, the
amounts of maize flour equivalent to the above given masses of re-
sidue would be as follows :

Fresh olive oil residue 460.0567 m. tons = Maize flour 363.673 m. tons
Exhausted olive oil residue 404.8560 m. tons = Maize Hour 286.374 m. tons

I |
{ O o
iz
e
o {

=
»

"
o A e

ﬂ.ir{-

Fii:, &4, — Dingram showing the average world production of olive-oil residue (figures .
iven anboval.

Black = fresh residue — Hatched = exhausted residue, — No, 1 dry matter; No, 2 dig-
estible nitrogenous substances; No, 3 N.ree extracts and fibre ; No, 4 Fat,

21. — Residues of Sugar Refineries (1).

Beet pulp or slices — These are the completely exhausted residues
of the beet, sometimes called diffusion pulp. The pressed slices have
logt a good deal (156 to 50 9) of their water, and are more suited for
a stock-feed. When fresh, their average percentage composition is

(1) Cf, : 1) KELLXER, 0., op. cit. — 2) J. FRIT80H, op. cit. — 3) P. Razous, op, ait, —
1) Banrow, H., The Agric. Gazette of New Sonth Wales, Vol, XXV, p. 12, Sydney, 1914, —
5) Kocra, FPuklings Landw, Zeil., Year 66, Nog, 5-6, Stuttgart, 1916, — 6) C, O, TowxseExD,
By-Products of the Sugar-Beet and Their Uses, U. 8, Dep, of Agric. Repr. from Yearboolk,
1908, Washington, 1906, — 7) R, C, Carnoway, Feoeding Black strap Molasses to Young
Calves., Lowrstana St Unie, Agric, Erp, Stat,, Bull. No., 180, 192],
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as follows : water 90-92 — protein 0.9-0.6 — fat 0.2-0.1. — N-free
extract 6-7T (MUNERATI).

After pressure while still fresh (20 9 of the weight of the beetroot)
they contain, according to CORENWINDER: water 71.42 9, — sugar
3.62 9, — fat 0.628 9, — fibre 10.346 9, — nitrogenous sub-
stances 2.381 9, (nitrogen 0.381 9,) — pectose and other investing
substances 9.434 9, — mineral substances 2.172 9, (1).

For an ox weighing 600 kg., the maximum ration, according to
WouFr, iz 32 kg. of erude slices {95 % water), whereas up to 47 kg. of
preszed slices (85 9, water) can be fed, corresponding to 53 kg. of
unpressed sli{%f this gives an un:-leaaml consumption of more than
60 9, due to pressure. Silaged pulp can be given at the rate of 15-20 kg.
a day to calves 4-6 months old, of 50 kg. to cows, and of 70 kg. (in
two rations) to oxen that are being fattened.

The above-mentioned pulp is used just as it leaves the diffusor,
and its nutritive value is very low, for it only contains about 13 9
of nutritive substances. Henee in order to obtain 130 kg. of useful
matter, 1 ton of pulp containing 370 kg. of water must be used. Such
pulp is troublesome to transport, further, the growers are obliged
to remove all they want within the short period uf about 2 15, months
and to preserve them in gilos ready for daily use as required. The pulp
loses about 40 9, in the gilo. After 7-8 months, it weighs 980 to 1050
kg. per cubie metre.

Therefore, provided the price of fuel is low, it is best to dry the
pulp, as iz done in Germany.

The average percentage composition of the dried pulp is as fol-
lows : water 12 — ash 6.5 — protein 8 — fat 1.2 — fibre 18 —
N-free extracts 55 (of which 5.7 9, is sugar).

It keeps well for a long ’I.IIIH" Before being fed to stoek, the dried
pulp must be made to absorb the necessary amount of water hj’ putting
it to soak in the great vats in which the mass is mixed up 2 or 3 times
_a day: 100 kg. of dried pulp should be put into a vat of 5.5 hectolitres
capacity. After 24 hours, it may be given to the animals. One hecto-
litre of dried pulp weighs from 27 to 28 kg. The daily ration for a
work-ox is 4 to 6.5 kg. with the addition of hay, straw and oil-cake.
A cow is given 4 to b kg. without the addition of hay, straw or eake or
3 kg. if these are added, or elzse may be fed 30 to 40 kg. of moist pulp.
Sheep receive 0.6 kg, per head withont any addition of hay ete., and
horses are given 0.4 to 0.5 kg. daily.

Molasses. — This is the residue of the beet-juice after the erys-
tallisable sugar has been removed, but it still containg a quantity of
sugar that cannot be separated from the other substances with whieh
it 18 mixed.

Molasses represent 2 9, of the weight of the beets and contain 4(]
to 45 9, sugar (which forms 63 to 71 % of the dry matter), 10 to 12 ¢
mineral substances and 5 9%, digestible albumin. The mineral snh-

{1} Cf. P. Horsix-Dgox, '_i'rﬂ.itﬁ de la fabrigation duo suere de beteerave, L, Geisler,
Paris, 1911,
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stances are composed in a large extent of potassie salts, but a little
lime and a very small amount of phosphoric acid are present.

According to WoLFF, their average percentage composition is
as follows : water 17.2 — ash 8.26 — nitrogen 1.28 — phosphorie
acid 0.06 — sulphuri¢ acid 0.16 — potash 5.87 — lime 0.41 —
magnesinm 0.03 — soda 1.01 — silica 0.03 — chlorine 0.82.

Beetroot molasses 18 a viseous liquid or even a paste, of a dark
colour and possessing a characteristic odour. Its water content va-
ries greatly : it may range between 15.56 and 32 9.

Molasses is much usged in alecohol manufacture, but also serves as
a stock-feed. It can be given alone, when sufficiently diluted, but is
best used for sweetening other foods, rendering them very acceptable
to animals and obviating any danger of eolic, or other disturbances of
the digestive system. The execipients employed should be waste pro-
duets or residues suitable for feeding stock and not more or less inert
substances such as saw-dust, peat, fanning refuse, walnut flour, and
maize stems etc. The best excipients are: brewers’ grains, forage
cakes, maize germs, brans, and cereal offals. These should be mixed
with about 50 9%, molasses. Straw is also a good exeipient.

With the exception of straw mixed with molasses, all other feeds
containing molasses must be regarded as coneentrater to be fed in the
following quantities per head and per day : horses of 500 kg. 1.4 to
24 kg. — adult oxen 2.4 to 2.5 kg. — sheep and swine 0.500 kg.
As regards straw mixed with molasses, 6 to 7 kg. can be fed to cattle,
0.6 to 0.7 to sheep and 1 to 2 kg. to pigs.

Sugar-cane molasses can also be used as a stock-feed. BArRLOW
has made a food composed of 80 9 molasses and 20 9 sugar-cane pith

of which the percentage composition was: water 18.3 — ash 8.8
— fibre 9.3 — fat 0.4 — albuminoids 8.4 — sugar and digestible
fibre 54.8.

Dairy cows given 3.17 kg. per head and per day yielded much
milk of good quality but the economic results were not satisfactory.

In order to eomplete the statisties given for the root-collars and
leaves of beets (see p. 111), we will now give the amount of pulp, mol-
asses and their pereentage of nutritive substances calenlated from the
average world produetion of beet.

The pulp iz estimated from the pressed pulps, which according to
CORENWINDER, i8 20 9% of the weight of beets used. The nutritive
substances are reckoned on the basis of the data of the analysis made
by CORENWINGER.
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TABLE 1. — Amounts of crude nufritive substances present in the
pressed pulp of the sugar-beets produced in the world during the period
1909-1910 to 1918-1919, laking the total production as 47,469,510 m. tons.

Amount of pressed pulp . . . . . . (20 95) 0,491,902 metric tona*
B e e R e S e (3.62 95) $43.607 " v
7 P e i (e e S s i) (e (0.628 %, A0, 606 » "
ol T R A e e (L0345 %) 851,837 C "
Nitrogenous matter , . . . . . . . . (2,381 %) 226,002 " "
Nitrogen of nitrogenous matters . . . (0381 9 36,164 » "
Pectose and investing substances . . (0,434 %) HO5, 466 "
Mineral substances . . . . . . . . . (2.172 9% M, 164 ® i

(*) The amount of pulp, or slices, dried to the extent of 5 9% was 2,372,975 metric tons.

TasLe 11. — The nutritive substances and fertilising matlers con-
tained in the molasses from the world production of sugar-beets during
the period 1909-1910 fo 1918-1919, the amound being estimated at
47,459,510 m. tons.

] T e L O e e (295 049,190 metric tons
BRI e L i {45 %1 427,135 n »
Digestible erude albumin . . . . . . (5 95 47,459 o
BRFraEanG - 0 et D e e e (1.28 o2} 12,140 n »
Phosphoric anhydride, . . . . . . . (0,05 %5) 474 o #
] T e Tt S W e el {5.87 94} 55,717 n u

22. — Distillery residues (1).

Potato waste. — After the starch has been used for the manufae-
ture of aleohol, all the other nutritive substances of the potato remain
in the residue. The guantity of water it contains makes its transport
a matter of considerable diffieulty. Its percentage composition is
as follows: water 94.24 — fat 0.130 — fibre 0.566 — ash 0.72 —
albumen 0.99 — amides 0.34 — N-free extraects 3.02.

According to WoLFr, the percentage composition of the ash is:
potash 4.24 — soda 0.73 — lime 0.49 — magnesium 0.81 — iron
oxide 0.16 — phosphoric anhydride 1.846 — sulphuriec aecid 0.67 —
silica 0.312 — chlorine 0.267.

The liguid residues are collected as they leave the distilling appar-
atus and are fed to dairy-cows and oxen that are being fattened.

The dried residues keep well, but owing to the present high cost
of fuel, the drying process is now too expensive.

Maize residue. — This is the waste produet resulting from the
saccharification of maize by means of acids, or barley malt. If malt

(1) CL. : 1) KELLxER, op, cit, — 2} J. Frizscn, op. cit. — 3) E, Porr, op, ecit., Vol. 111,
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is used, the residue is an excellent stock-feed, contains when it leaves
the apparatus employed about 92 %, water and 8 9, dry matter. This
fluid deteriorates very quiekly and lactie and butyrie acids are formed
and moulds appear, so that it becomes injurious to stock.

For this reason, it should be fed immediately, unless the solid
matter can be removed by decantation, pressed, and made into cake,
but even under this form, the residue is difficult to keep and further
has lost 40 to 50 9, of the nitrogen and soluble phosphates which
remain in the decanted water.

The only really satisfactory manner of preserving this maize re-
fuse is to dry it first on great plates of iron heated by steam, and after-
wards in driers with oseillating aetion, and then grind the dried sub-
stance to powder.

When dried in this way, all the nutritive substances present in
the grain are retained except the starch which has been saccharified
and transformed into alcohol. Thus desiceated, the residue ean be kept
indefinitely without fear of fermentation, or mould produetion, and
forms an excellent food for all domestic animals, especially for stoek
that is being fattened. The average percentage composition of dried
maize refuse is as follows: water 9.59 — nitrogenous substances
27.05 — fat 9.24 — N-free extracts and fibre 49.78 — ash 4.34.

The inerease in nitrogenous matter which rises from 10 9 in the
maize grain to 27.056 9, in the residue ig due to the disappearance of
the starch.

Animals nsually eat this maize waste readily ; it is especially suit-
able for draught horses, and is fed dry mixed with an equal amount
of oats.

A work-ox weighing 600 kg. may be given 6 kg. of hay and 6 kg.
maize residue a day. The amount of the latter may be raised to 8.5 kg.
and 2 kg. oil-cake added in the case of an ox that is being fattened.
Maize residue is best fed as a mash. In fattening sheep, 500 gm. of
maize refuse is more profitable than 1.5 kg. oats <+ bran 4 ground
peas, while about 250 gm. i3 a good fattening ration for swine of
normal size.

Maize residue that has heen saccharified by means of acids is no
longer fit for a stock-feed, but should be used as a fertiliser on the fields
near the distillery.

The residues from other distilled cereals (wheat, rice ete.) also form
a good food for stock.

Vinasse, or pomaece, is the residue from the distillation of the must
obtained by the fermentation of starch-containing tubers and the
grain of cereals; it also confains yveast, and its digestible portion is
very rich in albuminoids. The richest of these residues iz obtained
from ecereals, after which come potato and molasses vinasses. But
these last owing to their high salts content are not suitable to be fed
to live stock.

Must residue is always given fresh to animals. Oxen that are
being fattened and dairy cows may be fed 60 litres and 40 litres a day
regpectively. To sheep and pigs that are being fattened only 2 to 3
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litres may be given, while 10 to 15 litres daily suffice for draught-
horses.

When fuel is cheap, this distillation residue can be dried (maize,
rye, or even barley malt, being added when it is to be given to live-
stock) 3 kg. a day may be fed to oxen and dairy cows and 0.500 kg,
to sheep destined for the butcher.

Residue from Cherries. — This is the solid refuse from the distil-
lation of * kirschwasser . It is given alone to pouliry and mixed
with beiled potatoes to pigs. It must not be forgotten that the stones
of cherries, like those of plums, peaches, apricots ete., eontain lauro-
cerasine which when acted upon by the emulsion associated with it
produces prussic acid in the stomachs of animals eauging serious toxic
symptoms that are usunally fatal.

Date residues. — In North Africa, date stones (generally erushed)
are fed to camels, sheep and goats. The dry residues from the dis-
tillation of fermentated dates are also used for the same purposes.
Aceording to Ci. GIRARD, the percentage composition with and without
the dates is respectively: dry matter 52.90 — b53.32, nitrogenous
matter 2.47-2.46 — fat 0.78-0.16 — sugar, starch ete., 22.25-57.74 —
N-free extracts 22.80-17.17 — fibre 3.39-2.56 — mineral substances
1.21-2.24.

23. — Brewery residues (1).

Brewers” graing are the refuse germinated barley after the latter
has been freed from sugar and other soluble substances by boiling in
water for the purpose of obtaining beer must (2). When fresh they are
used as a stock-feed, especially on farms near breweries.

Dry brewers’ graing are mueh more suitable for feeding animals
than fresh ones, as the latter are difficult to keep and cost a great deal
to transport. Not more than 2 to 3 kg. per head and per day must be
given to dairy cows (E. Porr). They may be fed to fattening oxen
and to sheep (0.5 to 1 kg.) as well as to draught horses (1.5 to 3 kg.)
swine and poultry.

Brewers’ grain contain all the fibre of the barley and almost all
the nitrogenous matter and insoluble mineral substances present in
the latter. When {fresh, their average percentage composition is:
water 70.856 9, — nitrogenous matter 4.7 — fat 1.7 — N-free extracts
10.5 — ernde fibre 5.0 — ash 1.2. Dry brewers’ grains contain on
an average : dry matter 90.1 % — nitrogenons substances 21 9, —
fat 7.5 %, — N-free extracts 41.7 9, — erude fibre 15 — ash 4.8 9,
The following coeflicients of digestibility were obtained from experi-
ments with sheep and oxen: dry matter 78 9% — ecrude fat 89 9
— N-free extracts 63 9.

(1) €i : 1yJ. FrirscH, op. cit. — 2} P. Razovs, op. cit. — 1) KELLNER, op. ecit. —
4) The Jowrnal of the Board of Ayriculivre, Vol, XXII, No. 1. London, 1916 — &) E. PorT,
op. cit. Vol, IIT, p. 286 — &) Tu, KoLLER, op. cit. — T) Dr. Max Kurxea, op. cit.

{2) There are also wheat residues but they are of much less importance than brewers'
grains,
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Brewers’ grains are generally fed to stock mixed with hay or chop-
ped straw. They can be kept fresh for some days if put into very
clean bins. If it is necessary to keep them longer, a silo i3 reqguired.
Other methods of preserving these residues are : 1) drying them in the
malt-kiln a8 soon as they leave the brewing-vat; 2) making them into
cake after centrifugation and steam-drying; 3) mixing them with
bran or different kinds of meal, making into loaves and baking in the
OvVen.

Barley germs. — These are the barley developed embryos which
are mechanically separated by the degermer from the germinated
barley. This residue is very rich in nitrogen (4.5 %), sugar, potash
and in phosphorie acid which represents 3 %, of the weight of the
barley.

E. Porr gives the average percentage composition of dried barley
germs as follows: dry matter 90 %, — nitrogenous matter 24,4 — cerude
fat 2 — N-free extracts 42.4 — crude fibre 14 — ash 7.2, From ex-
periments made on sheep and swine by WoLFF and other investigators,
the digestibility coeflicients were found to be: nitrogenous matter
81-76 Y9, — crude fat 68-656 9%, — N-free extracts 76-85 9.

The barley germs are dried and reduced to a forage flour thatis
best mixed with chopped straw when fed to stock.

In caleulating the ration, the same amount of barley germs is taken
as of flour or cake.

Barley germs are much used in Germany ag a food for horses, or
dairy cows : they may also be advantageously given to calves: 2
litres of germs replacing 1 litre of oats. When given to ecows and calves,
these embryos are mixed with beet pulp, or molasses, fed at the rate of
1.6 to 2 kg. per head and per day : 1 kg. may be given to pigs, 1.5
to 2.6 kg. to draught horses and 250 gm. per 50 kg. of live-weight
to sheep. They also make a good poultry feed.

Washing residues. — During the washing of malt-barley, 1 9%
or even more defective seeds that float on the water can be separated
out. These are collected and fed at once to stock, for being wet they
would quickly decompose. If the grain iz very dirty it is best toboil
it first.

The lees from the decantation of beer in the refrigcerator have also
served as a stock-feed. The following are results of two analyses made
respectively by VoLTz and SCHULZE : water 8.5 and 5.9 9, erude
protein 43.6 and 32.5 9, — erude fat 3.9 and 4.1 9%, — N-free extracts
32.9 and 53.4 %, — crude fibre 6.8 and 1.7 — ash 4.3 and 2.4 %,

Hop residues. — These ecan be used both as a fertiliser and
stock-feed. As regards composition, they correspond to clover hay
of average quality. Although experiments in using hops for feeding
live-stock had been made previously to the war, it was only during the
war that they were much employed for this purpose, both alone or
mixed with beer-lees and even with other brewery refuse. When dry
these hops contain 6.2 to 9.6 9% water — 23 to 22.4 9% protein —
37.4 to 28,5 9, N-free extracts — 24.5 to 28.2 9 erude fibre — 5.3 to
4.8 9, ash.
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KELLNER found in his experiments on sheep that the digestibility
coefficient of the nutritive subgtances in this food with the exception
of that of the ernde fat was lower than the digestibility coefficient of
any of the food-stuffs hitherto analysed, only 38.6 gm. protein — 2.4 gm.
fat — 15.5 gm. N-free extraets and 41.1 gm. erude fibre being available.

This iz due, amongst other eauses, to the fact that the erude fibre
contains 24 %, of lignin. Further, the fat (ether extract) is not pure,
but iz mixed with resinous substances, and some of the protein is com-
bined with tannie acid which hinders the action of the digestive fluid.
As animals do not readily eat these hops, they will never be much em-
ployed as a stock-feed. Their digestibility is somewhat improved if
they are ground and fed with other substances; they have been re-
commended as a useful addition to a ration of chopped straw.

We have based our calenlations as to the nutritive substances
obtainable from brewery residues upon the statistics furnished by var-
lous States between 1911 and 1913 (1) viz., almost up to the time when
beer production became abnormal instead of taking the figures for the
quinguennial period 1916-1920. This latter ineludes 3 years of the war
and 2 years of the post-war regime, when the data awvailable were
scarce, there were no returns from Hungary and the Balkans, and the
output of brewers’ grains and barley embryos fell far below the pre-War
figure, and was greatly inferior to the present production. An.inere-
aged supply may be expected in the future, as a result of the revival
of industry and a return to normal conditions in the different countries.

For the European States, Argentina, Chili, United States and
Japan, and for eertain other countries, the following tofals are obtain-
ed by multiplying the beer producfion by the respective coefficients
viz., 6 %, for dry brewers’ grains and 1 9%, for dry embryos:

Dried brewers’ graing. . . . . . . 1,757,188 m. tons.
IDETeH eTEENOR-. v B ey ol e s 292,873 » "

The amount of nutritive substances obtained from the world’s brewery
products during the period 1911-1913, taking as o basis 1,757,188
m. tons of dried brewers’ grains and 292,373 m. tons of dried embryos.

In the brewer”
b In the embrios

grains

m. tons m. taons
Dry matter . . . . . (graing 90.1 : emb. 90 9] 1.5683.226 263,555
Nitrogenous substances (grains 21,0 : emb, 24.4 9) G0, 0009 71,461
| e e . (graing 7.5 :emb, 2.0 9) 131,780 5,875
MN-free extracts . . . (grains 41.7 :emb, 422 95} TH2. 747 124,178
Crude fibre . . . . . (graing 150:emb. 14 95 243.5T78 41,002

(1101, I=reErsATIONAL [ 58TiTeteE oF AcricrnTure,  Imternational Trade in Concentrated
Cattle Feeding stuffz, No. 4, Kome, 1215,
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24. — Yeast or Ferments (1).

Puring the great dearth of food products at the time of the war,
experiments were conducted, not only on active beer yeast, but alzo
on other yeasts and ferments, with a view to determining how far they
were suitable for stock-feeds or for human consumption.

Diried beer yeast is nsed on a large scale as a coneentrate in Germany,
while in England, there are also factories where the dried wveast is
prepared and exposed to the extent of over 3000 tons per annum.
KoLLNER gives the average percentage compogition of this beer-yeast
a8 follows: water 4.3 — protein 48.5 — oil 0.5 — fibre 0.5 — ash 10.7
— soluble earbohydrates 35.5.

Experiments made in Yorkshire have proved this yveast to be a
good food for cows, calves and swine, although cows do not eat it read-
ily, probably on account of its bitter taste. Being very rich in protein,
beer yveast can be mixed with other feeds such as oil-cakes ete,

Feeding experiments with beer-yeast were carried out during the
war at the Leeds Experiment Station (England). The percentage com-
pogition of the yeast was: water 10.9 — crude albumineids (7.7 9
aitrogen) 48.3 — oil 0.5 — crude fibre 1.6 — ash 8.1 — soluble car-
bohydrates 30.6.

In the case of the cows, the effect was compared of an oil-cake ra-
tion of 1.36 kg. per head and per day and that of the same amount of
yeast to which had been added a small quantity of molasses to correect
the bitter taste. The yeast proves a little superior to the cake. With
pige veast was fed in place of the same weight of sharps with the re-
gult that the animals increased more in live-weight, thus showing yveast
to be an excellent pig-feed if given as a supplement to the ordinary ra-
tion of substances richer in starch.

In Germany, beer yveast was fed alone. and also mixed with dried
brewers’ graing in the proportion of 25 9, yeast to 57 9}, grains. The
mixture was dried in a special manner.

The production of beer-yeast is reckoned in Germany at about 4.3
kg, per 100 kg. of barley.

The annual output of fresh pressed yeast is estimated at 70 million
kg. which corresponds to 21 million kg. of dried yeast. A very good
drier is the Sesto apparatus of the * Maschinenfabrik L. Soest and Co.
at Diisseldorf-Reisholz. In 1913, this plant was used in 26 lactories.
The drying operation is similar to that employed for potato flakes, the
pressed mass passes between 2 eylinders turning in opposite directions
and heated inside with steam (2).

(1) CE. : 1) Die Landw, Versuchsst,, Vol, XCII, Partz 3-4, Berlin, 1920 — 2} Landw
Jahrbuech, Vol 47, Part 2. Berlin, 1914 — 3) Késteleh, Yoar 24, No. 76, Budapest 18914 —
4) Landiw, Jakrb, fiir Bayern, Year 6, Noz, 11-12,  Muonich, 1916 — §5) Korncer, TH, op.
eit, — ) Krmxa, Dre, MAX, op. eit.

(2) Cf. Korter, Dr, Ta.,, op. cit., pp. 43-54.
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VoLrz gives the average digestibility coeflicient of the erude pro-
tein, in the case of different animals as follows: lambs 0.5 9% — swine
90.8 9%, — horses 69 %,. The digestibility of the N-free extract varies
from 76 to 100 9

[t can be assumed that yeast generally suits all live-stock and es-
pecially pigs to which are fed according to their live-weight (15 to
90 kg.) from 150 to 600 gm. per head and per day. Milch cows receive
1-2 keg. and horses 0.5 to 1 kg. When mixed with starchy foods, yeast
can be substituted for half the oats ration ; 300 gm. are fed to sheep.
while it is mixed with pastes for poultry; 300 gm. of dried yeast 4
700 gm. potato flakes are equal to 1 kg. of oats.

Hoxcamp has carried ont feeding experiments on sheep and goats
uging for the purpose dried ferments obtained by wvarions processes,
and undried ferments, the so-called deposits of the lees. Sheep digest
both kinds of yeast equally well. From 72.9 to 93 9%, of the protein
was digested. Swine utilise the protein as thoroughly as sheep, and
malke better use of the N-free extracts.

In another experiment on sheep, the value of the ferment pmwd
equal to that of soya-flour. As a pig-feed, however, yeast is inferior to
fish-meal.

From VovLrz’s experiments in Germany, it appears that yeast
increages the fat content of eow’s milk but to a less extent than palm-
oil eake.

In Hungary, bGHhNDL experimented with fmpure beer-yeast viz.,
veast composed of a number of ferments that after a certain tlme
contaminate it and render it unsuitable for fermentation. He analysed
the impure yeast of the F. CzELL brewing at Monostor, and found it
to contain : water 87.67 %, — dry matter 12.33 albuminoids 6.69
— fat 0.14 — N-free extracts 4.49 — ash 1.01.

This yeast cannot be fed to stock in the condition it leaves the
brewery, for it contains too many ferments, has a bitfer taste and a
disagreeable smell: Scmanpr found that after it was cooked sheep
and swine would eat it readily, while horses and cows made no objection
to it after 24 hours when the unpleasant taste and smell had passed off.

No bad effects resulted from feeding to two rams 750 gm. of ¢hop-
ped clover + 250 gm. of yeast; 97.86 9, of the albuminoids were digest-
ed, 82.86 %, of the N-free extracts and 89.564 9, of dry protein which
speaks well for the availability of the yeast. According to KELLNER'S
figures, the starch value is 9.871 gm. for 100 gm. of yecast.

Beer yeast had no special effect in inereaging the milk yield of dairy
cows to which it was fed at the rate of 5 kg. per head and per day as a
supplement to the basal ration (1).

Wine-lees, after being washed so as to remove the tartarie aeid,
leave a residue that ean be pressed and made into cakes. KLING

(1} Beor yoast was also given to dairy cows in Bohemia and the results obtained were
superior to those produced by peanut eake, Cf, Zemedéisldrada Prokralovstpi Feaké T
hibor, V Kterém Smeru Chovu Donjniclze nejlépe pouZivati sufenych kvasnie Pivovarskys
chza Nihrradu Pokrutin * V., Pracue, 1917,
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tried it on pigs in Germany and found the animals digested it well.
The percentage composition of this residue is as follows :  water 60.33
— crude protein 12.86 — crude fat 5.47 — N-free extracts 3.80 —
crude fibre 14.62 — ash 2.92 — tartaric acid that can be neutralis-
ed with caleinm carbonate 1.65 (KLING).

Thiz residue soon alters and becomes muecilaginous, therefore
it should be eaten fresh. The author recommends the crude yeast
used to make this cake being first cooked.

The daily rations per head are: for dairy cows 1.5 to 2 kg.; for
gwine 0.200 to 1 keg.

During the war, a large quantity of arfificial or mineral yeast
(** Kunsthefe ”*, “ Mineralhefe ") was manufactured by a process in-
vented by the ** Institut fiir Girungsgewerbe " (Institute of Fermenta-
tion Industries) of Berlin. In many factories, molasses , ammoniacal
salts and ofther mineral substances were used in making * artificial
yeast "’ which was chiefly used for human food, the small surplus being
fed to live-stock. In order to prepare 10 metric tons of this ferment,
30 metric tons of molasses were required in addition to the ammon-
iacal salts.

Lassar CoLiw, in 1916, suggested substituting urea for the am-
moniacal salts, and enltivating these yeasts in premises adjoining large
stables or cow-sheds, g0 that the produet could be fed undried to the
animals.

In 1917, QuUaDE proposed that the molasses should be replaced
by the waste waters from starch factories or by potatoes boiled with
sulphurie acid, by hydrolysed fibre, the washing-water from wood or
straw cellulose factories, or even by peat, moss, lichens, ete,

Dr. MEYER estimates the stareh valued of mineral veast at 56.9.
The following are two analyses made respectively hy VoLrz and MEYER :

water 5.9 and 11.5 9, — crude protein 52.6 and 45.1 9, — erude fat
5.8 9, — N-free extracts 24.6 and 25.1 9, — erude fibre 0-0 —

ash 11.1 and 18.3 9%.

By means of a special process (not deseribed), a yeast very rich
in fat (*° Fett-hefe ) iz made. Ifs percentage composition is as fol-
lows : erude protein 31.4 crude fat 17.1 — N-free extract 43.4 —
ash 8.1 (LINDNER).

P Grape residues and Grape seeds (1).

Grape residues make a stock-feed before and after fermentation.
a8 well as before and after exhaunstion with water.

(1) A. BrurTINL. Dz, d'Agr. Vol. II. Milao, 1901 — 2) J. FRIT30H, op. cit. — ) A,
Mewozzr and V. Nicooni, Alimentazione del bestéiomee, Milan, Hoopli, 1911 — 4) OTrav:-
Manrescarcnl, [ residiti della einificozions, Casalmonferrate, 1001 — 5) Dr. M, Krixc,
op. ¢it. — 8) 7. Rapax, The Utilisation of Waste Raizsin Seeds, 7, & Iep, of Agr. Bur,
of Plant Ind,, Bull, No, 276, Washington, 1913,
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Chemieal composition of grape residues precious to and subsequent
to exhaustion with water (according fo MUNTE).

Unexhausted graps Exhansted
residues | reaidues
T T e R e S S L et e e 57.20 2% : 63.70 95
Nitrogenous substances . . . e R A R s 4,258 ! 4.1
T e, oM N il Ln s e e M e 1.01 | L0
1 T = T e U s P R S T A 19.08 17.86
i Wi T S e S R e 813 | 85.13
T L S e R B R L i Al traces
WoLFF gives the percentage composition as: water 60 — ash
3.67 — phosphorie acid 0.46 — potash 1.72 — lime 0.4 — magne-
sinm 0.15 — soda 0.02 — sulphuric acid 0.18 — silicie acid 0.38

— chlorine 0.02.

According to O. OrTAVI, 1000 parts of fresh residue contain on an
average: 280 p. stalks — 520 p. skins — 200 p. seeds. The residue
represents 25 90 of the weight of grapes, or half of the the wine produced.

100 kilogrammes of unwashed residue as it leaves the press gives
about 4 litres of water-free aleohol, or industrially, 3-14 litres of 50 9
brandy -+ 2 kg. of refined eream of tartar (2.5 to 3 kg. of the commer-
cial product), 50 gm. of tartaric acid, 15 to 20 kg. seeds and 30 kg. stripped
stalks and skins. Grape residues from which the stalks have been re-
moved contain 67 9, sking and 33 9% seeds. The distilled residue has
the following percentage composition : water 58 to 66 — stalks 20-33
skins 2-3 — seeds 12-16.

Oenocyanin and glycerine are also extracted from grape residues.

The stalks and to a still greater extent the skins make a good
stock-feed. The food-value of grape residue is about half that of aver-
age meadow hay. As grape residues are difficult to keep, they must be
protected from all contaet with the air by meansof severe pressure in
extremely tightly-packed silos, With every precaution, the portions
tonching the walls decompose rapidly and have to be removed and nsed
a8 a fertiliser. One cubiec metre of well-compressed residue may weigh
700 ke.

A better method than the one deseribed above is todry the residues
in the sun, or by means of artificial heat until they contain only 13
to 15 9, of water. In this condition, their food value is equal to that
of meadow hay. Residues of stripped grapes dried in super-heated
air contained : water 6 9, — protein 14.23 9, — N-free extracts
60.25 9, — fat 6.52 — ligneous matter 4.54 %, — ash 8.43.

32 ke, of dried residue is equivalent to 100 kg, of fresh residue.

Ground grape residues mixed with molasses (40 9;) are often fed
to ive-stock. The addition of molasses makes them keep well and the
food value of the mixture is very similar to that of oats.

e L il T
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The seeds make up about 1/; of the weight of the fresh residues.
They can be separated from the dry residues by means of a sieve.

Grape-seeds are rich in easily-assimilated mineral and nitrogenous
matters, but also econtain mueh oenotannin (about 5 9;) and hence
cannot be classified among the really good stock-feeds.

After the oil has been extracted from the seeds (see p. 327) a
cake remains that can be fed to animals (according to CORNEVIN, cattle
may be given 11 to 13 1bs, per day) mixed with bran, sharps, potatoes,
beets, molasses ete, or in mashes. It is also fed whole, or mixed with
oats, to live-stock including poultry, but only in limited quantities.

The percentage composition of the whole zeeds iz as follows:
water 13.40 — erude protein 10 — fat 7 — N-free extracts 35.16 —
crude fibre 29.562 — ash 4.92.

Messrs MExNozzI and Niccornr give the following as the average
percentage composition: digestible albuminoids 2.86 — fat 3.74 —
N-free extracts 20.22 — nutritive ratio 1: 10.2 — eommercial units 36.28.

Kuing quotes the following analyses.

Grape-seed cake Diried grape-seed residues

I, — 1316 II. — 1m7 | Th. OMER H. KEIL

IRRERBENDE . 7 s e i iy ar e .19 100 % 0.9 o Ik 4 %,
Orude protein . . . . . . . 14.2 10.7 11.9 9.7
Ehndasfal: s i ot ol 7.1 1.1 1.3 26
N-free extracts . . . . . . . 33.7 0.5 21.3 278
Crode fibea . . . . . . . . 258 47.1 16.7 145
L] e e e R 9.1 i, 5.9 5.0

The percentage compogition of grape-seeds agh is: potash 27.87 —
lime 32.18 — magnesium 8.53 — oxide of iron 0.46 — oxide of
manganese 0.30 — silicie acid 0.95 — sulphuric acid 2.40 — phos-
phorie anhyd. 27.01 (CrAss0). Other analyses of the ash (3.3 9,) give
somewhat different results: phosphoric anhyd. 16.71 9, — potash 33 9,.
(DEGRULLY). PARIS found respectively : 22,93 and 21.52 9.

This ash forms a good fertiliser. In Lombardy, Piedmont, Emilia
and Apulia there are factories where oil is extracted from grape-seeds.

No first hand information is forthecoming as to any important
stoek-feeding experiments with grape-seed flour after extraction of
the oil with solvents. The * Olierie ¢ Saponerie meridionali  of Bari
have informed us that the few laboratory experiments made have given
results of little practical value. At present, these residues are nsed as
a fuel which purpose they answer very well.

This eonfirms what has already been said as to the food qpalities
of grape-seeds, but for further reference there iz added the following
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results of two percentage analyses made at the *° R. Stazione Agraria
per I'Aridoenltura ” of Bari, forwarded by the *° Distillerie Italiane
of Barletta.

Grape-seed cake

! mixed with Grape-seed flour

i molasses

|
POARENLTO e o e R R oot PR (oA e e b eyt 11.08 %, 12 83 9
Crude profein. ;ou o meene el wie mewoeele | 7.08 &.31
R e e S S SO R e e A S ! 582 B.11
Redooing sugar ., . « « + o s o s 2 a5 e 5o 000 0,00
BRoNIBTORE e e e st e s IR 1.70 0,00
ol e S A i e e e e e R R 43.47 52 50
7 i 8 T M A R Lo MR 8, 599 5.2

Phogphoric acid of ash . . . . . . . ... . .. . | 16.79 17.42

As might be expected, the utilisation of grape residues in Germany
during the War was on a scale quite beyond that found in any other
vine-growing country.

From the autumn of 1916, grape residues were commandeered.
They were dried, and the most of the seeds removed by sifting. The
skins and stalks together with the small quantity of seeds remaining
were dried and ground to residue flowr (or enofarine). The seeds
were generally used for making oil and oil-cake.

The digestibility of thiz flour proved to be low, 31 9, of
the organic matter, 14 %, of the crude protein, 55 %, of the crude
fat, 36 9, N-free extracts and 27 9% crude fibre being awvailable.
According as treated, the crude fibre content ranged from 20 to
over 40 2.

The amount of the flour that can be added to the rations fed to
live-stock may be as much as 2.5 1bs. per head per day for cattle —
1.1 Ib. for sheep — still less for horses. None must be given fto
swine,

The following are the percentages obtained in two analyses by
Kiing : water 6.9-11.2 — ecrude protein 13.5-13.2 — crude fat
6.4-4.5 — N-free extracts 46.1-31.4 — erude fibre 20.5-31.8 — ash
6.6-7.9.

A flour of grape residues disintegrated in some way (the method
18 not stated but it is probably one of the processes described in the
case of straws, see p. 92) had the following percentage composition
according to KLING: — water 15 — erude protein 12.5 — crude
fat 5.4 — N-free extracts 23.6 — erude fibre 28.6 — ash 14.9. The
disintegration process inereased its digestibility, but only to a neglig-
ible extent, hence it was practically to be reckoned as a undisinteg-
rated flour.
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26. — Apple, Pear, and Service-berry residues (1).

The apple residues consist of the pulp which has been ecrushed
and washed several times in order to extract the juice for cider-making.
When unaltered, thiz pulp can be profitably fed either fresh, or dry,
to live-stock.

The same applies to the residues of the pears used for perry.

From one ton of apples, about one quarter of residues results. The
average, immediate, percentage composition of the latter is as follows :

water 74.10 — nitrogenous substances 1.60 — fat 1.36 — sugars
3.15 — carbohydrates 5.10 — fibre 12.56 — ash 2.50. WoLFF
found these residues contained the following digestible nutritive sub-
stances : albuminoids 0.7 — N-free extracts 12.1 — fats 0.5 —

nutritive ratio 1:19.1.

Live-stock readily eat these residues either fresh or dry, if mixed
with straw, bran, etec. They are fed soaked in water to pigs in the
proportion of '/, to '/, of the normal ration.

As these residues quickly alter in the air, they are mixed with
wheat chaff or straw and silaged, after the addition of a little salt,
under heavy pressure,

Apple and pear pomace are principally fed to the live-stock in
the neighbourhood of cider and perry factories, and as the guantity
produced in ecider and perry making countries amounts to some tens
of thousands of tons, these residues are worth taking into account.

When they have turned sour and are thus unfit for a stock-feed,
they are used as a fertiliser, mixed with stable-manure and compost.

The average percentage composition of apple and pear pomace
as given by the results of 3 analyses quoted by KLING (2) are shown
in the table below.

Dried residues of

Apples Pears
T e S e e SRS e e 11.5 @, 70 9%
TIETHLN - OIS e e e e i e 7.7 5.4
T b L e e e 4.0 3.1
5 R g T et R e M A 45 2 35.1
Crude cellulose, 232 24
T i e e e e o e T ey i R 4.3 5.9

The extraction of the juice from the fruits of the eultivated
Service-tree leaves a residue which has been emploved as a stoek-

{1) CL : 1) Bazowus, op. cit. — 2) The Journal of the Board of Agriculiure, Vol, XXII,
No. 8 and Vol XXIV, No, 5. London, 1915, and 1917,
(2) Dr. Max Kri¥G, op. cit., pp. 145.146.
12
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feed in Germany. According to KLING it has an average percentage
composition of: water 60.6 — crude protein 5.1 — crude fat 4.6
— N-free extracts 23.0 — crude fibre 5.4 — ash 1.3.

Mention should also be made of the residues of the fruits of the
arbutus (Arbutus Unedo L.). The sugary juice of these berries is
nsed in the manufacture of aleohol, and the pulp, if fed at once, makes
a good ration for stock. It containg, according to Prof. F. LA MARrca (1):
water 14 %, — protein substances 13.45 — N-free extracts 31.06 —
fibre 34.30 — fat 6 — mineral substances 1.20 — commercial
nutritive unit 71.28.

Currant residues (2) coming from the factories of preserves, syrups
and beverages are especially rich in fat. According to BoUCHER,
100 parts contain: 63.83 parts of water and substances volatile at 1000 C
— 4.49 nitrogenous matter — 8.30 fat — 8.69 N-free extracts — 9.41
fibre — 5.28 mineral substances.

These residues are fed dry or silaged. Sheep may be given 1.5 kg.
of fresh currant residue and 300 gm. of the dried residue per head
and per day.

27. — Tomato residues (3).

Now that the preserved tomato industry has become of such im-
portance, especially in Italy, the guantities of the skins and seeds of
these fruits left after the juice has been extracted are very large.

It has long been known that these residues can be employed as
a stock-feed and a source of oil, but the large guantity of material now
available at the factories makes a still fuller nse possible,

Numerous researches have been undertaken, and mueh has been
published on the subject of the utilisation of these waste produets,
which can also be turned to aceount as a fertiliser and fuel. The former
is the more profitable use.

Chemieal eomposition of dry tomato residues
(flowr made from the seeds and skins).

Digestibility Digestible

Grude substances coefficient substances
DR N S R e AR i % £ s
L .2 e
15 T e e S R 23.1 T7.83 2 17.98
L e T e T B T 20.5 08,47 20,18
]y e Rt e R 25,56 '
N-free extracts . . . . . . . . 17.84 LR

(1) F. La Marca, Il Cforbezzolo, Casale, Marescalchi, 1914,

(2) Cf. R. Gouin, op. eit., p. 220

(3) a) Accomazzo, P. Utilizzazione dei residui della lavorazione del pomodoro. Parma,
Riv, di Agric., 1920; b) Italy occupies the first place among tomato-growing countries ; her
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When these residues consist of seeds without any admixture of
gking, they probably come under the head of KELLNER'S ** full return »
foods, since there is very little loss during digestion.

Tomato residues if given fresh should be fed within 48 hours,
but they are apt to disagree with live-stock, and henee it is preferable
to dry and grind them to rather coarse flour. The oil is always first
extracted from the seeds. The fHour is fed to eattle in the form of a
mash which they soon learn to like and eat with avidity.

In the anthor’s experiments, neither horses nor swine would toueh
these residues. Animals that would eat them kept in excellent con-
dition. They can be fed either alone, in mashes, or mixed with fodder.
Small guantities with a little salt must be given at first, and the amount
increased after 5 or 6 days. These residues have no bad effect on the
milk of dairy cows.

Characters of the flowr. — The flour is ground with the Bamford
mill, and also by means of ordinary grindstones. It 18 brownish-red,
and has a pleasant smell of tomato eombined with a slightly bitter,
but not disagreeable Havour. If the oil had not previously been ex-
tracted, the flour is greasy to the touch. Its speecific gravity is 0.40-
0.45. It keeps well for a long time if stored in a dry place. Even
when whole, it is not alone sufficient to satisfy the requirements of
dairy-cows or growing cattle, but must be supplemented by suitable
additions. Theoretically a unit of hay is equal to 0.62 of this residue.

Accomazzo advizes 100 parts of hay being mixed with 84 parts
of tomato residue. A cow weighing 1100 1bs. that should daily consume
28.6 Ibs. of dry matter may be fed 32.2 1b. of this mixture. Fully
grown oxen when not at work, and weighing 1100 Ibs. need 20.4 Ibs.
of dry matter a day, this can be supplied to them in the form of 22 1b.
of a mixture of 100 parts straw, and 30 parts tomato residue flour.

A complex feed containing tomato residues (1). — This is prepared
by mixing in constant proportions: linseed-cake meal, molasses, to-
mato residues and intaet grape-seeds. The following percentage
have been obtained by analyses : moisture 9.5 — crude protein 15 —
crude fat 8.8 — fibre 23.7 — ash 5.8 — N-free extracts 37.2 —
digestible protein 10.62.

Jxperiments were made on 19 growing steers of the Brown
Alpine breed, this eomplex food being used to replace part of the hay
and oats rations.

annual average production for the period 1908- 1903 has been estimated at about 500,000 metrie
tons. In 1913, 44,700 tons of preserved tomatoes were exported from Italy ; they were sent
principally ta England ; ¢) The total number of tons of tomatoes pulped in the United
Btates in the largest factories between 1914 and 1918 were respectively 68.697; 56,835 ;
27,430 ; 102,047 and 140,185,

The annual quantity of seeds containing 10 9, of moisture obtained from the large fac-
tories aloneiz 1,026 tons ; thisallows 0.5t0 1 kg, per 100 kg, of tomatoes, In 1918, the out-
put of seeds from all the factories was estimated at 2,083 tons. (CL. United States Dep_of Agr.
Bull.,, No. 927, Washington, April 1921).

{1y Dr, D, BrEsTANA, Aloune osscrvazions sull’use di wn mangime concendrato ( Nulritive
Sguassi | nellalimendazione del besifame bovino, Parma, tip. Parmense, 1921,
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As regards the nutritive value of the foods, 1.5 lbs, of this
Nutritivo Squassi is equivalent of 2 lbs. of hay, and 1 lb. to 0.7 Ib.
of oats.

All the animals became acenstomed to this food within the short
space of one week. It was given to the several lots daily for 30 days,
at the rate of 1.5 1bs. (0.75 kg.) to 3 lbz. (1.50 kg.) per head, together
with the other above-mentioned substances.

Nutritivo agreed well with the animals on which it was tried, their
increase in liveweight being greater than that of other cattle to whose
rations it had not been added.

As regards the economic results, Mr. BRENTANA estimates the cost
of the nutritive unit as follows: hay 2 liras — oats 1.90 liras —
Nutritivo 1.87 liras.

The author is of opinion that Nutritive has undoubtedly acertain
value as a stock-feed, and might become of considerable importance,
a8 supplying a profitable use for the residuez of the tomato, a plant
now becoming widely cultivated.

28. — Residues of Citrus Fruits.

When the juice of lemons is employed in the manufacture of
agroe colfo, or caleium citrate, or when it is merely eoncentrated by the
action of heat or cold, the pulp and skins remain, previously sfumate (1)
to extract the essential oil. Similar residues are obtained in the case
of oranges.

According to Prof. GARELLI (2), the fresh and the fermented re-
sidues have respectively the following percentage composition : total
nitrogen 0.6-1.4 — protein nitrogen 0.4-0.3 — cernde fat 1-5.0 —
N-free extracts 61.3-82.2 — crude fibre 9.2-21.8- — ash 4.3-6.5.

The fermented residnes are richer in nitrogen and more readily
eaten by live-stock than the fresh residues.

They are usually given to cattle (3).

29. - Parings from Vegetable Ivory (4).

These consizst of the dust and shavings obtained in working the
seed albumen of different species of plants used for making buttons-
(coroze). The industry has now assumed considerable importance

(1) ** 8fumare * i3 the term applied in Sicily to the extraction of the eszential oil by
prossing the skins of citrus fruoits,

(2) Le Staziondi Sperimentali Agrarvie [talione, Modena., 1889

(3} Porz, E.. op. cit. vol. I11, p. 451.

(4) Ci.: 1) L'[talia agricole, Year LVI, No. 2. Placentia, 1818, — 2) ForumexTi, Resi-
dud agricoli, Milan, 1915, Hoepli, p. 361, — 3) Journal of the Society of Chemical Industry,
Yol, 37, No., 12, London, 1915, — 4) Jowrnal of Agricaltural Researck, Vol. VII, No. 7.
Washington, 1916, — 5) PorT. op. eit., Veol. III, p. 481.
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and the residues, which form a good stock-feed, amount in the year
to several thousands of tons (1).

Hyphaene thebaica (a native of Erithrea) supplies most of the
seeds nsed for buttons in Europe, while in America the seeds of
Phytelephas  maerocarpa  (from  Columbia, BEeunador and N. Perun)
and of Ph. microcarpa are chiefly employed for the purpose. The
geed albumen of the latter plant is the harder. Buttons are also manu-
factured from the seeds of Sagus americanuwm.

During the process are obtained : the saw-dust, the eentre of the
broken seed, the dust and the turning shavings.

These are the residues used as a stock-feed. They make up
85 9%, of the worked kernels, and form a white, light powder used also
as a substitute for coffee.

The corozo of Erithrea (dum) has the following pereentage compo-

sition : moisture 10.35 — crwde protein 4.70 — fat 10.20 — fibre
14 — pentosans 2.10 — N-free extracts (without pentozans) 59. (MEe-
NOZZI).

C. Bears and J. B. LINDsSEY obtained as the average of 9 samples
of American corozo : water 11.39 %, — ash 1.08 — protein 4.63 —
fat 0.92 — fibre 6.89 — N-free extracts 75.09. The latter includes
92.5 9% of mannan (condensation anhydride of mannose) and 2.5 9,
of pentosans. Lignin, starch and dextrose are absent. Itz energy
value is 3785 calories e. g, nearly the same as that of maize flour,
sugar and starch.

The percentage coefficients of thiz corozo are as follows: dry
matter 34 — protein 36 — fat 51 — fibre 72 — N-free extracts
92. To these coefficients correspond the following quantities of di-
gestible substances in 100 kg.: protein 1.89 — fat 0.30 — fibre
4.51 — N-free extracts 70.55 — total 77.25. Maize flour gives a
total of 76.37.

(1) In 1916, about 10,000 tons of these residues were imported by the United States alone,
Italy disposes annually of about 4000 tons, The following data show the importance of this
industry :

Corozo buttons are made in Italy, Germany, Bohemia, France, Great Britain and the
United States. Previous to the war, Italy turned out 50.000 gross of buttons a day, but at the
termination of hostilities this production had fallen to 30235000 gross of which zome were
exported {1,064 tons in 1913 and 2,240 tons in 1920),

In Ttaly, the seeds of the dum palmm (from Erithren) are almost exclusively used for but-
ton manufacture, but in other countries, the taguaof Columbiaete, are employved for the purpose,
2,634 m. tonz of dum zeeds were imported in 1914 and 2647 m. tons in 10920,

Bohemia, France, Great Britain, the United States (2 factories) although producers of
corozo buttons also import them,

Large gquantities are produced in Germany, a rival of Italy in the button-trade.  Thesa
two countriez have at their disposal the largest amounts of corozo residues destined for stock.
feeding (Cf. Mix, rer L'Ixp, Bp 1L Cosy), £ nosirs cemme cio di csporfazic ne  prima e dopo
da guerra, Rome, 1922, po 124),

Prof, 1. BaLprATI, who employs the sawdust of Hypldancne thebaica of the Cheren saw.
mills, along with bran amd cake for dairy cattle, reports that thiz residue damped or slightly
fermented acquires o sweetizh flavour, liked by stock., The husks of the fruits are good fuel
and their azh iz rich in potazh and phosphoric acid. The sarcocarp or pulp of the fruit iz rich
in sugar and an enguiry has been set on foot with a view to its use in the manufacture of
aleohol. (Cf, I Coltivatore, No, 13, Casalmonferrato, 1923,
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Aceording to the American inventor of a patented process (CHAP-
MAN R. M. ete.) this residue iz made more digestible by heating
it to 1380-160° C in a bath containing 1 to 2 9, of sulphuric acid,
or a similar disintegrating fluid, until it become friable and can be
ground into flour.

Vegetable ivory flour fed to 10 cattle for 24 days in guantities
gradually increased from 1 to 6.5 Ibs. a day increased the total live-
weight 27.756 lbs. as against 29.75 1bs. in the case of the control group.

Dairy cows will eat this flour, provided it is mixed with other foods.
On feeding 3 1bs. a day, the milk yield inereased 2 1bs. for every 7 Ibs.
of ivory flour, but for milk production this residue is not quite
equal to maize flour. Sheep will eat it readily if it 15 mixed with
other foods, and seem able to assimilate all its carbohydrates.

Aceording to C. BRIDOUX (1), corozo flour iz superior to groundnut
husks, and rice husks, but inferior to maize flour. It ermde starch
value is said to be 76 %, but the net wvalue is probably only 43, %,
the same as that of bran. This flour does well for mixing with other
substances richer in nitrogenous substancse.

30.

Sweepings and Household refuse.

When dealing with fertilisers, the various ways in which the
above residues can be used for manuring the soil will be enum-
erated (see p. 303). Here, we will confine ourselves to stating
that an attempt was made in the United States to employ house-
hold refuse (after the fat has been extracted) as a stock feed under
the name of garbage, the heavier substances being separated by
the flotation process. The nutritive value of these residues 18 natur-
ally wvariable, but it must be remembered that the Americans do not
class under the head of * garbage ™ inert substances such as horns,
ashes, paper, glags, tins and street-sweepings. X

It has been found that an average of 50 Ib. of garbage are needed
to obtain 1 Ib. increase of live-weight in a pig ; naturally, supplementary
foods were alzo given. The meat of animals thus fed proved excellent.
Sweepings intended for this purpose must be colleeted frequently
and freed from all such extraneous substances.

These rezidues generally snit pigs better raw than cooked. They
must be fed with ecaution, as swine given garbage have been found to
be more subject to diseases than those that receive grain (fig. 55).

F. G. Asproox and J. D. Berovr (1) have demonstrated the
use of sweepings as a swine-feed. These residues are thus much better
turned to account than by burning, or conversion into fertiliser, ete.
In 1917, seven out of 17 cities in the United States were found on
enquiry to feed their sweepings to swine.

(1) Cfr, Comptes rendus de I" Aeadémie-d’ Agriculture, Vol, IV, Paris, 1918,
(2) Disposal of City Garbage by Feeding to Hogs, Cireular No, 50, United States Dep,
of Agr., Dec, 1917, Washington.
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Owing to the variable eomposition of these residues, it is impos-
sible to state the nsual amount to be employed. In the United States,
it is however reckoned that 4 tons of sweepings are required for a pig
weighing 200 lb., for a period of 10-12 months.

[t iz well to boil and sterilise the sweepings before feeding them,
as this treatment allows of the separation of the fat which is regarded
by some farmers as injurious to swine ; further, it removes any danger
of infection. The process is, however, expensive and best followed
in winter when the amount of fat present in the garbage iz higher.
Swine fed on raw garbage are rarely free from skin diseases and in-
testinal worms, whereas pigs which have been given boiled garbage
escape these troubles.

Fia. 55, -— Platform for feeding household refuse to pigs.

From 7. 5. Depd. of Agr., Farmer's Bull, 1133, Washington, 10230,

31. — Wood Ashes and Charcoal.

Wood Ashes. — It is well-known that common salt has a stimul-
ating action and improves the digestion of live-stock, and on all
well-managed farms, blocks and sacks of salt are put within reach
of the animals, especially of the cattle and sheep. Animals, however,
also require a small amount of potash, and as this is rarely present
in their food, it is advisable to supply it by the addition to the ration
of a small quantity of very fine, clean wood ashes: 4 to 10 gm. per
100 kg. of live-weight, per day according to the age of the stock.

Although many cases have been known of animals consuming
without any injury large amounts of potassic salts, it must not be
forgotten that too large doses of potash may produce digestive, mus-
cular, nervous and cardiac troubles.

Young animals and poultry, which need considerable guantities
of phosphorie acid and lime, are given bone-dust. This may be re-
placed by wood-ashes which are always easily obtained. They are
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sifted very fine and then washed to exfract the potash. It is unne-
cessary to free the ashes from the small fragments of charcoal that
are always present.

The average amounts of ashes to be given daily per head and per
day are: 15-256 gm. for young cattle — 10-15 gm. adult cattle —
10-15 gm. calves from 2 weeks to 5 months — 5-10 gm. horses — 3-4 gm.
swine — 10-16 gm. sheep — 4-6 gm. fowls — 1-2 gm. rabbits.

When possible, it is preferable to administer the ashes in milk.

Wood Charcoal. — This is a good intestinal antiseptic; it can
be fed, not only mixed with ashes, but also alone with the forage,
as iz frequently done in England in the ease of sheep. Wood chareoal
is good for all live-stock ineluding poultry from the very first stage,
and up to any age.

32. — Wood Shavings, Sawdust and Bark.

The great dearth of stock-feeds during the War led some persons
to experiment once again (1) with more or less finely ground wood
subjected to a special treatment for the purpose of rendering a vari-
able portion of the fibre soluble and digestible.

In the patented process invented by H. MUHLENBEIN of Céthen
(Germany), the wood is finely ground during its passage throngh
special apparatus, and is then aeted upon in digesters by alkalis and
oxidising substances such as chlorine ; subsequently after being separ-
ated from the liguid and washed, the wood is mixed with other foods
and dried with them.

Experiments were also made with wood-shavings during the
war ; they must be reduced to powder before being fed, otherwise
the stock will not touch them.

I. Brouirrert of Palermo (2) has recently used wood-shavings
ingtead of straw. They were enclosed in a recipient, subjected to
an early stage of the earbonisation process, and then the mass, by
this time very brittle, was ground.

During the war therefore, wood-sawdust was actually used as a
stock-feed, although previously it had been tried and found unsatis-
factory.

New experiments were carried out during the war in Germany,
and at the conclusion of hostilities in the United States at the Wis-
consin Agricultural College. In every case, the sawdust must be chem-
ically treated in order to convert the fibre into sugar ; this iz effected
by the action of dilute aecids, the sawdust being boiled for 1 hour
in dilute sulphurie, or hydroehloric acid, and under pressure (fig. 56).
By this means, 20 % of the sawdust is transformed into sugar,
while the rest is made more digestible. The sugar is extracted with

(1) The use of wood was tried many years ago by SrickmarpT and other authors. CF
Porr, E., op, cit., Vol, ITI, p. 486 and also Krawag, Dr. Max, op. cit., p. 61,
{2) 1. Birvuirrery, Alimentazione gratuifa ete, p. 60, Palermo, 1921,
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hot water in whieh the excess acid is neutralised, and afterwards the
liquid is evaporated till it reaches the consistency of a syrup. This
latter is mixed with the residue that has not been converted into sugar
and a stock-feed very poor in nitrogenous substances 1s thus obtained.
In the experiments made at Wiseonsin, each pound of barley meal
in the ration was replaced by 2 pounds of prepared sawdnst, the latter
forming 26 9%, of the weight of the ration.

Very satisfactory results were obtained with dairy-cows.

From White Pine sawdust 14-18 partz of sugar were obtained
from every 100 parts of dry wood.

Fia, 56, — Taking out sawduat after hvdrolisation in an autoclave,

From [F. 8. Dept. of Agr. Yearbook 1920,

The following iz a good ration for dairy-cows : hydrolised sawdust
25 parts, oats 30 parts, wheat bran 30 parts, semolina flour 15
parts (L).

It should be observed that this process requires a particular ap-
paratus, special facilities and some knowledge of industrial ehemistry,
it is thus not snited to any and every farm.

In conclusion, it is in every case deseribed a question of wood
viz., of a substance which, even if treated so as to convert all its fibre
into sugar, does not merit the name of a food properly so-called. In
time of extreme necessity, it can be used to dilute concentrated feeds
for ruminants only and is never anything more than a make weight.

(1) Daxa, 8 T. Putting wood waste to work, from the Yearbook of the U, S, Depl, of
Agr., 1020, No. 854,
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The best sawdust for feeding purposes comes from the beech
and from deciduous trees in general (PorT), as their wood contains
gummy substances (19.7 to 23.8.9) which are soluble in water, and
yield xylose on treatment with dilute acids.

Oak sawdust is not however good on account of its tannin, while
pine sawdust may be injurious as it is rich in resin.

The following table gives some analyvses:

According to ELING

Plne-wood Birch-wnod

Ekuurt‘gnf.qrdinp strat't: Eﬁg}:“ﬁ y-'i

ELLEMPERGER  and VON DER | ot dectiimmd Young

and P, VAESTIG HEIDE trees bireh-wood
Water: o Bhn Sl e 7.4 0 4.5 9 0.5 o =
Crude protein . . . . . . . L.y 0.7 0.5 1.8 %
By -\ e e et e 0,3 0.4 0.8 (X]
N-free extracte. . . . . . . | 26,2 61.4 37.3 54,2
Crode fibre.. - < « o o0 o« | 4.7 32.5 499 42.7
Mineral substances . . . . . 0.4 0.5 1.7 D

The following analyses made by BucEMANN show that starch
only oceurs in negligible gquantities, and that it is not true, as was
supposed before the war, that sap-wood contains sufficient digestible
starch to repay making it into a meal for mixing with bread.

Wsod Crude protein Fat Starch Ash
Maple . 1.6 % 0.5 9 2.6 0.8 %
Birch 1.1 13 0.8 0.7
Rlder e’ won den i 1.49 .5 1.5 0.7
I e PR B N o | el S e 2.0 0.4 5.9 0.5

According to KELLNER only 14 9 of the organie matter and hardly
any of the nitrogenous substances in wood are digested.

Hoxcamp obtained even lower values. WagNTIG found that in
boiled pine shavings given to horses 7.5 9, of the dry matter and 10.3 %
of the crude fibre was digestible, the nitrogen balance being negative.

The best results were obtained, as we have said, from disinte-
grated sawdust treated with sulphurie acid ; from which was obtained
a food that according to HoNcamr and his collaborators contained
in its dry matter: erude protein 0.7 9, — crude fat 1 9, — N-free
extracts 40.3 — crude fibre 57.3 9, — ash 0.7 9,. In the case of
lambs, the following were the digestibility coeflicients : organic matter
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20.1 — ecrude protein 0 — ernde fat 73.1 — N-free extract 65 —
crude fibre 0.

Thug, disintegration increaged the digestibility, but did not render
it equal to that of the straw of spring cereals,

Disintegrated wood flowr (" Holzzuckerfutter ) is prepared by
boiling the wood in acids and under pressure. The following are
2 analyses made by ELLENBERG and WAENTIG :

I I
e T Ty s Yy B4 9 B.0 9,
T L T e e A R e e Ry e SR 0.5 4.7
LT T R e e L L 0.7 2.1
N-free extracts, . . . . . . . G e 25.8 29.7
PR e e s e e el S G2 5 7.1
e e g I 1.0 1.2

The digestibility of this wood-flour is very low.

A food for cattle, swine and pouliry made by the firm of Brax-
KENBURG under the name of ** Kriegsviehfutter ”” was said to be com-
posed of ground wood and sifted sawdust subjected to some kind
of chemical process, but SCHMOGER and KLING assert that it consisted
simply of the unaltered gawdust of deciduous trees moistened with
a solution of sodium chloride. Its percentage composition is as fol-
lows : water 36.0 — ecrude protein 0.4 — crude fat 0.2 — N-free
extracts 22.7 — crude fibre 38.7 — ash 2.2,

* Rindermehl ”* was a flour of dried bark from which the fibre
had been separated by a special milling. It was supposed to be iree
of tannin, but in reality contained a large amount of that substance.

The following table gives its percentage composition :

I ul
O LR e o e S i S S e s R T 105 5 [ 6.9 9
[ bl R v ] <2 v R o R - o 4.8 4 2
L Tl e e R 1.7 b
Wefennonmiranats; L NaaRE Sn En e ol iEa 38.8 34.2
GhmAde AR, . 5. s md e mps B 11.4 45,56
R e e s R B e e L2.7 .4

Experiments conducted by RICHARDSEN have shown that this
flour can be fed to dairy cows.
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The residues of the bark (of oaks and other trees) that have been
nged for the extraction of tannin and are nearly tannin-free may be
used as roughage, but are preferably mixed with molasses (1).

33. — Residues from Cardboard and Cellulose Factories (2).

In the process patented by C. H. Voier, the residues of the digest-
ers are nentralised by sulphurie aeid, in order to remove the alkaline
substances with which the raw materials were treated. By thiz means
is obtained a fine precipitate consisting for the most part of organic
matter. After it has been isolated by the filter-press, heated, well
washed and again pressed, it forms a eake which is dried and fed to
stock. It agrees well with horses, cattle and sheep.

Porr is doubtiul of this new feed, as detailed information is not
fortheoming.

A. FraNK proposes using the water from the ecelluloze factories
after it has been freed from aldehydes, cetones, and sulphites, and
évaporated on absorbent substances like husks, straw, beet root pulp
etc. This water contains large quantities of ecarbohydrates and of
mineral substances (potash, phosphoric acid ete.)

After it was purified, made into syrup and steam dried, FRANK
obtained from this residue 16 to 18 9%, of sugar, but according to Porr
the cost of these operations far exceeds the value of the food. It is
better employed on the spot to moisten bulky fodders.

Sulphite ecellulose is produced in the cellulose factories by pro-
longed boiling under pressure af 110-140° C with caleinm sulphite lye,
during which about 60 °, of the dry matter is lost. This substance
forms a moist paste, and had the following percentage composition
after being air-dried and ground.

ELLEXBERGER SOHMOGER'S
anid WAENTIG analysis
analysis {Dry matter)
i e el e R e 8.0 9
L e T i e 0.9 o
s e & A L e e e 0.4 i
MErdarstradhs vo s o D S L AT S 17.0 17.2
B e e et e 78,4 70.7

VT Bl RS R R TR R R e T S 1.3 1.3

(1) Other uses to which wood sawdust iz put are as follows : ** spolvero ™ for ovens, the
purification of oile, smoking dried meats, packing-material, strewing on floors of
gymnasiums, riding-schools ete., removing fat from hides, ete., drying gilded metal ete.,
purifying gas, the manufacture of cement, preparation of the matrices in metal moulds,
heating special ovens, poor-gas engines, the manufacture of conglomerates, ete.

(2) Cir. 1) PorT, op. cit., Vol. ITI, p. 485 — 2) Dr. Max Krine, op. cit., p. 65 et 8qq.
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Soda cellulose (*° Natronzellnlose ) was also made by freating the
gaw-dust of conifer wood with soda lye containing different sulphur
compounds. Its percentage composition is given below.

Bpruce wood Pine wood
R R e et o i e R T R et B.6 ° 5.8 o
[ E e T T R e S 0.5 0.5
Y P T S R R S S e 0.2 0.2
P T EE AR, o L W e e e = . 1%.2 14.0
Eragdesiboel s o s S e i R 71.4 77.%
P e S P Tree iR [ e R e R i 1.5 2.2

Its digestibility coefficients in experiments with horses were found
to be: spruce cellulose 87.9 9, — pine cellulose 83.9 9, e. g. higher
than that of sulphite cellulose.

Professors . Scurtt and V. VEzzAx1 (1) using maize rachides and
wheat straw pulverised and treated in an autoclave with mineral acids
prepared a cellulose paste which supplemented by molasses gave good
results with eattle, swine, rabbits and poultry.

34.

Coffee Grounds and Chicory Dust (2).

Id. BRENTANA has tried giving coffee grounds to oxen and dairy
cows in Italy ; for this purpose, he used the grounds of the first in-
fusion after grinding them. Not all the animals would eat these re-
sidues ; cows accepted them after a certain amount of repugnance,
and consumed 700 gm. per head per day without any ill effects. In
the case of work-oxen, it was found possible to replace half the bran
ration by coffee grounds without eausing digestive trouble.

In many parts of Germany, during the War, coffee grounds
were collected and fed to live-stoek. According to . BEYER, the di-
gestibility of their erude protein is very low : 11 to 20 9%,

As regards composition, coffee grounds are comparable to coarse
wheat bran and to rice bran. The perecentage composition of 2 sam-
ples of the second infusion was as follows: water 9.456 and 11.42 —
fat 11.64 and 12.45 — nitrogenoug matter 11.68 and 11.50 — starch
17.0 and 22.47 — N-free extracts, second sample 14.81 — fibre,
second sample 25.30 — ash 1.71 and 2.03.

These residues must be kept very dry and powdery. One cow
can eat 2.2 lbs. (1 kg.) a day; an ox 3.3-4.4 lbs. (1.53-2 kg.) on an

(1) Ann. B, Staz. Chem. Agr.. Turin 1920, Vol, VIILL

{2) Cf.: 1) BrExTANA, D, La Riforme agraric, vear 1, No. 7, Poartpa, 1920, —
2)Arvcn, F., in L't Agric., year LY, No, 10, Piacenza, 1018, — 3) Krnixe, op, eit.,
p. T4
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average, and a horse 0.8 kg. (1.75 1b.). but not more than 0.4 kg.
(0.9 Ibs.) should be fed. Coffee grounds improve the composition and
quality of cows’ milk ; pigs digest the fat they contain exceedingly well.

The chicory residues, except those found mixed with the coffee
grounds, are the dust that falls in the places where chicory is roasted
and packed. Their percentage composition is as follows: erude pro-
tein 4.2 — ernde fat 1.1 — carbohydrates 55.6 — inulin about
30 — sand, soil, ete. 16.3 The presence of the latter substance prevents
the chicory residues being used as a stock-feed. They have however,
been employed in Germany in the adulteration of rye bran.

35. — Tin-Works Bran refuse (1).

In tin-factories, wheat bran mixed with palm-oil is sometimes
used for polishing the sheets of metal.

In the United States during the war, this bran was put on the
market under the name of * Palmomidds . It was separated from
all particles of metal by an electro-magnet.

Although this residue has been found to be a good food, it i8 not
likely to become of much importance owing to the limited amount
available. Further, it remains to be seen whether during the polishing
process it does not acquire a smell rendering it unpleasant to animals.

36. — Slaughter-house Offals and Carcases (2).

Slaughter-house offals are generally used for manure, as we have
said elzewhere (see p. 246), but if properly prepared, they can also
be employed for feeding live-stock. Their use for this purpose was
creatly intensified during the war and it is this use in the different
conntries that calls for attention.

Blood. — This may be regarded as the chief residue and the one
that ean be nsed for most purposes. It is usually given dried to live-
stock.

At the Purdue University (United States), a lot of calves were
fed the following mixture : maize flour 8 parts, lingseed meal 1 part,
liquid blood 12 parts and 1 part steamed ground bones. The mixture
was dried at 600 C for 4 to 6 hours, and then ground. Before feeding,
it was moistened with a little water and then diluted with tepid water.

The calves given this mixture increased about 14 ke. daily per head.

(1) Ctf. The Board of Agriculture of Ohio, Vol ¥1I, No. 4. Columbus, Ohio, 1817.

(2)CE. : 1) Purdue Undv, Agr, Exp, St., Bull, 246, Lafayette, Ind., 1920, — 2) The Journ.
of the Mindstry of Agr., London, 1920, — 3) Deutsche Landw, Pr., vear XXXI1I, No. 12.
Berling, 19156, — 4) Ann, de Chim. anal. et de Chim. appi,, 2d a .t 1, No. 2. Paris, 1919, —
i) Poner, E, et Razovs, P, Les Déchéts et Sous-Produits d' Abatteirs, de Boucherie et de
Fabriques des Conserpes de Viande, Paris, Dunod et Pinat, 1908, —_ﬂl] Port, B., op. ait,;
Vaol, ITI, — 7) Kriwa, Dr, Max, op, cit,5) — AgrEpoE, Dr. Fr, Dise Umgestaltung der -
Dentschen Viehzucht nach dem Kriege., Berlin, P, Parey, 1918, p, 7.
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During the war, many firms sold dried blood for a stock-feed.
When well prepared, it is a powder with a slight smell and has the
pleasant taste of salted meat.

Experiments were made with it in England by L. NEWMANN,
who fed dried blood, in addition to a basal ration of maize flour and
wheat offal, to 28 pigs. The pigs were divided into 2 equal lots,
one control lot and another that consumed 140 lbs. of dried blood in
11 weeks. At first, the pigs did not tolerate their new feed well,
but they =oon grew accustomed to it.

It is advisable to add about 10 %, of phosphate of lime to dried
blood powder. Not only cattle, but algo fowls, pheasants and turkeys
ete. will eat it when mixed into a paste.

If mixed with molasses and absorbent substances like bran, and
subsequently dried, blood makes an excellent stock-feed (it is given
at the rate of 1 1b. per 500 lbs. of live-weight).

Its percentage chemical composition, according to DuBovs is:
water 7.33 — amides 3.32 — albuminoids 24.62 — fat 1.04 —
sugar 7.50 — N-free extracts 42.20 — fibre 7.02 — mineral sub-
stances 6.97.

_ By means of a process patented by F. Scavirzer of Munich, an

excellent and digestible food for animals can be made from defibrined
blood from the abattoirs by converting it into a congealed mass that
iz easily soluble in water and then liguidifying and evaporating it at
about 30 C under reduced pressure. The dried material must not
be heated to above 400 C.

A houszehold method of preparation ig to heat the blood to 1000 C
during the sueccessive separation of the serum and the drying of the
coagulum. The coagulum is then ground to an odourless powder which
keeps well and can be profitably fed to stock, especially to ealves
and sheep. When given to young animals, it must he mixed with
milk.

Of importance also are the experiments of GAUDUCHEAU (1) who
during the war studied the utilisation of blood from the abattoirs either
alone, or mixed with various other animals, or plant, residues. The
chief prineiple of his method consists in subjecting these substances to
the action of alcohol yeast. In the case of the blood, 39, sea-salt and
15 °, of * hydrochlorie hyvdrolysat of starch  are added. The latter
iz obtained by heating at 120° C for two hours an aqueous solution
of 4 %, eommercial hydrochlorie acid containing 15 9 of manioe
flour, or some other equivalent starchy substance. Then, a pure
eulture of aleohol yeast is introduced, and as soon as fermentation has
get in, a layer of oil is added to produee anaerobic conditions.

This fermented blood, when given in a small guantity to young
rats, greatly increased their growth,

(1) A, GATDUCEEAU : a) O, B, dc. des Se,, t, CLXVI, 1918, p. 1068, — b)) 0. B. de In
Soe, de Biolegie, t. LXXXTIT, No. 30, 1920, p. 1341, — ¢) Sur quelques aliments fermentés
utilisables par Uaviculture. Travawz du Premier Congrés Mondial d’Aviewlture at the
Hague-8cheveningen, 5-9 SBept. 1921, Vol. I, p. 118,
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GAUDUCHEAU suggested at the World’s Poultry Congress held at
the Hague-Schevenigen in 1921, that experiments should be made
to ascertain whether blood would have the same effect on poultry.
For the latter, it would probably suffice to add a little fresh blood to
their rations.

Ten grammes of dried blood might be given to poultry per head
and per day.

Cakes made of blood and bran with pure yeast were fed to ducks
by REMPLER, a breeder in Eure-et-Loir. and very savoury meat thus
obtained.

When speecial produects are not available GAUDUCHEAU says that
home-made bran or-manioc cake would answer the purpose with a
little blood added to make it more tasty. This would be a gooi
method of obtaining meat of superior quality, for the flesh of animals
fed on these cakes is said to have a speeial flavour.

Pawnch and rumen. — During the war, the German Minister of
Agrienlture ordered that the managers of public abattoirs were to de-
liver to pig-breeders the contents of the paunch of eattle, and the blood
residues, as soon as the animals were slaughtered. To 100 kg. of this
content were added 20 litres of blood, 20 kg, of peat mixed with mol-
asses, 1.5 kg. of salt and a little lime. The food value of 100 kg. of
this mixture wag equivalent to that of 400 kg. of potatoes.

BeEcksTROEM of Berlin has patented a process in which the
contents of the paunch are mixed with ehopped hay and peat which
absorb all the fluid, and then allowed to ferment at 40° C. until the
strong liberation of gas has ceased, after which the mixture iz dried.
If the contents of the paunch are placed in receptacles having the inner
surface of their walls covered with peat, the latter acts as an isolating
and absorbentumaterial which retains the peat and takes up the ligquid.
During fermentation, the fibre is decomposed, and the mixture has a
slightly acid reaction, but as soon as liberation of gas ceases, it becomes
almost neutral. The unpleasant odour at first noticeable goon passzes off.

In order to drain away the liquid, the contents of the stomach
may be extended on an inelined plane and dried in the sun, or by some
other suitable means.

This food is especially liked by draught-horses and swine. Ac-
cording to Gourx, it has the following percentage composition : ni-
trogenous substances 10.30 — fat 1.70 — ecarbohydrates 47 —
fibre 31.90 — mineral substances 9.10.

The meat used to make sonps and extraet of meat and afterwards
dried and reduced to powder had already been employed as a stoek-
feed or fertiliser many years before the war. During the war, however,
the produection of thiz meal must have been very limited since meat
that had been used for making concentrated extracts was instead
put into ting and sold for human consumption.

Meat meal is rich in highly digestible albuminoids and its low
content of mineral salts iz compensated for by other foods. Its average
percentage composition is: dry matter 89 — albuminoids 72 —
fat 13 — N-free extraet 0.3 — ash 3.7.
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To pigs it is fed mixed with the flour of grains rich in phosphate
at the rate of 50-300 gm. per day. A little salt is added.

From bones, alimentary meals are made for cattle and poultry,
they are sold nnder various names, such as pig meal and ** pig compo ',
produets manufactured in Australia.

The serapings of hides destined for the tanneries have always been
used for glue and fertilisers, but during the war they were also used
as fertilisers after they had been dried and ground. Their percentage
is very variable : water 7.1-14.9 — nitrogenous substances 55.8-82 —
fat 3.3-14.7 — ash 2.2-25.4 (KrING). These residues form a
digestible food that can be given to all animals in place of protein
feeds.

In Germany bone-glue dried and coarsely ground has also been
used mixed with digintegrated horn serapings (zee p. 197).

When speaking of animal residues used as fertilizsers, we shall
treat of the manner in which carcases (see p. 246) are employed for
this purpose. Here it may be mentioned that amongst the other
methods adopted there is that of steaming under pressure which
allows of the fat being separated and produces an excellent nutritious
meal of about 13 Y%, of the weight of the carcases treated. This is
used like the bone-meal mentioned above.

37. — Fish Offals (1).

A fish-meal forming a stock-feed with a high albuminoid and phos-
phate content, but relatively poor in fat, is made from fish that are
not uged for human food and with the regidues from tinning and salting
factories viz. the heads, fins, tails, liver, intestines, ete. Of the albu-
minoids present fibrin is the chief, then albumin and ecollagene.
The fat eonsists almost exclusively of stearine.

These substances are boiled to extract the oil and then dried and
ground to powder.

Fish offals have long been used on a large seale in Germany.
P. LABICHE says, © Germany has shown us that the future of the

(1) Cf : 1) P. Razouvs, Les déchels ¢f sous-produsls industricls, Paria, Dunod, 1921, —
2) P. LanicRE, Condribution d Peffort économique de Uaprés-guerre, L Utilisation des résidus
de Uindustrie de lo péche maritime el de la jabrication des conserves de poissons, Paris, Du-
nod at Pinat, 1917, — 3) Marminon: Dr, ¢, El valor de log harings de peseodo y de carne en
el engorde de cerdos. Buenoz Aires, 1914, — 4) Annales de la Soe. des Sciences Nat_ de la
Charente Inf,, Nov, 1920, — 5) The Journal of the Board of Agr., Vol, XXI1, No. 7 and 8,
Yol XXIII No, 1. London, 1914.1918, — 8) La Fie agricole ¢f rerale, Year X, Vol, XVIII,
No. 10. Paris, 1921, — 7) Agr, Jowrn, of Indio, Vol, I, p. 4, Caleutta, 1914, — 8) Undited
States Dep, of Agr., Bull. No. 610, Washington 1917, — 9) .J, M, Banrrerr, Fish wastes
for feading animals. Thirty-third ann, Kep. of the Maine dgr. Exp. Stat. Orono, 18917,
p. 200, — 10} Deunizche Landiw. Pr., Year 48, Noa, 20 and 36, Berlin, 1921, —11) Porz, E |
op. ¢it., Vol, TIT, p. 672, — 12) Krmxae, Dr, Max, op. cit,, p. 172, — 13} Geo, Martiv,
Animal and Vegetable Oils, Fats and Waxes, London, 1920, — 14) OrowraER, Fish Meals
8z & Food for Live Btock. Ir, Hoard of Agr,, XXVI, 1919, — 15) The Farmer and Stock-
breeder, 18th Aug. 1910,

13
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fishing industry lies in the utilisation of its by-produects and
residues *’

Fish meal (*fish guano ™) contains on an average: 53 9, protein
— 6 9, fat — 6 9, organic matters — B8 %, water — 27 9, ash
(lime, phosphoric acid and a little potash).

Over 90 %, of the albuminoids are digestible. E. Danrn found
the percentage of a French fish meal to be as follows: protein 60.02 —
fat 9.65 — mineral substances 18,90 — water 14-40. Its digest-
ibility was 90 9, and its nutritive value 72.9 %,

The chief countries producing these residues are North Ameriea,
Sweden, Norway, Germany, England, France and Portugal.

In the large factory of Altona (Germany) the fish offal is sorted
and then dried by hot air in a cylindrical dessicator that revolves
horizontally. The dry residue containg 15-30 9%, of oil ugeful in various
indugtries ; it ig extracted by means of petrol in large closed extractors.
The oil-free residue is made into pig-meal.

In France, at Aytré near Rochelle, fish offal and rejected fish are
dried in an autoclave without first extracting the oil. The pro-
duet obtained is a fine powder of amber colour, with a strong smell
of fish. It contains b5 to 60 %, erude protein and 10 to 15 9, calcie
phosphate. It is fed to swine and poultry, but should not be given
for one month before the animals are killed, as otherwizse their meat
has a slight fishy taste.

The fish not used for meal is made at the same factory into a pow-
dered fertiliser containing: 3 to 4 9, nitrogenous matter — 7-9 9
phosphorie acid — and 2-3 9, potash.

Large quantities of fish offal come from the fishing villages of
Seotland and the East coast of England; these are used in the
manufacture of: fish guano — fish meal for cattle — and
fish oil.

The composition of fish meal iz very variable, as is seen from the
following figures quoted by GROWTHER

Moisture., . . . SR A

Albuminoids {Pmtem} I S i | | {!}{]% digestible)
L3 e R SR o S S =S RC 1.3-6.7

T e T LR S D || 1L

Common salt. 0.6-5.3

Carbohydrates, {Jtllulusv feﬂ 0.3-4.2

This meal has a high food wvalue, as is proved by the following
figures : digestible protein 54 9, — digestible oil 4 %, — food units
145 — price of food unit (in 1919) 3 shillings.

Fish meal of inferior quality and a brown colour which is prepared
from stale offal cannot be used as a stock-feed, but makes an excellent
nitrogenous and phosphatic fertiliser oentaining 8.03-9.59 9 N, and
1.72-20.28 %, of phosphates.

If the oil eontent of the meal exceeds 3 9%, it may impart on un-
pleasant smell to milk and meat.
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Taking it on the whole, the addition of 14 to 29 9, of this meal
to the basal ration increased the live-weight of pigs. The amounts
to be fed according to the results of experiments made in Great Britain,
Germany and Norway are : for cattle, 2 kg, per 1000 kg. live weight —
for pigs 110 to 225 gm. per head according to their live-weight —
100-200 gm. ean be given to sheep — only 10 9, may be added to the
ration of adult fowls and 5 9, to that of pullets. Fowls must be given
fish-meal containing little fat and the birds must be accustomed to
it gradually.

In France, farmers have reached the point of giving swine as much
as 300 gm. of fish-meal a day, subgtituting it for an equal amount of
other foods. The increased live-weight was obtained at less cost when
this meal was fed. It also seems beneficial to piglings suffering
from enteritis and osseous cachexy.

At Coimbatore (British India), an experiment was made with 10
cattle, 5 being fed a ration containing fish meal, and the other 5 receiv-
ing none. The amount of meal given was 340 gm. per head and per day.
At the end of 6 weeks, the animals were quite aceustomed to their new
food, but their live-weight remained a little below that of the control
lot, e. g. 6,804 kg. as against 6,849 kg. It appears that fish-meal
promotes sexual maturity.

On the experimental farm of Leeds University and of the York-
shire Counecil for Agricultural Education (England), experiments were
condueted for 22 weeks with piges which were given bran and shorts,
gradually replaced by an equal weight of fish-meal. This produced
an excess gain of 590 gm. in live-weight per head and per weck during
the first period, and of 635 gr. during the second period.

The manure of pigs thus fed fetched nearly three times as much
per ton as that of the control animals. The use of fish-meal up to 1,
of the total ration somewhat inereased the cost per head per week.
The meat and fat acquired no unpleasant smell.

At the Experiment Farm of the Burean of Animals Industry
(United States) of the Washington Department of Agriculture, this
meal was experimentally fed to 12 three-months-old Berkshire pigs.
The lot fed fish-meal in addition to their ordinary rations increased
4.53 kg. more in live-weight than those given tankage as a supplement
to the same ration,

The ** Bezugsvereinigung Deutscher Landwirte G. m. b. H. " of
Berlin has recently placed on the market a food called ™ Maismast-
futter * which is composed of maize residues and fish-meal ; it has the
following percentage composition: ernde protein 18.3-20.8 — erude
fat 5-6.2 — N-free extiract 45.5-54.4 — fibre 5.4-9.

This food was given to fully grown swine at the rate of 2.3 lbs.
(1. kg.) a day with 17.5 lbs, (8 kg.) of steamed, erushed potatoes,
for 4 weeks, after which the guantity was inereased to 4.4 1bs. (2 kg.)
per head. The results were good, and the fish-meal had no deleterious
effect upon the guality of the meat.

In Germany, on the initiative of the ** Kriegsausschuss fiir Ersatz-
futter ”’ (War Commissariat for Forage Substitutes) a meal was made
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from dried, ground mussels which suited swine and fowls, especially
if fed in small quantities (25 gm. per 100 kg. of live weight). Its per-

centage composition was as follows: water 1.7 — ecrude protein
10.6 (pure albumen 8.7) — crude fat 1.1 — N-free extracts 2.7 —
erude fibre 0.8 — ash 83.1 (12 9% sand and 1.6 %, sodium echloride).

The small lobsters and shrimps from the North Sea were used in
Germany for making an alimenfary meal for swine and poultry.
Their pereentage compogition is given in the following table.

Diried lobsters Dried shrimps
L F A i S e ol B R e R 15.9 o 9.3 9
Chmi e PEODEINL. = s aitiete woiaweias e e e e 52.9 56.3
e e e T L e 1.9 5.0
L iy o T Ly P N P e R e 101 o
e B B e e s el ol
P T e e b R S P | 176 18.6G

38. — Dairy and Cheese Factories residues.

Spoilt milk. — A disfinetion must be drawn in this connection
between the by-produets and the residues. The by-produets (casein,
skimmed milk, whey, milk sngar, lactic acid) eannot be dealt with here.

We must however, consider buiter-milk which has the following
percentage composition: water 91 — fat 0.5 — casein and al-
bumin 3.4 — lactose 4 — mineral substances 0.7. It is a true re-
gidue of butter-making.

Whey, like buttermilk, iz good for pigs, provided it hag not become
altered by putrid fermentation which easily sets in.

Among the residues properly so-called is milk spoilt from various
causes, which e¢an nearly always be used for stock-feeding (1).
1f the alteration is due to contagions disease the milk must be boiled
before use. Should putrid fermentation set in the milk must not
be given to animalg, but it ean be used ag liguid manure for watering
dung and composts.

(Cheese residues. — These are obtained by paring and seraping
the cheeses when they are taken out of the forms ; these residues are
rich in nitrogenons substances and fat, and so, provided they are not
too salt, they suit animals well.

They must naturally be given fresh and free from mould. These
residues are soaked in water and used to moisten forages of inferior

(1) Cfr.: 1) A, Rorer, Les Industries annexes de la Laiterie, Paris, Baillidre, 1820,
p. 134, — 2} E, Porr, op. cit., Vol, 11T, p. G82,

R—
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quality. The amounts fed should be moderate. Aceording to GouUrn,
the following quantitites are injurious : 250-300 gm. for pigs ; 500 gm.
for sheep ; 3-6 kg, for eattle.

39. — Disintegrated Hair and Horns.

Aiming at economy in the protein substances fed to sheep,
N. YUNTZ (1) conceived the idea of supplyving the cystine (7.3 2,) ne-
cessary for wool formafion in the form of hair or other epithelial pro-
ducts rendered digestible by chemiecal treatment.

The experiment was made on two sheep taking all matter required
for fleece formation from disintegrated horns; the rest of the ratlon
consisted of disintegrated straw and of swedes., The nitrogenous mat-
ter was furnished by 8-10 gm. of digestible horns per head and
per day.

After 4 months the fleeces of these sheep were softer and the dia-
meter of the staple was 14 larger than in the case of the econtrol lot.

It would however appear that further experiment is necessary
to prove that horng, even if subjected to special treatment, can be
rendered digestible and nutritious. This opinion is confirmed by the
resulfs of recent experiments made at the Institute of Animal Physiology
of the Berlin Academy of Agriculture (2).

In his experiments on sheep to which disintegrated, digestible
horns were fed LEHMANN did not obtain a definite result and it was
only in certain cases that any thickening of the fleece was observed.
For this reason he rejeets the favourable results obtained by HELLDORF.
He does, however, allow that digestible horns may have a stimulating
effect on wool production, but denies their having any food value.

Although it is premature to draw conclusions as to the value of
these substances, LEEMANN states that when the rations of sheep are
poor in concentrated foods, and their wool seems likely to be too fine,
it might be well to thicken it by feeding 25 to 50 gm. of digestible, dis-
integrated horns per head and per day.

40. — Feathers.

During the moulting season, fowls need sulphur. Since feathers
contain thig substance in an organic form, poultry-breeders have been
recommended to give their birds ground feather residues that have been
dried on a sterilised oven (3). Each fowl should receive 1 gm. a day
during mmﬂtlng and 14 gm. afterwards.

It is however doubtful if the nutritive principles of this food are
assimilable,

(1) Biedermann's Zentralblett, Yoar XLIX, Part. 6, Liepzig, 1920,
(2) Deutsche Londwirtachajtliche Zeitung, Year XXV, No. 15. Hanover, 1921,
(3) Cfr. I. BiLLaTTERT, Alimentazione grafuite, ete. Palermo, 1921, p. 71,
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41. — Chrysalids Silk-Worm Castings,
Cockchafers larvae, etc. (1).

It iz well known that during the reeling of the silk, the chrysalids
remaining in the basins constitute annually a large mass of residue
from which the fat ean be extracted, and which serves as a stock-
feed and fertiliser.

Every 100 kg. of raw, reeled gilk corresponds to 110 kg. of dry
c¢hrysalidg, so that the ehrysalids represent about 79 9, of the weight
of the fresh cocoons. These chrysalids contain 16 to 18 9 (and
according to some authors much more) of an oil suitable for making
ordinary soaps (see pag. 344).

The percentage composition of the entire chrysalids is: nitro-
gen 9-9.5 — phosphoric acid 1.7-1.8 — potash 1-1.1 — ash 5-6.6
— moisture 10-12. They thus make a good nitrogenous fertiliser.

Some people feed chrysalids to pigs, but they seem to give the
meat an unpleasant smell and flavour. Chrysalids can also be given
to poultry, and in Japan, they are fed very successfully to goats.
When freed of fat, they contain 65 to 66 %, protein of which about
half is digestible.

Prof. G. CoLomso, of the Milan *° Laboratorio per studi ed espe-
rienze sulla seta ', has devised a process for making these ehrysalids
into a stock meal. They are first freed from fat, then treated with
water rendered aecid by sulphuric or hydrochloric acid, and finally
dried and ground. This meal is given to cows, horsex and rabbits.
To the first it may be fed in a mash with a little salt and mixed with
rice bran ; in this form it is good substitute for linseed cake (see p. 152).
The author found that 750 gm. chrysalid flour + 750 gm. rice flour
were equivalent to 1 keg. of linseed cake., A little molasses renders the
flour more appetising.

FProf. Coromeo found that a better food produet could be obtained
if the chrysalids were not allowed to become altered by the beginning
of decomposition before and after the treatment of the * ricotti™.
In order to keep them unchanged, they must be quickly dried in a eur-
rent of hot air.

Silkworm castings are mixed with small fragments of leaves;
they have long been used as a supplementary feed for eattle and pigs.
One ounce of silkworm eggs produces about 80 kg. of castings.
The latter must only be fed in moderate guantities, for they have
a strong absorbent capacity when introduced into the stomach of ani-

(1) Cf : 1) ForuexTI, op. cit., p. 22. — Prrocest A, in L' Agric. Ttal, Iil,, Year 1,No. 2.
Milan, 1919, — %) Rowrox1, Boll. del Cons, Prov. di Agric. di & Michele, Year XX XIII,
MNo. 40, 1920, In Italy, the average annual supply of these chrysalids amounts to 6000 tons
from which 900 to 1000 m, tons might be extracted, but as a matter of fact, less than half
this quantity is obtained,
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mals. They are kneaded in water and mixed with bran, beet roots, ete.,
before being given to cattle.

To horses, on the other hand, they are fed dry and preferably
mixed with barley, or oats.

These castings are made into pig-wash and given to pigs which
can eat as much as 1-1.5 kg. of the mixture per head and
per day.

Certain dead insects, like locusts, that are generally nsed as manure
(gee p. 266), when dried and ground may be fed in small quantities
to fowls, if mixed with bran mash.

Cockehafer grubs were readily eaten by fowls, but when the ration
of these inseets reached 30 gm. a day the hens’ eges had an unpleasant
flavour. No doubt 5 to 10 gm. would be enough, for these larvae make
a very concentrated food.

The grubs, which are very numerous in the soil some seasons,
are generally collected, but the perfect insects, either entire or ground,
can also be fed to poultry.

Fresh cockehafers contain on an average : 31.1 %, dry matter — -
20.9 9, nitrogenons matter — 3.8 %, erude fat — 4.8 9 c¢hitin (not
digestible).

Fish (earp) eat whole cockehafers with avidity. Cockchafer flour
is willingly eaten by swine, poultry fish and horses. It can be fed
mixed into a paste with equal guantities of bran.

The larvae of Tenebrio molitor and those of various species of fly
can algo be given to fish,

Chopped-up earthworms are much liked by trouf, and also by
poultry if mixed with bread, barley, boiled potatoes, ete.

42, Synthetic Albumen of fermentation.

Mr. Haypuck (1) has devised a proeess for obtaining synthetie
albumen by means of a speeial aerobi¢ ferment sown on a solution of
sugar and ammonium sulphate. After 5 hours fermentation albumen
is produced.

The studies have been carried out at the * Institut fiir Girungs-
gewerbe ”’ in Berlin,

Instead of commereial sugar, the anthor proposes using the waste
,waters of sugar-refineries and starch faetories containing at least
0.75 9, of sugar, or elze molasses,

From 100 parts of sugar can be obtained 76 kg. of dry matter
containing 50 %, albumen. It was suggested using this dry material
as a stock feed. The chemical composition of this mineral yeast
is as follows:

(1) Cf. : 1) e Dewtache Buekerindustrie No, 30, Berlin, 19156, — 2) Dr, Max Krixe,
op. eit., p. 140,
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‘ According According
to W. WaLyz to D). MEYER
T el W | e e St o+ e S e | 5.9 90 11.5 2
Erade Pk - s R e e e ! 52.8 46.1
LT, T e S S s s o s e ! 5.8 -
Hedren, BODERRIVENE. . hiais wial wa e el g i : 24.6 25.1
Mineral substences . . . . .. . w0 cw v s | 11.1 18.3

The starch value, according to D. MEYER, is 56.9 kg. This yeast
has the same food value as dried beer-veast.

It has given good results when tried on cows and swine. The
production cost of 100 kg. of this albumen has been estimated by
HAYDUCK at 25 marks in the case of factories with an annual output
of 10.000 tons of dried food. Thig figure appears to us very low.

In conclusion, we believe that it is a guestion of giving this fer-
ment the means of multiplying and produeing in its organism, after
the manner of the ferments, albumineid substances at the expense
of the carbon, hydrogen and oxygen in the sugar and the nitrogen
of thé ammoninm sulphate,

In Germany, during the War, nutritive yveasts of varions gqualities
were produced in considerable quantities (see p. 61), but this was one
of the many quasi industrial processes which came to an end with
the cessation of hostilities.

43. — Synthetic Fat of fermentation.

At the Berlin * Institut fiir Girungsgewerbe 7, a new ferment
was isolated that was capable of producing a thick layer of fat in a
special liguid (?). This layer, on drying, had the following percentage
composition : ash 8.8 — organic matter 91.9 — ecrude protein
31.4 — fat 17.06 — carbohydrates 43.44. The fat was a saponi-
fiable oil and, in view of the dearth of fats in Germany during the
war, was recommended as a stock-feed (1).

In order to judge whether this discovery is an accredited fact
of any value, two important points need to be ascertained : the yield
of the industrial process and the digestibility coefficient of the produets.

(1) Cf. Tageszeitung [fir Hrauered, Yooar 13, No, 236, Berlin, 1915,
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g2 (b 47 “.I 0l
1.6 0.2 8.5 O.El; 92.
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12 01 38 13| 0
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48 25 m_:a; 37 m
| 4.2 08143 44| a2
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21, 08 202 6.7 49
1.2 06181 71! 40
23 1.1/17.5 8.2 40
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3.0 o5 27 lI 'i‘.ﬂ-:i L]
3.8 i d-!-!l ﬂ'ﬂi! fi%
6.2 24 305 53 =82
6.0 69 2.2 56| 73
6.7 4.5 4.4l 8.0 20
55 061903 66 41
06 02 61 27-130
26 11 199 fm: 40
s | « | 7.8 ag- 20
7.6/ 1.1|33.6 41! a2
1.6 :]_7|4.u.7 wl 0
37 74| 82
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PART 11.

” BLH_I:_E'_:'S |
| ORUDE PERCENTAGE COMPOSITION nutritivs !
| : || _digestibles | S. -
T — | r—— e p— || |
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ATE | = | # [ = I = 'E""‘l 5T
NATURE OF THE FEEDS || _ | £ | 2 ‘ § , £ £ | £ 4| Z=
£iE(3(8|E | |82 |E|E|3% 5 |es
( Waste products) I% §e£-§t§!§=gi,%s" z =g:£E-§"
= = - = 2 L =
le|8lEIEIE| |57 (8|58 |E[2&|%
= | B --.'if-"| | & z SS9 5l &8
[+ b & = | = | £
2 _ : ,
] | | |
STRAWS i) ‘ :

Coreal straws. | 1 ! !

Winter spelt. . .ls.-s.f 27| L4 315|4¢u ﬁﬂlulﬂ;ﬂ.L’El 08 0.4 220 118 28 0.8 0.7
Spring barley . . . . . llgs.7| 25 1.4 359 30.5) 54 018 0.43 09 05 19.0 21.3| 46 06 100
Barley with clover . . . . . ‘HE-.? 6.5 zu ﬁm 35.4) 58| » | » |‘ 3.2 10 200 184/ 56 24 24.2
Winter barley . . . . . . . laa.r; 8.2 1.4 835 420 56 018 ur:-u! 07 04 ii?iilﬂ 31| 0.5 10.7
>  oats . . .'iaé.?'; 38 16 35.9 387 5.7 0.15 043 ml 0.5!135 209 48 1.0, 17.0
1 e T e st 85.0, 4.8 23364 352 63 » | » | 18 11 200] 19.4| 52 12| 223
W o s e 850 50| 15 315 30.2 48 030 049 17| 0.5 112.2.15| 47, 1.3 205
Rice ... ........ 868 55 22335353108 » | » |25 10 107 201 40 12 180
Spring cereals average . . .i_Sﬁ-.TI 4.7 1.4:3?.5535}.{1 41| » ¥ l.'i 0.4 185 El,l1 -I-ﬁ l.{li 188
» »  best quality . 85.7 6.5 2.3 340 36.4| 65 = | » | 26| 0 |175 06| 50 2 207
Winter Rye . . . . . . . . (857 31 13 33.2 40 41 0.28 0.51 0.6 lun 220 80| 0.4 106
W Nisdih sl e - 857 30/ 12350 408 48 0.20 027 0.2 0.4 133 20.4 82l »| 109
Winter cereals, average. . .| 85.7 3.0 1.2 346422 47 = | » | 02 0. :131 220/ 32| »| 15
» o best quality. 85.7 4.8 14/358 383 54 » | » | 08 05161214 43 04] 107
et | ’ .
Leguminous straws. | i . ' |
Garden bean .||81.8] 81| 11310 380/ 5.4 022116 ml 05 205 155 48 3.2 19.2
| oo R RS A ; m-:l 9.0 16337 355 6.6 036165 43 0.7 185 13.'.J| 34 162
Fodder vetch ; Hﬂ? .0 1.?; 20.8 409 5.3 0.27 1.511i “i 08 15.4 16.4 a5 3.2 127
ugumhmusstmwravamaﬂ .|Ed.ﬂl 80| L0/ 325 380/ 45 » | » | 38 04 18.2 154 '". 3.0 15.2
. »  bestquality| (840 10.2 1.2/33.0/ 345 51 + | » | 50/ 0.5 105 150, 40 88 191
Lentils . . .is-i.uf 13.9) L7 28.133.6) 6.7 » | » || 6.8/ 08 168 137 40 &0 164
Lupin. . . .||84.01 8.5 1.4 308 414/ 39 n.*l-?; 097/ 25 04 200 21.1:' 46/ 14| 194
Red clover . +|840) 91| 1.8 228 44.8 57 » | || 40 06111 164 18] 31 5.8
Yelvet vetch . . . . . . . |84.0 6.7 12/821 809 41 = | » || 28 04162155 33 21 104
Soyabean - . . ... . 840 T4 zu; 38.3 26,1 10.2 0.30 143 3.7 12253 00| 52 30/ 162
Wood vetch . . . . . . . . 85.2 1.1 1.7im.u 37.0| 44| » | = || 87 08150 lm'i 37l 70 127
| |
. , .

Other straws. el ' | | . |
Buckwheat. Alsg0l 48 12 346 382 5.2/ 0.61 095 22 05180 17.2 42 L7 167
Poppy SETEY Ell 1.4 339 33.9 &'-"ll.lﬁ:l.d.'?g 28 0.6 184 15.2 47 ml 17.2
Colza . . . . .iam 25| 1.2/ 38.7 7.8 88 0.3 117 1.0 0.5 20.4 “‘n|| 42 07 15.2
Ground seed-beet. . . . . . s.mi "r'il 0.9 328 36.2 » || 12| 0sl135 00| 56 12 187

HUSKS AND CHAFF I | ‘ |
Cereals. | ‘ { |
T St s R 1048 39 09557 258 80 » | » | 15 04 234 129 85 11 407
P | i e R i,sa.? 8.5/ 1.3 32.6 40.0 &3: mﬁﬂiu.ml 1.1i 0.4 13.9 su.ui 67| 0.7 238

e o e Sl il
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CEUDE PERCENTAGE COMPOSITION ?utrim}-ﬂ = |
digeatibles -
T — || | | E
= | =B |
| & | i g | & E“’I E EE
NATURE OF THE ¥EEDS | _ | S = ' B £ | - (28 < | 4%
121E|5|E1E| (2] . 18]|2|8|E(33 4 |cs
Waste products g'%"' 51 | g = 2/= | = =|§;E E-—-
I a5 ‘g = % = 2 5 . I é & "g E’:E E 18
Blo= E|EIE B 2 | E £ i5 2 = B
& E i L E & |- T | =B
| = # = i I A E
I | | - )
| = i ! ;
| : ; [ |
BRI 5 L |85.5 29 1.5 364 200 128 » | {| 08 05173 144 T4 05 245
Ot 882 50 25 415! 26.7 105/ 0.13 u.:ui 1.0 08 190 134" 70| 1.4 286
| | |
MG e e s 880 48 LI 200 408 ll,ii E » | 1.7 0.7 13.6 151 H-El 1.2] 194
Maize stripped stalks . . . . 869 3.5 0.0 413 389 23 002 002 1.6 0.4 222 195 40| 12 211
EENGHA o e ’m.ni 87 14 328 381 145 017 00 0.4 09 103 04 19| 01 25
S R 85.7) 8.5 1.3 20.1) 44.1 7.7 056 035 11 04 113 220 53; 0.7 220
1 T 5-1.1]' 47 1.7 371 304 10.1/0.40 017 1.4 05 107 146 74 09 243
| | | e
Leguminons. | e | = ‘ ;
Garden beans . | .| 850 107 2.0 325 335 6.3 0.27 0.68| 5.2 10 211 14.4 53| 4.0 218
Poakiion s 2t o s .jsm: 8 12 83.7 354 50 » | {| 4.9/ 0.5 202 159 ml 37 201
Groundnut pods erushed . . 80.9 7.2 29 185 501 22 017 081 28 28 7.2 20 1| 21 01
1025 1L R e S (850 138 1.8 38.4 195 'i‘.l}l 3 » (1201 1-0:25'.25 96 73 B3 303
Lupin |50 68 07 415 301 59 010 044 26 0.2 253 144 mi 18 144
1l | [} | |
Soya bean. . . . .l880/ 6.3 1.5 420 301 B1| = ¥ || 28 03 El).?l 133 | ﬁag 20! 320
L e e e e 850 Mha 2.2 318 323 E.Ei ] ¥ I 51 11 191138 ﬁ-ﬂi 30! 201
|
Other plants. I : | | | | RS
Buchwheat . . . . . . . . 868 4.6 11 254 435 22 » | o | 21 0.5 148 13.17; 50 16 17.8
Cacao hulls, meal . 1000 143 6.2 463 168 T4 » = | 04 52 223 33 88 » | 338
T e e |B=.4! 3.5/ 24350 407 58 045 ljﬁli 14 1.7 13.0/122 &0 1.0 137
I 1
Camelina .1 B8S8 27 11326 45.2 7.2 0.15 1.ﬁu|; 1.0, 0.4 12.1i 136, 52 0.7 141
T e e LN B840, 3.5/ 1.6 344 374 7.1 086 5.44| 15 0F 16.6/15.3 87 11 127
Rape . . . . ... ... .l88 55 15 343 37.7) 78 » | » I1.r.--i 0.6 165 155 36 11 124
Sugarbeet seed waste, ground 840 126 1.8 334 267 » | & | » | 7.2 1'2.15"ﬂi 4.5 71| 51| 188
INDUSTRIAL WASTE '
PRODUCTS R | ; |
Milling. l e
| | ! |
Cotton seed bulls . . . . . 88.5 35 13303407 » | » | » || 02 08 106175 77 » | 207
Coarse buckwheat bran . . 844 8.0 1.8 342 276 28 101 0,23 48 12 200 94| 70 4.3 258
Fine , . .||880 152 4.5/500 113 70, > | » 11_4; 8.4 300, 37| 04 99 552
Bpolb bosni ..o oL - 8T8 15.1 4.3 525 100 5.9 » | = | 118 38 441 x.ai ua;m.a; 0.7
Pea pods . .o .|l880( T.5| 12 819447 29| » | v | 82 0.9/ 25.6 422 83 47| 641
Pea bran . . . .| B8.3 168 17/46.2/ 201 35/ » | » |28 1.2/425 16 02{11.3) 66.7
Pea flour (fodder) . . . . . [ 865 23.4) 2.0 51.0| T.0 3.1 s | » | 211) 14/484 48| 07 184 TLY
Groondout hulls . . . . LJIBDO TO 20185501 22 » | = | 20 2.3_ 78 20l 1 21 01
Groundout bran . . . . . .|BB5 218 181 24.7/105) 54 = | » (163 183 w““i 07| 08 153 787
| 1
Barley bran . . .| BS 148 36 ;'ﬁ.ﬁl 8.5 5.0 092 0.19 125 31495 1.7 96 114 6.0
170 ) 11| (R | 860 10 05 458324 55 016 014 » | 0.2 1085 0.7 ml » | 183
Oat bran . . . . 27 5882168 57 » | » | 3,a| 1.5} 37_5‘ s.ai‘ su| 3.4| 453
i | | | i

_ .:‘tm

7.6
| )
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CRUDE PERCENTAGE COMPOEITION | natritivs =
i i 'i digeatibles -l| v
: - y-'—"'l-__u:l-._'—--hr il
| - | | T ] leil&|B
/] o | =y ! % | | -IIEH g gg
HATURE OF THE FEEDS ,E;_E | .E! % | g .% £ E!"“E-ﬂ ,.;
(Waste products) |‘§ CA R g §|_.E £ ‘f‘: é!!_%i: E:
| g S8 (2|512 8(8 2158528
1BIE(5 (=] |2 (2|5|°|8] ¢
I 0 B e
| | hed o B e
| | | | o B
| | ! ol
MMlet chall . . C .. ... 884, 39 1.2 270459 95 » | » | 08 » | 30 10-116 04 -68
Millet polighines . . . . . . ||00.6 165 15.3 435 85 68 » | » :13.2% 14.5 348 23| u?:u.z' A0.1
Bye bran, average . . . . . [|87.5 16T 3.1 58.0 5.2 4.5 244 018 125 24 429 l'."!' '.T‘B: 0.8 46.9
Wheat bran, fine . . . . . 878 155 4.8 540 80 4.5 225 014120 37 405 1:| 79 111 481
: s ocoamse. . . .|s78{143) &2 522(102 59 + | » 11.ai 3.0 371 2.0 ﬂi Mi 426
Fresh potato pulp . . . . .[|140) 06 » |1L5 1.5; 0.4 0.03 005 =« * S-ﬂl ﬂ.EI 05 » 2.6
i, R o QR laa0 34| 01682 88 55 » | | 2 | > i.'ﬁ_al 11) 95 « | 509
Dried gluten . . . . . . .| 90.0 76.2 5.1 6.2 04 21/ » | » 724 43 43 01 100 707 809
Fresh maize residues . . . . |248 36 18 ]E.ﬁl 28 02 » | » | 20 1.4 15.1| 14| 92 22 105
Dried » » |82 140 5.7 613 43 19/ » | » 1L9 51 558 23 00 107 Ti1
Malveng. . .« » + . 99 237 L6 68 68 21 » | @ |2|11' 1.5/ 468 2.6) 00 18.6| 638
Fresh rice offal . . . . . . ll44.7 186 11 287| 08 07 » | » uii 0.6 E!‘.Ll! 0.4 92 85 328
D G 86.0 20.2 21 552/ 11 L4 » |« |[215 10 503 07 90163 614
Wheat chaff. . . . . . .||255 40 18152 38 07 » | » || 30 14128/ 10| 77| 24 150
Fresh wheat residues. . . .[15.4 20 08 m.ﬁ! 16 04) = | » | 16 05 90 08 80 12 107
Deéd = s L. .. 871 87 17 748 u,sl 1.3 » | » || 67 090 657 G.ai 88 5.6 Odd
. ! - , '
Sugar refining. ! | : | I ! [
Fresh pulp or slices . . . .| 7.0 06 » | 47 14| 0.3 008 013 03 » -.m; l.ﬂi; o4 03 50
Prossed s »o... ... 150 13 0] 89 30| 07 = | » || 07 » | 85| 22| 04 06| 108
Acid ensilage . . . . . 1.8 10) 0.2 7.2 23 09 = | » | 0.5 01 54 12| 00 0.3 65
T e 8.8 81| 0.6 585 17.6) 4.0 015 140 41| » |50.4 127/ 78/ 56| 519
Ondinary molasses. . . . . TR1 105 » |604] » | 7.2 0.05 031 5.4] » 549 » || 87 » | 480
Pulp with molasses. . . . | [000 87 0.3 608 138 6.4 - l » || 48/ » |520| 82| 81| 27 505
Beet slices sweetened . . . .| 014 7.1) 0.4 679/108 42 » | » [ 43/ » |638 o0 77 85| 589
. .
Brewing, Distilling ete. | | _ ‘
Brewers’ grains fresh . . . .| 28.8 5.l| 17 106 51 12080 015 87 15 66 20 86 85 127
> s dried . . . ,lm,n 2L2 75 417 160, 46 o | |151 66 250 77| 84 141 503
American grains, . . . . .|/000 265/ 7.0 421 125 29| » | » :iﬁ'll{l_ GJ}I 253 60 87 188 AT
Dried distillers” grains I'El"l.l 105 7.2 483 lvl-.ﬁi 8.2 » » :IIB-S: E.E; i'll'ﬂ_ 'i'.ﬂ. Sil 128 513
Dried cereal lees. . . . . . 925 25 15 415 13.4| 66 o | » 150 70382 67 84122 544
Exhaunsted hops . . . . . . 881 15.3| l]-.Si 306 l!'l.l:ll G4 = | = || &7 I..ii Mo 3.6 83 5‘0| 257
. yeast residues. .| 87.9 403 20 304 01 52 » | » [427) 11 248 » | 100 405 65.0
Potato lees fresh. . . . 5.7 1.ii 0.1 31 06 0.7 013 003 0.6 » | z..zl 0. 03 u.r;i 28
’ dried. . . _imn 24.3| 3.7 408 0.5 11.?i N 12.Ej 1'3. ﬂlqi 2 m: Fui 41.2

(*) The ernde albumin of molasses consist eptirely in non albuminoid subtances.
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| digestible., -
| . e e I i &
: i ! E.lz B3
NATUEE OF THE FEEDS = = = = = 2k 4| 3=
B E|l=|¢g E = Elw|B|B[EE =
= | = lE|E g | 2| £33 2|8
(Waste products) R Blsla'g|ElE 2|2 6|32 E| 25
Bl Bl lalS 1 5l81F 2|28 B |28
mlglEl2 E 2=l&|E gll's = |=
i SR [ E = -E | = =
, 0o S | g
| i | | { | | Ea
B ! ‘ | ‘
1 | 1
| | |
I . | | | : |
Maize lees fresh . . . . . .| B7F E.EI_ U.Qi 4.5 0.8 045 (4 0.{|3| 13 08 3.2 i!.-ﬁ ) 11f 55
. dried, light. . . .|91.4 315 128858 00 20| » | » ||21.3 122 25.4 63| 88127 65.3
] s dark. . . . FEJJ: 270/ 10,0 301 86 T3 e + ||16.2) 0.3 Z5.4) 51| 86 131 53.8
Greenm malt . . . . . . . . 520 65 1.2/ 381 48 1.4 053 005 5.2 11331 24 06 39 309
100 Lo [T 1 A R S 825 4.5 2.5 441 ﬂ.lli 240085 0.10| 76 1.9 601 45 06 57 71O
BIRHE GOTIGE . i 6o s . . s 880 231 1.5 486 123 7.5 173 018 185 11818 68 75 114 8.7
Molasses lees. . . . . 78 190 » | 40 » | 19001 001 10] « | 34 » || 05 03] 37
Rye lees fresh . . . . | 78| 17 04] 46 07 04 « | » || 11 03 37 04 87 08 48
» » dried . . . . |l90.0/ 227 5.4l471) 89 58 » | » |[145] 49 377 53 84 me| 532
Apple less fresh . . . . . |1198 09 0.7 132 4.6/ 05| = s || 04 03 0.2 03] 92 03 95
® el B R 000 4.0 3.2 500 25 3.2 » 0 1.8 1.6 41.4| 1.3| 78 1.2 3646
Grape leas with | fresh. . .{3000 24 24 110 D4 20 » | i 1.3 {.35 e 32 03 a5
stalks . . . . { dry. . 900 105/ 7.3 861 282 7.9 » | » || 1.6 40130/ 21 $2 11 75
| | | i |
ANIMAL PRODUCTS. Ll
Blocd meal . . . . . . .. =m,ufa:;,ﬂ o6l » | o | 42l s | [I7rel 20l s | s !mu Ba0 87T
QrsveE. oo . . . .||005/588 255 » | » | 64 » | = [[65.7 236 & | » | 100 527 1061
Fish meal, poor in fat . . .|/87.2/525 21| » | = (528 = | » (473 1.8 » (| 100 43.6 4.0
» o richinfab. . . . 802 484 116 » | » 202 a2 | » |1438 120/ = | = | 100 401 642
Forage meat meal . . . . . §0.2 7230182 » | » | 5.8 069 0.30(67.2/ 125 » | = | 100 636 89.9
Knackers' yard meal . . . .[02.0 50,3 17.0( 1.0 27220 = | » |02/ 162 » | 3 || 2 | 24.3] 708
Skimmed milk . . . 0.2 40| 03| 4.68) = 08 026 019 38 08 406 = llJU: i35 a0
Separated milk | o7| 400 ol 47 » | 08 » (| 88 02 47 » | 100 38 7.6
Bottermilk . . . . . . . . | ool 40l 22l 40 = |07 = | = | 38 12 40 « || 100 38 o2
Chi- I
tine | | | |
Cockehafers fresh . . . . . 311 200 38 s | 48 16050 004 144 31 » | » | 100 124 101
drefed. . oo 80,60 6768 105 » 1310 4.5 » " :3“,? BY e ! w | 100 3400 G20
Gweet whey . . . . . . . . 73 10/ 08 49 » | 0.8 000010 09 08 49 00 0.9 6.4
=TT i R e e ORI | 69| 10| 02| 49 » | 08 » | » | 00 0.2 49 » | 100 09 50
Whale menal . . . . . . . .||027625/251 » | » | 48] » [ » :':fr.l;:.’:i.ﬁ : s || 100 47.1! 10L.6
» s rich In bone M.451 2.9 = | » 1-.~.zf s | » [la80 208 « | = || 100 380 864
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I11. FERTILISERS.

The utilizsation of waste material and residues as fertilisers, will
probably suggest in the first instance household and other refuse,
animal and human exerements, offals from slanghterhouses and fisheries,
and other organic matter long used for fertilising the soil. But there
are many other materials which the war obliged farmers and manu-
factures to utilise, materials before 1914 little and only locally em-
ployed or even enfirely neglected becaunse they were considered of
no valne.

The great scarcity of all kinds of raw material and consequently
alzso of fertilisers, experienced in all countries during the war, made
investicators realise that the waste of immenge quantities of refuse
meant a certain loss to agriculture of large amounts of nitrogen, phos-
phoriec acid and potash. In these very substances the cultivated
soils were all the time becoming poorer owing to the diminishing
produetion of chemical fertilisers. Enquiry was then made into the
hest means of remedying this state of affairs, at least partially, and
a more systematic and wider nge of refuse of all kinds was inaugurat-
ed. Many new avenues were opened and others which had been
abandoned for very many years were again explored. Experiments
were hwrriedly made with processes direcily converting ecertain re-
gidues into fertiliser, or extracting from others, unsuitable for direct
use, the fertilising matter contained in them : industrial application
soon followed.

Thus the process was intensified of extracting potash from the
algae which are cast up by the sea on certain coasts or which the sea
containg in quantities near the shore.

Processes of purification of sewage water or of utilisation of their
sediments were improved and extended; the conversion of straw
direetly into manure was enquired into; the potassie dust from ce-
ment kilns and the refuse from blast furnaces became appreciable
gources of potash for the soil ; attempts were again made to extract
potash from the brine of salt-works, and ashes of all kinds were care-
fully colleeted and utilised.

The waste from several industries was treated with a view to
its use as fertiliser without econsidering too closely the cost,-often
g0 high that once the war was over economie reasons prevented the
application of many of the processes.

But while in ecertain eases this utilisation of waste material
brought about by the war came to an end with the advent of peace, in
other cases it remains and will continue as something of definite
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value arising from amongst the numerons disasters engendered by
the terrible confliet. :

In this part of the book, an attempt is made to set out in a brief
but adequate manner everything relating to the utilisation of re-
sidues from large and small industries, from households or from pub-
lic economy, the aim being to make clear, as may appear necessary,
not only the general lines of each topic but the special action taken
during the war in relation to the guestion of fertilisation of the soil.

1. — Seaweed or Kelp: its use as a potassic or other
fertilising product (1).

Seaweed is used in various countries, either directly as a fertili-
ger, or for the potash that can be obtained from the ash. Pro-
fessor 1. GIGLIOLI (2) writes: * instead of digging in a green erop which
besides the expense of the seed and labour costs as least the rent of
the land for the period of growth, it is better to dig in seaweed, when-
ever possible : these cost only the expense of gathering up on the
gshore and carting to the fields. In the neighbourhood of the coast
digging in seaweed will always be less costly than manuring with legu-
minosae : and when it is done with seaweed properly handled, it
will entail equally good results with a cereal crop.”

(1) CE, = 1) American Machinist, Vol, 47, No, 14, London, 1917, — 2) UxNrren States DEP,
oF Acrio, OYfice of the Sceret, Hepord 100, Washington, 1915 — &) Engincering and Minding
Jonurnal, Vol, CII, No. 25, New York, 1916, — 4) Tunnextixe, J. W., Bull. of the U, 8,
Dep. of Agrie., No. 150, Washington, 1915, — ) HoacLawp, D R and StEwart, G, K,
Jowrnal of Agrie. fes., Vol. 1V, Washington, 1915, — 6) PETAEYDRIDGE, G. H., Dep, of dgric.
and Teehn, Instruction for Irelond, Journal, Yol, XV, No. 3, Dublin, 1815 — 7)GLoEss, P,
Moniteur Scientifigue du Dr, Quesneville, voar LY, Vol. VI, parts 1 and II. Paris, 1916 ;
voar LX, Vol X, Nos, 936 and 945, Paris, 1920, — 8] Hexopric, J., Journal of the Socicty
of Chem. Ind., vol. XXXV, No. 10, London, 1916, — 9) Trorrer, A, Flora economica delln
Libia, Rome, Tip, Unione Editr,, 1915, — 10) Besrivg, F,, Analizi chimica d’una pianta marina,
in Le Staz, Sperimentali Agre, 11, Vol. I1I, 1874, p. 115; Vol, IV, 1875, p. 48 ; vol, V, 187,
p. 102, — Muosso, G, Bulla composizione della Posidondn cauling, [hidem, Vol, TX, 1880,

p. 188, — 11} Reap, J, and syrre, H, G, An Investigation of the « Marine fibre = of Posd-
donia australiz, Comm, of dustralic, Institute of Seience and Industry, Bull, No. 14, Melbourne
1919. — 12} J. W. Torrentive and P, 5. Saoars, Potash from Kelp, in The Sournal of In-

dustrial and Engincering Chemistry, No. 11, 1919 ; No. 12, 1920 ; No. 13, 1921 ; No. 14,
1922 ; No, 2, 1923, New York — 13) Ta. H. Norrox, Potash production in California and Po-
tash from Kelp. Dep. of Comm, Washington, 1915, — 14) K. Yexnpo, S8appore. On the Cul.
tivation of Seawesds, with special accounts of their ccology, The Eeonomic Proceeding, Reoyal
Dublin Society, Vol, 11, No, 7. Dublin, Mareh 1914, — 15) Burn, 3. J., The Economic
Value of Pacific Const Kelps. Coll. of Adgrie., dgric. Exp, St Bull,, No, 248, 1915, Berkeley,
Cal. — 16) Fr, K, Caveron, Kelp and other sources of potash, Journal of the Frankiin Tnst.
Philadelphia, Pa., Oct. 1913, — 15) U, 8. Der. oF Acric., Yearbook 1015, 1916, 1917, 1918,
1919, 1820, — 18) U. 8 Geonoc., SUurveEY, FPotash in 1920, Washington, Gov. Pr. Off,
1921. — 19) E. Sorer, La grande industrie chimigue minérale. Paris, 1004, Vol. 2, p. 1234,
— 20) Uxiv, orF CatarorNix, The Marine Algas of the Pamfic Coast of North America, Dnde,
Cal, Press. Berkeley, 19190.20, — 21) Siowey J, Jogxsrowe, Potesh, Imper, Instit, London,
1922

(2) 1, Gorrony, Campo sperimentale di Suessola, Cultura del froments, Portied, 1901,
p. xt,
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During the war, as potassie salts were no longer imported from
Germany there was a considerable development of the extraction of
potash from seaweeds, especially in the United States where, as we
shall see later, large quantities of certain species of seaweeds, very
rich in potash (1), are found.

In the United States the collection of seaweed is carried on by
several mmpar::ips along the Pacific coast from Los Angeles to San
Diego. It iz done by means of large barges provided with a special
elevator loading apparatug with blade-bearing bar like that ofreap-
ing machines (see fig. 57).

Ordinarily seaweeds are collected to a depth of 6-8 feet, for
below that depth they are less rieh in potash. These barges ean

Fia, §7. — Machine for collecting seaweed, with elevator-loading apparatus
{om the right),

(Repr, from U, 8, Dep. of Agr., Yearbook, 1916),

colleet from 12.5 to 60 tons of seaweed per hour. In favourable wea-
ther they go as far as 2 or 3 miles from the shore ‘rl.n'plling at a speed
of 4 miles an hour and colleeting in 1 hour over 25 short tons of sea-
weed. This was sold, in 1915, at 20 cents per short ton (907 kg.)
of moist seawed delivered at the factory. The eutting of the sea-
weed 18 done, on the average, 3 times a year.

(1) Befors the war (19135-1914) the United States imported the following guantities of
potassie =alts of German origin : 1,060,000 lopg fons {lﬂlﬁ kg.) including 230,000 long fons of
chloride 80 9%, pure, 45,000 lony fons of sulphate 90 % pure, 261,000 long tons of crude salts
with 20 9 of potash and 526,000 long tens of kainite with 12,4 9 of potash. These quanti-
ties eorrespond to 413,000 tons of pure ehloride of potassium.

The American produetion of potash, during the last 6 years, rose from 1090 metric tons
in 1915 to 54,5303 tons mn 1918, then fell to 30,899 fons in 1919 to increase again to 45,025
tons in 1920, OFf the total amounting to 177,000 tons produced in the B vears 1815.10920,
10 9% were obtained from beds of potassic minerals, 70 9, from depositz of soluble salts
nnd 20090 from orpanic materials.  The value of the above-mentioned total quantity amonnts
to 58 million dollars (Cf, U, 8, Department of Agriculture, Yearbook, 1920, p. 375).
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The extent and importance of the kelp formations of the North
American Pacific coasts were estimated as follows in 1915 : — Area
1010 sq. km. — fresh seaweed 60,254,388 metrie tons — corresponding
chloride of potassinm 2,302,256 metric tons. On the supposition
that all the potassie chloride counld be extracted, it would represent

Fra, 58, — The machine of fig, 2, seen from behind,

(Repr, from, U, 8 Dep, of Agr., Yearbook, 1916),

Fic., 58, — Lighter for the tranzport of the collected seaweed,

[Repr. from U, 8 Dep,. of Agr., ¥earbook, 1916}

a value of nearly 82 million dollars. From Puget Sound in Alaska
the annmal production of wet seaweed has risen to an average of
11.930,000 tons.

To get 1 ton of ash, it requires 21 to 22 tons of moisl seaweed
with 4 9, of potash. Air dried, the seaweed contains 15 9%; of po-
tash (K,0), 2 %, of nitrogen and 1.5 9%, of phosphorie anhydride. It is
easily pulverised. Drying c¢an be done in revolving ovens and the
dry product contains as muech ag 25 9 of potassic chloride.

14
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In the United States they have tried to improve the system of
incineration by recovering the by-products. With this object the
“ Bureau of Fertilizers ”’ has established at Summerland (California)
an Experimental Station for the utilisation of seaweed (fig. 60), with
a credit of 175,000 dollars, which will study speecially the extraction
of potash from seaweeds : as soon as the latter are collected they are
dried in revolving ovens, then subjected to dry distillation in re-
torts similar to those in which metallurgic coke is made (see fig. 66).
In this way ammonia, burning gas, tar, etc., were obtained ; the re-
sidue from the retorts is subjected to lixiviation, which dissolves
the potash salts and leaves the charcoal, used as fuel.

-

Fia. 60, — General view of the Summerland Station (Cal.)

(Repr. from U, 8, Dep, of Agr., Yearbook, 1020),

This Station treated, in 1920, 100 tons of fresh seaweed per day
and obtained 2 tons of 80 9, potassic salts, 1500 1lbs. of charcoal and
other by-products.

Application was made to the States concerned (California, Or-
egon, Washington and the territory of Alasgka) and to the Federal
Congress for legislation, which would prevent irregular and nnsys-
tematic collection of seaweed and would gunarantee to the eapital
invested in this industry some certainty of a regular supply of raw
material. In 1915 in the United States the development of the pro-
duetion of potash from kelp was hardly yet taken into account, and
in 1916 the expediency of ufilising seaweed at places at a distance
from the coasts where 1t i3 collected was called in question (1) ; on
the other hand the Secretary of Agriculture stated, on one of his Re-

(1) Cf. U, 8. Dep. of Agric., Yearbook, 1016, p. 309,
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ports, that the most abundant and immediately utilisable source
of potash was to be found in the gigantic algae of thePacific
coasts.

After Germany had prohibited, in 1915, the export of her
potassic salts, eight large establishments were founded in California
for the extraction of potash from seaweed ; their cost varied between
50,000 dollars and 2 million dellars. Some of the machines for col-
leeting the seaweed had a eapaeity of 2500 tons. By September 1916,
125,000 tons of seaweed
had been collected yielding
about 10 9%, of dry produet,
from which the establish-
ments at work were only
extracting potassic salts,
whereas they ought also to
have been producing other
by-products; little atten-
tion was however paid to
these because of the high

Fia. 6l. — Pelagophycus porra, Fira, 62, — Adlario oblonga,
From BveD in Coll. of Agr. — Agr. Exp. Stat. From Fr. OLTMANSS, Morphologie
Berkeley, Cal., Bull., No. 248, 1015, 1. Blol. der Algen. Jena, G, Fi-

scher, 1022, Vol. 11,

price reached by potash. Manufacture on such lines would prob
ably have become impossible on the restoration of normal market
conditions (1).

Paecific kelp, from Mexico up to Behring’s Sea, includes the following
species :— Pelagophycus porra (Fig. 61) — Alaria oblonga, A. fistu-
losa (*° stringy kelp ') (Fig. 62) — Nercoeystis Luetkeana (* bull kelp ™’

(1) Im 1917 and 1918 there were on the Pacific coast ten gompanies for |||.z'||-:ji1_|_r| potazh
from seaweed. The average content of the alga was 186 9 of Kaltin the dry material, 30 9 in
the ash, and 50 9, in the refined salts, According to the figures supplied by the Geological
Eurrn}' the total prmim-t on was 4300 tons per annum,
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or “bladder kelp ) (Fig. 63) — Maerocystis pyrifera (*° California
kelp *). (Fig. 64). The last two are the most important commercially.
There are begides : — Egregia (Fig. 65) and Iridacea spp., Laminaria
Andersonii, ete,

The leafy expansions of the Macrecystis are about 14 inches
long ; the stalks are, on the average, 100 feet long, but some of them
are found attaining a length
of 1000 feet.

Alaria sp. has very short
stalks, but the leafy expan-
isons are, on the average,

Fia, 63, — Nereocysils Lueikeana, Fia, 84, -= Macrocysiis pyrifera.

From EBURD, op. cit, From Fr. OLTMANNE, op. cit., Vel. IL.

40 feet long. These two seaweeds are perennial, while Nereocystis sp. is
annual. The following are the results of analysis of the dry matter :—

Organic matter Potash Nitrogen Iodine
Mereooyolie. o i Wl o . $7.756 9% 21.48 97 1.80 9, 0.11 95
Macrooyslis . . .oy 1 wm e G 00 13.63 1.83 0. 1%

The quantity of dry seaweed corresponding with fresh seaweed
varies with the species :— from 100 tons of fresh Maerocystis, about
13.2 tons of dry seaweed containing 2.53 tons of potash are obtained ;
the same weight of Nereocystis yields 8.6 tons of dry seaweed



FERTILISERS 213

containing 1.6 ton of potash ; lastly for Alaria sp., we get respect-
ively 13.7 tons and 1.33 ton. Considering only the first two of these
seaweeds, it may be allowed that, on the average, 100 tons of fresh
seaweed yields 10.9 tons of dry seaweed containing 18.9 9, of po-
tash, 2 °, of nitrogen and 1.5 9, of phosphorie acid.

Composition of the ash of the part collected of the following species.

-.lﬂ;.'r::mr-yﬂis Nereooystis Pdmphwm“
purifera Lunetheana POTrE
| | |
T F T G N NI B T ' 4.96 % . 2.109% i 2.09 9%
L ET o b R e S e ST 224 | 1.556 | 1.71
T A e T s e e 10.52 | 1105 i 8.63
o e e R S e e 29,46 | 32.68 34.73
Ferric oxide 0.43 0.17 ‘ 0.26
O e R e e s : : :
T R I S I 3403 | 40.89 40.83
Sulpharle asid, -« . - &0 . s 05 oo 7.92 | 4.63 4.84
ERrBoran - anlils e S e et e 4 44 3.10 . 1.66
Phosphoria-acid . -« . v s s ae s 2 30 | 1.81 218
97.20 9/, I 98.069, | 98939
Total ash in the dry matter . . . 35.62 | B50.57 | 62.66
|

—_——— —— — . — == = e ——

The following are the methods of extraction employed :

(#) Partial drying, separation of the
saline efflorescences (containing probably less
than 14 of total potash), then complete drying
and trituration of the residue, to be used as
low grade potassic and nitrogenous fertiliser.

It is well to put them on the soil mixed
with lime, or better, with basic slag or
superphosphate.

Thiz method does not appear to be
suitable for the Maerocystis.

(b) Extraction of the greater part of
the potash and iodine from the fresh mate-
rial by lixiviation, complete evaporation of
the solution and caleination of the residue
of the lixiviated seaweed, in which there
remains 2/, or more of organic matter yielding
a humiferons material containing about 3 9,
of nitrogen. This method, which enfails Fie. 65 -— Egregia Merziesis.
small losses of the econstituents, requires I IT““ B plank. ti-
much labour over the evaporation of the f{"ﬁ,'ml]::":l'u;}_u'}'m i
solution containing viscous matter. :

.c!.-::(:urding to the Englishp&t.ent No 1766 \'tllllml.il Fr. OLTMANNS, ap. clb.,
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of 1915, taken out by Messrs. Beborg, Testrup and Techno-Chemical
Laboratory, the seaweed is reduced to pulp and driven under pressure
into an oven, afterwards cooled again and pressed to separate
the moisture which retaing all the potash, soda and iodine. As
soon as the salts have been separated from the organic matter
it is easy to purify
them by sueccessive
arystallizations and
the i1odine is ex-
tracted from the
motherliquid. This
process yields pure
chlorides of potas-
sinm and of sodium,
iodide of potassinm,
and the residue of
the seaweed fur-
nishes a food for
livestock containing
4.5 %, of nitrogen.
(e) Caleination
of the dry seaweeds,
lixiviation of the
ash, separation of
the greater part of
the potash and of
about 80 %, of the
iodine. This method
gives rise to losses of
nitrogen and com-
bustible matter, but
it is simple and
economical.

The solution of
the lixiviation of the
ash, when from 24¢
to 26.49, Béisshown,

Fiz, 66, — Retort for the combustion of seawead 15 allowed to ['fll.".::'l'.lf',
for the extraction of potash, then it is Plﬂf'l"{l
(Reprod. from the Seientific American, Feb,, 1922) in a large iron hemi-

spherical boiler.
The liguid is heated by steam and stirred and confinues fo
concentrate up to 33.3°to 35.4° Bé. Then the liguid while still
hot. is poured into the erystallising pans. The solid residue thus
obtained contains about 60 % of potassinm sulphate and the
remainder is sodium sulphate and sodinm chloride. From the mother
liguor of this erystallisation echloride of potassium is obtained to
about 90 % of purity. From the residual mother liguor iodine is
obtained.
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The residue of the lixiviation of the ash of seaweed is used in
France as a fertiliser : it contains in a considerable proportion car-
bonate and phosphate of lime and magnesium. According to A, A,
MoFrFAT this residuum has the following average composition : car-
bonate of caleium 20.50 — sulphate of ealeinm 3.06 — sulphide of
caleium 1.70 — earbonate of magnesium 911 — salts of potash
and soda 1.50 — mineral phosphates 6.72 — ecarbon 3.09 — flint
and sand 20.82 — moisture 33.50.

The cost of preparation in the United States, in 1915, was as
follows per short ton of 907 kg. :i—

Cutting, collection and transport of the seaweed dollars 1.83
35

1 e R L St s e i e S 1.64
Trituration and manipulation. . . . . . . . . 1.00
reneral expenses, interest, ete. . . . . . . . = 1.00

Total . . . dollars 5.4

The profit was at that time 10 dollars (1).

(1) It was profitable to extract potash from seaweods during the war on account of the
searcity of potash, but in normal conditions with ordinary methods it is too costly, At present
the Burean of Boils iz testing a method for extracting potash from seawesd in normal tirnes,

In the combustion of dried seaweed, ammonia, oils, creosote and piteh are lost, and char-
coal (kelpchar) an energetic decoloriser, and ash with potasszie salts and iodine are obtained,
The results hitherto abtained show that the charcoal and the iodine suffice to enable potash
to be obtammed at a commercial price capable of competing with that of potash from other
gources (Cf, Serentific American, Feb, 1822, p. 107).

For a detailed aceount of the manufacture of ** Kelpehar ', Ci. J. W, TrrrexTive and
H, G, Taxxer, Potash from Kelp, The Applicability of Kelpehar as a Bleaching and Pur-
ifying Agent. The Journ. of Ind and Engin., Chem, Vol. 14, No. 1, Washington, 1922,
p. 18. — In the same magazine (1918, No_ 10, p, 812), Zerpely has shown that & good
decolorising charcoal can be made with Pacific coast Kelp ( Macrocystiz pyrifera), which is
the seaweed on which the Kelp products industry of South California is baszed,

The gquantities of potash extracted from seaweed in the United States during the war
were as follows :—

T e e S e RS L) 1] 1917 1918
Metric tons, . . . . . . . 1412 3240 4358
(Cf. IxTeRx, Ixst. OF Acrto. International Trade in Fertilisers, year 5, No, 3, 10821),

Active carbon ean be made from various vegetable residues, as well as from seaweod,
espacially from sawdust of different woods, sugar maple, coco nut shells, ote,

The impregnation of the sawdust with ehloride of magnesium or ite admixture with phos.
phate of caleinm in equal guantities gives the best results for deeoloration of syrup,

For the formation of active carbon by distillation of a earbonaceous substance it is
eagantial that the combustion temperatare should be rather low so that the carbon may absorb
a certain quantity of hydrocarbons (*),

It is advizable to distill rice husk, instead of burning it in open pans, to obtain earbon
gas and distillation products. There need be no interference with the process from excess
of fibre for the bulk would be lessened by the reduetion of the CO, to CO in the zone
of eombustion.

The husk on distillation vields from” 38 to 40 % of eoke, removing from it the 13 9% of
ash remaining there is still a yield of pure carbon at least equal to that of wood,

For distillation to produce vegetable earbon it iz useful to mix the husk with dry sawdust
g0 as to reduce the percentage of ash (30 9) in the carbon so formed (*%).

{*) E. G. ArDAGH, Les Carbons activés. La Rep. des Prod. Chim., No. 6. Paris, 1022

**) Cf. A. Bosco, Distillazione seccea del cascaml del vegetall. Giorn. di Chim, Ind. ¢ dppl.,
year IV, No. 4. Milan, 1922,
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(d) Steeping in large pans, with the temperature accurately con-
trolled and aeration with compressed air for 10 to 14 days. The de-
composition of the cellulose and of the mucilaginous substances form
acids of the acetie acid serieg, while the mineral salts go into solution.
Then lime is added and salts are formed corresponding to the acetie,
butyric and propionie aecids.

When fermentation has proceeded far enough, it is arrested by
raising the temperature up to 1002 C: the insoluble matter is separated
from the liguid which is allowed to elear. This is then treated in an
evaporating apparatus at low pressure (gquadruple
effect) till a erystalline deposit is produeced known
as faffy which is separated. By a subsequent
process calcinm aeetate is obtained and then
potasgium chloride. From faffy there are manufae-
tured on a large scale: ethyl butyrate, ethyl
propionate, methyl-ethyl-ketone and other ketones
used as solvents.

From the insoluble mass left from the steeping,
algine can be extracted with carbonate of soda.

According to R. K. MeapE (1) light has not
been thrown on the possibility of commercial
production of potassic salts from seaweed, as for
production of 20 tons of potash it is necessary to
handle about 1500 tons of raw material containing
1350 tons of water, and rotatory drying machinery
to evaporate this guantity would require 38,000
gallons of mineral oil.

On the coasts of Scotland Laminaria digitate
(fig. 67) and L. stenophylla, rich in potash and
iodine, are chiefly used. They are dried, and then
burnt till the ash beging to melt there being no
appreciable loss of potash and iodine, provided
that no zilica and limestone are present.

In Ireland and in Japan (2) the seaweeds are

F“;';:_ L}‘m“ﬁ‘“ even cultivated, that is to say beds of siliceous

stones, or bundles of bamboo are placed for them
in the tidal zone. The most valuable species for that zone is Fucus
vesiculosus 3 in deep water the principal species belong to the genus
Laminaria ; these are almost always used in the natural state as manure
for potatoes.

In Franee and Norway also enormous quantities of seaweed are
used for the extraction of potash and iodine. The following coastal
species (Zosterae, red seaweeds, Fueaceae) are so uged and at times

Fig. 87, — Laminaria
(ldepitata 1)

(1) i, K. Meang, The Possibilities of Developing an American Potash Indusiry, Metall,
and Chem, Eng., 1017,

(2) In Japan the algn called amanord is eultivated over more than 2,200 aeres with o
production of more than 2100 metrie tong of algae, Thesze grow very guickly on  bundles
of bamboo atalks and are gathered from January to March., They are dried in packets
and make varionz dishes. 5
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others (Laminariaceae, Fueaceae, Zosterae). The deep water Fucus
are most suitable for the extraction of potash. In France, Norway
and in the United Kingdom 350,000 mefric tons were collecfed in
1916, and 175 tons of iodine, 7000 tons of pofassic salts and 15,000
tons of lixiviated regidues were obtained from this quantity. Aceording
to Grouss, by employing more rational methods of extraetion, these
figures might be considerably inereased. In a fresh state, these Fueus
contain 4 9 of potash (a proportion corresponding to 25 9 in dry
Fueus) which ean be extracted by efflorescence and lixiviation, which en-
ables a erude salt containing 63 9 of potassic ehloride, corresponding to
41 9%, of potash, to be obtained. By eliminating only the iodides and
bromides, by lixiviation with pure water or with acidulated water, a
humo-potassic nitrogenous fertiliser is obfained as residue. Japan also
produees large quantities of iodine and potassic salts derived from
seaweed.

The kinds of algae chiefly used in Japan for extraction of iodine
and of potash salts, especially chlorates, are : Laminaria sp., Ecklo-
nia cava, K. bieyelis and Sargassum spp.

Seaweed has been used directly as fertiliser from early times along
the coasts of Great Britain, and serve to add to the soil potash,
nitrogen and organic matter of a kind that easily decomposes. The
following percentages of the fertilising elements present in some kinds
of seaweed common round the shores of the British Isles refer to dry
matter :

Potash Nitrogen Phorphoric acid
PUOMBBD. v i s s 588 2.25 0,6
F, ceramoides. . . . . . . . 3.80 1.25 003
B onodoswe: o« s v i i 4.73 2 60 0.32
Laminarie 8p. . . . . . . : .54 2.07 0.80
Fucus serrgtus . . o . o . 3.70 2.23 0,05

On the coastal lands of Scotland they are spread on light soils in
dozes of 25 to 30 long tons or so per acre. In Devon and Cornwall for
manuring potatoes or fleshy roots seaweed is used which has been
made to ferment by mixing with sand.

According to certain experiments in manuring made in France (1).
by using Fueus divectly for manuring potatoes it appeared that 12,800
kg. of Fucus have the same valué as fertiliser as 3500 kg. of stable
manure, in regpect of pofash and nitrogen. It was also proved thaf
6000 kg. of this seaweed are equal to 200 kg, of mineral nitrogen and
to 200 kg. of ehloride of polassinmn. DBy supplementing organic fer-
tiliser with superphosphate a high produetion is obtained.

This seems the right place to give some brief information about two
species belonging to the Naiadaceae, commonly but incorrectly ealled
geaweed : Posidonia oceanica (see fig. 27) and P. australis.

(1) VimoexTt, L'Emploi des Gofmons dans la culture des pommes de terre, in La Tie
Agricole et Rurale, Vol, XXI1, No, 44, Parig, 1923,
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The first speecies abounds on some of the Italian beaches, especially
in Sicily and is plentiful in Tripolitania, Cyrenaica, Tunisia, ete. It
is used here and there directly as manure by letting it ferment either
by itself in heaps, or else with farmyard manure. It also serves as
litter or as packing material. In a green state, it is sometimes nsed
a8 food for livestock and, during the war, that use was recommended
(see p. ): in fact attempts were made to utilise the large banks which
oceur in Tripolitania, where, according to TROTTER, * this species
forms at certain places (as at Busceifa for example) such enormous
deposits as to constitute a new resource for the region if improved
methods of utilisation were adopted . A move was made in this
direction by a group formed at Rome immediately after the war with
the object of obtaining from the Ministry of the Colonies the right of
exploiting the large banks of Posidonia oceanica in Tripolitania.

I was charged by this group to investigate whether it was possible
to make use of this plant, especially in view of iodine extraction and
production of fibre for paper-making.

The extraction of iodine was worth eareful study, all the more so
as the experimentalists who previously dealt with this plant had not
taken count of the question of iodine, which is extracted from seaweed
in Seotland, Ireland, France, Norway and Japan.

Having analysed a sample of Pesidonia which had been sent to
me from Tripoli, I obtained the following results, for air dried material

B L L B e ey s L it )
Iodine in the ash (CaArwor’s method) . . . . . 0.0181 9,

that is to say that :

I ton of agh eomtding. . = 2 0o o 181 gm. of 10dine
100 parts of air dried seaweed contain . 0.00026 » of iodine

Evidently the quantity of iodine which could be extracted was so
small that there was no reason to proceed further in the matter. It
ghould also be remarked that this plant proved difficult to burn and
that various laboratory contrivances had to be brounght into aetion
before 1t could be completely incinerated (1).

As to the use of this plant for obtaining fibre (fig. 68) for paper
making, I was unable to make the necessary research, but its very poor
combustibility rather goes to prove the contrary; however in this
connection it is well to recall the results of researches made by I.
READ and H. G. SMmrtH with Posidonia australis, a species very closely
allied to P. oceanica. These two experts studied this plant partie-
ularly as regards the fibre, present in the leaves and the stalks.

The plant is abundant on the coast of Western and South Aus-
tralia, New South Wales, Tasmania and probably all round the Austral-
ian Continent. It is caleulated that the deposits in the south ecould

(1) See also : Losawa, L. and Croce, P, E. Utilizzazione di coneri di piante marine della
Libia, in Ann. di Chim. appl., Year VII[, No. 1, Rome, 1923
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furnizsh 5,325,000 metric tons of fibre, which is purified by washing
with nitrie aeid at 2 9 strength for several hours. But the fibre is
short, coarse, irregular in length, wanting in flexibility and strength,
g0 that it is only fit for coarse textiles, mixed with wool and other fibres.
It dyes well and is a bad conduetor of heat, iz resistant to chemical
and bacterial agents. It mght serve for making paper if a process of
separating the elementary fibres should be invented, for these fibres
closely resemble those of esparto. The filaments, which are 10 to 17

Fi. 68. — Masses of Postdonia cceanica fibre,
felted and trown up h:.‘ the action of the waves,

(Const of Macearcse, Rome)

em. long, are very fragile. The elementary fibres are only from 0.5 to
1 mm. long.

From a chemical standpoint, this fibre may be considered as a
lignocellulose strongly resistant to cellulose solvents. The crude
fibre treated with chlorine furnishes 55 9 of cellulose.

When seaweed ash is treated for the extraetion of iodine, fertilis-
ing produets are also obtained.

As that industry cannot be dealt with here, only the products ob-
tained and their chief uses will be indicated :
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Products obtained Ures
1) Insoluble matter in the ash. . . . . . DBottle glass
2) Sulphate of potash. . . . . . . Fertiliser
3) Chloride and earbonate of sndmm . . Soda industry
4) Chloride of potassinm . . . . . . . . Fertiliser
B Bulnline o et R R R e s T ONIH
6) Iodine. . . . . + + » . Medicine, Chemistry
7) Sulphate of muuga,neae {1] « + + « Fertiliger.

2. — Straw.

Generally this is refuse containing little fertilising matter. The
straw of leguminous plants containg more nitrogen than that of other
plants.

Several kinds of straw are used as food for livestock, but this
is not the place to disenss such use.

Straw will be considered here first as used for litter or fermented
by itself or with dung and earried later to the land. But that use is
80 well known that there is no need to say more about 1t. A patent
process may however be mentfioned for the treatment of straw and
other vegetable matter with the object of employing them as fertili-
sers : this will be deseribed in the next chapter. Here it may simply
be noted that dung iz of great value to the soil and that straw is of
great importance in promoting its action as in decomposing it sets up
favourable conditions in the soil for the multiplication and function-
ing of valuable miero-organisms., It would however be very useful
to return all straw not used for feed back to the soil to supply it with the
essential organic material.

In the chapter treating of straw as food for livestock statistical
data were given regarding the world’s production of the straws of
the prineipal cereals, and the total quantities of nutritive elements
contained in them were caleulated. Now, using the same figures of
total production, the ferfilising value of the straw is reduced to that of
farm-yard manure and ecalculated by taking as bagis the fertilising
element occurring in smallest guantity, namely phosphoric anhydride.
We know that the compogition of farmyard manure is very variable (2);
we may allow as average composition: nitrogen 4 to 5 per 1000
— phosphoric anhydride 2 to 3 per 1000 — potash 5 per 1000.
These fertilising elements are derived from the litter and from the
excreta and oceur in a more assimilable condition in the excreta ; as
however it is here merely a question of the straw, that is to say of the
litter alone, its fertilizing value as farmyard manure may be indicated

(1) This is obtained by treating the iodic solution with sulphuric acid and diexide of
manganese,  On the other hand it is not formed when the chlorine process or the phosphorie
fcid process 18 applied,

(2) Cf, BoorTi®i, A, I Concimi, Casalmonferrato, 1912, p. 114,
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by selecting a lower average content of phosphorie acid than that
mentioned above; for this reason the basis taken is the proportion
of 1,5 per 1000 of phosphorie acid and for the average composition
of straw the data from WoLFF’'s tables are taken.

Quantity of fertilising elements contained in straw
and the corresponding farmyard manure.

= — - —

[ Tlg;tai![ st r:‘:.!;ir | |  Farmyard
| N and | Mmanure
Crops | Hamlﬂlherm Phosphoric ‘Tntal | Potash ! cttarocnAliE
Averages of acid Nitrogen | | to the
1004-1918 | iPhanlmrIu acid
i | metric tons | metric tons | metric tons ";" metric tons | metric tons
| |
Wheat . . . .| 216,067,702 477,329 1,041 446 | 1,366,806 | 3,182,193
. | (022 %) (0.4845) | (0.639)
1 P | 75,151,614 | 187,879 | 300,606 | 646,304 | 1,252,506
(0.25 %) {0.40 %) (0.88 %)
Barley . . . .| 63,335,784 120,334 405,336 | 677,672 802,228
(019 %) (0.649%) (107 %) |
Oata, . . . .| 112,622,080 315,342 630,683 | 1,835,740 2,102,279
; | (0.28%) | (0.56 95) (1.63 9;)
Maize . . . . 188,887,476 | 717,772 | 906,660 3,087,754 4,785,149
: (0.38 %) (0.48 9 (1.64 %)
Rice, . . . .| 110,049,895 286,130 | 024,419 176,080 1,907,531
(0.26 %) (0.84 9%,) (0.16 %)
Totals ., . . 767,012,551 ‘ 2,004,786 4,209,150 7,800,446 14,031,976

The farmyard manure which ean be obtained with the amount
of straw indicated above
would be much increased
by using the straw merely
as litter, but we must
congider direetly the total
ficure found by the stati-
stics, which, needless to say,
is correct as regards value
but imaginary in its ap-
plication.

Let us take this straw
a8 reduced, alone or in
composts, by fermentation
until its weight per cubic
m. is 400 kg., that is fo BAILLE
say, the same as that of

: ; .y Fic. 89. — Graphic representation of * cereal straw
fI"ESh Ht&h‘iﬂ' lﬂdﬂ'ﬂlf W]t'h produced annually in the world and of the cor-
ple-nt-zr of straw. We may responding *‘ straw-manure . Paille = Straw —

assume that for an average Fumier = Manure,
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manuring 30 m. tons of such manure per hectare are necessary (giving
45 kg. of nitrogen) and we are then able to state the number of
hectares which could be manured if all the straw of the cereals
produced in the world was used, after maceration, as manure.

Id,ilg;f&?ﬁ Ll Eﬂﬂ = 467,732 hectares
M. tons (1,155,749 acres).

3. — Straw directly converted into fertiliser (1).

Avrtificial farmyard wmanure. — The considerable extension of
~ cereal eultivation in the belligerent countries during the war resulted
in large supplies of straw in excess of the wusual requisements.
This fact suggested to Messrs. H. B. HurcHINSON and E. H. RICHARDS
the idea of trying to eonvert it into farm manure, in view algo of the
short supplies of this for ordinary manuring. Experiments were
made on this subject at the Experimental Station of Rothamsted,
with funds provided by the Food Produection Department, from which
it was posgible to deduce a patented method (British patent No. 1562587).

As a matter of fact, we do not consider as very appropriate the
name *° Artificial Farmyard Manure ”’ given fo straw treated by that
method, for hitherto it has always been understood by farmyard ma-
nure the complex manure resulting from the mixture, more or less
fermented, of the litter of animals with their golid and liguid excreta.
We think that the name ** straw-manure ** would be more appropriate,

Although the so-called *°artificial farmyard manure” closely
resembles stable manure in its physical properties, it nevertheless
differs from it eonsiderably in its chemical properties, for stable ma-
nure contains, besides nitrogen, appreciable gquantities of phosphoric
acid and potash derived from foods.

In ordinary farmyard manure the nitrogen cansing decomposition
of the straw is supplied exclusively by the urine since the faeeces fix
nitrogen more readily than they part with it. Moreover, any nitrogen
from the faeces is readily subject to loss not preventible by the nume-
rous means recommended for the purpose: the means suggested by
RusseLn and HurcHinsoN consists in greatly inereaging the amount
of litter, so that it ecan absorb and retain the ammoniacal products
generated by the decomposition of this nitrogen.

To obtain good decomposition of the straw to be converted into
farmyard manure it requires : — 1) the presence of the air necesgary
to the life of aerobic baeteria, such as Spirochaeta eylophaga, ete.,
which cause the decomposition of the cellulose ; 2) a suitable tempera-
ture, which is ordinarily produced by the effeet of fermentation ;

(1) Cf.: 1) H B. HorcaidsoN and E, H, Biomarns, Artificial Farm Manure, in The
Jowrnal of the Ministry of Agriculture, Vol, XXVIII, No. 6, London, 1921, — 2} E. H.
Riopanns and M, 3. Weckes, The Institute of Civil Engineers, in Fngincering Conference
1921, Bect. 11, ** Btraw Filters for Sowage Purification **, London, 1921,
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3) the presence of soluble nitrogenous compounds in suitable quan-
tity, either absolutely or in proportion to the mass.

The decomposition of the sfraw is more active In presence of
directly or indireetly assimilable nitrogenous compounds and in pre-
sence of a nentral or slichtly alkaline reaction. As useful nitrogenous
compounds may be mentioned : urine, urea, carbonate of ammonia,
peptones, ete.

The maximum concentration of the solution of these nitrogenous
compounds should be sensibly less than that of the weakest undiluted
urine, so that a thoroughly decomposed farmyard manure eannot be
obtained by using urine alone, without entailing considerable losses.

In the decomposition of straw three phases occur : 1. the straw,
super-saturated with nitrogen, loses nitrogen; 2. the straw, containing
the right quantity of nitrogen, decomposes without appreciable loss
of that element; 3. the straw, which contains a small quantity of
nitrogen, fixes it, owing mainly to baeterial activity, until it reaches
the final proportion, 2 9, of the dry matter. Generally the nitrogen
is fixed in an organic form.

The quantity of nitrogen required for active decomposition of
the straw and the quantity of nitrogen which the straw can fix in an
ammoniacal state are identical and only vary between 0.70 and 0.75
per 100 of dry straw.

The most suitable substances for supplying the nitrogen required
for an active decomposition of the straw to be converted ‘nto *° arti-
ficial farmyard manure * are urea and carbonate of ammeonia, but they
are too expensive, and they are profitably replaced by eyanamide of
caleinm or sulphate of ammonia. The former containg the lime required
for neutralizing any acid compound formed during fermentation, while
either lime or powdered limestone or lime refuse from goapworks must
be added if sulphate of ammonia is used. Generally 37.5 kg of sulphate
of ammonia and 50 kg of finely powdered limestone are enough to set
up fermentation of 1000 kg. of straw.

The main obstacle to this conversion is the slowness with which
the straw absorbs the necessary moisture. When receptacles are avail-
able, the straw can be left in them for 2 to 4 days, but when the
straw has to be freated in heaps on the ground, it is no use throwing
large quantities of water on it ; it is better to sprinkle it moderately
every 48 hours, as far as required go that the straw becomes moist to
the middle of the heaps. The substance intended to supply nitrogen
for the active fermentation is then applied, either by means of a solu-
tion if the substance is soluble or by superficial powdering if it is
insoluble (eyanamide), followed by watering to ensure its penetrating
into the interior of the heap.

Straw fillers for sewage purification. — This process forms part of
that which has just been deseribed and in a manner depends on it.

On the average */; of the nitrogen in sewage is formed of ammonia
compounds derived from urine. Owing to the great dilution of the
ammonia no method had been suggested for recovering this nitrogen.
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In well managed purification installations, much of the ammonia is
nitrified, but gets lost in the sea, while part of the nitrogen returns in
the air in the elementary state.

The quoted above writers have shown, by experiments made
at Rothamsted, that very dilnte ammonia in sewage can be utilised
a8 fertilizer by means of a straw filter.

In the laboratory experiments, it was seen that by causing a
solution of carbonate of ammonia of equal dengity to that of sewage
(namely 1 part of nitrogen per 10,000 parts of water) to pass through
straw, to the extent of 250 gallons per eubic yard of straw per day,
5 9% of the nitrogen which passed through the filter was retained the
first day, and that this amount inereased up to the 20th day, when the
efluent water contained only 1 9}, of nitrogen so that 99 9% of it
remained on the filter. At that moment the filter was saturated with
nitrogen. Another filter of wheat straw retained up to 86 9, of the
nitrogen contained in the ammoniacal solution.

When sewage was filtered, the filter retained 72 9 of its nitrogen.

When the straw used as filter is removed and heaped up, it con-
tinues to ferment, much improving its physical nature as substitute
for farmyard manure.

Ag regards the fixation of nitrogen in the straw filters by the
constant passage of the sewage water, the filters gave the best results
after 20 days passage. The utility of making a filter with sections,
in which the straw from one section was constanily passed on to
the next, so that the sewage water always encountered fresh straw
in ecommencing its passage and that of the most active section when
ending it, was recognised. It was also recognised that 3 sections
sufliced, and to avoid moving the straw with forks from one section
to the next a special arrangement of the bottoms of the receptacles
was adopted.

With a receptacle of 960 gallon eapacity, 65 9, of the nitrogen
was recovered from the sewage water.

The following are some results of analyses:

Sewage waler Efluent water
Ammoniacal nitrogen in 100,000 parts, . . . . . 18,02 9 10.19 %,
Nitmg{‘.n in the natoral straw. . . . = 0L o s 0.5
straw removed from the filver, . 1.62 -—
" thig estraw after 8 monts ., . . . . . 2 06 -

For fixing the whole of the nitrogen in the sewage of an inhabited
centre, 2 lbs of straw per day per inhabitant are required.

The straw can be replaced by sawdust and other wegetable
refuse.
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4. — Sawdust and Wood shavings (1).

This refuse is too poor in nitrogen to be used directly as fertiliser,
but it ¢an be used as litter, owing to its considerable power of absorb-
tion. The sawdust of wood rich in tannin, as that of oak, ehestnut,
efe., may be injurious to plants unless it has first undergone thorough
fermentation which causes it to lose its acidity.

When the sawdust and shavings cannot be used for industrial
uses (as, for example, for the manufacture of nitrocellulose during
the war), it is best to use them as fuel or for the production of poor
gas, and to use the ash as fertiliser. This ash contains on the average
6.73 % of potash.

5. — Various vegetable offals and residues (2).

Dead leaves. — In the first part of this work mention has
been made of the measures taken in Germany during the war to
procure enormous gquantities of dead leaves. Their utilisation as fertili-
ser iz here briefly described. By dead leaves are meant those which
fall from trees, mostly in antumn, and are often used as litter,
especially when (as happened during the war and is still the case at
present) it is not convenient to use the straw of cereals for that pur-
pose owing to their high cost. When dead leaves are not wanted
as litter they can be taken direetly to the dung heap to inerease its
mass, or else they can be incorporated with composts., If the
distance fo be covered makes their transport diffienlt, they ecan be
heaped up, burnt and the ashes used, but in this case the nitrogen
and organic matter are lost.

Besides the dead leaves which fall from the trees those which fall
naturally from numerous herbaceous plants before the harvest, or
whieh after turning yellow fall when harvesting is in progress and
are generally left on the ground, may also be considered.

Such is the case of the lower leaves of the fobacco plant, turnips,
mangolds, cabbages, wheat, oats, barley, ete.

According to MUNTZ and GIRARD the gquantity of leaves of certain
plants falling, on the average, on a hectare (2.5 acres) are: Wheat
3750 1bs — Oats 3750 lbs. — Rape 2200 lbs. — Poppy 3750 lbs.
The withered stalks of potatoes unfit for fodder restore to the soil
about 22 1bs. of nifrogen and 4 lbs. of potash per acre. One ton of
mangold leaves restores to the soil : nitrogen 8.4 1bs. — phosphorie
acid 5.5 lbs. — potash 23.7 lbs. — lime 8.4 lbs. — The fallen
leaves of vines restore per acre about 21 lbs. of nitrogen, 4.5 lbs. of
phosphorie aecid, 7 1bs. of potash and 63 1bs. of lime.

(1) Ci.: 1) P, Razows, op. cit. — 2) Gimixcuam, C, T., in The Journel of the Board
of Agriculture, Vol. XXII, No. 2, London, 1915
(2) Ci. A, Brurrivi, op. cit., p. 21 and foll.

15
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Ferns and other woodland plants. — The chief of these plants

is the Bracken fern (Pleris agquilina) which contains considerable
quantities of nitrogen and potash and is often used as litter, especially
in stables in the mountaings. If ean also be mixed directly with
the farmyard manure.

Among other plants of the woods which can be used similarly
to the fern are the Heath (Erice vulgaris) and the Broom (Cylisus
scopariug) (Fig. 70).

One ton of dried fern contains about 24.6 kg. of nitrogen and
18.6 kg. of potash.

According to WoLFF these three plants contain per 100 parts :—
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According to a paper by E. F. ScHurt (1) bracken fern analysed
at the Agassiz Agricultural Station (British Columbia) contained :
— moisture 6.09 9% — ash 7.84 9% — nitrogen 1.84 9, — phos-
phorie acid 0.68 9% — potash 2.76 %, — In the ash, potash may
reach b0 %.

Dried ferns rapidly lose their potash : when transport of the ferns
themselves is not practicable, the ash will serve as a medinm.

Stalks of herbaceous plants. — We include here woody stalks
or those containing substances injurious for animals which cannot
be nsed as fodder, ag for example, stalks of maize, tobacco, sun-
flower, Jerusalem artichoke, rape, lupine, gesamnm, withered leaves
of potatoes, ete.

(1) Cf. Scuury, F, B, in The Agriculiural Gazette of Canada, Vol, VI, No, 4, Ottawa,
14619,
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They are used as litter, or else they are placed to ferment in
heaps which are watered frequently with urine or liguid manure.

Prickly Pear Slabs. — The jointings of the prickly pear have been
used for along time.in Sieily to manure the land and to keep it cool
in summer : they are roughly sliced or bruised with stones and then
buried round fthe trunks of olive or eitrus-fruit trees, or in the beds
where vegetables are grown. They thus make a special summer
green manure, rather than a fertiliser,

Biuso (1) however observes that their use does not suit a soil
poor in lime because the acidity of the juice of the slabs makes the
plants so manured liable to chlorosis.

In Sicily the residual products of the prickly pear are put on the
manure heap or left to
make mould on the spot.

Marsh planis, —
These are largely used,
especially in the Pisa
country, nnder the name
of * falasco . It 1is
a mixture of sedges,
rushes, galingale, marsh
reeds and other paludal
species, which are cuf
when full grown in sum-
mer, and used during
the year as litter.

Owing to their strue-
ture, these plants absorhb
urine to a smaller extent
than the straw of ce-
reals, but have the
advantage of bringing
into the farm {from
outside, fertilising mat- From FRANCE, op. cit.
ter, and matter which
would otherwise only be used as packing material or for making
seats of chairs, mats, ete.

According to Prof. F. SEsSTINL ** falasco ’ contains :

Fra, 70, — Broom,

nifrogen

0.893 ¢, — phosphoriec anhydride 0.279 %, — potash 0.856 9%, —
chloride of sodium 1.344 %, — Indeterminate matter.

By the method suggested by A. G. RANDE of Aachen, weeds
are reduced to commerecial fertiliser in the following manner :— heap-

ing and fermentation of the plants until they are reduced to pulp,
moulding this pulp into briguettes and their rapid drying, finally
gsrinding. The produet so obtained contains, according to .the kind
of plant, from 5 to 9 9%, of mftrogen (2).

(1) 8, Brozo, Il fico d'India in Sicilia, Falermo, 1879, p. 179,
12) Kotnem, dr, T, op. cit,, p. 104,
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Cakes. — Among these residues in the extraction of oil from seeds,
there are some which, not being suitable for feeding livestock, are
used as fertilisers. Obviously, spoilt feeding ecake which cannot
be fed to stock can be used as manure. But as the eake is gen-
erally mouldy in this case, it should not be direetly applied to the
soil; it 18 better to mix 1t first with farmyard manure or to incorporate
it 111 composts.

Cakes unfit for feeding livestock are those of castor-oil, bitter
almondsg, belladonna, mustard, camellina, ete. They are "L" rich
in nitrogen (4 to 7 9%,) and a,lso confain considerable quantities of
phosphoric acid and potash. Owing to the residual oil which they
always contain they tend to go mouldy and, if applied in that
condition to the soil, they may injure young plants. This iz why
they are used in the manner indicated above, or else they are spread
in advance, before sowing, so that they may have time to decompose.

To facilitate their decomposition, especially in compaect soils,
they may be mixed with quicklime (*/; — '/;) after being thoroughly
ground.

In the United States cotton cake is one of the fertilisers most
uged for adding nitrogen to the soil. In the dry state this residue
contains 5 to 8 9 of assimilable nitrogen and small guantities of phos-
phorie acid and of potash.

It is nsed especially in the Southern States where 325,000 tons
were used in 1914 by manufacturers of fertilisers, besides a consider-
able quantity used direet by farmers.

The amount of cake to apply per acre varies, of course, according
to the kind: as a rule from 324 to 405 kg. per acre are used but as much
ag kg, 800 to 1 m. ton may be used for the most exacting crops.

Plickly seed-cases of chesinuls. — In places where the chestnut
tree covers large areas these seed-cases of the chestnut can be collect-
ed in considerable guantities. They can be used by themselves
but it is better to mix them first in the dung heap, or else, if transport
is difficalt they are burned and the ashes are used.

Empty pine cones, — These are the cones of the Stone pine
(Pinus pinea) which in certain regions forms extensive forests as for
example near Pisa, but the cones, with seed or empty, of other coni-
ferous trees should also be included among them.

Geperally they are used for fuel, as they burn very well ; their
ashes, therefore, may suitably be used for manuring.

Residues of starch factories. — These are the pulp of potatoes
remaining after the extraction of the starch, or else the residues of
seeds of cereals after the starch has been extracted from them.

When these residues are fresh (and it is always desirable to have
them fresh) they are used as food for livestoek, but they deteriorate
very quickly, and are then used for manuring. They are very watery,
which makes their transport to a distance difficult. According to
Worrr, they contain: — moisture Sl}ﬁ '3}{, — nitrogen 0.13 9%, —
phosphoric aecid 0.06 9, — potash 0.03 9. They are consequently a
poor fertiliser.
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Apple pomace. — This also is used as manure, specially in mix-
ture with farmyard or poultry yard manure. If it is desired to use
it directly it should be mixed with caleareons earth or with quick-
lime in moderation to neutralise its acidity and to facilitate the de-
composition of the ligneous matter.

Uszed tea leaves. — As the British army produced about 600 tons
of used tea leaves a month, the Military Administration thought
that they might be used for the extraction of caffeine ; but they had
to report that it was profitless.

The best way of making use of this material is to put it in com-
posts (1).

Cotton rejuse. — The waste of the spinning factories. It is a rather
poor fertiliser, containing 1 to 1.5 %, of nitrogen and 0.4 to 0.5 %
of phosphorie acid. Tts most advantageons use is as absorbent mat-
erial for human exereta. It is also suitable for mixing with farmyard
manure or for incorporation with composts (2).

Cocoa pods. — Can be used ag fertilizer in quantities of 890 kg.
per acre with 133 kg. of basic slag or superphosphate and 45 kg.
of chloride of potassium.

Dust and residues of tobacco. — If the habit of taking snuff was
as common today as it was in the past, there would be no reason to
copsider as a residue the tobaeco dust which is obtained by sifting
the cut rolls of tobacco for consumption, but at present, especially
in warm countries, snuff is not used. Thus, for example, in the
Island of Reunion (3) large gquantities of tobacco dust had aceumul-
ated in the storehounses.

At the instance of A. BARAU this residue has been tried as
fertiliser for sugar-cane with very great success. Tobacco powder
was placed at the bottom of the trench at the time of planting,
between the entfings.

The following is the composifion of this residue according to an
analysis made by M. GAROLA : — 9%, moisture 11.2, ash 19.2, or-
ganic matter 69.6, nitrogen 2.72, potash 3.52, phosphoriec acid 0.99,
sulphuric acid 0.72, nicotine 0.96. This produet may be considered
also as an insecticide, at least for grey worms, slugs and
snails.

The principal advantage of this matter as fertiliser iz that al-
though its nitrogen is non-nitrifiable, and its phosphorie and sulphurie
acids are negligible, it supplies potash at a mueh smaller cost than
that of salts purchased (at Réuanion) last vear.

A second advantage is that, mixed with nitrate, sulphate of
ammonia and phosphated manures, it provides more bulky nourish-

(1) Kornrer, dr. TH., op. cit., p. 845,

{2) From information received from 1 July 1817 to 30 June 1918 from 506 cotton mills
in sixteon States of the U, 3, A it appears that two thirds of the cottonseed meal is used
as feed and one third as fertiliser. For the period indicated the guantity seld as fertiliser
was 444,630 tons (short)over and above the total quantity of meal and that of cake produced
was 1,818,817 tons, OCf, Undited Siaies Dept, of Agr.,, Bull. No. 787, Washington, 14919,

(3) Of. Revue Agricole de I'Ile de la Réunion, No, 10, St. Denis, 1921,
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ment to the roots of the canes than pinches of fertiliser often confined
to a single point at the foot of the cane shoots.

Besides the powder, the stalks, midribs of the leaves and other
regidnes unsuitable for munufa(:tule are uged. In the stalks the
nitrogen varies between 2 and 3 9, of which 14-14 is in the nitric
state. The phosphoric aecid varies between 0.5 and 1 9%, and the
potash between 5 and 10 9% (1).

It has been noticed that the preparation of tobacco extracts and
the extraction of nicotine from residues involves the loss of consider-
able quantities of fertilising material which pass in solution into
the water which is essential for such extraction in all the different
methods of manufacture recommended. It iz advisable however to recall
that tobacco takes from the soil considerable guantities of potash
(more than 40 kg, an acre), of nitrogen (more than 20 kg. an acre),
and of phosphorie acid (2.83 kg. an acre), 8o that it is always an advant-
age to restore these residues to the soil entire.

Ag soon as the nicotine is extracted from solution bjr means
of aleohol or ethers, it seems possible that the residue which has been
already concentrated by certain processes (e. g. the SCHLOESING)
could be added to the solid part with the water drained off and dried
by artificial or sun heat, and then the whole used as an organic potas-
sinm nitrogenous manure,

When this is not possible, eapecially not economically posgible,
it might be possible to make use of these ferfilising substances by
placing the solid residues on the manure heap or on the soil heaps,
and the liquid residues of the extraction of the alkaloid might be used,
on farms in the neighbourhood of the factory, either to soak the
mass of the manure, or to combine with the oozings, or to soak the
moulds (2).

(1) L, L, Vaw Bryxe, Fertfilizers and Crops, New York, Orange Judd Co., 1919, p. 285,

(2} The Italian Tobaceo Administration has put on the market a short time ago, at
L. 30 u bag of 10 kg, Nicolinous residues of tobaces, made of morsels and coarse powder
of Kentucky tobaceo, unsuitable for consumption and soaked with tobacco extract.

These residues aceording to the Administration have a power of destroying insects little
short of that of extract of tobacco ot 5 95 (Ulex), and an insecticide can be prepared from
them on the farm by treating with hot water (4 to 5 vol of water to one volume of powder)
for 8 to 10 hours,

The liguid is filtered through eloth adding cold water and squeezing the =olid residucs
all the time. These latter may be used as a fertiliser, but it is not of much wvaluos, as the
process described has taken all the goodness out of them, The solution easily spoils and
ghould be mads onch day.

It reimnaing to be seen whether farmers intending to make use of the insecticide pro-
perty of tobacco will not prefer the convenient use of the concentrated extract to that
of these residues which require a special treatment.

I the TUnited States from 1917 onwards there was manufactured a nicotine insecticide
powder, called ** Nicodust " or ** Nieosulphur . It is obtained by mixing the powder of tobaseco
regidues reinforced by the addition of ** Black Leaf 40", or concentrated extract with 10 9%
of sulphate of nicotine, with a suitable exeipient, such as sulphur, kaolin, slaked or quick
lime, carbonate of ealcium, chalk, ground up fossils, tale, ete. The mixture iz dried and
reduced to a very fine powder which ie dusted on to the plants attacked by insects. To in.
eronze its effect nearly all spraying materials and insecticide powders mix well with it (Cfr,
. E, 8srry, The preparation of Nicotine Dust as an Insecticide, Coll, of Agr., Agr. Exper,
Stat, Berkeley, Cal., Bull. No. 336, Nov, 1021),
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Grain damaged by fire. — The Texas Agricultural Experiment
Station tried as a fertiliser grain taken from an elevator that had
eaunght fire and was therefore fire and water damaged (1). This
grain was steeped and used in such quantity as to add 0.1 gm. of
nitrogen to every 5 kg. of earth. It appears that this nitrogen had
little value as a fertiliser.

6. — Residues of sugar refineries (2).

Leaves and root-collars. — Used as fertiliser and as forage (zee p. 102)
Every 50 tons of beetroot produced give almost 25 tons of leaves and
collars containing about 270 kg. of potash, 97 kg. of lime, 78 kg.
of magnesia, 63 kg. of phosphoric acid and 95 kg. of nitrogen.

Koot washings. — Contain earth, small pieces of roots and mat-
ter in solution. Can be used for irrigation, but if there are regula-
tions which require them to be purified, they should then be collected
in receptacles and treated with perchloride of iron and then with
slaked lime. A caleareous mud is thus obtained rich in fertilising
matter. 17.1 kg. of perchloride and 215 litres uf slaked lime should
be used per 1000 hl. of the rootwashings.

Beet pulp. — These are the immediate residues obtained from
the extractors after removing the sugar from the slices which con-
tain it. They are mainly used as food for livestock (see p. 163),
either fresh or dried, but when they are affected by putrid fermenta-
tion they are sometimes used as manure.

But it should be noted that, even when wellcompressed, they
always contain a large amount of moisture which makes their trans-
port to a distance uneconomical, all the more so as their fertilising
value is very small. Their most suitable use as mapure consists
in making composts, rather than direet application.

Seums from carbonalation. — These are in the form of cakes
obtained by pressing the ecaleinm carbonate which is precipitated
in the state of organic combination with the impurities of the su-
gary juice when there is added to it for that purpose milk of lime in
the proportion of 2.5 to 3 9% of CaO.

During precipitation by the lime, peectic matter, coagulated al-
buminoids and phosphoric acid are also precipitated. In the seum,
the lime ocecurs as carbonate and also partly in a free state.

The chemical compogition of the seums resulting from the manu-
facture of beet sugar varies round the following pereentage figures:

(1) G, 8. Frars, Availability of Bome Nitrog. and Phosph, Material, Texas Agric. Exper,
Spat, Bull., No. 287, Brazos County, Texas, Jan, 1022

(2) Of, : 1) L. FriracH, op. eit. — 2) A, Brourrxg, op. cit. — 3) C. ForMeENTI, Residud
agricoli, Milan, Hoepli. — 4) W._ E. Cross, Los subproductos de la indusirie azwcarera, Buenos
Adras, 1917. — §5) Journal of the Society of Chemidcal Industry, Vol, XXXV, Nos, 6 and 8§,
1916 and Vol XXXVI, No. 7, 1917, London. — ) P. Razous, op. cit, — T7) DE Borxay,
in Comptes rendus de PAdcadémic d' Agriculivre de Franee, Vol, V, No, 28, Paris, 1919, —
8) Sropmaxny-RifmprEr-NEPPI. Manuale per la fabbricazione dello zuschero. Un, Tip. Ed. Tor.,
Torino, 1902,
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nitrogen 0.3 to 0.8 — phosphoric acid 8.8 to 1.5 — potash 0.1 to
0.5 — lime 156 to 30 — magnesia 0.8 to 1.5 (MiUNTZ and GIRARD).
For cane sugar factories the nitrogen reaches 2 9% of the dry mat-
erial, phosphorie acid is found chiefly in the form of a soluble e¢itrate,
organic matter is as much as 50 to 70 %,. From a series of 7 analy-
ses of this residue, reported by W. E. Cross, we take the following
averages : phosphorie acid 5.43 — nitrogen 2.08.

This residue is colleeted in filter presses in the form of cakes of
lime which when washed do not contain more than-0.6 9, of sugar.
They represent 12 to 14 9, of the weight of the beets and about four
times as much of the guick lime employed. This is a very good lime
fertiliser and nitrifying agent and it is convenient to use it on land
near the factories as transport to a distance iz not economical. It
is dusted on dry and usually in the summer. The dose is usually 6
to 8 tons per acre or more, especially on clay soils and it iz suitable
for plants after weeding or for leguminous forage crops. It can also
be put with compost.

Diffusion liguors. — These are liqguids which are obtained by se-
paration of the erystallisable sugars and of the molasses ; they contain
considerable guantities of nitrogen and potash, mosfly as nitrates.
They are used directly for irrigation, but often they are evaporated to
40-45° Baumé, to crystallise out these salts, which are used as fer-
tiliser (1).

Waste liguids and sediment in the separators. — By a patent of
E. HErzEA of Arecibo, Porto Rico, these liquids are concentrated to 550
Brix and treated with sulphurie acid added in quantity equivalent
to the total amount of lime and alkalis contained in the liquid ; super-
phosphates, animal refuse, sawdust are then added and the whole is
dried.

In this kind of operation the most important item is naturally
the cost of concentration of the liquid. In hot climates (cane sugar
factories) evaporation can be effected in the open air in large basins,
but in temperate climates (beet sugar factories) this is not feasible.

The calcareous sediments of the separators are used for manu-
ring like the seums. They contain, on the average :— moisture
48.66 %, — nitrogen 0.16 9, — lime 22.53 9%, — potash 0.02 9%,
— phosphorie acid 0.50-1 9.

Sediment remains in the filter-press in the proportion of about
4 kg, per kg, of lime usged. Almost 10 kg, of sediment in obfained
from 100 kg. of beetroot. These sediments are used in composts, or
dried in the air and then pulverised for scattering broadeast (2).

Animal charcoal. — Thiz is bone charcoal rendered inactive by
repeated use and thus valueless for sugar refining. It is well known
that bone charcoal placed in contact with a syrup containing impure

(1) Cf, Arrew Rocers, Industrial Chemistry, D, Van Nosteand Co., N, Y., 1821,
p. 890,

{2) In cortain places of British Indin the refitse of indige vals is used ng a manure : thia
contains 4.20 9% of soluble mineral matter with 1,84 9 nitrogen, 0.36 % phosphoric acid,
0.28 9, potash. Cf. Dept. of Agric. Madras, Vol. 111, Bull, No. 65. Madras, 1912,
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sugar, that is to say as it comes from the sugar factory, fixes the
colouring matter and other matter in the sugary solution so that the
sugar can be produced in perfectly white erystals.

The use of bone charcoal as fertiliser is of long standing (PAYEN,
1820) especially on land near the refineries. It contains 40 to 65 9
of tricaleic phosphate and 1.5 to 2 9, of nitrogen. It is consequently
a good phospho-nitrogenous fertiliser, but, owing to the state of combin-
ation of its phosphorie acid, its action is much slower than that of
basic slag and still slower than that of superphosphates. Its action
may be facilitated by placing it in heaps which are made to ferment.

It iz spread in autumn in the proportion of 250 to 300 kg.:
an acre.

Aeccording to SOREL, the scum which is formed when animal char-
coal is added to the eoloured syrup contains :— moisture 35 to 38 9
— tricaleic phosphate 50 fo 60 9% — nitrogen 2 9%,. It is a good fer-
tiliser, especially for poor acid soils.

Molasses. — Considering the high cost of sngar, and consequently
of molasses, and the fact that sea and land transport are once more
possible, as they were not during fthe war, it appears that the most
rational use of molasses is for feeding livestock. Nevertheless, some
methods of using molasses as fertiliser were investigated and recom-
mended during the war and will be here described.

Experiments made at the Laboratory of Agricultural Research
at Port-St-Louis (Martinique) have shown that molasses ean be conven-
iently used either by mixing them with farmyard manure or with de-
fecation residues and ashes so as to form a compost called ** saccharo-
géne ', or else by spreading them in the trenches in sugar-cane plant-
ationg or between the lines. With such procedure an increased yield
of from 5 to 10 9, has been obtained.

A fertiliser has been made in Germany with the residues of molasses
by WiLkexiNG's method and a production of 350,000 tons of it a year
was counted on. This method consists in mixing the molasses with
peat dust and inoculating with Azolobacter which decompoges the be-
tain and caunses the mass to lose its viscogity. The fermented product
contains about 25 9 of moisture, 3.75 9, of nitrogen, 9.75 9, of potash
and 45 %, of humus, and can be very advantageously enriched in phos-
phoric acid by superphosphate. Manuring tests withthis fertiliser
have given good results. According to the method of W. P. THoMsoN,
Liverpool, the molasses refuse is concentrated in a * triple action ™ to
440 B, and 30 to b0 9, of its weight of bone meal, or mineral phosphate,
or guano is added. The mixture is treated with sulphurie acid at about
66° B. and a fertiliser containing sulphate of potash, soluble phosphate
and nitrogenous matter is obtained. By the patent of 8. W. SINSHEIMER
of Swink (Colorade, U. 8.) the liquid obtained by separating the sugar
from the molasses, i8 heated to about 100° C to precipitate the caleinm
saccharate, then filtered. The filtrate is treated with combustion
gas containing carbonic acid, which precipitates the lime as carbonate.
It is filtered and the filtrate i3 concentrated at low temperature under
reduced pressure. It is used as a nitrogenous potassie fertiliser.
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(ane-trash and residues of sugar cane. — The residues of sugar cane
factories can be used as litter and thus be directly transformed into
fertilisers, When fresh they econtain perceptibie guantities of sugar
and can be used as feed, but they acidify quickly and are no longer
suitable. If they were peeled their composition would be similar to
that of oat-straw, but this iz not an operation that pays. Nor do
they lend themselves to burial, as then there is nothing to be done
but to use them as fertiliser, fermented as they are.

7. — Brewery residues (1)

Brewers’ grains. — Generally these are used for feeding cattle, but
as they deteriorate easily, they may be used as fertiliser if they are not
fit for food. They do not readily decompose in the goil, so it is better
not to apply them by themselves, but in composts after fermentation.
They are always very moist which prevents their transport to a great
distance. They contain, on the average :— moisture 77 9%, — nitro-
gen 0.8 9, — phosphorie acid 0.5 9, — potash, traces. The average
guantity to apply is from 6 to 3 tons per acre.

Barley sprouts (dried mall). — These are the germs which have
sprouted from the grain and swelled during germination. They are
generally nsed as food for livestock, buf if they deteriorate good fer-
tiliser can be made of them, after reducing them to powder, containing
on the average :— nitrogen 4 to 5 9, — phosphorie anhydride 1 to
2 % — potash 2 to 2.5 9%.

To pulverise them they may be treated with hot water for some
hours and afterwards watered with boiling water acidulated with sul-
phurie aeid (10 kg. of commercial acid per 500 kg. of dried malt). To
get 1 hl. of these germs 20 hl. of barley has to be brewed. The aver-
age amount to apply is from 300 to 400 kg. an acre. They are
seattered broadeast.

Regarding their fertiligsing power, it ghould be remembered that
13-14 kg. of dried malt replace 100 kg. of farm manure.

Hop residues. — These are the hop cones from which the lupul-
ine has been removed in the process of heating with the mash.

They are sometimes used directly as fertiliser in light soils, but
it is better to make compost of them in the proportion of 40 kg. per
40 kg. of earth mixed with 10 kg. of kainite + 10 kg. of basic slag.
The heap is watered from time to time with liguid manure or urine
and it is eovered with 10 em. of earth. The hop residue contains
on the average : — nitrogen 0.56 to 0.87 9, — phosphoric anhydride
0.15 %, — potash 0.02 9, — lime 0.16 9, — magnesia 0.04 %, It is
therefore a fertiliser of little value.

Among brewery refuse there may be mentioned the water in which

(1) Ci. A, BrurTivi, op. cit.
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the barley iz steeped, which is poor in fertilising matter, but can be
used for irrigating the meadows near the brewery (1).

The exhausted yeast is dried, treated with mlphuru:: acid, and after
neuntralisation with lime, the mass is used as fertiliser.

8. — Distillery residues (2).

Vinasses, or pomace — This name is given to residues from which
the aleohol has been extracted by distillation. There are therefore
“ yvinasses ©’ of beet, potatoes, molasses, and grain. The second is
the least rich in fertilising elements :— congisting of non-saccharified
gtarch, dextrine, pectic and proteic matter, a little sugar, mineral
matter, elements of yeast.

The * vinasses 7 of molasses, which constitute an important source
of pmdurtiﬂu of potassic salts, should be specially mentioned : evaporat-
ed in a PorioN oven, they yield the erude salt from which T]l(‘ potash
salts are extracted by refining.

It is dangerous to use the acid * vinasses " of beet (sulphuric and
organic acids) for feeding livestock. They may be spread on the
land near the factory by means of gutters, if it does not cost too
much to fix them. Any other method of transport is ecertainly too
expensive,

The * vinasses ”’ of molasses containing about 10 % of potassinm
salts (sulphate, nitrate, chloride, ete.) are concentrated to obtain the
salts which are used directly as fertiliser or which are refined. In this
process the nitrogen is unfortunately eliminated by eombustion.

The sediment of the salts mixed with the dregs of the vat is then
made into ecake for manure, containing 9, :— nitrogen 3-5 —
potash 2 — phosphorie acid 2.

According to WoLrr, the * vinasses " of molasses contain on the
average in the dry matter :— nitrogen 3.2 9, — potash 9.5 %, — phos-
p]mrw anhydride 0.1 %,. It iz therefore a good potassic and pitrogenous
fertiliser. For crops sown in spring, these ‘*vinasses” should be
spread in winter.

By KoLLER's method, defecation lime is mixed with the © vinasses "
of molasses in such proportion as to get a pulp whieh is dried on a band
drier. The fertiliser thus obtained contain all elements required by
sugar beet.

According to the process of the * Pecekéer Zuckerraffinerie ™ at
Pecek, nitrogen, principally as ammuma and ammoniacal salts, can be
ﬂbtalned from concentrated * vinasses ” of fermented molassez by dry
distillation, not over 600°C, and continuous stirring of the mass.

(1) In British India nse is made sometimes for irrigating sugar cang of the water from
rice mills which contains a large proportion of nitrogen (0,00 8/}, soluble phosphotes (0.4 9/,
and potash (1,39 M:' CE, Dept, of Agrie, Madras, Vol TII, Bull,, No. 65, Madras, 1912,

(2) CE : 1) 1. Frirscw, op, eit, — 2) Miixrz and GiraArRD, op. cit, v. 1 — 3) Jouwrnal
af the Society of Chemdeal Industry, Vol. XXXVI, No. 16, London, 1917,
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The utilization of wvirgin * vinasses ” depends on the cost of
transport ; on the other hand, concentrated * vinasses '’ are g0 vizcous
that is impracticable to employ them. The only suitable way is fo
convert them into a pulverulent fertiliser. Aeccording to MuNTZ and
GIRARD the chemical composition of various * vinasses ™ isasfollows,
in grammes per litre :(—

[T 'i:limsm_q L.
of Jerusalem

“YVinasses " [ 9 Vinasses " | “ Vinasses *' | * Vinnzses ™

of molazses | of grain I of best of potatoes artichokes
I
Nitrogen_ . . . . . . | 1.6 — 3.0 2.5 0.7 == 20| 1.5 — 2.5 1.20
Phosphorie acid , . . 01 — 02| 25 -- 46| 0.2 — 08| 0.3 -- 1.0 0.02
Petaak-: oo o 1.8 — 9.0 2.6 1.6 — 30| 2.5 — 3.5 2.8B7

[

In consequence of this composition the * vinasses™ are generally
congidered as potassic fertilisers.

By a German patent dated 5 June 1913, a non-hygroscopic
fertiliser iz obtained by heating  vinasses ”’ with superphosphate at
106-108° C until the free bases present have combined with the phos-
phorie acid and until complete elimination of the moisture and organic
acids is effected.

The method patented by W. W. HaveHEY of New York econ-
sists in :— Conecentrating the * vinasses ’, then drying them at about
150° F (65°0.5 C) and finally advancing the drying to 3700 F (1870.7 C)
to render the fertiliser non-hygroscopic, without loss of nitrogen.

9. — Grape residues (1).

This ig a fertiliser in common use after distillation, especially if
it has been fermented. It is as rich in fertilising elements as far
manure, with which it is often mixed, but the best way of making use
of it is to make composts by mixing it with quicklime (2 9) or basic
slag (4 %), or else, if neither of these two ingredients are to be had,
with ecaleareous earth -+ 2 9%, of sulphate of potash. It is heaped,
watered with liqguid manure or water and the heap covered with a 10
cm. layer of earth ; this compost is turned over twice and is applied in
spring. In place of farm liguid manure, an artificial lignid manure ean
be used, compoged of :— water 1 heetolitre, quicklime 1 kg., sulphate
of ammonia 2.5 kg. This is applied in the proportion of 30 litres per
cubic metre.  If this liguid is to be applied to grape residues not com-
pletely exhansted, it should be made with twice as much water and then
applied in double guantity. Fermentation rapidly becomes active
and, after about 20 days, the heap is unmade and then remade again
as in the easge of the composts.

(1) CI : 1) A, BrurrINg, op. ecit. — 2) Miixtz and Qinarn, op, eit. — 1) Roos, L. in
Le Progréis Agricole et Viticole, No, 44, Montpellier, 1914,
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This fertiliser is applied to vines in quantities of 3 kg. per vine ;
it 18 suitable for all soils.

The chemical compogition of grape residues is naturally variable.

Aceording to WoLrr, it is, on the average, as follows :— moisture
65 9, — ash 3.67 9, — phosphoric anhydride 0.46 %, — potash 1.72 9
— lime 0.4 9, — magnesia 0.15 %, — soda 0.02 9, — sulphuric acid

0.18 9, — silicic acid 0.38 %, — echlorine 0.02 %,. According to
MouNTz and GIRARD the percentage of nitrogen varies between 1.11
and 1.30 %,

When the residues are fresh and still very aecid, they can be neun-
tralised with lime or calecareous road dust, but if they are mixed with
farm manure such neutralisation is not necessary, for it is cansed in the
manure heap by the carbonate of ammonia.

10. — Wine lees.

Generally the lees deposited by wine at the bottom of casks are
nzed for the extraction of eream of tartar ; on the other hand the lees
of distilled wines are sometimes nsed as fertiliser. In the dry matter
of one of these lees, M. CHUARD found :— nitrogen 3.9 9, — phosphoric
anhydride 0.8 %, — potash 3.8 9, To solidify these lees and then to
render them pulverulent, they are treated with lime until their acidity
is nentralized ; this generally requires 1 part of lime to 12 or 15 parts
of lees. Solidification is completed by adding peat or mould to the
extent of 20 to 25 9%, The lime can be replaced by gypsum heated
to powder.

11. — Olive husks and dregs.

Olive husks. — This properly means the base that appears in
the new oil left to elear. It is an oily substance resembling black
mud, which is separated from the oil by decantation (or when oil is
taken out of soap by boiling), after either process it remains at the
bottom as a carbonised mass. Its only use is for burning or to be
thrown on the manure heap. In the oil manufacturing business how-
ever this term (Fr.: margines or marchies, Ital. morchie) is also used to
describe the waters of vegetation obtained by olive pressing, usually in
a gquantity two or three times more than the oil produced, or corres-
ponding to 30 to 40 9% of the weight of the olives.

This water is often lost in the channels, after the separation of the
oil, but when it is possible to use it as fertiliser close to the oil press
that is very much the best way. There is present an acid solution of
albuminoid and saline substances but in very small guanfity relatively
to the volume. It is necessary first to neutralise its acidity with lime
or carbonate of caleium. It may even be used for watering caleareous
soils. Prof. SesTINI advised neutralising the acidity in manure pits
in which are layers of earth, lime and weeds. If these pits are made
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round the trees, the advantages of irrigation and fertilising are combi-
ned, particularly in loealities where there is a shortage of water.

MiNGIOLI (1) observes that under this substance a residue collects
formed of small fragments of pulp and kernels which have a distinet
value as fertiliser if in its turn neutralised. On an average it contains
2.31 9, of nitrogen and 0.05 of phosphoric acid.

The above mentioned residues of oilmaking being very poor in
phosphorie acid, it is advisable before use to correct this by addition
of a phosphatic fertiliser,

From this liquor a residue ¢an be obtained (called salino in Italian)
fairly rich in potash. According to an analysis made by Prof. F. SE-
sTINI the lees of olive-husks contain :— substances soluble in water
13.67 ¢, — alkaline chlorides 1.57 %, — oxide of iron 1.34 9, —
oxide of calcinm 0.56 9%, — oxide of magnesinm 0.12 9, — car-
bonie acid 1.87 9, — matter insoluble in water 1.05 %;. One hectolitre
of olive-husks yield 3 kg. to 3.5 kg. of ash. In Apulia (2), the
olive husks yield over 3 kg. of potassic salino per hectolitre the
average composition of which is as follows :— part soluble in water
80.31 %, — phosphoric anhydride 8 %, — carbonate of potash 55.15%
— carbonate of soda 2.57 9, — chloride of potassium 21.89 9, —
moeisture and undetermined substances 20.39 %, In a refined state
this salt contains 69 9, of carbonate of potash, 3.2 9%, of carbonate of
soda and 27.27 9 of chloride of potassium.

G. L’ABATE calculates that estimating the average production
of oil in Italy at 1,600,000 hectolitres, a production of about 6 mil-
lion hectolitres of olive husks could be counted on, which if utilised
fully would yield 15,000 m. tons of salino containing 7200 m. tons of
potash.

To give some idea of the quantity of potash which might be ex-
tracted from the olive husks derived from olives grown in the principal
European produecing countries, the following average figures are guot-
ed (3):—

Prodoction of olives

Producing countries in m. tons
Ttaly 19083000 - o v vie ol i ol e A 105400
et )ik o2 3L RS S 1,053,980
Garoece I0RL-T008 .. 2 v e awl 771,862 (4)
France 1910-1918 .. . . . « . . &« . 63,232
Total . . . 8,018,564

Estimating that the olive husks represent 36 9, of the weight
of the olives, this guantity of olives would yield 1,056,497 m. tons.

{1} Mixcionz, B, Oleifiie moderno, Nuevae Enc, Agr, It., P. VII. Turin, Unione Tip.
Ed., 1801, p. 147,

{2y Cf, I’Apare Q.01 problema delle potasse ¢ lutilizzezione delle morchie in ltalic, Bari,
G Laterza, ed., 1918,

(3) Cf, Isverxarionat Ixgrrrore oF Aaricvrnrure, Oleaginous Productas, Rome, 1023,

(4) Quantity caloulated on the average production of oil,
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of olive husks which, according to the figures previously mentioned,
wonld furnish 26,412 m. tons of salino containing 15,411 m. tonsof
potash.

Prof. I¥. GARELLI (1) of Turin has subjected olive husks to eonecen-
tration in the presence of sulphuric acid, with a view to obtaining crys-
tallisation of the sulphate of potash formed, then the separation of this
salt and the absorption of the mother liquid by porous substances
to form a complex manure containing organie nifrogen and potash
salts : but he was unable to obtain erystallisation of the sulphate ot
potash.

Apparently the best method of utilising olive husks as manure is
that of STOLZENBERG, which congists in concentrating them to a syrupy
consistency, then adding superphosphate to it and, when the mass
becomes compact and dry, reducing it to a powder and spreading it
on the ground as phospho-potassic fertiliser (2).

Dregs from olive erushing. — This is the residue that collects at
the bottom of the receptacles into which the olive residues diluted
with water are passed to separate the ernghed pulp from the stones:
these are first deposited, and then these dregs (* morchione” in
Italian).

Naturally, no great quantity of this residue is obtained, but it
is suitable for use in manuring the olive trees on land near the crush-
ing mills, In an examination which I made of the dregs of a erushing
mill in Tuscany (3), I obtained the following analytical results :—

Composition of sample of air dried dregs from olive crushing.

Moigtnre at 150¢C . . . . . . . . . . 18192 %
Crude ash . . . . . . SRR ]
Organic matter (by deduuimn} RPN 1y 1
Omdeioellmlofge .« ioiicains s doe e ARBO0
VLT T e e S R R A A L N 0.491
R R e M e O R 0.947
Absorbent ecapacity for moisture. . . . 160.21
L R e N T (11 )~ .2 N

(1) Cf, L Nalie agricole, No, 10, 1915, Placentin,

(2) From the waters of vegetation or olive husks (acgue d'inferno or margines) produced
in olive growing countries in hundreds of thouzands of tons, a rapid fermemtation gives a
vield of about 15 litres of rectified ethyl aleohol per ton, and from the residue of distillation
iz produced about 3 kg, of ammonium sulphate and 3 kg, of phosphorie aecid and potash
salts, The half solid residue after these extractions can be distilled and gas and earbon
obtained from it, It may be noted that thiz elaboration is not of economie interest unless
it is possible to deal with these waters of vegetation in large guantities. Ci. R. Dg Max-
JARRES, few, Vin, y de dgr, XLI, No. 4. Saragossa, 1922,

(3) Ci. A, Brovrrini, Sulla composizione di un Morchione dei frullini, in L' Agricolturae
Ttaliana, Year XIX, No. 260, Florence, 1593,
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Percentage composition of the crude ash.

CRIOEND . o o sa e S 0.025 9%,
A OF ITOI S A0ty ot s e T 9.318

i W ORICEANY . wow G Aimrne el d e e Al

pon THEpReRldYN L c d L s e 0.170

L T T T e o 0.399
Phosphoric anhydride. . . . . . . . . 0.524
Sulphuric » s T RE R e e e 0.570
Silicie » S i PN S S e
Carbonic » RN D S e 5.728

Undetermined matter and loss . . . . 2.229

100.000

It follows that 1 fon of dregs from olive crushing contfains :—

Phopphoyie aeld . . o i o o h s EE1ED
51 D RS e S L S s [
e E1L ) -1 L U e R . T AR T |

It is evidently a fertiliser poor in potash and phosphoric aeid so
that it should be supplemented by chemical manures.

Before using it, it is indispensable to ferment it to render it more
easily assimilable. If it has, as it may have, acid reaction, a little
powdered lime should be mixed with it.

From one ton of diluted residue, 200-250 kg. of moderately dry
dregs are obtained.

Olive oil residues (sanse) although more suited for use as feed
(see p. 159) are also sometimes employed as a fertiliser, especially
if they are at all spoiled or have been exhausted with earbon disulphide.
They can be mixed with moulds or piled in heaps, or better in pits,
mixing in a little earbonate of lime and watering with liguid manure.
These monlds thus become enriched and maturing takes place which
may go on for some months. The mass is kept damp all the time. To
check loss of ammonia it is advisable to cover the mass with a layer of
chalk to which has been added a solution of sulphurie acid (20 9, acid).
Later on the mass iz broken up and the acid layer ig removed or neun-
tralised either by additions of carbonate of lime, or erushed phosphor-
ites, and then it is mixed with the olive oil residues.

The following is an analysis of olive oil residues according to WoLFF :
water °[,, 138, ash 27.8, nitrogen 9.6, phosphoric anhydride 2.5,
potasginm 7.8, lime 6.1. In the ash of the residue, with the olive kernels
removed, treated with sulphur, Prof. F. Bracct found %, phosphorie
anhydride 3.82; potash 3.89, lime 12.27.
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12. — Tomato residues.

In preserved tomato factories a large quantity of residue is obtained,
viz. : the seeds and the skins. These can be used respectively for the
extraction of oil and as food for livestock (see p. 178).

When, owing to the large quantities available, long distance trans-
port, deterioration by fermentation, ete., they cannot be so used, these
residues may profitably be used for manuring and, in this connection,
the results of an analysis made by Dr. GUARNIERI may be mentioned :—
moisture 7.47 9% — nitrogen 3.85 %, — phosphoric anhydride 1.31 9%
— potash 0.60 % — ash 6.27 9%,

13. — Coffee grounds (1).

Since coffee is for the most part used in small guantities, there are
no large stocks of this residue available. It is as a matter of fact
generally thrown into the household refuse. It is only in large cafés
in populous places that quantities of any importance ean be had.

This residue is frequently used for manuring pot plants in rooms
or garden plants or small kitchen gardens.

Igidore PIERRE found in airdried ecoffee grounds :— nitrogen
1.85 9, — phosphorie acid 12 %, or more. It is therefore a good phos-
pho-nitrogenous manure, but it has the drawback that it often attracts
ants especially when spread on the surface of the soil. This dis-
advantage may be obviated by burying it at once at a suitable depth.

14. — Tanning refuse (2).

Besides spept tan, the residues of the pits or vats are obtained
under the name of vat sediment. Thiz a mixture of hair and lime arising
from cleaning and unhairing. One hundred skins yield about 150 kg.
nf vat sediment which containg on the average 10.75 %, of nitrogen
and 36 9, of moisture (GIRARDIN).

The other tanning residues are the serapings of hides and masses
of hair, with 8.75 %, of nitrogen.

According to Messrs MUNTZ and GIRARD the mean chemical compo-
gition of two samples of vat residues was as follows :— Moisture 69.5 9%,
— Lime 18.68 %, — Nitrogen 0.76 %, — Phosphoric acid 0.30 9%, —
Potash, traces.

(1) Cf, : 1) Mitvrz and CGiearn, op. cit., v. 1 — 2) A, Brormsi, op, cit,

(2) Cf, : 1)J, FrrrscH, op. ocit. — 2} P. Razous, op, eit, — 3) A, BrROTTINI, op, cit, —
4) hoLrEr, Dr, T, op. cit, — §) AnLEN HoceErs, Prociiood Fanning, London, Croshy Lock-
wood & Bon, 1922, p. 665 — 6) Warr, A. Leather manufecters.  London, Croshy  Loek-
wood & Son, 1919, p. 455, — 7) Bexxerr, H. G, Animal Proteins, New York, D. Van Nostrand
o, 1921, p. 268,

16
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The use of these residues is profitable if the transport charges
are not too heavy. The following procedure facilitates the nitrification .
of their nitrogen : placing in heaps and drying, pulverization, or treat-
ment with steam in auntoclaves to obtain a magma suitable for the
manufacture of mixed fertilisers or composts which are from time to
time turned over and so pulverised.

These residues, owing to the large proportion of lime which they
contain, form a good caleareous fertiliser. There are still other tanning
residues to be considered as fertiliser (they are actually used in England):
the water in which the skins and ulensils have been rinsed, the sweepings
of the workroom, small serapings from the skins, run off into reservoirs
s0 a8 to mix with spent tan and earth which retains the ammonia.

Spent tan. — This should be considered as matter capable of
furnishing the soil with organic matter, but not as a fertiliser. The
tannin which it may contain when fresh is injurious to vegetation and
preliminary fermentation is necessary to destroy the tannin and reduce
it to mould. The action of the tannin can be neutralised by mixing
the spent tan with farm manure, liguid manure, or urine all of which
contain ammonia. The spent tan can also be treated with lime and a
little slaughterhouse blood (RopiGAs’™ method). It is then allowed to
ferment for a year and a half.

Another method (DAUVERNE'S) consists in watering the spent tan
2 or 3 times with a solution of sulphate of iron, and mixing thoroughly.
It is next made to absorb faeces and, after a few months, the manure
is fit for use.

The heaps should remain as they stand for a year; the spent tan can
then be applied either to grass land, or in horticulture, mixed with the
soil or as protective eovering for seedlings and transplants or for hot-beds.

It is preferable to apply it dry, seattered by hand or by machinery.

According to PETERMANN the ashes of spent tan contain :— phos-
phori¢ aecid insoluble in water, 0.01-9%, — potash 0,012 %, — lime
0.36 %, — magnesia 0.015 %, When fresh the percentage of nitrogen
varies between 0.5 and 1 9%,.

In Germany and England, spent tan is also used for growing mush-
rooms, saturated with urine and mixed with fresh dung pellets.

Lastly there is the tanning refusge to be consgidered, obtained by
cleaning the skins before placing them in contact with the tanning
material. In a dry state they contain 6 to 7 9 of nitrogen in a com-
plex organic form and of very slow decomposition in the soil. The
decomposition can be hastened by disintegrating them by steam and lime.

(Glue ig also made from them.

15. — Retting water from flax and hemp.

When retting is done in streams the substances eliminated by the wat-
erare lost in the stream, often to the detriment of the fish. But when ret-
ting is done in stagnant water (pools or tanks) this putrid water, in which
microbes swarm, has a certain fertilizing value if it used for irrigation.
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The residues of scufehing and breaking (scutched stems) form a
zood litter or else may be earried directly to the dung heap.

The guanfities of fertilising elements found in this matter, ¢orres-
ponding to 1000 kg. of flax stalks, are, according to WoLFF, as foll-
ows (1):

Fhosphoric

Potash Limea anhydride
Retting water. . . oty Sl S 3 8,175 4 ik 3. 400
Soeutohed sbems . . . . . . . . . . . — 0.171 2 050 0.475

16. — Papermaking residues.

By these are meant the washings of the crude vegetable matter
and rags and the muddy deposits found in the receptacles where these
washings are done. In these air dried residues PETERMANN found (2):

No. 1 No. 2
Molibore " - s oy 13909 4.63 9
R g0 | A C MM | 14 | 0.47
Phosphori¢ anhydride. . . . . 1.68 0.41
Botadh o e G e s e e LG 0.49
| 1 ot e T Bt et RN SN it = (1] —

According to L. KErRN'S German patent, dated 3 January 1914,
the highly concentrated washings are mixed with an almost equal
gquantity of fossil meal (Kieselguhr), 8o as to get a powder which can
be spread. This mixture contains soluble =alts of sodium, potassium,
magnesinm, aluminium, silicates, colloidal silicic acid, which are con-
tained in the impure Kieselguhr, and algo nitrogenons matter.

The reaction is more complete if the mixture is made hot. The
fertiliser thus obtained is specially suitable for erops rich in silica, such
as maize and other cereals, grasses, forage plants, and very suitable for
peaty soils (3).

When there are bisulphitic washings they can be mixed with 80-
95 9, of sand or dry earth, the mass is dried and pulverised, then sprink-
led on the ground as a disinfectant, containing oils of wood tar ete.

From a recent study of H. voN FEILITZEN (4) on the employment
of lime residues from the manufacture of cellulose sulphate as a fertil-

(1) Cf. Mit®rz and Grrarp, op. cit., Vol. I, p. 542

(2] Ci. Mit®rz and GImarb, op. cit., Vol. I, p. 534,

13) Knvrer, Dr. TH., op. oit., p. 105

(4) Cf. Kungl, Landtbrilkez. Akadenides Handlinger och Vidsbriff, Year 71, o, 7, Stock-
holm, 1923
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iser, it appears that taking the carbonate of soda due to changes which
occur in the organic compounds of soda of the (bisulphite) washing,
and treating it with slaked lime, there are precipitated carbonate of
calcium, and a little ealeinm hydrate and ealcium sulphate, and traces
of sulphur compounds, besides a little sodium hydrate and carbonate.
For the 26 Swedish cellulose factories these residues amount to 165,500
mefric tons of lime.

This lime when used on lands nnder barley or mustard proves in-
nocuous even in strong doses : it can be used with advantage on land
situated near the factories after it has lain in small heaps exposed to
winter cold which reduces it to powder.

17. — Mill dusts and sweepings.

A very complex mixture of mineral and organic matter, containing
also variable guantities of weed seeds. Most of these seeds are liable
to germinate, but if they are removed, these residnes can be used as
manure, preferably by incorporating them in composts.

According to MUNTZ and GIRARD, these residues contain:— 1 to 29,
of nitrogen — 0.5 to 1 9, of phosphorie acid — about 0.6 9%, of potash (1).

18. — Fish offals (2).

The value of these as manure is equivalent to that of slanghterhouse
offals : they can only be used as manure.

Fish offals are the heads, intestines, gills and tails of fish of
varions sizes. They are utilised in several ways:— they are often
thrown on the manure heap ; buried in dustheaps; mixed with human
excrements, or with quicklime (1 hl. per 3 hl. of offals); or composts
are made of them. A more scientific use is the manufacture of nitro-
genous superphosphates by mixing the offals with the mineral phos-
phates before treatment with sulphurie acid. They may be treated
like fish that has gone bad with boiling water, removing the oil by skim-
ming or by pressing ; the resulting cake iz then dried, pulverised and
treated with a little sulphuric acid to make it more assimilable by phos-
phate of lime.

We will explain in some detail the different methods of treatment
of these residues (3):

1. Burying cauges loss of nitrogen, generates large guantities
of flieg, and makes a fetid smell.

2. Sun dryving results in pulverization, but there is a consid-
erable loss of nitrogen.

3. Formation of eomposts, where the residues in question take

(1) Cf. Mityrz and Girarp, op. cit.,, Yol I, p. 533,
(2) Cf, ¢ 1) J, FrizacH, op, cit. — 2) A, Brurrixi, op. cit.
(3) ¥. Mamnre, in L'Engraiz, No, 6, Paris, 1922
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three or four months to mature. In Brittany seaweed ig added and a
mould obtained containing 3 to 4 9% of phosphates.

4. By drying after cooking a product iz obtained richer in fer-
tilising prineiples if nse is made of steam. The oil is separated by pres-
sure and the remainder dried in the store and pulveriged. The powder
thus obtained econtaing 5 to 5.50 %, of nitrogen and 35 to 45 9, of
phosphates.

5. With the LorREAU process the fish residues are put on grid-
irons to drip : the liguid is collected and concentrated at a low pressure
and yields a residue with 1.5 to 3 9, of nitrogen. The parts remaining
on the gridiron are eooked over an open fire, dried on the store or in an
oven and pulverised.

6. Norway guano iz prepared with residues cooked with steam
under pressure and then dried and pulverised. It elaims to have b
to T,ﬁﬂ % nitrogen.

P.Tmsp}m guano 12 obtained by treating the fish residues,
tlEPlhE(l of oil and gelatine, with sulphuric acid. Thus a fertiliser is
obtained with 7.5-99%, of zoluble nitrogen and 15-169%, of phosphorie aecid.

The * ressels *', that is to say the salt brought back by the fisher-
men from the salting at sea, is sometimes used as fertiliser. But
it should be used in small quantities, as it often has injurious effects.

The herring residues, for example, may contain from 18 to 34 9
of salt, which ¢an be removed by several washings with water contain-
ing a little lime. They are then dried. Aeccording to PAGNOUL,
100 parts of the residue gives in this way 31.78 p'lrtﬂ. of the washed
and dried matter which contains :— nitrogen 1.69 %, — phosphoric
mhynlrltle 2.14 9%, — chloride of sodium 3.27 ‘}-f:, In the washings the
nitrogen in sulutmn can be precipitated by treating it with perchloride
of iron and lime. PAGNOUL obtained a dry residue containing 2.8 9%,
of nitrogen ; 300 kg. of herring residues thus yield about 100 kg. of
fertiliser rich in nitrogen and also in phosphorie aecid.

Fish manure made in the Loffoden islands from herring offals is
obtained by drying these offals, except the heads which are treated
in gpecial driers, in the air; it containg 8.6 to 9 9, of nitrogen and 15
to 16 %, of phosphoric acid.

Whale guano made from “Iml{ -fishery offals is similar to fish
manure. It eontaing up to 13.82 9 of fats, which probably retards
the utilisation of the nitrogen. The flesh of whales caught in the
African seas ig treated for extraction of oil, then dried, first in the sun
and afterwards in rotating ovens heated with coke with a through
draught of air. Then the flesh containing only 10 %, of water, is
pulped and put into bags anil sold to the South African farmers.

The bones are also nsed to make whale guano and a produet
with a very small percentage of fat is obtained.

In Brittany fishery offals are treated with sulphurie aecid at 53° B
up to 15 of the amount of dry matter, finally the whole is dried in the
sun or in an autoclave.

In Italy considerable guantities are produced of a manure, called
“bagano * in Sicily, composed of the offals of the * tonnare™ (depots
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for fishing and curing tunny-fish). Aeccording to Prof. CuGINrs
analyses this manure contains :— nitrogen 3.72 to 4.28 9, — phosphoric
anhydride 8.21 to 11.02 9.

In the United Slates, the following procedure is followed (1):—

The offals from the tinning of salmon at Puget Sound (Colum-
bia River territory), and in the south-east and west of Alaska,
amount to 25-60 %, of the original weight of the fish. The heads are
the portions richest in oil and the eggs the richest in nitrogen.

The treatment used for converting these offals into manure con-
gists in: 1) cooking with steam in wvertical cylinders; 2) subject-
ing the mass while still hot to hydraulic pressure; 3) forming cakes
which are then dried by steam. The matter so treated contains :—
moisture 4 to 5 9% — nitrogen 7.5 to 9.5 9, — phosphoric anhydride
5.5 to 12 9% — oil 8 to 20 %,

It is also recommended as food for livestock.

It has also been proposed that the factories which treat the giant
gseaweeds (* kelps ) of the Pacific coast should make a manure by
mixing the treated seaweeds with these fish offals.

The importance of the production of these offals in the Unifed
States 18 apparent from the following figures (2):—

The average production of fish during the 8 years 1910-1917
was 500 million fish ; and the offals colleeted in the preserving factories
included 60,000 tons of “‘seraps ™ (solid offals) and 85,000 barrels of
oil. The record was reached in 1903, when about one thousand million
fish were caught (called *° menhaden ', Brevoortia ityrannus). The
“seraps ”’ contain on the average 8 9%, of nitrogen and as much
phosphorie anhydride. Their total production in 1916 was rather
low :(— 27,000 tons.

Together with these fish offals, called also * fish guano ”, may
be ranked birds’ guano and bats’ guano. These residues of animal
digestion exist, the former in large beds now to a great extent exhaust-
ed, the latter in eaverns in Sardinia, Calabria, the United States, Spain,
Hungary, ete., but have not the industrial character which attaches
to the residues suitable for ineclusion in this work.

19. — Slaughterhouse offals (3).

Among these residues, blood oceupies an important place and is
used as fertiliser either fresh (mixed with other organic manures or
alone) or else coagulated with ferric sulphate or quicklime, or dried

(1} Of. TurresTiNE, J. M., in 7. 5. Dept, of Agric., Burcan of Soils, Bulletin No. 150,
I“lﬁ, .""qr:':, E_ |E||'§, 1'|-'rl1'|1.'~a|'|.i:"g‘l:ﬂnl't_

(2) Ci.: 1) U7 8. Dep. of Agric., Yearbook, Washington, 1917, p. 266 — 2) The Modern
Fertilizer, No. 10, Philadelphia, 1922,

(3) Ci.: 1) A, MiUxTz and A. GiranD, op. eit, — 2) A, BRUTTIXIL, op. cit, — 3) E, PoHER,
and P, Razooz, Les déchels of sous-produils dabatloirs ef de bowcherie, Pans, Dunod, 19035,
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and pulverised. Coagulation is effected alzo in iron vessels with steam
applied below. The coagulum is separated from the serum by filtering
under pressure and is then dried by suitable apparatus. The clotted
mass obtained is pulverised and bagged. The yield in dry blood is
according to MARTEL 17 9%, of this liquid, but it varies according to
the kind of animal, state of preservation, rapidity of coagulation ete,

Dried blood keeps pending use in well closed reeeptables, but
under the influence of air and moisture it undergoes putrid fermenta-
tion caunsing loss of nitrogen. It is a good supplementary nitrogenous
fertiliser containing on the average : nitrogen 10-13 %, — phosphoric
anhydride 0.5-1.5 %, — potash 0.6-0.8 %, — moisture 13-41 %,
Dried horse blood is the richest in nitrogen, a percentage of 14.30:
that of sheep and cattle are of nearly the same richness, i. ¢. 13.25
and 13.70 9, respectively.

Itz action in the soil is very quick, becanse itg nitrogen nitrifies
readily. It is applied preferably in damp weather, in the proportion
of 120 to 320 kg. per acre.

Gut refuse 1s matter eliminated from sheeps’-gut when strings for
musical instruments or small transmission belts are made. It is a semi-
fluid substanee which is first coagulated and disinfected with sulphuric
acid. An easily decomposed ferfiliser is obtained from it containing,
according to MUNTZ and GIRARD :(— moisture 89 %, — mineral matter
0.83 %, — nitrogen 1.51 9.

The meat used as manure is from the carrion of animals that have
died or been slanghtered on account of disease. During the war es-
pecially in Germany, considerable labour was spent on earcases of
killed horses with the object of getting hides, fat, bones and meat
powder. This has been deseribed in the Part 1 (see p. 19, 30, 35).

For drying the Berlin PAsSsSBURG apparatus was used, which
works in the following manner :— sterilisation in auntoeclave, erushing
between rollers to break the bones, ete., grinding and conveyance by
means of a vacuum pump into a vacuum, and completion of drying in
a drier (1).

An old method of using the earrion of dead animals, dangerous to
health, consisted in burying it at the roots of fruit trees or else, in the
case of small animals, placing it in the dungheap. Sometimes lime was
nged but even this means did not entirely eliminate grave danger of
infection, especially of anthrax.

In gome large slaughterhouses, meat unfit for consumption is
treated with steam in an autoclave for 12 to 14 hours. At the end of
that time 3 layers are formed in the apparatus :— the upper layer form-
ed of fat utilisable for soap-making or as lubricant ; the middle layer
composed of gelatine dissolved in water ; the lower layer formed of a

— i) Korrner, Dre. Ta,, op. cit, -— §5) H., Marrer, L'Indusirie de PEguarriesage, Paris,
H. Dunod et E. Pinat, 1912. — 6} Davis Id. T, The modern Poacking House, Chicago,
Nickerson and Collineg Co., 1921, p. 200, — 7) R, Leze, Utilisation des Débris des Animaus,
Paris, Ch, Amat, 1914, p. 27, — 8) Muridcipal Engincering cnd the Sanitary Record, London,

1922, No, 1700,
(1) Koruer, Dr. Ta, op, cit,
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mixture of blood and meat : this is dried, by adding sometimes from 10
to 20 9, of sulphurie acid, and then pulverised. This matter contains
8 to 14 9, of nitrogen, 1.5 to 2 9, of phosphoric acid and 8 to 9 %
of moisture.

In the process invented by A. GIrarD, the carrion is treated with
sulphuric acid at 600 B, cold or hot, in lead wvessels; after 24 to 48
hours it i8 converted into a thick pulp while the fat eolleeis on the
surface. This pulp, still strongly aeid, is then used in the manufacture
of nitrogenous superphosphate.

Other similar systems are:— 1) BOUCHERIE'S system or treat-
ment with hydrochlorie acid ; 2) that of treatment with alkalis, cold
and hot. Another form of meat fertiliser was made, at least before
the war, in considerable guantities in the South American meat-ex-
tract factories : the boiled meat was dried, mixing it also with useless
refuse, and the whole pulverised. This meat powder called * Fray-
Bentos guano " is also used with advantage, as has been noted on p. 190,
as food for livestock. According to PETERMANN, it contains:—
moisture $,46 %, nitrogen 5.40 %, — phosphoric anhydride 16.88 9%,
— potash 0.47 9, — lime 20.60 9, — sand 3.03 9.

During the war there was more complete utilisation whether of
raw and eooked meat for human food so that the manufacture of this
extract had to be considerably decreased.

At Fray-Bentos a special fertiliser was also made by treating the
meat powder with sulphuric acid and saturating the mass with lime.
Aceording to the mean of 2 analyses made by PETERMANN, that fer-
tiliser contains :— moisture 9.04 9, — nitrogen 3.82 %, — phosphoric
anydride 13.34 %, — potash 1.28 % — organic matter 49.72 %, —
mineral matter 41.23 9%,

Meat powder is a fairly quick-acting fertiliser, but a little slower
than that of blood. It is generally applied in antumn in the propor-
tion of from 120 to 400 kg. per acre.

In Norway the flesh of seals and whales is treated in the above
way and is sold under the names of “ seal gunano” and * whale
guano . According to L. MAcapasm, the latter contains:— mois-
ture 5.6 %, — nitrogen 7.6 %, — rhosphates 29.7 9 carbonate
of lime 12 9%,. Where the consumption of rabbits is fairly large there
are considerable quantities of refuse composed principally of the ears,
scuts and paws., These residues contain 10-12 %, of nifrogen and
small guantities of phosphate. In England it is known commercially
under the name of rabbit flick ; in 1918 it was quoted at £6 a ton (1).

The residual waters of the slaughterhouses and of the knackers’
yards contain in suspension and dissolved considerable guantities of
fertilising matters but may spread germs of infeetion, especially the
water from the knackers’ yvards. These waters must not therefore
be directly discharged into watercourses.

Their chemical composition is very variable. For example the
following analysis of BeEzaurLT may be quoted in milligrammes per

i1y H, .J, Spooxer, Wealth from Waste, London, G, Routledere & Sons, 1918, P 227,
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litre : matter in suspensgion 4,000, fatty matters 1,200, dizzolved matter
5,150, mineral substances 430, dissolved organic material 4,770,
nitrogen of ammonia in NH?* (salt or free) 67.3, albuminons nitrogen
in NH?* 510.
For the purifying of these waters there are the following methods:
1. Chemical treatmenl by sulphurie acid, phenol, quick lime,
calcinm chloride ete. : but this cannot be fully relied on.
2. Coneentration by evaporation, but the process is costly.
3. Sterilization by heat.
4. Treatment with peat to absorb the gas and fetid substances.
After thizs treatment a congiderable reduetion iz noticeable in the :Ily
residue (e. g. from 500 to 15. 4}, of the total nitrogen, both the ammonia-
cal (57 to 3} and the organic. Thus reduced it keeps better than at
first, without giving off bad odours.
Meanwhile the turf has acquired a by no means negligible value as
fertiliser : e. g. residue 57.6 9, ash 3.76 9, lime 0.19 9%, potasginum
0.35 %, phosphorie acid (.21 9%,, total nitrogen 4.28.

20. — Bones (1).

These were used at one time powdered as a divect phosphated
fertilizer, especially in soils rich in humus where their effect was more
immediately obvious, but since the invention of the process of manufae-
ture of superphosphates from bones and minerals and the utilisation
of considerable quantities of bagie slag from smelting, the direct use
of bones may be gaid to have come to an end almost everywhere.

During the war, the bones from slanghterhouses, from the factories
where horses killed in the war were dealt with, and from household
refuse, were carefully ecollected, especially in Germany ; and it was
thus possible, though only to a small degree, to supplement the lack
of phosphorites, which had to be imported from over seas, for the
production of superphosphates.

Fresh bones which have not been subjected to any treatment con-
tain on the average :— phosphorie anhydride 20 %, — nitrogen 5.6 9%
— fats 6-12 %, — carbonate of lime 4 9,. To render these bones
suitable for the manufacture of superphosphates, it iz first of all neces-
sary to deprive them of their fat, which serves for goap making and as
lubricant ; they still eontain the nitrogenous maftter or ossein, and
mineral compounds are found in them, on the average, in the follow-
ing proportion :— moisture 6-10 9%, — phosphorie :-II]]I\-'illiltL 20-30 %
— potash 0.2-0.3 9% — lime 30-32 9, — magnesia 1-1.b %.

When a farmer has a certain amount of bones at his disposal
he eannot do better than sell them to a superphosphate factory and
purchase that fertiliser, nitrogenous if made from bones or non-nitro-
genons if made from phosphorites, for his own land.

A bone residue produced in considerable quantities in button,

(1) Ci. A. BrurriNi, op. cit.
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comb, ete., factories is bone raspings, which may contain up to 54 9
of tricaleie phosphate and 3.2 9 of nitrogen.

Bone ash, the mineral residue from the calcination of bones, is
produced in considerable quantities in South America. It contains
about */; of phosphate of lime and is used for the manufacture of super-
phosphates, like phosphorites. In conclusion, it is noted that at the
present time farmers very seldom use bones directly as manure, because
they sell them to manufacturers of glue and bone superphosphate.
Thizs subject thus properly belongs to that of chemical manures,

21. — Animal glue and lard residues (1).

Nitrogenous fertilisers, containing 3 to 4 %, of nitrogen formed by
the cutaneous, or tendinous parts, débris of museles, etc.

They can be used by mixing them intimately with 25 9, of sul-
phurie acid at 520 B, The pulp is then mixed with earth, plaster,
animal charcoal, ete.

These are rather slow-acting fertilisers, not very easy to apply
if they contain much moisture, but they may be rendered dry by mix-
ing them with dried peat, or with sawdust, wheat chaff, elay soil ; they
may also be mixed with farm manure.

According to Prof. F. SESTINT'S analyses, these residues have the
following percentage composition :— moisture 46 — organic matter
33.5 — mineral matter 20.5 — nitrogen 3.042 — phosphorie anhydride
0.03. BSenator N. PAssSERINI found :— moisture 56.676 — solid matter
at 1056° ¢ 45.324 — organic and volatile matter 30.936 — crude mineral
matter 14.388 — niftrogen 2.627 — phosphoric anhydride 3.633 —
lime 7.714.

The quantity to use per acre is from 200 to 280 kg. ; it should be
applied in autumn.

Residues similar to those just mentioned are those of lard or tallow
or beef fat, ete., formed by membranes or aponeuroses together with a
little blood, fat and splinters of bone which are obtained as residue in
the extraction of tallow.

According to BOUsSSINGAULT and PAYEN the lard residues contain
11.87 9, of nitrogen, whereas aceording to MiNTZ and GIRARD they
only contain 5.5 %, of nifrogen but 2 to 3 9, of phosphoric acid. They
therefore form a good nitrogenous fertilirer, but rather slow in de-
composing.

They are applied early, in autumn, in the proportion of 360 to
400 kg. per acre. As they are generally sold in compressed cakes,
they should be chopped up and kept steeped in hot water before
applying them. They are often mixed with eomposts and the whole
applied after a ecertain time.

(1) A, Brurrizi, op. eit.
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22. — Dairy residues.

As has already been stated when dealing with food for livestock,
it is necessary, in this ease, to distinguish between dairy by-produets
and residues. Among the residues utilisable as fertilisers are the
following :—

Sediment of the separators. — This is a deposit which remains
in the centrifugal separators to the extent of 0.3-0.13 2, of the
skimmed milk. With milk from diseased cows or cows that have just
calved this residue may amount to 0.25 Y.

It consists of a mixture, greenish grey outside and white inside,
of =olid, foreign matter, remains of fodder and exerements, spores of
fungi, fragments of animal euticular cells, ete.; the internal white
layer is a phospho-caseinate of caleinm.

Itz ehemieal composition is wvariable ; FLEIscHMANN found :
moisture 68.20 %, — fat 1.42 % — casein 25.34 9%, — other organic
matter 1.82 9% — mineral matter 3.22 9,. This residue is very rich
in bacteria, among which there are some very dangerous such as
those of tuberculosis, typhoid fever, ete.

“It is therefore searcely necessary to say ', writes M. RoLET (1),
“ that great ecare should be taken not to give these sediments to
livestoek or to mix them with the skimmed milk intended for them.
Unless they are buried at onee as fertilisers they should be destroyer
by burning. This has been made obligatory in Denmark and Ger-
many .

Residuary liguids. — These are the washings mixed in certain
cases with whey, and are most abundant where the dairy work is
condueted aceording to modern ideas of the most scrupulous clean-
linesz. In fact, in such eases, the guantity of residuary liguids is
almost equal to the amount of milk used and, at times, amounts even
to twice and a half times that quantity.

These liguids contain, in very variable proportions, albuminoids,
fats, lactose, lactic acid, common salt and earbonate of soda. Thus,
A. CALMETTE, for example, found in them, in milligrammes per litre :
organic matter 1550-21356 — organic nitrogen 43.6-115 — fats
628-1440. Left standing, these liquids quickly begin to ferment
with rapid decomposition of the lactose and albuminoids.

Instead of passing these residuary lignids into a stream, they
may be poured on land near the dairy, where they will have fertilis-
ing value, especially on sandy caleareous soil in which nitrification
is more active, To promote this it is desirable to suspend the
pouring out of the liquids from time to time. If they contain whey,
the acidity should be neuntralised with guicklime.

Before using these liguids in this way it is desirable to colleet
them in a seftling tank.

(1) Cf. A, Rorer, Les Industries annexes de la Laiterie, Pariz, Bailliére, Editor, 1920,
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A quantity of 25 to 40 litres per square metre per day should
not be exceeded. For large guantities of residuary liguids, attempts
have been made to apply various methods of c¢hemical, biological,
bhio-¢chemical and mechanical purification.

These processes have their qualities and their defects ; they can-
not be dealt with here. But the DAmRE, DORNIE and VIGNEROT
process, which consists in adding superphosphate and then slaked
lime to the residuary liquids, may usefully be mentioned : a preci-
pitate of phogpho-cageinate of lime iz thus produced which carries
off a large amount of fat ; the clear liguid is then decanted and the
precipitate is collected on a filtering layer of peat which is then used
a8 manure.

GERBER apparatus residues. — When this apparatus iz used
at frequent intervals every day to determine the fat in the milk,
it accumulates large guantities of a mixture of milk, sulphurie aecid
and amylic aleohol.

Sometimes this mixture is thrown away on uncuitivated land.
M. MARECHAL recommended pouring it into a pit the bottom of which
i3 covered with a 10 cm. layer of guicklime on which iz placed an
equal layer of coal ashes, mineral phosphate, basic slag, oyster
shells, or bones, ete. The acid renders part of the ashes soluble and
produces sulphate of lime, so that a mixture ig obtained contain-
ing sulphate of lime, alkaline sulphates, ete., which can be used as
fertiliser provided all acidity has been neutralised.

23. — Wool and Silk waste (1).

Wool. — These are in the first place various residues which may be
collectively fermed sweepings of the wool spinning and ecloth fac-
tories ; then all the bits, shearings of cloth, dust from wool-comb-
ings, v.uahmg residues, ete.

The shearings contain 4-6 9 of mtmm}n. the dust 2.45-5.20 2%, ;
the sediments from washings contain 0.5 %, of nitrogen, 0.12 %, of
phosphoric acid and 0.28 % of potash.

The waste from shearing the cloth, or * bourre de laine”’ contains
according to Senator N. PASSERINI'S analyses -— moisture 9.588 9,
— organic matter 82.444 9, — mineral matter 7.889 9%, — fats
16.134 %, — nitrogen 5.938 %, ; the pure ash analysed contained:
— potash 4.508 %, — phosphorie anhydride 6.839 Y,. That writer re-
commends the use of the shearing waste for olive trees to the extent
of 13 lbs. per tree after mixing it with wood ashes, chloride of po-
tagsinm, basic slag, or also with the leaves and twigs from prunings, also
with the olive husks from oil-pressing previously neutralised with lime.

(1) Cf. : 1) A. BrUTriNi, op. ecit. — 2) Frirscn, op. cit, — 3} P, Razous, op. cit. —
1) SeHERIBATX, in €, B, de U decadémie o Agricultrers de Franee, t. VI, No_ 20,  Paris, 1020, —
§) E. J. RusseLy, in Journal of the Board of Agricelivre, No. 21, London, 1915 —
8) 8. J. Jomxsroxg, Potash, Imp, Insl, London, J. Murray, 1922, — 7) Wool scouring
wastes for fertilizers purposes, in Amer, Fertilizer, May 8, 1922, No. 9, p. 57.
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The shearing waste can also be applied to vines (1320 Ibs. per acre)
by mixing it with leafy vine branches, decomposed vine shoots and
fermented residues.

For wheat, it is recommended to apply 530 1bs. of shearing waste
-+ 530 lbs. of farm manure per acre, after mixing, heaping and fer-
mentation hastened by liguid manure or urine.

Whatever kind of wool waste is used ag fertiliser, it should always
be made to ferment by keeping in heaps and moistening with water,
liquid manure or urine ; or else mixing with lime and the whole incor-
porated in composts.

It iz also desirable, when possible, to apply industrial treat-
ment with concentrated sulphurie or hydrochlorie aecid or with steam
at 1500 C in an autoclave for 7 or 8 hours. A black, friable substance
called “ azotine ” is thus obtained, which contains 9 to 12 %) of ni-
trogen.

The treatment in autoclave is applied especially to seraps of cloth
containing cotton, preventing their being spun again for the manu-
facture of inferior eloth.

Prof. ScHRIBAUX states that Dr, A. de RoTHscHILD observed
that the dust of natural wool used as fertiliser is sometimes injurious
becanse it introduces seeds of weeds, such as Medicago maculata
and M. denticulata, which have been found at times in the propor-
tion of 3.8 9, into the soil. One ton of wool dust in that case con-
tains 38 kg. of these weed seeds, of which 22.8 kg, germinate immed-
iately while the rest (hard seeds) germinate after a certain time,
thus this trouble lasts for several years. In our opinion, this draw-
back could be remedied by treating the dust of natural wool with
steam at 1000 or more or else with boiling water.

Experiments made at Rothamsted have enabled RUSsSELL to
conclude that wool waste is efficacions for all erops, even on heavy
soils. Waste treated with sulphuric acid or well seoured did not appear
to have a better effect than the untreated waste.

The scoured residues should be applied in the proportion of
4 15, tons per acre for maize crops and meadows.

The wool scour contains in solution many other substances in
a varying proportion. It carries infection even more readily than
sewage, and for this reason its direct discharge into water courses
is more dangerous. The fats in it deecompose very slowly.

For the purifying of these waters CALMETTE suggests the follow-
ing methods,

1. Mechanical treatment — stirrings etc. — to oxidise the dis-
solved matters.

2. Treatment with acids : sulphuric and hydrochlorie.

3. Treatment with alkalis: principally lime.

4, Treatment with salts : ferrous chloride, chloride of manga-
nese, ferrons and ferrie sulphate and alumininum sulphate, ferruginous
phosphate of soda, ete.

5. Treatment by evaporation, with a view to reduction to
1i0-ths of the original volume. The result is as follows: impure
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distilled water, wool fat, raw carbonate of potash (50-70 9%), mud
and sand. This last method is the most hygienic but ig expensive,
s0 that CALMETTE considers the best plan is to purify these waters
with chemieal re-agents before passing them into the drains.

Nilk. — Residues from spinning which cannot be used for tex-
tile fabries ; they contain from 8 to 10 9 of nitrogen. They decom-
pose rather slowly in fthe soil.

24, — Waste from hair, feathers horns and hoofs (1).

Hair and jeathers. — Waste of this kind is furnished by cleaners
of horse hair, brushmakers, feather dressers, ete. and yields first-class
nitrogenous fertilisers (12 to 15 9, of nitrogen in a dry state; 4 to
6 9, in a moist condition with impurities), but very slow in decompos-
ing. Torrefaction is necessary or they can be subjected to treatment
with lime or mixed in the manure heap or in composts.

An industrial treatment, as is given to wool waste, is steaming at
5-6 atmospheres, or treatment with concentrated sulphurie or hydro-
chlorie acid, or with earbonate, of soda, besides the treatment with
lime above referred to.

Residues of horns and hoofs. — Parings, raspings, cuttings, dust
from polishing, can be used as fertiliser. These residues also should
be bhaked or treated with steam in an autoclave. They should
then be pulverised.

Acecording to MULDER, horses’ hoofs contain notless than 16.7 9
of nitrogen, the horns of cattle eontain 17.1 Y% of it. The raspings
come from the button, comb, ete. factories, the cuttings from shoeing
forges.

The fertilising action of these residues is very slow; they are only
suitable for woody plants.

Hair. — M. KoLLER (2), states that in 1915 a great colleetion
was made in Germany of women’s hair, which was sent to a central
depot in Leipzig, where it was waghed, scoured and sorted aceording
to length : the longest hair was sold to hairdressers while the rest
was used for making long strong belting for machinery, bags
for pressing olives, ete. This was in substitution for what was
made before the war with Chinese hair, also with horsehair, camel’s
hair, ete. (3).

(1) Ci. : 1) J. FrizacH, op. cit. — 2) A, BRUTTINI, op. cif.

(2) Op. cit., p. 167,

(3) The use of hair as fertiliser in Chinn was vory ancient, Witness the following ex-
tract :— ** In certain places, such as the Provinee of Che Kiang, to improve the crop of rice,
they take cars, when sowing, to bury pellets of pigs bristles, or even human hair, which
according to them, gives strength 1o the so0il and vigour to the ries : those people whose trade
18 to shave heads collect the hair careiully and keep it until the inhabitants of these places
come to purchase it .. . " Cf: J. B, du HALDE, Description géographique, ete. de 1I'Empire
de la Chine et de la Tartarie Chinoise, v. 11, Paris, P, G. Lemercier, MDCCXXXYV, p. 64,
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25. — Leather waste (1).

Thiﬂ is obtained in all kinds of leather work and containg from
7 to 9 9, of nitrogen, but the tanning makes it very resistant to
decomposition, so that without preliminary treatment it hag no value
as fertiliser.

Various treatments are recommended : one being to treat with
water containing 5 to 6 9, of sulphuric acid, then to roast and reduce
to a powder, rendering the whole more porous and friable and conse-
quently more rapidly decomposable. A similar method to the above
is the patent of R. P. RosE of Pittsburg : the leather waste is hydro-
lysed with dilute sulphuric acid in contact with an oxidizing agent (?)
in an autoclave under steam pressure of 50 lbs. per square inch.

According to a British patent, the leather waste iz steeped and
then allowed to ferment. Five partis of fermented waste is mixed
with eight parts of phosphate of lime and the mixture is treated with
sulphurie acid to decompoge the phosphate and convert it into super-
phosphate, after which it ig dried, friturated and the phogpho-nitro-
genous fertiliser so obtained is placed on the market. Acecording to
another patent, that of H. P. (. LissacArAY, the leather waste is
immersed for 5 minutes in water acidulated with 10 %, of concentrated
sulphurie acid, or alum, or sulphate of manganese. It is then air
dried and drying is completed with hot air. The substance then be-
comes friable and easily reduced to powder. These residues can also
be used in accordance with PRORCHWITZKY'S proeess by distillation
in retorts with alternate layers of 1 part of residue and 4 parts of lime.
In the gas given off are found ammonia and erude carbonate of am-
monia. The residue from distillation is used as fertiliser.

The Committee of the British Association (2) in 1917 ftried to
utilise condemned Army boots by dry distillation and absorption of
the products by sulphuric acid, and obtained 23-25 9 of crude sul-
phate of ammonia from them.

According to recent unpublished researches by Dr. L. BoNAVIA
on the dry distillation of condemned war boots, only 13.26 9, of
neuntral aulphate of ammonia can be obtained, whereas by dissolving
the leather in sulphuric acid a conversion of the nitrogen into ammo-
nia corresponding to 35.2 %, of neutral sulphate iz obtained (3).
It has also been proposed to dissolve this leather waste in sulphurie

(1) Cf, : 1) A. Brurrmdn, op. cit. — 2| Jowrnal of the Society of Chemicnl Tndustry,
v. 37, No, & 1918, — 3) KoLter, TH,, op, cit,

(2) Cir, C, Lams, * The utilisation of condemned Army boots ™, Jowrn, of the Chem,
Ind,, ». XXXVI, No, 18, 1917, p. 986,

(3) Worn out army hoots have been chiefly used to obtain ** leather gas *° which resem-
bles Dowson gas or poor gas, This was done during the years 191901920 at Modena utilis
img.the large quantities of boois that had accomulated at Saliceta 8. Giuliano,  An ordinary
tower gaz generator is used with injection of water and compressed air under the fumace.
The calorific power of the gas comes out at about 1300 calories, Cf, G. Braxcer, Sopra un
gas di cucio distribuito nel dopo guerra alla eitti di Moderna, Aeti delle Soe, dei Matem, ¢ Na-
tur. di Modene, Seriez V, wol, ¥V, 1919.1920,
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acid and then to use this acid for making nitrogenous superphosphate.
Rags and wool and leather waste, ete., treated with sulphuric acid,
yvield a fertiliser which corresponds with 23 %, of nitrate of soda.

The moist raw material is treated hot with the acid and mashed.
According to the British patent No. 26780 phosphate of caleium should
be added to the leather waste.

The mash is passed into a closed tank, the fumes pass into an
absorbing tower and the gases which escape from the tower are passed
through a peat filter and then into the open air.

The volatile nitrogenous compounds are eonverted into ammonia
by catalysis with alumina heated to a high temperature. The final
dried produet econtains 6-8 9, of nitrogen (1). According to the
patent taken out by H. DeEvos of Belgium, a fertiliser can be ob-
tained by heating leather waste in an autoclave to about 950 C, with
dilute acid or acid salt, carefully avoiding stirring or boiling of
the liguid. After 1-4 hours a pulp 18 obtained which is caunsed to
solidify in slabs and dried in the air, it is then pulverised. The de-
canted aeid lignor can be used again (2).

It has been proposed, and in some cases the suggestions have
been carried into effect, to use leather waste from war boots in other
ways, such as material for street paving, for making animal char-
coal, extraction of fat, artificial leather, glue, ete.

Lastly it should be stated that according to PETERMANN, MUNTZ
and GIRARD leather waste has very little value : among animal fer-
tilisers it stands last.

In all cases when used as fertiliser it is always applied to woody
plants, since its action is too slow for herbaceous plants.

26. — Dead insects (3).

Residues from the breeding of silkworms and from other insects
such as locusts and ecockehafers can sometimes be collected in large
quantities.

Silkworms. — The chief material is chrysalids remaining after
gpinning the cocoons ; they contain in a fresh state 2 9, of nitrogen,
and in a dry state :— moisture 10 9, — nitrogen 9.42 9%, — phos-
phoric acid 1.82 9, — potash 1.08 9, (AuBIN). These are used di-
rectly as fertiliser, after drying and pulverising, but it is better to
mix them in the farm manure heap or in eomposts. (For food of
livestock see p. 193).

The silkworm bed, which results from the mixture of silk worm
excrement with the residue of the mulberry leaves, is generally used
for feeding pigs, but it may very well be used as fertiliser. It con-

(1) KoLrer, Dr TH, op. eit., p. 104,

(2) Cf. Chimie ot Industrie, V. T, No. 1. Paria, 1922, p. 148,

{3) Cf. : 1} A. BruTTINI, op. eit. — 2) Remsta de o Adsociacidn rural del Uraguay,
Year 47, No, 7. Montevideo 1918, — 3) Scavovnexsey | L., Revista del Centro Estud, de
Agron, ¥ Veter, de la Unie, de Buencs dires, Year 13, No, 99, Buenos Airves, 1920,
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tains, in a dry state: moisture 12.96 9% ash 13.74 9, — car-
bonate of lime 4.21 9% — phosphorie acid 0.55 9, — potash 3.28 9]
— nitrogen 1.63 9%,.

Locusis, especially now that the measures of control have been
strengthened in many of the invaded distriets, are sometimes col-
lected in epormous quantities and are used for manure. Thus, in
Urngunay, according to a Report of the Commission of the Ministry
of Industry on the use of captured loeusts, these insects were first
dried in ovens made for the purpose, then i the sun.

For the °“ langosta saltona ™ (wingless insect or cricket) thus
treated the following analytical resnlts have been obtained : moisture
8.93 9% — total dry matter 91.07 %. In the air dried matter there
was :— ash 0.73 % — lime in the ash 0.32 % — acidity expressed
in acetic aeid 3.19 9%, — fats 9.39 % — nitrogen 10.28 9, — total
proteids 64.25 %, — digestible proteids 38.94 %, (1).

In Argentina during the 3 campaigns 1916, 1917 and 1918,
289,221,850 kg. of *‘ saltonas ™ (crickets) were captured as well as
about 39 million kg. of loeusts both just hatehed and fully developed.
Caleulating that about 30.000 tons of them eould be used a year,
fat and fertiliser to a value of 6 million franes a year might be recov-
ered from them.

The dried loeusts, as has been previously menfioned, are used
as food for livestock, the nutritive value being equal to that of oil
cakes. This is specially sunitable for fattening pigs and cattle, but
is also aceepted by sheep and horses.

Locusts with the fat removed are sunitable for manure anpd i
this respect are better than dried blood and meat powder. The
fat extracted from them is a good lubricant.

C'ockehafers. — In certain years these are so numerous that enor-
mous guantities of them are colleeted. According to MiinTz and
GIRARD they contain, when fresh : 3.2-3.5 9, of nitrogen — 0.6 %, of
phogphoric acid — 0.5 9, of potash. In the dry matter the percent-
age of nitrogen amounts to 12-14 9.

(1) The analyvses made by Mirstz and Girarp (Les Engrais, Vol. II, p. 209) ae here
reproduced :—

Laocusts
Froal Dry Diried and fat
| renuoved
T T ) e e e P S 24T % 11.36 2 L4040 &
Phosphoric anhydeide . . . . . . . . . 1,50 203 2 50
TP i ety ot ST S I s 0,06 1.30 1.60
Lima. . . T e e e e b e 091 1.23 I.52

BT ) R R e A e S S M 26,00 =

Ly
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27. — Potash extracted from various industrial residues
and from ashes (1).

In diseussing the utilisation of animal and vegetable residues
there has been occasion to note the utilisation of their potash. Spee-
ial reference must now be made to the potash contained in consid-
erable proportions in certain industrial residues. The large quantities
of these residues together with the great need during the war for po-
tassie salts induced experimentalists to improve the processes of extrac-
tion and the various States to aid and encourage their use. Not all
the processes adopted during the war have in consequence continued
in use but some of the improved processes may be considered as per-
manent addition to the industry of the produetion of potassic salts
other than from mines.

Potash from the brine of sallworks. — It is known that the brine
in the erystallisation basing of common salt contains ehloride of po-
tassium. At different times (BALARD in 1826), attempts have been
made to extraet this fertilising salt from the brine, but never with
economic advantage, mainly because of the competition of German
potassic salts.

During the war the German potassie salts were no longer avail-
able and research concerning the utilisation of brine from saltworks
was renewed : in Italy the ** Amministrazione delle Privative » (Ad-
ministration of Monopolies) undertook in 1916 a series of researches
on this subject in the Government saltworks in Sardinia.

The volume of brine obtainable for all Ttalian saltwork, at 3204 B,
amounts to 506,774 cubic metres. TFor the Sicilian saltworks (non-
State) it is caleulated that each ton of common salt extracted cor-
responds to 0.870 ¢. m. of brine, containing, on the average, 9.06 gr.
to 22.51 g. of potash per litre. But in a brine at 31°.4 B. from the
Trapani saltworks, M. Levi found 15.585 gm. of potash, equivalent to

(1) Cf = 1) Levi, M, Min, Ind. ¢ Comm. At del Com. per UInd, Chim, RBome, 1917, —
2) MaxzeLLa, B, Ann. di Chim, appl., v. V1I, No. 1.8, Rome, 10917 — 3) NisEmMUra, T,
Jowrn. of the Chem, Ind,, v. XXXVI, No. 18, London, 1017. — 4) P. Razow, op. eit.,
p. 88 and 6526, — §5) CraxFienp, H. T, The Jowrnal of the Board of Agric., v. XX1V, No, 5,
London, 1917, — 6} AwpeErson, B, The Journ, of Ind, and Eng. Chem., v, 9, No. 7, Easton,
Pa,, 1917. — 7} U, 8, Derarr, oF Acric, Yearbook, Washington, 19168 and 1917, — 8) 5i-
pERBATM, H, G, Kungl, Landtbrusk. dbadem, Hand, och, Tidslreift, Year 53, No. 1. Stockholm,
1914, — 8) Dr Dosmixicts, A dnn. della B, Scuola Sup. di Agr. di  Portici, s, I1, v. XV, Por-

tici, 1920, — 9) Covioma, J, Bull, Agr. de I'dlgérie, Tunisic of Maroe, 8, 2, Year 27. No, 4,
Algiers, 1921. — 10) Burrer, B. Chem, News, v, 112, Ko, 2007 and v 113, No. 2045,
London, 1915 and 1918 — 11} Exris, B, H. Journ, of the Soc, Chem, Imd, v. XXXV,
No. 8 London, 1918, — 12) Arra, A, LTI, Agric,, Bo, 2, Placentin, 1915 — 13) BusseL,
8, The Journ, of the Board of Agric,, v, XXI, No, & London, 1914, — 14) Fnirscw, J,, op.
cit., p. 233, — 15) Davis, B, U 8 Dep. of Apric, Circelor 61, Washington, 1918, —
16) Hicks, W. B., Nounsg, M. E., Petash in 1918, Gov. Print. Off. Washington, 1920, with
a bibliography of publ. on potash publizshed in the veara 1918-1919 and 1920, — 17) MiixTz
and Girarp, op, ecit, v. ITI. — 18) Somren, E., La grande industric chimigque mindrale,

v, II, Paris, Gauthier-Villars, 1904,
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29.719 gm. of chloride. At 30° B. the chloride content would be
25.56 gm. According to this writer, 13,639 m. t. of ehloride of potassium
plus 1,077 m. tons of bromine could be obtained from the whole of
the ltalian saltworks (1).

Allowing an annual utilizgation of 100,000 cubi¢ metres of brine
from the Trapani saltworks, charged at 1 lira per cubic metre, E. MAN-
ZELLA estimates 400,000 lire cost of installation, 900,000 lire work-
ing expenses and a net profit of 700,000 lire a year (2).

Regarding the experiments made by the Administration of Mono-
polies in the Sardinian saltworks (Cagliari) it appears, that sulphate
of magnesium has been obtained, which the Administration uses for
mixing with the salt intended for salting sausage skins, and that a
considerable quantity of a mixture of salts, among others potassic salts,
have since been obtained. This mixture, in spite of offers made to
chemical product factories, has remained unused up to the present.

The brines are disposed of to a * lapis-lignum ** factory for pav-
ing blocks.

The Monopoly experts have concluded from this preliminary ex-
periment that the manufacture of potassic salts in salt-works intended
mainly for the production of table salt is of no economie advantage.

From =saltworks in the United States, 60,681 short fons (of
907 kg.) of crude potassic salts, containing 13,956 m. tons. of potash,
were extracted in 1918,

The annual quantity of brine produced by the Japanese salt-
works is 240,000 tons; it contains 2.30 to 3.48 9%, of chloride of po-
tassium of which 80 9, is recovered, thus obtaining a ehloride of
80 9, purity.

For other saltworks in the world, there are no similar data, but
those just quoted make it possible to form some idea of the very large
gquantity of potash which may be obtained from the brines of salt-
works,

Potash extracted from blast furnace dust. — According to GoURy
this dust is suitable for use when it contains at least 10 9%, of po-
tash (K,0), mostly found in it in the form of salts derived from the
original potassic silicates. These compounds, soluble in water in
proportions varying from 4.07 to 19.49 %, are principally chloride,
sulphate and carbonate of potash.

This dust is deposited in the flues of the boilers heated by the
gases of the blast furnaces; they vary in colour and in richness in
potash : the richest, a eream-coloured dust, containz according to

(1) For information regarding the Trapani zalt-works consult A, BRurris:, ** Sulle =aline
t.rulmn-u.:-;i e sulla lorn stima " in M Palifeengeo, Milan, 1900, Tip_ o Lit., dewli ||:|.1_.n|_'g|:|t|rj_

(2) The * Secicid Anorima Derivatd deque Marine " at Trapani (Siecily ) has been carrving
on sinee 1921 a manufacture of salts of magnesium, treating the brine of some of the salt
works close by, At present only a part of the brine 15 handled, but it is intended to moake
use of brine froin all the salt-works of Trapani, amounting to about 200,000 cubic meires per
annum. In future potash salts will alzo be extractod ; just now about 4 m. tons of magnesinm
galts are turmed out per day and exported to Milan. The principal uses of these salta,
ezpecially the chloride, are the manufacture of magnesiom and the preliminary treat-
ment of textilez for the dyeing process,
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CRANFIELD from 11.32 to 15.89 9 of potash seluble in acids and from
5.69 to 9.25 %, of K,O soluble in water.

That writer caleulated that in Great Britain the total annual
production of potash from blast furnaces reaches 15,000 tons, of which
at least one half is soluble in water. The erude dust, especially the
cream ecoloured dust mentioned above, can be used direetly as fer-
tiliser. In the United States, according to W. B. Hicks and R.
NOURSE, potash is produced in very small quantities in the blast
furnaces.

About 60 9%, of the potash in the blow pipes of the boilers
and in the chimneys is lost. Corresponding to a production of
28-29 millions of tons of cast-iron in the United States there are 85,000
tons of potash. But very little of this is recovered becanse the greater
part remains in the lixiviation water of the gas and a considerable
part is dispersed in the atmosphere. In the United States during
the war there were recovered in this way less than 500 tons per annum,
but with the furnaces on the Cottrell system it was clear that from
the end of 1919 from 1000 to 1500 tons of potagh could be supplied
per annmm (1).

Germany and France possessing respectively the large potash
deposits of Stassfurt and Alsace have no inferest in extraecting
potash from the blast furnaces.

Irigsolved salts of potash are also pmseut in the blast furnaces
gas washings which, in 1]19 dry extract, vary between 20.6 and 55.7 9%,
with an average of 33 5 9%. When t,hi,se washings ean be economically
evaporated (for example h; means of solar heat and wind as in salt-
workg), the utilisation of their residue as potassic fertiliser iz of in-
terest.

According to K. CHANCE for every ton of ecast iron produced in
England there goes into the furnace with the minerals an eqguivalent
of 15 to 30 Ib. of potassium chloride, so that the total guantity of
potash salt going into the furnace annually is about 200,000 tons.
Of this guantity under the ordinary conditions of the process about
150,000 tons are lost with the szlag and 50,000 tons are volatilised
in the form of earbonate, ehloride and eyanide, of which ¥/, are given
off into the atmosphere. A part of the remaining 10,000 fons is
deposited in the chambers with the coarser dusts, while a certain
quantity 18 usually recovered as sulphate in the blow pipes.

The methods for the colleetion of these dusts may be elassed
ag follows: 1) water pulverization: 2) electric precipitation; 3) dry
filtration through bags. This last is the one chiefly relied upon. By
this system, ealled the Halberg-Beth, a dust is colleeted, having the
following percentage composition : bicarbonate of potash 23.23, car-
bonate of potash 14.66, chloride of potash 10.90, potassinm cyanide
5.8, potassinm formiate 3.66, p. sulphate 1.13, carbonate of soda
3.97, ferric cyanide 0.48, gulphur of zine and of lead, 0.36, ferrie

(1) A, B, WeLra, Dept. of Fed, Burean of Mines. The Potash Tndusiry of the IF. 8,
and ils possibifilics for future production. Washington, 1919,
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ferrous oxide 11.68, carbonate of lime 10.39, sulphur of zine 2.23,
oxide of magnesium 1.05, carbon 2.18, flint, 8.91. The composition
of these dusts iz thus very variable.

To make use of the potash which is nsually lostin the refuseslag
of the blast furnaces and to cause it to pass in fumes so as to be collected
as indicated, a proposal has been made to combine common salt with
the iron ore so that the base of the salt, viz. sodium, may take the place
of potash in the slag and thus volatilise it. On an average for each
ton of potash contained in the dust there is needed three-quarters
of a ton of common salt.

The guantity of potash which can be recovered from blast fur-
naces by this use of salt, and by filtration of the gases, rarely falls
below 100 Ib. of chloride of gas, and in many ecases is much more.

Potash jrom cement factories. — In view of the stoppage of the
export of potassic salts from Germany, a scheme was put forward
for collecting the potassie salts from cement kilns usnally horne away
by the dranght and dispersed in the air. The precipitation of this
very fine dust in deposit chambers is obtained by means of special
electric separators. According to researches by Messra NESTELL
and ANDERsON the smoke and dust from cement factories represent
about 10 tons of matter lozt every day per kiln by the chimneys.
That dust is partly composed of caleined raw material, coal ash and
alkaline compounds, mainly sulphates and secondly carbonates. The
potash In it varies between 10 and 11 9%, of which 86 9 to 90 9 18
soluble in water, while the remainder in the form of silicate is insoluble
or slowly soluble. (1)

This utilisation of the potash from the silicates contained in the
ore introduced into the eement kilns has had a special development
of late years in the United States.

From the rotatory furnaces in the cement factories a coarse dust
escapes and also a very fine dust rich in potash which easily flies
through the blow pipe if speecial measures are not taken.

The potash volatilised in the ordinary conditions of cement ma-
nufacture varies between 25 and 95 %, of the whole content of the
oreg employved. Thizs depends not only on the process but on the
nature of the material used.

The numerous processes followed to recover the potash from
the eement dusts ean be grouped into three: the electrostatic by
moist or dry process, water pulverisation, and pulverization in cham-
bers of deposition.

Not all this potash is soluble in water, but as a rule about 90 9%
can be recovered by soaking in hot water for some hourg, or more
quickly under pressure. In this way the soluble potash obtainable
in the United States will be from 60,000 to 65,000 tons per annum.

(1} The same method of precipitation of the dust by the action of electrostatic eleciri-
city, according to the CorrrReErct or Lonce systems, is alzo rocommended for the procipitation
and eollection of the dust which is produced during the crushing of nitrate of soda in the
Chili factories (officinas). (CE F. G. Dox~NaN, Report on a Programme of Investigation for the
Chilean nitrate Induwstry., Univ, Coll, London, 1921, p, 50),
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An inquiry made by the United States ™ Bureaun of Soils * has
shown that the potash which escapes from the ¢ement kilng of that
country variegs between 0.35 and 5.34 1bs. per barrel of cement, with
an average of 1.9 Ib. Allowing that 90 million barrels of cement are
produced there annually the corresponding potash would represent
about 86,000 tong, of which 80 9%, or 70,000 tons a year, might be
recovered. But up to date the largest quantity of potash recovered
has been 1621 tons (1).

Elvetro-potash. — Residue obtained in the form of slag in the pre-
parations of ferro-silicinm, by treating in the electric furnace at 18000 C
leptite or eurite, a common rock in Sweden, a gneiss rich in feldspar.
As goon as the ferro-zilicium has been separated from the slag con-
taining if, the slag is finely ground and eonstitutes electro-potash.
It contains about 11 %, of potash, of which 10 9, iz seluble in hydro-
chloric acid at 20 9, strength, in a water-bath, and 6-6.5 9 in
hydrochlorie aecid at 2 9, strength, cold.

Electro-potash, compared with sulphate of potash in manuring
tests, has given favourable results.

Ashes. — There are varions Kinds of these but the most snitable
as potassie fertiliser are vegetable ashes both domestic and industrial.
Their composition, and consequently their fertilising value, varies
very much : those of ferns (28-29 %, of K,0), heath (16-17 2,) and
broom (30-31 9;) are richest in potash; the following also yield good
aghes :— the straw from oats, straw and husk of wheat, leguminous
plants, buek wheat, poppy, rape — twigs of the olive tree (17.4 %)
— grape residues — vine twigs — young elm leaves — bean pods —
hops — hop cones — rushes — sedges — sea-weeds (6 to 15 9, of
K 0), ete.

The fertilizing action of ashes is mainly due to carbonate of po-
tash, which predominates, but other potassi¢c salts are present, such
ag sulphate, chloride, phosphate and silicate. They also contain a

congiderable guantity of carbonate of lime and in addition :— car-
bonate of magnesia — phosphates of lime and magnesia — silica —
alumina — oxides of iron and manganese — ete.

A distinetion should be made between wirgin ashes, which are
those hitherto referred to, and lixiviated ashes or lyes, which have
lost almost all their potash but still contain phosphates and earbonate
of lime. Lyes may consequently be used to supply the soil with
theze substances either by direet application or by incorporating
them in composts and farm manure.

The ashes produced in largest guantities are wood ashes (2).
Their composition variez according to the species of the wood burnt,
as is shown by the following ficures:

(1} Ci. Sefentific Americon, Feb, 1922, p. 107,
2} According to the Sefendific American (February 1922, p. 107), the potazsh from the
ashes of wood refuse used as fuel and that of charcoal amounts to over 140,000 tons (of 907 kg, )

o

a vear, which correspondz to about 66 %, of the guantity annually imported ingoe that
country.
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Potash anhvdride | Lime Magnesia
Oak. . 8 16 G — 89 30 — 560 %, 3— 4679
Beeoh | . B — 12 a— 7 30 - - S0 3 — 4
Youne elm 20 25 B --- 10 | 20 -— 40 B 14
Poplar. 1 — 15 19 — 13 [ 30 — 50 8 pir
Pine, . . 10 - 15 3-— 4 | S0-—<#0 $ - &

The gquantity of virgin ashes to be applied varies between 6 and
10 hl. per acre. Lye is applied in the proportion of 10 to 12 hl. per
acre and is especially suitable for clay soils and peaty acid land.

The following information regarding the ashes of various vegetable
residues may usefully be given :

Ashes from almond husks. — A. DE DomiNicis has published
at Portiei (Italy) an interesting work on this subject dealing with
the cultivation of the almond free in Italy, which exeeeds that of
any other country, the average production being 156,400 m. tons of
almonds a year, while Spain, which comes next in importance, only
produces 99.300 m. tons,

Generally the green almond husks are fed to sheep, but, in re-
cent years, they have also been burnt so as to use the potash in
the ashes in the commercial preparation of concentrated lyes or by
extracting the carbonate of potash from them. They have been
used in this way specially in Sicily, where, as soon as the almonds
are gathered, the husks are burnt on the spot in ecirenlar stone
kilnz.

The price of these ashes, which before the war did not exceed
8 to 12 lire per 100 kg. rose to 177 lire in 1916 and was still above
100 lire in 1920,

The virgin asheg from almond husks, dried at 105-110° C., con-
tains : — potash 42.71 9%, — soda 2.73 9%, — phosphorie anhydride
3.15 9, — lime 16.24 °,. The dry husk gives from 7.35 to 12.64 9
of ash, in which the potash may be as much as 56.75 9, according to
analyses by the above-mentioned writer.

The husks representing, on the average, 40 9%, of the weight of
the almonds, the 156,400 topns of almonds produzed annually in Ttaly
wonld yield 62,500 tons of husk which, at the rate of 8.6%, of ash, would
fnrnish 5,380 m. tons of ash containing 3,766 tons of carbonate of potash.
Allowing the same percentage of potash for the Spanish almonds,
the produetion in that country would furnish 2,391 m. tons of carbo-
nate of potash which, added to the 3,766 tons in Italy, would make
an annunal total of 6,157 tons.

Orache (Atriplexr Halimus) ashes (fig. 71). — This Chenopod of the
coastal zones of the Mediterranean, South Africa and America gives
ashes very rich in ehloride of potassium (b8-66 9,): it has been recom-
mended as a plant to be burnt for the use of its ashes as fertiliser.
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Ash of tobaceo stalks. — This has been utilised on a limited scale
in the United States to obtain chloride of potash at a high standard.
The stalks which contain about 20 9% moisture were dried till they
contained only 2 to 4 9 and were then finely shredded. In this
state they contain about 5 %, of potash, and blended with a mix-
ture of chemical fertilisers they act as a drying element and also add
to the volume of the mass to be scattered.

Tobacco ash. — B. BURREL has recommended that they
should be collected in places where many smokers meet, to make
use of the potasgh.

In faet, this residue represents 30 9% of the tobacco leaf
smoked and contains 20 9, of potash
and 5-6 9% of phosphoric anhydride.
Allowing that 45,241 tons of tobaceco
were smoked in 1913-1914, this quantity
represents 13,673 tons of ash containing
2715 tons of potash. This total quantity
of potash is not very considerable and
it cannot be collected. The very small
quantity of ash which might actually
be collected in meeting places could
have no importance for the utilisation
of potassic salts as fertiliser. Potash
might also be obtained from tobaceo
refuse from the manufacture of smoking
tobaceo, that ig to say from the stalks
and other waste parts.

Potash  from stalks and skins of
bananas. — This subject has been
investigated by M. R. H. ErLis, who
found in the rachis: moisture 91.6 %, —

20w DE. - A FIORT; Ok (it dry matter 8.4 9, — ash 2.4 % —

potash 1.14 %,. In the ash the potash
reaches 45.9 %. One ton of stalks might vield 24 kg. of ash containing
45.7 9%, or 11 kg. of potash.

The skins of bananas contain, in a natural state :— moisture
88.2 9%, — dry mafter 11.8 % — ash 1.77 9% — potash 1.05 9.
The ash contains 57.16 Y%, of potash. The United States and the
United Kingdom, leaving other countries out of account, import mil-
lions of bunches of bananas every year, which enables some idea
to be formed of the large quantity of potagsh which might be derived
from them by making thorough and eomplete use of them. Thus
the 9 million bunches of bananas imported yearly into the United
Kingdom yield : — sfalks weighing altogether 16,328 tons, including
1372 tons of dry matter containig 13,7 9%, of potash, say 188 tons of
potash — frudt (on the average 180 per bunch, yielding 6.8 kg. of skins)
furnishing altogether 61,235 metriec tong of skins containing 7226 tons
of dry matter containing 9 9, of potash, or 650 tons of potash.

Thus altogether 838 metriec tons of potash would be obtained.

Fia. 71. “— Orache.
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With regard to the needs of eonsumption, this quantity is not
very great and moreover it is merely an estimate for it is impossible
to eollect and burn all refuse from the bananas consumed, most of
the sking going into the dustbins where they are mixed with other
refuse of all kinds.

Ash of sunflower stalks. — Potash extraction from this residue
is of great importance in Russia, where in 1911 there were produced
12,001 metric tons (13,232 short tons).

From this ash there iz obtained by lixivation potassinm carbonate
of varying standard from 78 to 90 %,.

In Rhodesia also the same use has been made of sunflower stalks.

Ash of Artemisia spp. — These plants are rich in potash, the per-
centage in certain cases being 21.05 9.

They grow wild as is well known in many places. In the Western
States various attempts have been made to utilise them, but appar-
ently without commercial suecess so far.

Ash ot waler hyacinth (Eichornia crassipes). — This iz a plant
which in variouns parts of India tends to choke the canals. In the
dry state it contains about 7.5 to 8 9, of potash chloride, and 8.2 9
of caleium phosphate, while in wood ash the potash is present largely
as potassium carbonate (1). In the ash of this plant there is about
25 9, of potash, but the guantity varies according to its growth and
the nature of the zoil. In 1917 it was reported that more than 170 tons
of thiz ash, from 17,000 tons of green plants, were sold in Caleutta
and Dacea.

Ash of ferns. — G. W. RoriNgon and E. J. RusseLL have found
that the young plants give an ash containing about 50 9, of potash,
while the full grown plants eontain a small quantity. The soil has
some influence in this respeet, in the sense that in a sandy soil ferns
contain much less potash than on a elay soil. The season also makes
a difference as the potash diminishes from May to October.

FPotash from prickly-pears. — Approximately the same consider-
ations apply as for bananas. Even in countries producing thege
fruits largely, as in Sicily, collection of the skins cannot be
undertaken.

But in some ‘countries, as in Queensland (Australia), certain
kinds of Opunitie should be considered as regular pests which ought
to be destroyed. It has been proposed to do this by means of tri-
chloride of arsenic over 10,000 acres infested.

As soon as these plants are destroyed they might be burnt and
their ashes, which could yield 15 9, of potash, utilized. From 1 acre,
100 kg. of carbonate of potash of 30 9, purity could be obtained.

Molasses. — When these have fermented they yield, besides
alcohol, potash in the form of salt, which is obtained from the resi-
due of their sediments. This salt contains mainly earbonates which
are used as they are or are converted into sulphate of potash by treat-
ng them with sulphuric aecid. Molasses from beet contains, on the

(1) CE. Bull, Imp, Inst, London, 1921, No. 4.
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average, 5 9%, of potash, plug 1.5 %, of nitrogen, and it corresponds,
in weight, to 4 9% of the beet used.

Potash can equally be obtained from the residue of molasses
sugar. This residue, due to one or another of the processes by which
molasses are made, when concentrated at 35-40° Bé containz 9 to
10 % of potash, 50 to 60 % of organic matter.

By washing the salt obtained by ecaleination in closed retorts
carbonate of soda and carbonate of potassium are obtained and also
chloride of sodinm potassinm, while from the gases given off ammonia
water and a lixiviation of sodium cyanide is obtained (1).

Ashes of wine lees. — The lees with ferments deposited at the bot-
tom of the vats after the fermentation of the grapes form a soit mass
which can be dried on filters ; the solid residue can be reduced to
ashes at a not too high temperature so as to avoid volatilization of
part of the potash. From 100 kg. of dry lees, 17 kg. of ash very
rich in potash are obtained on the average.

The lees deposited by wine in casks is very rich in tartar and
should not be burnt but used for extracting cream of tartar and the
manufacture of tartaric aecid.

Ashes from prunings and trimmings of trees and shrubs. — Con-
siderable guantities of potash can be obtained from these, especially
from shrubs.

RusseLL experimenting with hedge elippings, at Rothamsted,
found 9.6 to 13 9%, (average 10.9 9%,) of potash in their ashes.
Hedge elippings furnish 15 1bs of ashes per 100 yards of hedge. Most
certainly, says this writer, hedges should not be elipped solely to get
ashes, but it is important to use for that purposge all ordinary elippings.

RussELL also recommends the utilisation of the sweepings ac-
enmulated on the threshing floor which contain many seeds of weeds,
for which reason they should be burnt. The ashes so obtained contain
11 9%, of potash corresponding to 5 1bs. of that alkali per aere of land
under wheat. By using this residue as food for livestock and poultry,

(1) Cf = 1) De Jussiev, Fabrie, du Cvanure de Sodinm par les vinasses de distill, oo de
suerat de mélasses in LInd, Chim,, No. 107, Paris, 1922, p. 530,

2) The Seientific Amevican (February 1922, p. 107) rolates that, in the United States, the
total average quantity of potash contained in the annual crop of beet amounts to 20,000 tons
{of 807 kg.). During manufaciure part of thizs potash remaing dissolved and part passes
into the molasses, a good part of which iz consumed by livestock who restore the potash in
the dung, A portion of the potash i= found in the residoes of distillotion and ecan be recovered
by evaporation, The remainder of the molasses, about hall, s uzed lor extracting sugar
from it, and the liguids of this process have potash in solution which is recovered by coneen-
tration. DBut it is doubtinl whether these processez enable more than 4000 tons of potash o
yvear to be obtained, According to H, 8, Gace and W. B, Hicks, if all the potazh from
distillation molasses could be recovered, 30,000 tons of K20 could be obtained., For the re-
covery of chemical productz lost in the chimney of the kiln for burning the residues to ob-
tain potash, the ErFrost process is used, which besides the potassic salt, gives, as residue
of the principal waork, sulphate of ammonia, eyanide of potassium, acetie acid and butyric
acid,

31 For 200000 t, of molazses Dre. G, Mezzaprow (Giornale i Chimvica Ind, ed Appl.,
Year III, Mo, 12, Milan, 1921, p. 5063) indicates the following by- products = sulphate of
ammaonia. 3638 m, t.. evanide of potash, 104 m, €., acetic acid 1470 m. t., butyvrie acid 631 m. .
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as is generally done, there is a visk of introducing many seeds of weeds
into the soil.

Peat and coal ashes. — In certain eountries great guantities of
peat is burnt either by direet combustion, or by distillation by tne
MoxD system, ete. In peat the ash varies between 10 and 16 9
but it iz very poor in potash and still more so in phosphoric acid ;
it contains on the average :— earbonate of lime and quicklime 63 2
— clay 7.5 9, — siliea 15 9%, — alumina 7 9, — ferric oxide 7 9
— carbonate of potash 0.5 %, It is therefore a caleareous fertiliser
suitable for lime-demanding erops and for soils poor in lime. It
is applied in the large quantities of 40 to 60 hl. per acre.

Coal ash contains less potash than wood ash does; on the other
hand, if fresh, it contains sulphides which may be injurious to erops
- but which are converted into sulphates if the ash iz left for some
time in the air before being applied.

The guantity of this ash produced in beiler furnaces is from
1 to 5 %, of the weight of the coal used.

Being fairly rich in lime (15 9;,) and in sulphate of lime (4 9%,),
it can be used as a caleareous fertiliser in quantities of 32 hl. to 40 hl.
per acre, especially on compact, moigt zoils. It contains from 0.2
to 0.8 %, of potash.

Chimney sool. — The soot from house chimneys and the flues
of coal furnaces is a good potassie fertiliser, but as it contains em-
pyreumatic produets which may be injurious to crops, especially
in a dry season, it should be used with eare. It is used for top-
dressing grass lands and also, turned into the soil, for wheat and
clover, in the proportion of 25 to 30 hl. per ha., preferably in damp
or rainy weather,

The following iz an instance of the composition of soot :— mois-
ture 12.50 %, — carbon 3.85 %, — ulmic acid 30.2 % — nitrogenous
matter 20 %, — aerid and bitter substances 0.5 9%, — various soluble

salts, ineluding acetate of ammonia, 10.84 %, —insoluble salts 22,11 9%,.
Wood soot containg, on the average, 1.15 %, of nitrogen and coal goot
1.35 %,. The composition of soot varies aceording to the nature of
the fuels and also aceording to the system of combustion.  According
to WorLrr and VOLKER its average composition is as follows :—

Wil soof Coal soot
T e B S e S S S b0 % 4.0 to 100 %
lpgnnidanabbor: . od G S s s . 72.0 45.0 = T0.0
T e Sl S e R g 1.3 1.0 » 3.6
Phosphorie anhydride . . . - . . . . . . 0.4 0.3 » 0.4
Bulphuric C o G M e 0.3 1:7 » BT
PRI T Mo e O B B e B e iy i 40 = 5.0

1] o T e R B e 24 05 » 29
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Soot acts not only as fertiliser by the nitrogen, potash and phos-
phorie acid which it contains, but also as insectifuge by its bitum-
inous and empyreumatic matter,

Soot, especially wood goot, also gives good results for the destrue-
tion of moss in lawns ; it is applied in a very thin layer in spring or
sumier, when, after mowing, all the grass begins to grow again.

Potash of wool scour water. — The fat removed from sweaty
wool by washing consists in wool-fat (lanoline), and in fat resulting
from the combination of potash with certain fatty acids, and is
soluble in water. This soluble matter varies considerably according
to the breed of sheep, but as a rule is from 14 to 18 %, with 2-T %
of carbonate of potash, reckoned on the unseoured wool

But the extraction of potash from wool is unremunerative if not
done on a large scale and at the same time ag the removal of fat.
In Belginm, France and Germany the clearing of the wool is done by
hot water on the so called ecounter current system, the water
bearing the fat and brown in consequence is evaporated to drying
point in Porion stoves and the pasty mass obtained is then caleined
in reverberators or in gas retorts. In this second case the nitrogen
is recovered as ammonia and cyanides and the combustible gas is
used as such. The carbonaceous residue remaining in the retorts
contains from b8 to 65 9, of earbonate of potassium, and is broken
up and washed with hot water: the clear liguid is evaporated up
to the point of the erystallisation of chloride and ecarbonate of
potash.

Formerly the solid fats of the wool were recovered from the
secouring water by meansg of precipitation with sulphurie acid or bi-
sulphate of soda, and the potash was lost in the liguid residue.

By the English SMiTH-LEACH method the potash is recovered
by means of concentration (to !/,,) of the scouring water. The hot
liguid is then subjected to centrifugation and three parts of matter
obtained : 1) sand, 2) a potash goap solution, 3) wool fat. The soap
solution 18 evaporated to drying point and then caleined to obtain
carbonate of potash.

Aceording to WinTERBOTTOM (1) it i8 possible to obtain from
the whole of the wool washed in Australia 2812 long tons (of 1016 kg.)
of potassimm carbonate annually, but at present this quantity is lost
as the scouring water is thrown away.

The following data, taken from researches by R. 0. E. DAvVIg,
relate to some zourees of produetion of potash from residues in the
United States, and are considered of importance.

From cement factories 75,000 short fons (of 907 kg) of it can be
obtained.

From blast-furnaces, from 50,000 to 200,000 short fons.

In 25 molasses distilleries the residues have supplied about 30,000
short tons of potash a year.

(1) Cf Somth Austr. Dept. Chem., Bull, No, 2, 1916,
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In sugar refineries more than 8000 short tons of potash a year
can be obtained from the waste liquids. Of course these figures are
theoretical : the quantities of potash hitherto obtained are much
less. Thus, in 1918, 183 short tons of potash from cement dust and
632 short tons from waste liquids of refineriez were obtained.

At the beginning of 1919, eighteen cement factories possessed
the installation necessary for recovering potash.

Up to date little potash has been obtained from blast-furnaces.

The potash extracted from semweeds has been dealt with in a spe-
cial chapter (see p. 207).

From wool produced in 1914 in the United States (290 million
pounds) and from imported wool (220 million pounds), it would have
been possible to obtain 11,500 short tons of potash at the rate of 4.5 9,
of potash in the unwashed wool.

For the vear 1916, from all sourees, it may be estimated that there
were extracted from industrial residues in the United States: —
potash 40 9, phosphoric acid 8 9%, and nitrogen 85 %, of the total
guantities used as fertiliser in that country (1).

The Chemical Bureau of the U. 8. Ministry of Agriculture has re-
cently undertaken experiments on a large scale with a view to a similar
recovery of potash from wool seouring water (2)., This water concen-
trated contains 14 %, of potash, 1.25 %, of nitrogen and 14 9%, of fats.
The dry residue with the fat removed contained 24.5 9%, of soluble
potash, 26.5 9%, of total nitrogen, and 0.6 % of fats. Mixing these
residues with those of other industries a fertiliser is prepared contain-
ing : soluble potash 6.5 9,, total nitrogen 6.1 %,, of which 3.4 is sol-
uble in water, fats 6.8 9.

(1) @) Fr., Browx's paper entitled * Importance of developing our Natural
Resources of Potash ™ in Yearbook of the Department of Agriculinre, Washington, 1916,
p. 302, may be profitably consulted regarding the recovery of potash from residues in general
and sspecially in the United States

b} For the United States, there are the following statistical figures which relate to the
pure potash extracted from various residues (in tons):—

1530 1018 1918 1917 1916
!
I |
Cament dast . . .. oaoeisoss o aaw o 1035 1051 1405 | 1471 L]
Residues from molazses distillation . . . 2951 2542 i 3145 2582 1674
Besidues from sugar refining . . . . . . 30749 3282 1246 | 330 (1]
T T e e s R S 181 325 611 563 74
Blast-furnace ashes . . . , . . . . . . . 138 = = 164 (1]

Cf, IsTER®, INsTITUTE OF Ace, Internationnl Trade in Fertilisers, ete, Year 3, No, 3,
182]1. For researches relating to lewcife, see chaptor Bisulphate of soda, p, 278,

¢} For wool scouring water as a sourco of potash in the United States, seo also :
Verron, IY. P, in the Journal of fndustricl and Enginecring, Chemistry, Vol XIV, No. 5,
Washington 1922,

(2) Cf, Jowrnal of Ind, and Engin, Chem,, YVol, X1V, No. §, Washington, 1822,
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28. — Residues from gas-works.

Crude ammonia compounds — Formerly, *° Laming’s mixture ”
was in general use in gasworks for purifying the gas, that is to say for
removing the sulphurous acid, eyanides, sulpho-cyanates, ammonia,
ete. It was a mixture of sawdust (180 parts), lime (160 parts) and fer-
rous sulphate (30 parts) removed from time to fime from the purify-
ing chambers in order to restore its aetivity but finally thrown
out when it became charged with sulphur and had lost itz purify-
ing power. It was then designated ** ernde ammonia eompounds ™
and was fairly rich in ammoniacal and eyanie nitrogen. In a fresh
state, it wags considered poisonous for plants, but after about 2 months
exposure to the air the compounds of cyanogen are converted into
ammoniacal compounds. In any case, it is necesgary to apply it a
month and a half or two months before sowing or before growth starts.
It is a good insectifuge.

In the present day large gasworks have almost entirely replaced
* Laming’s mixture ” by the ash of iron pyrites (oxide of iron)
from sulphuric acid furnaces, with which has been mixed a small
amonnt of lime. Thiz purifying matter retains the sulphur from the
sulphurous acid and the compoundd of cyanogen which have not
been retained by the soda in speeial washers. The ammonia is also
fixed by water in the gas washing apparatus. According as the
oxide absgorbs sulphur its purifying power decreases, but it becomes
active again after a few days exposure in the air.

In these conditions the sulphide of iron decomposes and the sul-
phur resulting from this decomposition is deposited on the particles
of oxide of iron (1).

This mass is used continuously for purifying until the proportion
of sulphur in it reaches 45-50 9;. 1tis then called * spent oxide of iron ™
or “ exhausted purifying matter” and the sulphur is burnt out of
it in sulphurie acid furnaces, or else extracted by orvdinary solvents
(sulphide or tetrachloride of carbon).

Large quantities of spent oxide of iron can only be utilised if the
cost of transport is not too high and there iz offen an accumulation
in gasworks of great heaps of unused spent oxide, nearly half of
which is composed of sulphur. During the war, of course, this sulphur
was entirely utilised, especially in eountries poor in this element, but
after the war as formerly, there was no profit in such use. A new use
is that of the manufacture of *° Supersolfo ©* which is dealt with in the
next chapter.

Returning to ernde ammonia compounds, it may be observed
that their aection in the soil is duoe:— 1) to ammoniacal nitrogen

(1) The resenerntion i= ofected in accordance with the reaction: —
Fe 8, -+ ”3 + 3 _IIIJU I I‘Lu: {OH P F':!
Fervie Oxyvgen Water Ferrie Sulphur
.-l||l.l]1i1|l‘! III‘,'l]l‘H.:I &)
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(the nitrogen in sulphoeyanates aets slowly and the ferrocyanides
are unalterable); 2) to the considerable guantity of free sulphur
(40-50 9,), which acts as fertilizer ; 3) to tar which iz antiseptic ; for
this ernde ammonia compounds, in large proportions, are injurious
to plants, apart from the toxic action of the compounds of eyanogzen.

Ammoniacal liguids. — These eontain varving quantities of free
ammonia and ammonia combined in the form of sulpho-hydrate, cyvan-
nide, earbonate. The total ammonia varies between 1.2 and 1.8 9.

In gas works where the ammoniacal liguids are not treated for
obtaining sulphur, or chloride of ammonia, or pure ammonia, they are
thrown away, although it would be advantageous to nse the ammonia
in them.

BoxGIovanNI has invented a process for the utilisation of these
lignids which has been tested at the Rimini gas works (1) : it congists
in adding the ammoniacal liguid to superphosphate and evaporating
it by means of furnace heat ; as il evaporates further additions are made
until effervescence iz no longer produced. The residue is then dried
in about 10 hours and the nitrogenous superphosphate obtained is
pulverised. This produet has been analysed as follows :— nitrogen
3 9, — total phosphorie acid 15 9%, of which 12,85 9%, is soluble in
water and in citrate of ammonia. It iz a phosphate of lime and am-
monia following the formulae.

Ca(NH,HPO,), or Ca[(NH,),PO,)],

which is insoluble in water but decomposable by hydrolysis.

It is considered that this process, which is not new, iz not likely
to be commonly used for the following reasons: — 1) the necessity
of transporting the superphosphate or the ammoniaeal liguid: 2) the
considerable expenditure of labour for all the manipulations ; 3) the
large consumption of fuel to evaporate the liguid whieh iz ponred
over the superphosphate ; 4) the unfavourable conversion of mouo-
caleiec phosphate (predominant) into biealeic or reduced phosphate,
insoluble in water, butf soluble in citrate of ammonia.

Ammoniacal liguids and ammonia are obtained not only from gas-
works but also from blast-furnaces, coke ovens, distillation of urine,
and that of peat, from boraciferous * soffioni ”* (hot springs), from the
manufacture of sugar by the osmotic process, ete.  All these sources
of ammonia were exploited during the war, but since the reopening
of the market to the products of the synthesiz of ammonia, obtained
by the HABER, CLAvDE, and other methods (but mainly by the first,
largely used in Germany), the manufacture of ammoniacal compounds
with non-synthetic ammonia has experienced a great check, because
the cost of production of these produets is generally higher than that of
the competing synthetie ammonia. This, as a matter of faet, is what
has happened in the case of sulphate of ammonia, which several gas-
works searcely now find profitable to produce.

(1) Bowerovaxwxi, C,,  Tilizzazione delle acque ammoniaeali del gas come concime
in Le Stesioni Sperimentali agrarie italions, vol, LIT, Nos, 10-11-12, p. 521, Modena, 1019,
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They have therefore endeavoured to find some other profitable
use for this important residue of the distillation of eoal, but up to now
without obtaining any positive resulis.

Among other by-produets of illuminating gas, which during the
war had to be collected and utilised along definite lines laid down by
the several states, are tar, eyanides, sulphoevanates and benzene,

29, — ¢ Supersolfo ' (1).

Although the * Societd Anglo-Romana per I’ Illuminazione di
Roma ” (Anglo-Roman Company for lighting Rome) continued during
the war to dispose of a good guantity of ** spent purification substance ™’
or “spent oxide of iron ”, produced in its large S. Paolo Gas-Works,
to a neighbouring sulphurie acid factory, it nevertheless possessed in
1919 an enormous amount of this residue. This continued to increase
and consisted for about half its weight in elemental sniphur. Owing
to the high price of commercial sulphur and the very low rate at which
the spent oxide of iron could be sold, the Gas Company asked me to
investigate the possibility of utilising the sulphur from the gas purifi-
cation so as to get a reasonable profit.

In view of the great importance at the present time of fungicidal
or ingecticidal substances, I had resolved in the early years of the war,
to investigate the preparation and nse of the sulpho-caleic mixture
or polysulphides of calcium, an insecticide and fungicide, largely
used in the United States under the name of * lime sulphur ™ but little
Enown and used in Italy or in other European countries. But I was
eonvinced, as other experimentalists before me had been, that this re-
medy would never be generally uged if it had to be prepared by farmers
themselves, since as rule they neither could nor wonld effect the de-
tailed operations reqguired for its successful preparation ; consequently
the polysulphides of ealeinm mixture must be systematically manu-
factured on an industrial scale so as to be placed on the market as
highly eoncentrated as possible, as is done in the United States.

These considerations led me to suggest to the Anglo-Roman Com-
pany that the sunlphur acenmulated in the spent oxide of iron of the
5. Paulo Gas-works should be converted into polysulphides of cal-
cinm, a mixture to be sold as insecticide and fungicide, useful against
many plant pests and also against various parasites in the skins of
domestic animals.

Thys proposal was favourably received and, shortly after, a
preliminary mechanieal installation was set going in the Gas-works,

(1) CE.: 1) A, Brorroxt, Sulla Miscela solfo-caloica o di Polisolfuri di calcio come fnsef.

ticida ¢ fungicida, Rome, 1920, — 2} OFricixa peEL Gas a 5. Paoro, Roua, Alennd
risuffats offenuti col Supersolfo o Mizeeln superconcentrata  di polizolfuri i ecaleio come
rimedio insetlicide e fungicida, Rome, 1922 — 3) G, Trixcuierl, Per wun preparafo

anticritiogamics ¢ insctticida meritevole di maggiore considerazions, Florence, Ttalian Colonial
Agrieultural Tnstitute, 1921, Publications 1 and 3 contain o copious bibliography on this
subject.
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while another completely independent and more powerful installation
was prepared (Fig. 72 and 73) close by.

This was the beginning of the first industrial manufacture of poly-
sulphides of caleium, towards
the end of 1919, following the
lineg of my patented process
for utilising the sulphur deriv-
e¢d from the purification of
illuminating gas.

The manufacture of poly-
sulphides of ecaleium from
commercial snlphur dates back
a number of years, and they
appear to have been used by
HeNDRICK a8 fungicides gince
1833 ; then, since 1852, they
were used in Australia in the
preparation of sheep dips.
In 1830, they were first used,

Fig, 72, — Manufacture of Lime-sulphur in California, on fruit trees, but
] (T~ " ) L2 a o s

e o el She vikoie SORl Prof. PEYroN of Turin had pre-

Reaction Boiler (on the left). viously mn 1854 recommended

their nse against vine mildew.

This remedy soon became used widely, especially against Aspidio-

tus perniciosus in America and Chrysomphalus dictyospermi in Italy
and elsewhere, but it was always prepared by boeiling, in a boiler, a mix-
ture of about 10 parts of quick-
lime, 20 parts of powdered
commercial sulphuar and 100
parts of water (SAVASTANO'S
formula). Boiling had to
continue for 45 to 60 minutes
and the operation had to be
conducted with special care.
The produet obtained is a
mixture containing mainly
tetra- and penta-sulphide of
caleinm, in density between
22 and 24° Baumé, that is
to say too low to allow of
transport to a distance. This

process was therefore only of Fia, 73, — Manufacture of Lime.sulphur
! = v - in 8 nolo (Fna- kg, R i
nse for domestic manufacture, o T SRR A
T|'|I= nﬂ".r'q’,'”'}' i‘;r] i’_]lii. manmn- Vacuum=-evaorator.

facture which I established at

the Gasworks in Rome consists in the use of sulphur from the spent oxide
of iron, never before so used, and in the coneentration of the mixture
under reduced pressure up to 37-40° Baumé. A super-concentrated
mixture of polysulphides of caleium was thus obtained which is sold

18
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under the name of * Supersolfo ”. As has already been said, this
product is an agueous solution of various sulphides of ealeium which,
theoretically, may be five, that is to say comprised between CaS and
CaS; but in practice, if the manufacture iz really suecessful, the tetra-
and pentasulphides (CaS; and CaS;) predominate in if, and to this
fact is due the effect which it has on parasites.

The concentrated solution of these two polysulphides, if undis-
turbed and kept from contact with the air, does not undergo any
perceptible ehanges and keeps well for a long time.

The action of ** Supersolfo ™ on plants is not only insecticidal and
fungicidal, but alse active, by reason of the effect, now well known,
which very finely divided sulphur has when deposited on the plants
treated. To this active action of ordinary polysulphides is added, in
the case of * Supersolfo , that of the iron whieh it contains in small
gquantities in a perfectly soluble condition. Thiz property renders
“ Supersolfo "’ capable of exerting a double aective action of plants,
which makes it very beneficial not only in eontrolling inseets and fungi,
as has previously been mentioned, but also for spraying on healthy
plants with the object of making them stronger and more resistant to
the attacks of their numerous enemies,

The density of * Supersolfo , as has been previously noted, 1s
between 37 and 400 B, while that of the sulpho-caleie mixture made in the
United States (*° lime-sulphur ) does not exeeed 33-356° B. For apply-
ing to plants, * Supersolfo ”* should be suitably diluted with water :
thus for spring-summer use, 2 9, solutions of it are made ; for winter use,
the strength is doubled or trebled. In these solutions concentrated
extract of tobacco, arseniate of lead, soap, ereolin may be mixed, but
not eopper salts, nor Bordeaux mixture, because these substances pre-
cipitate the copper. Nevertheless I have sueceeded in preparing a
“ Bupersolfo ramato ™ (cupric ** Supersolfo ™) containing perceptible
quantities of copper in perfect solution at any state of dilution and I
have also been able to get a * Supersolfo” containing mercury in
solution.

When it is only intended to make a few sprayings with ** Supersolfo ',
the copper sprayers used for Bordeaux mixture can be used, but for
constant nse galvaniged iron or lead-lined or else brass or alumininm
sprayers should be used.

The insecticidal and fungicidal property of “ Supersolfo ' is ex-
plained in several ways, but it may be admitted that its action is due
both to the finely divided sulphur which is depogited on the plants and
to the sulphuretted hydrogen which polysulphides give off under the ae-
tion of the earbonic acid gas in the air.

Although * Supersolfo™ cannot be considered as an universal remedy
(no such remedy exists), it lends itzelf to the simultaneous and effective
control of most annual and vegetable parasites, among which may be
mentioned : 1) Acaridae — Aphides or plant-lice — Pyrales — Co-
chylis — Tineidae — Worms — Coccidae (Chrysomphalus, Mytilas-
pis, Aspidiotus, Lecanium, Diaspis, ete.) — Apple Hyponomeute —
Apple Pyralis — Rose green-fly — ete.
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2) Bacterial dizease of the apple — Brown-rust of the peach —
Spot-disease of the pear — Smmuts in general — Mildew of the peach,

eurrant, ete. — Brown rot in fruit — Cyeloconium oleaginum of the
olive — Vine mildew ete. — Clasterosporium carpophilum — Lattice-rust
of the pear — Mosses and Lichens — Chlorosis — ete. ete.

* Supersolfo ' is also of proved efficacy against mildews especially
that of the vine, for which it replaces sulphur powder, and is decidedly
more economical and stronger in effect. It has been repeatedly tried
with positive results against vine peronospora.

** Bupersolfo ' is also a certain remedy against several parasites
of the sking of domestic animals (seab or mange, ticks, lice, eczemas,
ete.), for which it is applied by means of dips (3 to 5 litres of ** Super-
golfo ”* per 100 litres of water, with the addition of creolin in the
proportion of 5 per 100 of ** Supersolfo ).

Method of use. — It clings to the leaves well and makes a clean
mark. It is advisable to give at least one winter dressing to fruit-
trees and vines, even if there are no traces of disease. In this way the
plants are saved from many digeases which might develop in the spring.

Two or three spring-summer dressings should follow.  As a rule the
number of the dressings is determined by the presence of the parasite :
if it continues to make its appearance the treatment ought to be repeated.

Doses — For the spring-summer treatment these will be :
Wabter . . . s o o o 100 Dbibres.
“EBaperaolfo ™ . . . . . s ... 2 litTes,

There are plants whose leaves can well stand larger doses, which are
therefore advisable — when possible — in the event of severe attacks.

For winter dressings at least double the amount of * Supersolfo ™.
For baths to animals : from 3 to b per eent,

Preservation. — *° Bupersolfo " if in sealed receptables keeps a
long time. Receptacles left half full must be well corked. It is ad-
visable to mix with water at the time of using. Pure water should
be used if possible. -

30.

Ammonium-potassium sulpho-cyanate.

The firm Alphonse DuronT & Cie of Haren-lez-Bruxelles (Bel-
ginm) manufactured, before the war, a nitrogenous potassinm fertil-
iser called - Ammoninm-potassium sulpho-cyanate. For thizs product
eride ammoniae, or other allied substances (furnighing sulpho-cyanates)
and residues from the manufacture of beet sugar (furnishing potash),
were used.

Owing to its nature this fertilizer was little known and, as far as
I know, no one had tried it in Italy before I did (1). It is generally

(1) Cf. A Brurrisi, * Bulle produzione di nuovi coneimi azotati e sull'impiego del Solfo-
cianure ammonico-potassico ™', Bollettino della Socictd degli Agricoltord Talioni, Year IX,
pp. 20:21. Rome, 1904,
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admitted that eyanogen compounds are poisonous for plants, even in
small doses, so much go that formerly much importance was atiributed
to the quantity of sulpho-eyanates found in the sulphate of ammonia.
But the faets have proved that these fears were exaggerated.

The fertiliser which I tested wag a fine dry black powder contain-
ing 4.5 to 5 %, of nitrogen and about as much potash, plus 0.5 9, of
naphthalene. The nitrogen was found for the most part in the form of
sulpho-eyanate and in a small degree in the ammoniaeal or nitrie forms.
Spread on the ground this fertiliser rapidly oxidises (see Cyanamide of
caleinm) being converted into earbonate of ammonia, then into nitrate
on the one hand ; into sulphur, then into sulphate of potash, on the
other hand.

1 ascertained that these reactions are proportionally more rapid
when the soil is friable and carbonate of lime is present.

The action of this produet is both fertilising and insectifugal.
Several trials of it have been made in Belginm, with good results, on
sugar-beet, cereals, ete. ; it is applied 3 or 4 weeks before sowing., I
have tried it on various crops, applying it both before and during their
growth and I have been able to coneclude that during growth it is
injurious to gourds but in no way to wheat, which shows a peculiar
resistance to the action of sulpho-cyanates.

Owing to the rapid conversion of the nitrogen of the ammonium-
potassium sulpho-eyanate into ammoniacal nitrogen, its uge in manur-
ing should be mainly determined by the cost of the nitrogen and potash
which it contains. '

31. — Explosives left over after the war.

The very large quantities of these explogives, in all belligerent States,
gave rise to numerous proposals for utilising such as could not be kept.
Destroying them was the simplest means of getting rid of them : this
was effected easily enough by throwing them into the sea, a lake or a
river but, besides fouling the water, the latent mechanieal foree and the
chemical action which eertain compounds in these explogives could exert
in the goil would thus be entirely lost.

Among the many suggestions made, two attracted most attention
and have been most widely applied on a large seale : — the use of
explosives in agriculture, especially for clearing and breaking up land;
the utilisation of the nitrate of ammonia as fertiliser. :

The former nge eannot be dealt with here (1) ; on the other hand the
latter, applied by the method invented by Prof. F. GARELLI and
M. ANGELETTI of Turin (2), will be briefly deseribed.

(1) Cf. A, Brorridi, ** Sull’uso degli esplosivi in agricoltura ™ in L'Agricolfura ila-
lfana iffustrate, Year I, Nos, 4 and 6. Milan, 1918,

(2) Cf. F, GarELLr and A, AvcErerrr, ™ Preparazione di concimi azotati-potassiei me-
diante gli esplosivia base di nitrato ammonico " in Giornale di Chimica industrinle © applicata,
Yoar IIT, No. 8. Milan, 1921,
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This method consists in preparing mechanical mixtures of the ex-
plosive with inert matter such as sand, earth, pulverized lencite peat ;
these mixtures have been generally well received by farmers.

The foreign constituents which are found in same explosives (bi-
nitronaphthalene, nitrotoluene, various organic matters)are in relatively
small quantities and consequently not injurious.

But when these constituents have to be separated their guantity
makes it necessary to use water which readily dissolves the nitrate of
ammonia so that concentrated solutions of it are obtained. Instead
of evaporating these solutions at great expense, they are mixed with
peat dust and a nitro-ammoniacal fertiliser is obtained rich in
humus, nentral, porous, which keeps well when the moisture does not
exceed 25 9. In these conditions, it is inert, easily transported and
spread.

100 parts of peat with 156 % of moisture readily absorb 150 parts
by weight of solution of the explosive containing 80 2, by volume of
nitrate of ammonia, and 250 parts by weight of fertiliser containing
28 9, of moigture and 13 9%, of nifrogen are thus obtained. If it is ex-
posed to the air and stirred the moisture in it can be reduced to 20 9,
which increases the nitro-ammoniae proportion to 14-15 9.

Another method of utilisation for which the writers already
quoted are responsible consists in adding to the concentrated solution
of nitrate of ammonia salts guch as chloride or sulphate of potassinm
and chloride of sodinm. The most suitable mixture appears to be that
with chloride of potassium : to 100 litres of 80 9, solution of nitrate of
ammonia 78 to 80 kg. of commercial ehloride of potassium is added
and heated to boiling point to obtain complete solution. This is stirred
and allowed to eool, then filtered by suetion to separate the mother
liguid, or the erystals merely allowed to drain. About 150 keg. of
double salt nitro-ammonium-potassinm chloride and 35 kg of mother
liguid containing 8 to 10 %, of total nitrogen are thus obtained. This
salt contains : total nitrogen 16.82 %, (including 8.41 9 of nitrie nitro-
gen and 8.41 9, of ammoniacal nitrogen) — potash 31.15 %, — chlor-
ine 23.11 9% — moisture 1.60 %, Of the nifrogen contained in the
solution of the explosive, 90 % is found in the mixed erystallized =alt.
What passes into the mother liguid ean be easily utilised by absorption
by means of peat dust (35 parts of mother liquid - 25 parts
of peat).

A nitro-ammoniwm-potassic peat is thus obtained containing 18 %
of moisture, 4.6 to 4.7 %, of total nitrogen and 18 9%, of chloride of
potassium.

To sum up, from 100 litres of solution of the explosive (density
= 1.30), 150 kg of nitro-ammonium-potassic salt and 45 kg. of nitro-
ammonium-potassic peat are obtained. Thizs double nitrogenous-
potagsie salt forms a econcentrated non-hygroscopic fertiliser, easily
kept and transported, capable of being mixed with earth or other inert
substances and easy to apply. The binitronaphthalene which passes
partly into the solution of the explosive gives this salt a yellowish
colour helping to characterise it.
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32. — Sodium bisulphate and Soda residues.

This is a by-product of the manufacture of sulphuric acid by the
use of lead chambers, for which there is required a current of variouns
oxygenated compounds of nitrogen, which oxidise the sulphurous
acid into sulphurie acid. These nitrous compounds are obtained by
treating nitrate of soda with sulphurie acid, and bisulphate of soda
remains as residue,

This salt has had many uses owing to its acid reaction. Among
other uses, it has been recommended to mix it in the proportion of
2 to 1 with leather parings and to heat the whole to 300° C., an oper-
ation during which the nitrogen in the leather iz in a large degree
converted into sulphate of ammonia; the product is mixed with min-
eral superphosphate and used as fertiliser and also as a weed killer,

During the war, as there were large quantities of bisulphate
of soda available in Germany, it was used for making double sulphate
of soda and ammonia (containing 9 to 10 %, of nitrogen) by saturat-
ing it with ammeonia. It is said that this fertiliser gave good results.
It was, moreover, known that a mixture of sulphate of ammonia and
chloride of sodinm had given in previous experiments a higher sur-
plug yield than sulphate of ammonia used by itself, which proved
that soda might partly replace potash in manuring (1).

Bisulphate of soda is used in industry as a powerful flux. Be-
fore the war the utilisation of the potash in leucite and phonolite had
been discontinued from practical and economie considerations, but
it was revived in many places during the war and bisulphate of soda
was used in several patented processes conjointly with other fluxes
and reducing agents.

All this fresh research was expected to lead to the solution of
the problem of the supply of potash salts in various countries, and
among others in Italy ; but the result was the same as that of pre-
war research, namely laboratory and field experiments showed that
the molecular structure of these double silicates of alumina and po-
tagh iz so resistant that fluxes, reducing agents and high temperatures
do not achieve the practical result of rendering the potash soluble
in water, as are the ordinary potassie salts of Stassfurt and Alsace.

The lencite and phonolite problem iz thus onee mor shelved leav-
ing a clear field to frade in these potassic salts.

It is to this conelusion that I have been led by personal experience
during a long series of researches (still unpublished) in the laboratory
and in the factory, made during the war with leucite at the 8. Paolo
Gas-works (Rome), with various processes for attacking leucite in
furnaces of a new kind ; T always obtained partial results, as indeed.
all other experimentalists have done.

(1) Cf. Dr. H Gnrossmaww, R. RuEer, W. v. Fricer, Beitrdge sur Kriegmpirtechaft
g Diit:gutni!-h’l] im ]"':ril_n-gl_' " Berlin, 1917,



FERTILISERS 279

Lately Professor E. PATERNO has supplied information (1) as
to his process patented in 1919, consisting in the extraction of potash
from leucite and from other silicates of potassium by means of treat-
ment of the silicate in a powder with a solution of sodium chloride
or other alkaline-earthy or mineral-chlorides. This is done in an
autoclave under certain conditions of pressure, temperature and time.
The author states that in this way 90 9 of the potagh of the lencite
passes into solution.

There are other similar patents, but the economie advantage as
compared with that of the ordinary mineral salts of potash is still to
be determined.

The soda residues are of variable composition : they contain prin-
cipally sulphur of lime (Ca8), quick lime, calcium ecarbonate, alu-
minate and silicate of soda, and ecarbon. They are chiefly used to
recover the sulphur by various processes, but there is also the LoM-
BARD proeess (2), by which use is made of them to obtain precipitated
phosphate (diealcium phosphate). These residues treated with sul-
phuretted hydrogen give a sulphydrate of lime which if brought into
contact with a monoecaleium phosphate preecipitates dicaleium phos-
phate.

33, Residual Lime from acetylene, etc.

This is the caleium hydrate remaining as residue of the treat-
ment of ealeium carbide with water for the purpose of disengaging
acetylene, according to the well-known reaction :

Gag b PEHD . = ., H, A DR0ED,

Caleinm Carbide Water Acetylene Hydrate of caleium.

This lime can be used as a fertiliser once it is dried and reduced
to a powder in the air. It is also of use to whitewash and disinfect
hen yards (3).

34. — Basic Slag.

This is mentioned here merely to recall it, since though strictly
a residue of the steel industry, its long established importance places
it among chemical fertilisers produced on a large seale.

For an account of this therefore the reader is referred to works
dealing with chemical fertilisers.

(1) Of. Giorn. di Chim. Ind. e Appl., Yoear 5, No. 1. Milan, 1923,

(2) P. Bavn, Chimie industrielle, Mosszon et Cie. Paris, 1922, p, 71,

{3) The lime may be supplied to the soil by other residues, as: Ground lime, Gas
limpe, Lime Mud, ate, Of, D, A, Girogrist, Lime and its uses in Agrieulture, Agrie, Dep,
Arinstrony College, Neweastle-on-Tyne.  College Bulletin No. 12, 1923,
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35. — Soap work residues (1).

A distinetion must be made between soaps made with soda and
those made with potash. In the former case the residues have a
poor fertilising value ; in the second, on the other hand, their value
15 much higher.

Residues congist in a mixture of : lime, lime combined with soda
or potash, sulphate of lime and soda, lye ashes from the lixivated
ash, sodinm chloride and caleium chloride. These two last substaneces
are the result of the separation of the gsoap from its saturated golution
with sea salt.

It iz obvious from these components that this residue eannot
be spread directly as a fertiliser and must be employed in limited
gquantities, and mixed with eomposts, where it should remain long
enough to lose its caustic quality, very injurious to plants.

This residue does not repay more than trifling costs of transport
cand is not usnally in demand.

36. — Residues from minerals containing radium (2).

After the radio-active material has been extracted there remains
in the special minerals treated a very small quantity which commu-
nicates to the residues a slight radio-activity but one that is effie-
acious with plants. These residues, reduced to a fine powder,
are mixed with stimulating chemical fertilisers. It should be noted
however that the action of these residues is not uniform. It appears
that radio-activity encourages nitrification.

The average quantity of radio-active stimulant to be applied
per acre is 20 kg.

37. — Fertilisation by means of carbon dioxide.

This is a guestion mooted some years ago and still much debated.
The opinion of many is in favour of this kind of manuring, but there
are also many contrary opinions. It is for this reason that an explan-
ation of the matter seems in place in this work (3).

(1) Cf. J. FrarscH, op. cit.

(2) L. Forrsier, Les stimulants radio-actifs en Agriculture, Leur rile dans les engrais.
Libr, de I'Inst, Nat. Agr. Paris, s, d,

(3) A detailed analysis of this subject, based on various enguiries was published in the
Internal. Reciew of the Science and Practiee of Agreculivre [ International Institute of Agriculture)
July 1921, No. 704, and Janvary 1922, No. 19, It will be worth while to consult this for
more detailed information on the subject and for the bibliography. See also @ Anawario .
Hedentifico ¢ Industriale, Year 57, 1020, v, 2, p. 137. DMilan, Fratelli Treves, 1921, Among
the experimenta made m Germany with tlis waste from the blast furnaces the principal
wore those of the founderies of Hugoe Stinnes and the Deutsch Luxemburg Co. at Horst,

(CF. The Chem, Trade Jowrnal and Chem, Eng, v, LXX, No, 1814, 1822, p, 243),
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The carbon dioxide of the soil is of great importance to the plants
(BorNEMANN) and it is in direct relation to the bacterial activity
to which the repeated ploughings and additions of organic matter
largely contribute.

For the application to the soil of the carbon dioxide escaping,
as refuse gas, Irom generating Ifurnaces, blast furnaces, ete.,
there as been adopted in Germany a special system of metal tubing
made of pipes pierced with holes, placed in the ground and fastened
to a large pipe into which the ecarbon dioxide is forced by fans.
Experimenting with wheat, oats and other plants, BorRNEMANN ob-
served that in all cases there was a perceptible inerease of yield.
FiscHER experimented in 1919 in ecarbonication of poor land, with
fennel, soya, beetroot, lupins, haricots, tomatoes, ete. andobtained
satisfactory results. He observed a better result was obtained from
the action of the carbon dioxide when the land iz well manured with
all the nutritive matters possible. This use of non-biological carbon
dioxide iz only possible in the neighbourhood of factories. For the
generality of lands the earbon dioxide employed has to be obtained
by decomposition of the organie matter supplied to the soil. CLAASSEN,
without denying the valuable aetion of non-biological carbon dioxide,
does not believe in the practical possibility of its application and does
not feel that the method can be one of economic value, while the
employment of organie fertilisers to bring about “automatic carbonie
manuring ” is alvays advantageous.

REINAU and BORNEMANN, replying to CLAASSEN'S observations,
while in no way undervaluing the use of biological carbon dioxide,
admit that the employment of non-biological earbon dioxide mlght
be encouraged by State subsidies for installations and that if not
suitable for field cultivation, it is so for kitehen gardens and other
gardening.

REINAU 18 equally in favour of the use of non-biological earbon
dioxide, but RrprerL, who does not share hiz opinion, says that the
inereases of yield have been obtained by an extension of the use of
fertiliser and by irrigation. It is fantastic according to him to
believe that by augmenting the percentage of carbon dioxide in the
soil atmosphere from 0.0300 to 0.0302 %, a 20 9; increase of yield
could be obtained.

RIEDEL however is strongly of opinion that an installation of
tubing does not present any special difficulties and the distribution
of gas and its concentration can be regulated at any hour of the day.
In the neighbourhood of blast furnaces thousands of acres can thus
be gassed. The branch pipings laid 25 m. apart and 100 m. long only
require about 180 m. per acre (100 m. per meorgen) of piping. The
power required to force the gas through the pipes is moderate if pro-
vided by a fan. Further in conclusion RIEDEL agrees that organie
manuring is always advisable, but that there is no need to rule out
the mechanical kind, as appreciable results will have been obtained
if only a few hundred thousand acres in Germany are treated
with gas.
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Blast-furnace gases can also be utilised after they have served
as motor power in the gas motors, from which they can be delivered,
like the waste gas, into the tubing installed on the land. Even
if they contained carbon monoxide in consequence of incomplete com-
bustion, this gas would not be injurious to the plants.

He adds that gassing should and may be employed everywhere
where conditions are favourable fo further development of the
Process.

According to D. RIEDEL the quantity of carbon dioxide given
off per day by blast-furnaces produecing 1000 tons of cast-iron and
consuming 1100 tons of coke, if completely absorbed and assimilated
by potatoes, would produece 4000 tons of tubers.

38. — Human Excreta. ** Flemish Manure ",
Engrais Flamand.

Human exereta have been used from time immemorial as fer-
tilisers and are still 20 uged in many countries, and in some, ag will
be seen, they are of special importance even ranking above every other
kind of manure.

An adult human being produces daily about 2.75 1bs. of excreta,
of which 2.4 lbs is in the form of urine and 0,33 lbs. of faeces. In estim-
ating the total amount of excreta produced by a population, differ-
ence of age, type of feeding, work and the inevitable losses during
excretion, collection and preservation must all be taken into account.
Persons who live well and consume muech meat and are not engaged
in continuous and arduous work eject matter which is richer in fer-
tilising substances than that produced by persons less substantially
fed and working under more onerous conditions. Children and
young persons assimilate from their food more nitrogen, potash and
phosphorie aeid than is the case with adults.

MinTz and GIRARD as the result of a long series of experiments
have ascertained that the average daily amount excreted per individual
are as follows.

Faeces Urine

gim. gm.
Quantity (natural condition) . . 133.00 1200.00
0 17 b 720 ) e R e SR 30.30 t4.00
841111 151 1Ry et A ot gt A 2.10 12.10
Phosphorie anhydride. . . . . . 1.64 1.80
Ty T T e B e B 0.73 2.22

The figures show that urine is richer than faeces, especially in
nitrogen and potash.

The composition of the exereta iz very complex. The faeces
contain small quantities of albuminoids and fatty matter, partly
saponified, biliary substances, lecitin, fafty acids, taurine, indol,
scatol, phenol, certain soluble salts and phosphates. According to



FLRTILISERS 283
BERzELIUS the faeces have an average of 70 9 of water, 21.72 %, of
organic substances, of which 2 9, is nitrogen, mineral substances
3.28-3.75 2,. Urine contains urea, uric aecid, hippurie acid, mineral

i

Flotilla of boats for the eollection and transport to the country
of human exerota at Shanghai [(Chino),

Reprodueed from the work of F. H. Kixg already quoted (s. j. 284, p. 195).

Fig. 74.

substanees, colouring matter ete. and its percentage composition is:
water 93.30 9, organic substances 4.35 9%, including nitrogen 1.42 9/,
mineral substances 1.84 %,.

The manure which comes from the mixture of faces and urine
in privies is known as * Flemigh manure ' (Engrais flamand) be-
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cause of its long use in Flanders ; it is however also commonly em-
ployed in other countries, such as Alsace, Aliemngn{*, ete., Provence
and le Dauphiné. In Italy it is chiefly used in the eentral area, espe-
cially in Tuscany, its applmatmn being most intense in the distriet
of Luceca and the plain of Pisa where, as in Flanders, the farms are
provided with a cistern in stoneware in which the sludge brought
in special barrels from the centres of population is stored.

But the most remarkable and characteristie instance of the use
of human exerements as manure has been provided from time im-
memorial by China and also by Corea and Japan (1). The following
details are of interest (2).

For a population of 400 millions, reckoning the annual amount
of exereta produced per individual in liguid and solid form at 1074 1bs,
the total annual production would amount to 194,800,000 metric
tons of wich it is estimated that ®/,, 4. e. 129,800,000 are used for
fertilising purposes.

Assumlng that on analysis this manure contains 1.63 9%, nitro-
cen,0.20 %, phosphorie acid and 0.24 9% potash the following are the
amounts aml values obtained each year, reckoning the unit of ni-
trogen ag worth 44 cents, the unit of phosphorie anhydride 22 cents
and the unit of potash 27 cents:—

Millions of bs. Millions of kg. Millions of dollars
Nitrogen . = « 5 = = 1799 S16 360
Phosphorie anhydride. 569 258 o7
Fotagh . <« '35 5% 633 310 8D
Totals. . . . 3051 - 1384 H02

These totals show how impossible it would be to attempt to substi-
tute chemical fertilisers for the manure produced by human beings.

The greater part of the manure produced is not however put
on the market but used on the spot. The wvalue of that actually
bought or sold may be estimated at about 50 million Chinese or 30
million American dollars (3).

(1) .Ci. F. H. King, Farmers of forty centuries or permanent agriculture in China,
Eorea and Japan. Madizon, Wis., 1011, p. 193,

(2) Cf, The American Fertilizer, v. LIV, No. 10. Philadelphia, 1921,

(3) In connection with the use of ** Flomish manure *' in China, the following passage
taken from an 18th, ceutury book, which bears out the methods of use shown in the il-
lustration, seems to be of interest, *° The workers are chiefly concerned with rce-cultivation ;
they carry the manuring of the soil to great lengths and for this purpose collect every kind
of ordure with minute ears, ineluding the exereta of human beings, dogs, pigs and other ani-
mals which they exchange for wood, grass or lingeed oil.  This kind of manure which elsewheora
would be likely to damage the crops is extremely valuable for Chinese soils and the Chineso
also knows how to dilute it with water before use. The manure iz collected in baskets which
are penorally covered and carried on the shoulders and the whole process makes for the elean-
linesz of the towns from which the exerements are carried awoy daily . (Cf, J. B, du Haror,
Description géographique ete, de "'Empire de lo Chine et de la Tartarie Chincize, v, 11,
Pariz, P, G, Lemercier, MDCCXXXY, p. 64).
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A large part of the manure known as Chinese fajffo is in the form
of dry bricks, consisting of human excerements mixed with clay. This
method of preparation known as the earth system has the advantage
of making the sludge inodorous within a short time and of facilitat-
ing drying when the contents of special tanks, in which human ex-
creta are collected and from time to time covered with clay, are ex-
posed to the air (1).

According to figures given by Worrr, KELLNER and CARPENTER, the
population of the United States and Europe pour annually into the
seqa, the rivers and subterranean waters, from 2626 to 5436 metrie tons
of nitrogen, 853 to 1880 tons of potash and 352 to 1385 tons of phos-
phorns for each million of the adult population.

In the Far East according to G. H. KiNg (2) for more than
30 centuries these enormous quantities of refuse matter have been
religiously utilised.  To-day 400 million adults are employing in
agriculture 150,000 tons of phosphorus, 376,000 tons of potash and
1,158,000 tons of nitrogen, supplied by the total mass of over 182 mil-
lions of tons of excreta, collected from house to house in town and
country and sold to the farmers. (See figs. 74, 75, 76).

As absorbents for human excrements ashes can also be used
with the addition of sulphurie acid and coal dust and then air dried
(RocHDALLE system) or the residues from wool factories, chopped
straw, ete. (System Goux).

Peat is also an excellent abzorbent when used dried and powdered
in the proportions of '/; to '/, of the erude manure. Dry sawdust
and tan refuse have a similar but less marked action.

The following system of ecollecting human exereta is frequently
used on farms in Tugecany. A manure pit iz constructed of masonry
with an adjoining e¢esspit over which is built the farmer’s family
latrine and with which are collected, in addition to the solid and
liguid excreta of the family, the sludge ligquid from the dungheap and
the stable nrine. When the dungheap requires moistening the li-
guid from the cesspit is poured over it by means of the sludge pump
and when the manure ig actually being used it is mixed with the con-
tents of the cesspit or sometimes these are used separately for crops
at different stages of the growth process, as for example for maize
at the time of earthing up, ete.

If this method were generally followed in country distriets, the
problem of the colleetion and improved utilisation of human ordures
would be golved, but the gystem is clearly applicable only to countries
where agriculture has reached an advanced stage and where the
capital available for each farm is sufficient to provide the dung pit
of masonry and its accessories. Even however in countries where
agriculture may be regarded as advanced, the manure produced by

(1) In 190& (Cf, F. H, Kixa, op. eit., p. 194) the town of Shanghai entered into a eontract
with a Chinaman, allowing him in return for a payment of 31,000 gold dollars the right to
colleet 78,000 tons of human exerement for sale to farmers.  For the transport of the manuare,
fleeis af-bonta are employed the whole yvear round,

(2) Op. eit., p, 194,
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human beings eontinues to be lost in many distriets and thus an im-
portant source of wealth is dissipated.

The * water” and * everything to the drains » systems are the
cause of vast losses of fertilising substances ostensibly necessary on
hygienic grounds. The * water” system is generally governed by

]

—_—
— e - = '

Fig, 75. — Transport of human excreta in China
from the town to the rice field by ** the farmer’s boat ",

{Beproduced from the work Knows as Ch'e fihg show slik
tung E'ao, the great treatise on azsricoltore produced by order
of the Emperor CHIEN LURG, 1736-1796. Book 35, Sheet 8, back).

the principles of the English water-c¢loset, in which the exereta are
mixed with large gquantities of water and not allowed to be collected
in eesspits, which require very frequent emptying by artificial means.
The water and the exereta are all passed into the drains (according
to the * everything to the drains ” system) or, where this system is
not in vogue or it is impossible to transfer the matter straight to
the drains, septic tanks with fermenting layers are utilized in
order first to liquefy the unexposed [aecal matier by fermentation
and afterwards to purify the water by means of porous bacte-
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rian beds through fermentation, mainly nitrie, while exposed to
the air (1).

Many large towns have adopted the CALMETTE method for the
purification of the water, arising from the ** everything to the drains

e
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Fig. 78, — Manuring rice-flelds in China with human excreta.
The manure iz distributed among the seadlings by means of a small wooden bucket,

Reproduced from the work known as Kang-fsi il clih bng Ch'a fu or * Pictures of agriculture
and silk-worm breeding published in 1696 ** by the Emperor K'ANG-HED (1662-1723). This wvery rare
work in two volumes was presented to the International Institute of Agrleulture by His Excellency the
President of the Chinese Republic in 1920 (2.

system, a method which, while being quite the most satisfactory
from the point of view of modern hygienic requirements, requires
a heavy expenditure both for setting up the tank [and engine plant

(1) Ci. A. Brurring, Fossa seitica con filtro biologice, in L' Ingegneria saoniloria, Year IX,
No. 18. Milan, 1913,

(2) For more detailed information with regard to this werk, cf. article by G. PERRIs
in the Internotional Revicw of the Science and Practice of Agriculture, Rome, September, 1921,
No. 8, p. 1137,
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and also for actual working. When it is not possible to colleet the
manure in a special cesspit, the ** earth ” system may be considered
the best alternative, as it allows the excreta to be preserved and ren-
dered odourless without any expenditure of water. This system is
in effeet that followed by armies in the field, though in this ease the
pits made in the open air are filled up and abandoned whereas on a
farm they are periodically emptied of their contents which can be
preserved in heaps either under cover or in the general manure heap (1).

During the war the adoption of the ** earth ” system was recom-
mended to Italian farmers in cases where the land was lacking in
fertilizers and had only sufficient water for the actual needs of the
persons on the farm and the ecattle, two types of reservoir with la-
trine attached being suggested. The first consisted of a pit encased
in stone or well fitting baulks built above the soil level and provided
with an opening for clearing. In the upper part, forming the floor
of the latrine, is the opening and by its side a heap of fine clay soil,
thoroughly dried (2). A slight roof and an entrance stair are also
provided. Each time the latrine is used, a few handfuls of earth
should be thrown down and all that remains is to empty the pit when
full, The contents when kept under any form of shelter are soon con-
verted into a homogeneous soil of great value as a fertiliser.

The general arrangements in the second type are identical ex-
cept that the pit is below the ground level and has at least one side
clear with an opening for clearing.

Such arrangements are of simple construction and inexpensive
and, as they enable the exereta to be collected, soon repay their cost.
A sketeh is here given of a latrine and reservoir, generally resembling
_the types above deseribed (zee fig. 77). This is the class of earth
cloget in use at Westboro, Mass., U. 8., since 1817 and the illustration
is taken from an article on human exereta by G. M. WARREN (3).

It does not appear that during the war any very serious attempts
were made to use on a larger seale than in the past the exerements
which generally are almost entirely wasted so far as agriculture is
concerned.  Where however they were utilised they are still employed,
and in many districts as for example in Central Italy the tendency
has been, despite labour shortage, to inerease their use, in order,
if only partially, to make good the marked shortage of chemieal
nitrogenous fertilisers and the constant rise in their price.

The use of human manure is undoubtedly primifive and up
to a eertain point possibly unhygienie and the necessary improvements

(1} The *earth " system was recommended during the war in Germany by Professor
Horpsmaw®, an official of the Deutsehe Loandwirtschafts Gesellgehaft, [(Gorman Farmers®
Society).

(2) It is essontinl to vse clay =oil ; sandy or gravelly soil iz unzuitable as being insufii-
(!ie-!:l-l}' abszorbent,

(3) 1) Geoo. M. Warrex, Sewage Disposal on the Farm, Yearbook of the Dept, of Age.,
Washington, 1916, p, 347, — 2} Bewage and SBewerage of Farm Homes, U, 8, Depart, of
Agriouliure, Farmers' Bullegin, No. 1227, January, 1922
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can only be brought about where it is possible to use modern methods
of collection, transport and preparation on a large scale.

It may be worth while briefly to refer here to two kinds of refuse
known as ** Koufri ¥, * Marog ™ and ** Tafla " whiech have long heen
used in Egypt, and undoubtedly
contain large guanfities of human
excretions (1). e

“Koufri 7 is of distinet impor-
tance for agriculture both in Up- —
per and Lower Egypt. It consists = =m=n
of the refuse acenmulated in the e
ancient villages mixed with various
kinds of organic detritus, Its
chemical nitrogen content is the re-
sult of the almost complete absence
of rain, which allows nitrification
to take place without loss of
nitrates. It iz impossible to esti-
mate the value of this refuse but it
must be considerable and for many
years it has provided a fertiliser to
supplement the ordinary manure,
large quantities being transported
by means of the Nile to great
distances. The mass is screened
before loading to get rid of stones,
fragments of brick ete. It is chiefly
used in the cotton fields, but also
for cereals and sugar-cane. The
nitrogen content varies from 0.20
to 0.75 ﬂf':}* Phﬂ‘ﬁphﬂriﬂ anhydride Fig. 77. — Privy working with dry soil
from 1 to 1.75 %, potash from 1 or earth-closet longitudinal section.
to 2 9, chloride of sodium is also _ Reprinted from U, 8. Dept. of Agriculture
found in amounts varying from »cwrbeck 1916
0.5 to 9.4 9%.

“ Marog 7’ or “ Tafla ” is found in Upper Egypt only, where it
iz largely utilized.

It consists of a limey clay, rich in nitrates and is found among
the hills of the Southern Desert. It contains varying amounts (from
1 to over 16 9,) of nitrogen in the form of sodium nitrate and in addi-
tion sodium sulphate (1.16 to 5.28 9%,) and sodium chloride (3.97
to 6.25 9%,). This high content in salts ig a source of difficulty, which
makes it necessary before using it as a manure to pay special atten-
tion both te its composition and also to that of the soil

(1) Ci.: 1). Geo, P. Foapex, Two Natural Nitrogenous Manures employed in Egypt,
Khedivial Agricultural Sociely, Ie Caire, 1905, — 2} Mosserr, V. M., Influence du Koufri,
du Marog et de la Tafla, in Bull, de ' Union des Agric. d'Egypte, No 150, Lo Caoire, 1923,

19
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The best type of *“ Marog ™ is found on the surface, to which
as a result of capillarity the nitrate rises: in practice 24 %, of nitrate
is often found at the surface and 3 9% only at a depth of
a foot.

Naturally the best sort of “ Marog " pays well for earriage even to
long distances. The natives take advantage of the capillary process
and remove the topmost layer only, waiting until the uncovered sur-
face is again enriched from below before taking further supplies.

Peat, sawdust ete. as absorbents for night-soil (1). — The absorbent
power of peat dust and lignite, sawdust, tan refuse, olive lees, ete.
has been used by the writer for the preparation of fertilisers of which
night-soil is the base, the method adopted being as follows. The
night-soil is mixed with a suitable quantity of one of the substances
mentioned in an iron drum hermetically sealed whieh is fitted with a
mechanical shaker, a steam heating tube and a suction pipe to ex-
pel the foul gas. As a result of nitration, heating and suction the
mass is quickly dried and removed through an opening in the lower
part of the apparatus. The following table shows the absorbent
properties of these substances after air drying.

L A TS ol e R litres 500-700 9
2T [ | R s »  420-500
Tanrefuse . . . « = o v 0 400-500
Olive lees . . . . . e i 160
Pulverized lignite . . . . . B 34

If it is desired to use them as absorbents for night-soil contain-
ing 95 9%, of water, the following quantities must be used:

For each 190 ba. of : Ibg. of night-aoil
g P N pe w IR S el T 526-726 9,
HEmdnEt.. o L e e ees 442526
DRO-TEDURR . - o afer o nedetn Gl 421-526
B B 1 s R g T - 168
Lignite . . . . S e 36

These figures might be considerably increased.

By using powdered lignite, which has the lowest power of ab-
sorption of the substances to which reference has been made,
an almost odourless manure has been obtained, shown by Prof. S.
GRIMALDI'S analysis to contain: nitrogen, 1.737 %, phosphoric acid,
1.09 %, potash 1.35 9.

In order to give some idea of the enormous quantity of fertilis-
ing material produced in human exereta throughout the world, most

(1) Cf. A, Brurmisg, Fabbricazione rapida di concime a base di POZEZONEro @ matorio
assorhenti, in L Agriceliure dtolione, Year XX1V, No. 383, Florence, 1808,
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of which is lost to agrienlture, the average figures are taken for the
content of such material in faeces and urine per individual per day,

i 14.20 gm. phosphorie anhydride (3.44 gm. potash { 2.95 gm.

$o8 nurugnn* 0.5 on. }1},1 5 0Z. (0.1 oz.

l.l'l.l"ﬂ"r T‘lw

“'mu Mt

Fig. 78. — Dhagram showing the relative amounts of fertilizing substances
contained in the hwman exereta produced each year in 63 capital Cities
{figures from the Table on pp. 204, 2085),

A. Nifrogen — B. Fhosphoric ankydride, — O, Pofash,

Henee for a world population of 1.825,878,779 inhabitants (1)
the figures are :

Metric tona per day Tons per year

—_— s

Nitrogen . . . . . . 25,927 9,463,355
Phosphorie unh}{lrlllt, . 6,281 2,292,565
BOtaRl &t S g 5,380 1,960,89(!

If phosphoric acid alone be taken into account and it is reckoned
that about 50 Ib. will provide sufficient fertilising matter for 1 acre,
the above total would suffiee for an area of nearly 100 million acres.

The above figures give an idea of the vast gquantity of fertilising
material which might be derived from the world produetion of this form
of refuse, but although the estimate is based on actual faets, it would
be quite erroneous to consider that these huge amounts can in faet act-
ually be used for manuring the soil. On the contrary the greater part

(1) Ci. INTERNATIONAL INSTITUTE OF AGRICULTURE, Statistical Year Book; 1017-18.
Rome, 1920,
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is in fact lost by infiltration, fermentation, and, in many important
centres, by passage into drainage systems, rivers and the sea.

Apart from the really considerable utilisation of human exereta
already described in China and their more limited employment in Flan-
ders, Tuscany and elsewhere and taking also into account the use for
purposes of irrigation of water derived from the * everything to the
drains "’ system in districts in the neighbourhood of eertain large centres
of population, all the remainder of the enormous mass of this potentially
fertilizing refuse is lost on the surface of the soil and ean at most pro-
vide here and there a quite limited amount of manure (1).

(1) Given the total quantities of fertilising materials produced annually the present
values ¢can be established, taking ns coefficients the following prices, caleulated in francs ;
on the basis of those of trade fertilisers: (i. e. organic nitrogen 3 franes to 8,50 francs
P? 05 guperphosphate, 1.16 fr. : K2 O chloride of potash 50 9, 1.70 fr.) diminished by a
third, and always taking the guotation :

Nitrogen. . . S S R 2 fr. per kg
FPhosphoric anlutlr:da e L S T e P R LF B v e T
Potash o T S G 1.1I0 £, » a

and this will be obtained for the guantities above indicated, the following totals:

Nitrogen. . . . B e o b e e T
Phosphoric a-n}m:lnde e e At R e R P e Ll T
Potash . . . . T A R s e e e R e 2,162.479.000 =

Total . . . 22,854,464,050 fr,

This sum corresponds to 12,51 franes per annum for each inhabitant of the globe,

To illustrate this enquiry, intended as it is to give an idea of the immense quantities
of fortilising elements which are in the main lost with human excreta it may serve the pur-
pose to restate the total quantities of these elements in the corresponding quantities of the
nitrogenous phosphatic or potassic chemical fertilisers, in ordinary use, Nitrate of soda
may then be considered as 15 9 nitrogen, mineral super-phosphate as 15 9% soluble phospho-
rie anhydride, and chloride of potash as 50 9 potash, It should be borne in mind that the
condition and sssimilability of these three nutritive elements are not precisely the same
in human exereta and in chemical fertilisers but for purposes of comparison thay have to
ba considered as identical. The reader who is acquainted with the properties and uses of
the wvarious fertilisera will form an estimate of the differences,

It would be fantastic to expect o complete utilisation of these residues, butin many
eagos they might be utilised more systomatienlly and more intensively, especially for the
fortilization of land in the neighbourhood of the inhabited centrea. This would afford
the advantage of recovering — at least in part — a great source of wealth, at present prac-
tically lost to agriculturs,

The following iz the procadure for the transformation of the fertilising principles
of the exeretn inte chemical fertilisers :

Nitropen. . . . e s o+« 9,463,366 — Nitrate of soda {15-16 95). . 63,089,033
Phosphorie amhydmle vow o« . 2,202,666 — Mineral superphosphate (15 95) 15,283,767
Potash . . . ........ 1885800 — Chloride of potash (509). . 3,931,780

82,304,580

One final statistical ealeulation :
Fiven the above quantiting of nitrate of soda, of mineral superphosphate and of ehlo-
ride of potassium, corresponding to the total quantities of nitrogen, phosphorie anhydride
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The figures in the following table may however serve a useful
purpose. They have been given for the purposze of indicating the pos-
sible advantage to many towns of making a proper use of human re-
fuse for enriching the soil of the adjacent country side. It has been
imposgible to provide figures for all the larger cities of the world and
hence the table is limited to the eapitals of the states, which take part
in the International Institute of Agriculture, as it is quite possible
that these may be in a better financial position then others for ear-
rying out the work actually required to make possble the employment
of this material in the manner suggested.

and potash of the human exereta the area of land that these can fertilise may be caleulated,
taking as coeflicients the following average doses to the hectare : nitrate of soda 200 kg,
{0.30 kg, of mitrogen); mineral superphosphate 400 kg, (0,80 kg. of phosphoric anhy-
dride : chloride of potazzium 150 kg, (0.756 kg, of potash.)

[Ta the aore: 175 1b, of nitrate of soda (27 Ibs. of nitrogen): 330 lbs, of superphosphate
(60 lbs. of phosphoric acid): 130 lbs, (20 lbe, of potash)].

It thus appears that

Hectares Avres
Tons, 63,089,083 of nitrate of soda are enough for 315,445 1656 — T88,612,862
s 15,383,.T6T of superphosphate » 3 a 38,209,417 — 05,523 542
3 3,951,780 of ehloride of potash » ] ] 26,211,860 — 65,520,665

According to the International Yearbook of Agricultural Statistics in 1917-18 the pro-
ductive area, that is the cultivated area, of the globe is 1,931,050,283 hectares (4,771,559 879
acres), The guantities above indicated stand to this area respectivelyas 1:6; 1:556; 1: 73,
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39. - Utilisation of Sewage and Sludge (1).

The problem of nitrogen in excreted matter and waste products
has two distinet aspeets, their direet use a manure and the trans-
formation of their nitrogen eontent into some form of commereial produet.

But little use has been made up to the present of this second method
of utiligation on account both of questions of technique and also of
the disagreeable and unhygienic character of work of this order. The
system of “ all to the drains ”’ makes the extraetion of nitrogen a dif-
ficult matter by reason of the great mass of water involved.

The research work of the Sub-Committee of the Nitrogen Produets
Committee show that the figures which follow can be taken as general
averages.

The amount of urine exereted by an adult male, weighing 11 stone,
is 1500 cubic centimetres daily and contains 16 gm. of nitrogen. In
the gase of a woman whose diet contains 80 % of the protein of the diet
of a man (118 gm) the nitrogen in the urine falls to 13 gm. daily. With
children the average is 8 gm. per day.

In the solid excrement, the rate of nitrogen wvaries according to
the nature of the diet : it is usually reckoned that 5 to 9 9 of nitrogen
is to be found in the faeces when fresh.

Assuming a population of 45 millions for the United Kingdom, 643
mefric tons of nitrogen are produced daily or 234,000 metric tons a
vear, about 86 per eent. being contained in the urine.

(1) Ci ¢ 1) Mixisrey oF MoNiTions oF Wak., Musrrions IsveExtions DEPARTMEXNT,
Nitrogen Products Committes., Final Report, London, His Majesty's Stat, Off.,, 1920,
pp. 103 and 311, — 2) Nasmite G, and Mo, Kay G, P, in The Journ, of Ind. and En-
gin, Cherm,, wol, X, n® 5, Wasihngton, 1018, — 3] Brexcarey W. E. and Ricuanps H,
in Journ, of the Soe. of Chem, Ind., vol, XIX, n® 13. London, ¥ 1920, — 4) KarovoussgJl A,
A, O R du Laborat, d' Agron, de P'Inst. dgron, de Moscou, Year 18, vol, IX, Mozcow, 1914,
— §) Arra A in L'[falia Agricola, Year 43, Ko, 11. Piacenza, 1916. — 8) Ixst. I¥T. D'AGRIC,
Monihly Review of Agreiouliural Informoation, Nowv,, 1921, No, 1079, — 7) J, MaRISTRE,
¢ L'Epuration industrielle et agricole des Eaux d’Egout s, L'Ind, Chim. Year 8, No, 05,
1921. — 8) « Bowage » in Sedenfific Americen, Feb. 1922, pp. 125, — 9) Winsoxw A, Co-
PELAND W. R, Mints Hemsio H., Activated Sludge Process, The Journ. of Tnd, ond Ind,
Eng. Chem., vol. 14, No, 2, 1922, p, 128 — 10) Bevtzer A, L'Ind. Chim., No, 98, Paris, 1922,
— 11} A, CarmeETTE, Recherches aur I'épuration biclogique et chimique des saux d'dgout,
Vol. 1-VII and supplement. Paris, Masson 1908 et seqg, — 12) Ditto. Epuration des eaux
d’égout urbaines et industrielles. Paris, Borillidre, 1910. — 13) 8, Rizzr. L'epurazione bio-
logica delle acque di rifiuto. Milan, U, Hoepli, 1915, — 14) F. LaccerTr, Fognatura biolo-
gica. Milan, U. Hoepli, 1915 — 15) A, Mrnie, Assainissement des villes par 'eau, les égouts,
lea irrigations. Paria, ¥. Ch, Dunod, 1886, — 16) L. FABrE. ¢ Le traitement de 'eaun d"égout »
Chimnde et Industrie, Vol, 7, No. §, Poaris, 1922, p, 1196, — 17) DAVERTON A. ¢« Aganinissement
des villes et égouts de Paris s. Dunod, Paris 1922, — 18) Durehliiftungsdaner beim. aktiv.
Schlamprozess, Gesundheite-Ingenieur, No, 12, p. 162, Munich, 1922, — 10) Lo traitement
des eanx d'égout par boues activées & Milwankes, . U, Génie Civel, No. 23, Paris, 1622,
— 20} Sludge reduction at the Baltimore sewage treatment plant, Public Works, No, 12,
N. Y., 1922, p. 209,

A biblingraphy with analyses is 1o be found in the following publication : Undon In-
tern, dea Villes, Tableties docum. munie, 8. I11. Eaux, égouts, eaux résiduaires, ote, Brussals,
1921 et seqq.
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The annual production of ammonia in the United Kingdom in
1911-1915 expressed ag sulphate of ammonia (256 % N H;) was about
82,400 metric tons while the average consumption of sulphate of ammo-
nia and nitrate of soda showed about 25,000 tons of nitrogen content.
Henee the average annual amount of nitrogen exereted by the inhabit-
ants is 9 times as much as that in use before the war in the form of
these fertilisers and about three times higher than the average amount
of ammoniacal nitrogen produced at the time.

It must also be borne in mind that considerable guantities of ni-
trogen are lost in the exereta of animals as well as in the liquid wastage
from certain special industries including the preservative treatment of
timber and the manufacture of glue.

The Sub-Committee to which reference has been made states that
only half the population of the United Kingdom discharges its exereta
into the drains ; in the case of the remaining half they are ultimately
used as manure though a large amount of the nitrogen content is lost
in the liguid matter of the cesspools.

In London for example the sewage water is clarified and diseharged
into the Thames while the sludge is carried out to sea. At Manchester
there are septie tanks with filter beds and the sludge is also earried
out to sea. Other sea-board towns discharge their sewage into the
sea either with or without previous deposit of the solid material.

Sewage water contains on the average five hundred thousandths
of ammoniacal nitrogen and two to two and a half hundred thousandths
of organic nitrogen with forty hundred thousandths of organic and
mineral matter in suspension. At present the nitrogen in solution
can only be used for purposes of irrigation and infiltration on speecial
“sewage farms” and the sludge deposit is manure for land under
cultivation when but little water is required.

As the assimilation of nitrogen by plants is dependent upon tem-
perature, sewage water should in general be utilised during the warmer
months. During the cold and damp period of the year nitrogen, chiefly in
the nitric but also in the ammoniacal form, descends and 15 involved in
the drainage system, such losses being inevitable.

It may be possible in the future to discover reagents at a moderate
cost, which will precipitate the ammoniacal and nitric nifrogen in the
sewage water and thus aveid the present immense loss of nitrogen.

Of the solids 30/100000 in suspension in the sewage water /; are
eombustible. In the process of precipitation they form different types
of sludge: ** settled sludge ”, ** precipitation sludge ’, * septie tank
sludge ” and * activated sludge . Allowing for a 90 %, water con-
tent, the following figures show the production of moist sludge in dry
weather per million gallons of sewage water.

a) Depogit in still water, without reagents. . . . 12 tons
b) i » running water, without reagents . . 11 »
e) » » still water, with reagents . . . . . 17 »
d) » » running water, with reagents . . . 16 »

T e e e A 6.5 »
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Taking as a base an average of 30 gallons of sewage water per in-
dividual and per day, the corresponding daily produetion of slndge for
a town of 100 000 inhabitants would be :

a) 36 tons

ji'ri 33 i
¢) 8BS »
d) 48 0
H] 19.5 0

If the humidity of the sludge is reduced to 30-20 9, the nitrogen
content reaches 1-2 %, but in a not readily assimilable condition, pro-
bably as a result of the fatty matter, which is always present.

Sludge wtilisation. — One method consists in pumping the semi-
liguid sludge and allowing it to flow along shallow trenches, made
in absorbent soil. When the water has evaporated and the sludge
is relatively dry the trenches are filled up and, if the soil is suitable and
the amount of sludge not excessive, the soil is well fertilised and gives
satisfactory crops.

Under another system the sludge is mixed with lime and the water
expressed by appropriate means; in this way briquettes are made,
which contain a large amount of lime and 60-80 9%, of water. The
briguettes are used as fertilisers but arve of no great value as they are
not pulverisable and contain fatly matter in a saponified condition.

The addition of caleinm to precipitate the albumins mueh inereases
the deposit and does not diminish its fertilising value. In fact for a
sludge obtained FABRE reports the following percentage composition:
agh 67.82, ammoniacal nitrogen 0.068, organic nitrogen 1.76, phosphoric
anhydride 0.83, lime 31.98, potash 0.12, fat 1.89. The clarified liquid
alzo if discharged into a river reprecipitates the lime in solution as
carbonate and the albuminoids become onee more soluble.

Better results are secured by deecantation or by the separation
of the sludge by means of filters. The resulting filtration water 18
rich in fertilising elements and therefore well adapted for irrigation
purposes. It chemical composition is naturally very wvariable, e. g.
in one cubi¢ metre there were found : ammoniacal nitrogen 21.61 gm.,
organic nitrogen 7.66 gm., nitric nitrogen 0.73 gm., phogphorie anhy-
dride 12 gm., potash 45.95 gm.

Sludge ean also be used directly as a manure, if dried and pulver-
ized. The dryving is done in rotatory ovens with gas circulation at not
more than 15600 to 2000 C. This operation is however only convenient
when the transport of the dried sludge iz not too costly.

If fermenting elements are added as in the case of * aetivated
sludge ™ the percentage of water is reduced to about 82 and the sludge
is then dried for use as manure, its nitrogen content being 2 to 2.5 %,
Mention may alse be made of the process of fat extraction from the
slndge before its use as a fertiliser. After drying, sulphuriec acid is used
for acidification, the fatty aecids are distilled and subsequently the re-
sidue in combination with phosphate of lime c¢an be used for
TADTe,
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Activated sludge. — This form of sludge is prepared by mixing
fresh sewage water with a small guantity of active sludge with the
object of bringing about an inoculation with the contained ferments
and then introdueing a current of air into the liguid for several honrs
over porous files. The bacterial oxidation can be checked when the
charcoal is fully oxidised or continued aeccording to the type of effluent
it is desired to obtain.

The foree necessary to drive the air enrrent entails a heavy expense
while the presence of fatty matter seriously hinders the process. The
c¢hief feature in the process is the rapid oxidation of the organic
matter combined with the destruction of harmful baeteria ; the nitrogen
i nitrified and thus brought into a condition in which it is readily
assimilable by the plants. Sludge treated in this way has a content
of 4 to 6 9, of nitrogen and distinet traces of plm&phmn‘: acid. The
problem of drying this sludge iz of very material importance economie-
ally @& the whole fertilising wvalue of the sludge, including the wvalue
of the baeterial inoculation, can be utilised by means of a pumping
system, by which it is earried direet to the fields in the neighbourhood
of the place of treatment.

The system is now in uge at Manchester, Salford, Worcester and
Stanford in England and also in certain parts of the United States.

In the United States activated sludge containing 2.46 %, of phos-
phoric acid and 2.50 9; of nitrogen in a comparative test with ordinary
manure showed the following improvements in yield : 0% with
radishes, 103 Y%, with lettuces, 77 9% wil'.h haricots, 138 %, with
beet-roots, 291 9, with tomatoes, 554 2, with onions. In a second
experiment activated sludge was applied six times as freely as nitrate
of soda and proved twice as effective. Up to the present however
the difficulty of eliminating the 98 9%, of water from the activated
sludge resulting from the process of sedimentation has not been over-
come,

Recovery of Ammonia. — The chief systems in use include some
form of distillation which is applied wherever it is possible to have
a sufficient degree of concentration in the sewage water which is too
dilute under the present sanitary systems.

In Paris, for example, the daily collection of urine and similar re-
fuse which amounts to 2200 cubic meters is first partly disinfeeted
and afterwards collected in large tanks for fermentation and storage.
The process takes from three to four weeks to eomplete and the urea
is converted into ammonia carbonate and other ammoniacal com-
pounds. A large quantity of nitrogen is lost during the fermentation.
The elear liguid is poured off and the eontained ammonia distilled
while the sludge is converted into manure. The ammonia is extracted
in the sulphate form with a production of over 10,000 tons.

Another method employed is that of the chemical treatment of
the sewage water in tanks so as to obfain a rapid sludge precipitation.
Milk of lime is chiefly used (specific weight 1.16-1.20) and kept in cons-
tant motion : the elarified liguid iz poured off and replaced by further
addition of sewage water until the reservoir is full of sludge. The
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ammonia content of the liguid is distilled and the sludge heated with
filter presses, By this means 100 cubic metres of sewage water have
been made to yield 75 eubic metres of clear liquid and 25 eubie metres
of sludge weighing after filtration 6 to 7 tons with 50 9, of water.
Thiz form of sludge has little value as a fertilising agent.

Yet another method consists in separating the sludge from the
clear liquid from which the ammonia content is distilled, while the
alu{lgn is collected in closed tanks equipped with rockers where it
receives treatment with ferrie chloride, alumininm chloride and phos-
phate of lime. After 24 hours filter pressure is used and the sludge
converted into briquettes eontaining 3 to 3,56 9, of nitrogen and 10
to 12 %, of phosphoriec anhydride assimilable in the form of bicalcie
phosphate so as to be utilisable as manure. The distillation of
ammonia from sewage to which lime is added is carried out extensively
in Amsterdam where the plant is eapable of dealing with 50 tons
at a time. The sewage water contains 2.018 9, of free and 0.326 9,
of fixed ammonia of which 0.008 9%, remains after distillation. For
the treatment of 8750 tons of sewage water 123 fons of slaked lime,
153 tons of coal and 72 tons of sulphuric aecid are required with a
resulting produetion of 72 tons of ammonia sulphate. The solid residue
mixed with lime and after passing through the filter press contains
58 9, of dry matter 52.27 %, of carbonate lime, 0.518 %, of nitrogen,
0.155 9%, of potash and 0157 per cent. of phosphoric anhydride.
The Minigtry of Agrienlture in Russia decided in 1914 that a study
should be made of the best means of utilising drainage sludge. The
qualities investigated shewed a content of 12.3 gm. nitrogen per gallon,
71 % of which was in the ammoniacal form. Large quantities of
the nitrogen were logt through exposure to the air amounting to
67.76 9% in 95 days. The best method of extracting the ammonia
was found to be a preliminary boiling followed by treatment with
lime in the proportion of 5 gm. per lifre.

Sewage water is used in Italy for irrigation, Milan being a
notable example. After standing for a while all the ammonia is
held in golution, while a muddy layer is deposited containing 80
to 90 % of water., For the liguid which contains three parts per
thousand of ammoniacal nitrogen 1.5 kg. of ammonia sulphate were
obtained per cubic metre by distillation with 44 1b. of coal. It was
suggested that the ammonia might be liberated by air pressure but
only 20 %, eould be recovered in this way.

The sediment also contains fatty matter, varying from 3 to 26 9,
of the dry weight, which is removed in England and Germany. The
general composition of the sludge and hence its yield in by-produects
remains fairly constant where the sewage water comes enfirely or
almost entirely from dwelling houses though there iz considerable
variability in distriects which contain factories.

The British Ministry of Agriculture has lately undertaken pre-
liminary investigations with a view to determining: if the * activated
sludge ' permits of the utilizgation of a large guantity of nitrogen
of sewage waters in comparison with the other methods ; if the nitro-
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gen it contains is more assimilable by plants, and what is the origin
of the high degree of nitrogen of “ activated sludge ™.

The results shew: 1) that with * activated sludge® there is
obtained a recovery of 15 9, of nitrogen while 10 9 is recovered
by the precipitation method and 4 9, with septic tanks ; 2) that the
assimilability of the nitrogen of the sludge is considerably inereased and
that it is richer in phosphoric anbydride than sludge non-activated.
From experiments made on flood land with two different sludges con-
taining 90 9%, of water it results that for an equal content of nitrogen
activated sludge gives good results, taken in comparison with the
ammonium sulphate of that of stable manure. However the nitrifi-
cation of the nitrogen of activated sludge requires double the time
necessary for sulphate of ammonia. In conclusion activated sludge
has given evidence of a high fertilising power.

The English Sub-Committee arrived at the following conclusion :
the amount of sludge with a 50 %, water content that can be obtained
annually per 1000 inhabitants is 100 tons and the total amount
obtainable in a year from the towns in the United Kingdom with a
population of over 100,000 is approximately 1,300,000 tons from
which there can be extracted say :

22,000 tons of Sulphate of Ammonia
54,562 m® of Tar.

22,730 m® of Light Oil

500,000 tons of solids for manuring.

As regards capital and running expenses and the daily receipts
acerning from thus handling the sludge the Sub-Committee gives
examples of two typieal plants, one on a large scale and the other
relatively small ; the first is suitable for dealing with the drainage re-
gidues of the Crossness area of the London County Counecil, the other
might zerve towns like Glaggow or Sheffield (1).

The fizures are given in the following note and gshow the economie
advantage of large installations.

In these general eonclusions upon the process viewed industrially
the Sub-Committee rightly draws attention to the high degree of heat
required for the preliminary drying of the sludge the degree of moisture
of which has to be reduced from about 70 % to 20 %, Moreover it
does not appear, at present at any rate, to be worth while to recover

(1) Previous figures are given raised by 30 9%, They are probably somewhat too low
for present conditions (Aduthor's note),

Large Plant Small Plant

£ £
Machinery for deying the slndge. Furnaces and accessories, .
Machinery for dealing with by-produced, Buildings . . 144,410 31,777
Runming expensos per day. . . . . . o . o . o0 0w m o 184 | 52

Oross recoipta por dBF . . oo . 0Tk aw e wew 40 ' 371 62
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the nitrogen in the urine (which represents 80 %, of the total nitrogen in
the excreta) as it ig so highly diluted, especially when the urine is
discharged into the draing which contain all kinds of other waters,

The distillation method deseribed above could only affect the pro-
duction of nitrogen compounds in the United Kingdom to a very small
extent. As a matter of fact the faecal matter produces annually
32,900 metric tons of nitrogen of which one half only passes into the

Fra, 78, — Chinese field covered with small heaps of canal slime just brought up by
means of three sets of steps made of earth, The quantity of slime here is upwards of 70
tons per acre, In the background a compost mouond,

I|:"|||»:E".-.'| fl":'l:l't |'l', H._ H.illl_.’.. ap. |:~il:_

sewage water and is equivalent to about 82,000 metric tons of sul-
phate of ammonia.

The quantity of sulphate of ammonia which might be obtained
from the drain water of the English towns with over 100,000 inha-

bitants does not exceed 22,000 tons or about 5 9, of the pre-war pro-
duetion of ammoniacal compounds derived from by-products (1).

Slime. — This deposit to which a brief reference may conven-
iently be made at this stage in connection with the subject of sludge

(1} For the various methods of purifying sewage water, of, Kotrer Dr, Tu., op. cit,
p. 28 ot seqq.
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and sewage is found at the bottom of ponds, pools, drains, ditches, ete.,
and is the result of & mixture of soil with various organic substances.

In many countries the slime is utilised as manure, after exposure
to the air, fermentation and drying. It is also used for making com-
posts.

In the Far East and especially in China eanal slime iz largely em-
ployed either directly or in the preparation of composts with grasses,
clover, ete., chiefly for use in the rice fields (see fiz. 79). This use of
slime following on the extensive employment of human excrement
plays an important part in keeping up the fertile character of the Chinese
soil.

40. — Town Refuse and Street Sweepings (1).

These include the garbage of all kindz found in street sweepings
and household refuse. They contain the following :— wvegetable
leaves and husks — fruit skins and kernels — pieces of hay, straw,
wood, paper, leather, ete. — fish bones — ghells of crustaceans —
ashes, horse and poultry dung, ete. — corks — bits of glass, stone
and croockery — rags — hair, feathers and sking — slime and soil —
ting and other waste metal — mineral and organie dusts, ete.

As a result of this heterogeneity the chemical composition of this
refuse ig extremely variable and is affected by its character and that of
the weather at the time of collection : for example, in dry weather,
town refuse containg much less water than during a rainy period.
The time of year iz algo an important factor; in summer vegetable
and fruit waste predominate while in winter there is more dry matter
and a great increase in the amount of ashes.

Speaking generally town refuse requires an expenditure for trans-
port and handling quite ont of proportion to its beneficial action as a
fertiliser. Its fertilising power, however, tends to increase with fer-
mentation by which it is converted into the  black  form thus covering
the cost of carriage for a certain distance, the volume being markedly
reduced in comparison with that of the ** green ” or freshly gathered
sweepings. The direct use of the refuse for agricultural purposes is
the most ancient and the simplest for bringing about their dizsappear-
ance. During the war the use of town refuse increased considerably
in many quarters and it was also adopted for the first time as a fertiliser.

(1} CE : 1) A, Brorring, I Conceme, Casale, 1912, — 2) D, Tasmano, « Utilizzazione delle
sparzaturg @ del rifiuti animali o, in £ Coltdivatere, No, 15-16, Calsalmonferrato, 1919,
3) Rozowa P., Collecte, transport of traitement dea dichels urbains, Paris, Dunod et Pinat, éd,
1911, — 4) Scanoeper P. 1., « Les immondices dégraissées comme engrais », in The Jouwrnal
of Indusirial ond Engincering Chemdstry, Easton, Pa,, 1917, — §) Browxixa P. E., = Va-
leur fertilisante do quelgques déohets domestiques s, in The Jowrnol of Indusirial and Eagi-
neering Chemistry, Vol. 9, No. 11, Easton, 1817, — 6) Konmer Dr, Ta,, op. cit. — 7) Asn.
BRoox F. G. and WiLsox A, Feeding Garbage to Hogs, Farmer's Bull. 1133, U. 8. Depi.
of Agr., Washington, 1920, — 8) Davenrrox A, Assainissement des villes et égouts de Paris,
Dunod éd., Paris, 1922, p. 188. — 9) Movxt H. A. Garbage in Working Clothes, in Seien-
tific American, Aug, 1922, p. 106, — 10} London refuse problem, The Cleansing Superin
tendent, Edinburgh, 1922, p. 202,
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Experiments were also made with simple new methods of treat-
ment. For example at Trieste, the sweepings which amounted to
90 tons daily were mixed with the excreta of horses and other animals
and the whole converted by a process of fermentation into an earthy
substance and sold for 20 kronen per ton at the depot. Part of the
aﬁee;riugs after the elimination of the non-combustible material was
burnt in continuous furnaces, the ashes being plunged at once into
water and then pulverised and sifted. The finer part was used as a
fertiliser and the heavier as a substitute for sand in ferro-conecrete
or cement bricks. The finer powder which acted as a phosphatic
manure was sold at 3 kronen per ton.

A patent for the following process has been taken out by A. D.
FUrsE of Beckenhain.

Household refuse or dry sewage sludge or the two combined are
mixed with 15 2, to 20 9 of fish or meat offal, 15 9, to 20 9, of bone
meal after extraction of the gelatine and 15 9, to 20 9 of vegetable
refuse containing potash, for example that of beetroots, sugarcane,
tobacco, or bananas, The mixture is first heated with dilute sulphurie
acid, then dried, pulverised and sifted. The destronetion of town
refuse by mechanical, physical or chemical means iz only indieated
where the towns are not surrounded by an expanse of field land suf-
ficient to allow its general diffugion, that is to say an area eight
times as large as the urban area itself, which allows for the diffusion
of 10 to 12 1, tons per acre every two or three years.

The following methods of industrial freatment are at present em-
ployed in various places : 1) treatment by steam or water at 1500 C
to separate the fat content. About half the heat necessary is supplied
by the fermented and dry refuse. Steam treatment in the hot chamber
lasts from 5 to 7 hours. The condensation water is then drawn
off and with it is removed all the fatty matter which can be used for
soap making or as a lubricant. The solid residue is submitted to pres-
sure and dried by steam in large eylinders so that it is easily reduced
to a fine powder resembling eharcoal and odourless, This part which
is known as fankage represents 12.5 to 18 %, of the mass of refuse
treated, of which the content is 77-83 9, water, 2.5-5 9, fats, tankage,
12.5-18 %. This method is applicable only to the case of the larger
towns as the initial eapital cost is heavy, but it possesses the merit of
avoiding the sanitary risks caused by an aceumulation of fermenting
refuse matter and also of giving a homogeneous odourless form of ma-
nure, easily carried and handled, which does not introduce into the
soil either the seeds of noxious weeds or fragments of glass or metal
which are Ii]-ml_w, to injure the animals. In the United States there
are 39 companies engaged in extracting the fat from household refuse or
garbage, representing about half the larger towns. In 1914, 1,088,622
tons were treated and yielded, in addition to the fatty Irmt.t-&r, 155,913
tons of fertiliser in the form of tankage. The refuse is treated by
the following process: 1) sifting, 2) steam heating with the collection
of the water and separation of the floating fats, or 3) drying with
extraction by means of benzine and fermentation of the residue.
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The water extracted is reduced to a siropy consistence and called
“gtick ”. It is mixed with dry tankage and converted into a powder
of which the following is the percentage content : water 3.67 — ash
29,16 — fats 4.92 — potash 0.80 — nitrogen 2.78 — phosphoric
anhydride 3.66. Forty per cent. of this nitrogen is assimilable and
about 0.25 9, water soluble. Solubility can be materially increased by
treatment with sulphuarie aeid (1).

2) Another method of treatment followed in eertain towns
in Germany, the United States, Belgium, England and Austria con-
gists in burning the refuse for the sake of the ash but in this way the
whole content in organic matter and nitrogen is lost. Certain advant-
ages, however acerue from the utilisation of the heat required for the
combustion. The ash makes a clinker and attempts have been made
to use it in cement and concrete bricks.

With ToBraxsky’s method of low temperature incineration with
limited exposure to the air a brown powdery ash is obtained which
can be used as a fertiliser,

During the war experiments were made on the use of fat free re-
fuse as a cattle food after separation of the light from the heavier
matter by a water test.

When town refuse is used directly ag manure ag is the ease in many
districts it may be considered ag a low potency fertiliser. Analyses
have given the following results.

| [ (‘:.-mbusﬁ-
Water | Ash Ether | pigash | Nitrogen | FR02PDO- | ™ h
- extract ric anhyd.  matters
Untreated refuse, . | ; T 78495 S.80%) G633 %1 02T% 0.T09,] 043% | 22.68%

Treated refuse. . . . | 3.67 29.156 4.92 (80 2.78 3.56 —

The following are the guantities of potash and of phosphorie
acid found in the ash of various household refuse (2).

(1) C£, P, J, Sceroener, Ind, Eng. Chem,, No, 9, 1017,

(2) A lengthy treatise on collection, handling and utilisation of street refuse which may
atill be usefully consulted is that of P, FrEDA entitlad « Importanza delle Immondizie della
Citth di Roma per I'agricoltura locale s published in Le Staziond sperimentali Agrarie I-
liane. WVol. XXII. Part, 5. 1892,

Bir B, J. Russery, Director of the Experimental Station of Rothamsted in a recent
publication notes that in England and Wales the street sweeping amount to not
lesa than 10 million tens per annum, and in Lendon alone to 1,900,000 tons, The English
towns spend annually on the eollection and distribution of the sweepings about 6 million
sterling. In some ecities of the North of England the sweepings are enriched with a
congiderable quantity of the scourings of sewers, the refuse of cattle marketa, slaunghterhouse
offuls, and stable litter, thus yielding an execllent fertiliser with one or more per cent of
nitrogen, (Cf. E, J, Russert. The Possibility of using town refuse ag manure, The Jour-
nal of the Mindstry of Agriculture Vol, XXIX No. 8, 1922, p. 685),



06 - PART II.

— ——mee T e

Ash of Potash e e
Banamesatallac s s i e R e 49,40 % 284 %,
Banana BENE - 0 L 5 wow waie s e e e 41.76 3.256
L1 o T 1, o e e e e e e b e R e 27.00 2,00
oo ke e e e R e e e 31.00 B.30
L i e S e T Al s s 11.74 3.08
T T B o o 1 e e e e 1221 037
Pand: of omemmbeds 5 S Shl s S e w0 en ) SR 27.20 11,28
Freah pobato PAIBES. « = « o cis s wis simea e w 27.50 5.18
¢ ST T [ e R S A P o e s e L 9.00 1.7%
LT i SR T T e Sl e e e i R 0.44 1.60
L e e e e S S e e e B RS et e 0,67 036
e el SR B SR R SRR e R R - Q.29 0.43
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Kitchen refuse, dried and ground, is especially suitable as bind-
ing material for horticultural composts.

41. — Nitrate Fertilisers
from Residues treated with Bacteria. Humogene (1).

During the war, as it was well known that the nitrogen-fixing
and nitrifying bacterial flora of the soil are only aective where organic
matter is present, the question arose of the possibility of the employ-
ment of ecertain organic forms of waste material, such as molasses,
grape residues, straw, paper, wood, weeds, sugar refining residues, ete.,
after treatment with symbiotie nitrogen-fixing baeteria selected for
their high degree of aectivity, such mixtures being subsequently well
stirred and dried.

In 1915, at the request of the British Ministry of Agriculture,
Dr. E. J. RusserLn undertook a series of experiments with Professor
BorroMLEY's Humogene (2).

This fertiliser is made of sterilised peat, after bacterial decompo-
gition, and inoculation with nitrogen-fixing micro-organisms.

It was used by E. J. Russell in doses of 1.25 metric tons on fodder
beets, kitchen garden plants, mustard and barley grown in pots.
All the experiments had a negative result and the coneclusion was that
humogene has no special agricultural wvalue, as it is not superior to
any other organic fertiliser with the same nifrogen content. This

(1) CE. 1) Danviaxp C. Engrais azotds fabriqués avee des déchets, in Abstracis of Bac-
eriology. Vol. II. Baltimore, 1018, — 2] Anmvarravan Rao K., A New Source of Manure
in The Agr. Jowrn, of India, Vol. XVIIL, p. ¥V, Caloutta, 1922, p. 476,

(2) Cf. Russernn E, J. Humoagene in the Journal of the Board of Agricaliure, Vol XXIV,
No, 1. London, 1917,
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fertiliser may be sometimes useful to gardeners in preparing mould
for repotting, being for this purpose the equivalent of untreated
peat and used in the same proportion.

The proportion of nitl‘ngvn in humogene varies considerably, flue-
tuating between 0.4 and 1.3 9%,.

There 18 in effect no evidence to show that the treatment devised
by BoTToMLEY increases the fertilising value of peat.

Previous experiments with humogene had generally given the same
unfavourable results, which are inconsistent with those obtained by
the inventor himself: he maintaing that humogene is really an effec-
tive fertilizer.

In Germany experiments were made during the war with a fertilizer
called Guanol, composed of lees of molasses mixed with peat and in-
oculated with Azofobacter. It was tested also in the sterilised form,
g0 a8 to ascertain the action of the bacteria. These had transformed
889 of the betaine, which only formed 1.6 9, of the dry matter. The
nitrogen of the pﬂt is inactive ; that in the lees is alone effective.

The vield was the same with the sterilised Guanol: and hence
the bacteria have no real effect.

In eight weeks, 30.04 9, of the nitrogen of Guanol had nitrified (1).

Important experiments were made in India (2) with the residnal
pulp from sagar manufacture (megasse) which is as a rule burnt. 1t
contains about 40 to 50 9, of water, 10 %, of non-extractable sugar
and 40 to 50 %, of fibre. In India 20 to 25 million tons of this residue
are available annually.

The treatment with nitrogen-fixing miero-organisms can be carried
out in three ways: 1) by inoculation with the nitrogen-fixing bacteria
alone ; 2) by preliminary introduction of micro-organisms which
decompose the cellulose, subsequent sterilisation and then inoculation
with the HliI{lEl'ﬂ—ﬁ"{]nﬂ‘ bacteria 3 3) the simultaneous introduction
of both kindz of miero- mglmhmh The sugar produces 100 milli-
grammes of nitrogen per 10 gm. of cane pulp, after a single fixation.

Pulp thus treated after two months eontained 1.39 %, of nitro-
gen, 1. e, more than double the nitrogen content of stable manure.

This method is also recommended by the author for residues
of the following : prickly pear, dry leaves, straw, sawdust, ete.

42

of various waste products.

Analyses have already been given above for each of the waste
produets in turn, and the fnliu'.ung table, extracted from the Yearbook
of the United States Department of Aynrulhnw (3) and from WoOLFF's
tables (4), is added for completeness of reference.

(1) CE. Koow, in Fulling’s Landwirschafiliche Zeitung, Year 65, No. 5-6. Btuttgart, 1916,

(2) K, Apivarpavaxw Rao, A New Source of Manure, in The Agric, Journal of India,
Vol, XVII, part V. Caleutta, . 1022, p. 476.

(3) Ci. C. C. Fueroner, « Conservation of fertilizer materiala from minor sources s,
in Yearbook of the Department of dgricultwre, Washington, 1017 p. 283,

{4) Figures marked with asterisk.
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Tobacco : Stema . . . S e T | 3.70 [ 1 | 4 50

» Diried l:ﬂnvas it S 3.48 0. 66 ! 4,08
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» T [ o e R R R .36 .10 0.40

LR P T T S e e e R 0,80 035 0,15

s ARIAGE AR T i e e e s 4.99 15.03
Wood: Bawdust . . . . : + = & s+ & = « | 6-=86 o4 . 1-3
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Nitrogen l;':j:’ﬂrﬂi: Potash
% % %
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Epgpa: Caleined shells . . . . . . . . . . — 0,43 0.29
Fiah: Frash offad- . . .. . . . . . . . . 2=T7.5 1. 5=6- ==
% Dried » ., . . SR 7.76 [ 13 035
Slaughterhouse offals {Law Yﬂrk} o 3.4-3.7 | 1=2.47 2.26-4.26
Leather ; Clipping. . . - . S L 6.88 i —

" Ash of 'B]lpplﬂgs G ety - i 216 0.35
Groand horng and heofs . . . . . . . . . 10156 | 1.5-2 —
Wool: Ragaand felt . . . . . . ... . —12 | — —

« Bpinning waste . . . . . . . . . 4.4 | 0.20 0.68

« Felt manufactory waste. . . . . . 13.00 | — 0.88

Bilk worms : Chrysalides . = . . . . . . . 042 | 1.82 1.08
» » Bilk™: & wis o B=-11 —_— —-

» 5 Bilk spinning waatu AL B.GT ; 1.14 ; 012
Bhiell-Bity offabe oo oo el e 4.50 350 | -
w e LA e e i e 4,60 3.52 e

Mineral waste products :

Blime : fresh water . . . . . . . . . .. 1.87 026 0.22
i U e T et e R S S 0.99 0.77 0,05
e T R R S e - 0.75 2.00

B L e e e —- 0.5-1 1-1.5
e e R et = 1.05 0,35
Gunpowder : waste fmrn manu{nct.um | 10.28 - 3450

== — —_— ———— =

The following table contains other figures relating to the utili-
sation of residues in the United States for the manufacture of fertilisers,

| = In]u;u!:-iu- Inlgqi:-elu—
| = | [

HRezidues Water Lime I phorie _Tutll Soluble asaimil- pomn-asad-

el nitrogen nitrogen.  able | milable

¥ | nitrogen nitrogen

Sheep dung with wool waste ., . . | 499 280 0381 127 051| 030 046
Wool waste with fat removed . . | 44 80 037 0,08 1.30| 027| 0.51 0.52

| == .= 280 8.60| 2.08| 1.43| 2.65
Heaweed . . . e e el R L 1.81 0,23 0,60 0.09 015 .36
Raw kitchen refua-ﬂ s oeosoeowos o= | BEEDE 0210 081 0,78 0186| 010 0.53

| T80 0,03 1.62 5.26 .40 3,38 2.48
Cotton ginning waste _ . . . . . 6.95 1.5 0,68 1.37| 0.24 027 0,08
Cocon hull powder . . . . . . . | 11,00 271 149, 204| 1.04| 0,51 1.39
Wool combing waste . . . . . . 496 068| 020| 440 012 241 1.7

|H2O | Ca® MgO Niot. | 8 0 € 02 Mat.in.
Lime residues from manufacture I |
of lactic meid . . . . . . . . | 46,00 1023 O044| 030 2760| 097 068
Lime residues from bleaching | ' :
Faetdmiea: cor sl Fon e 16,86 | 4243 1,30 — — a4, 00 -

Lime residues from tenneries. . . | 356.93 2480 3.10 042 — | 444 16.37
| | |

=i e ——————————



IV. — ALCOHOL, OILS AND OTHER INDUSTRIAL
PRODUCTS OBTAINED FROM VARIOUS RESIDUES.

Products intended for food are not, speaking generally, ineluded
under this head : it seemed however desirable to deal here with cer-
tain edible oils : and for that reason the reader was referred to this part
in the course of the earlier diseussion of waste materials and residues
utibzed for human food.

The task at this point is therefore quite definite : it is confined
to a description of certain utilisations for industrial purposes recom-
mended during the war as necessary in view of the growing scarcity
of produets and the perpetual rise in their price. Some of these pro-
cesses are not novel : sometimes processes that had fallen out of use
were re-instated : sometimes improvements were introduced into meth-
ods that had been given up before the war. Very probably several
of the processes here described are not adapted to modern economic
conditions and are therefore impracticable. But if this brief account
succeeds in being of interest to the reader and is a contribution to the
information available as to utilisation of the various residues and waste
materials, it will have attained its objeect.

1. — Alcohol from seaweed.

Certain seaweeds contain carbo-hydrates convertible into sugar
by acids. By subjecting them to the action of sulphuric acid (3-6 %)
under pressure for 30 to 50 minutes at 1229 C. KAYSER (1) obtained
ready fermentation and a yield of 12 litres of aleohol per 100 kg. of
dry seaweed of the species Laminaria digitata. L. flecicauliz and L.
saccharing were also tried.

The industrial process iz as follows :— the seaweeds are dried
artificially as soon as possible after they have been gathered, they are
then chopped up and treated in an autoeclave, at 120-125°C., with
water acidulated with sulphuric acid. The exeess of acid is next al-
most completely neutralized with potash, leaving an acidity of 0.7
to 1 %, and the liquid is subjected to fermentation, after adding about
2 9% of barley sprouts so as to furnizh a little organie nitrogen which
increases the yield.

C. KaysEr thus obtained 14.6 litres of aleohol per 100 keg. of dry
seaweed.  The residue, again treated in an autoclave, gave a further
7.53 9%, of aleohol.

(1) Ct, Comples rendus de ' Aeadémie & Agricaliure de France, Vol, 4, No, 14, Paris, 1018,
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This process evidently depends on very cheap and easily obtained
raw material ; the principal expenditure is on labour and fuel, so that
the proeess is worth considering in places where sugar yielding sea-
weeds can easily be collected in large guantities.

Certain lichens (Lichen islandicus and Cladonia rangiferina) are
of value on aceount of their high percentage of carbohydrates (lichen-
ina) which varies respectively from 60 to 55 9%,. In this case too the
treatment required is with 2.5 %, of hydrochlorie acid or with 6 2, of
sulphurie acid. The dextrose obtained is 60 to 66 %, of the material
analysed.

According to ErLropr and Kuxz in order to obtain the max-
imum vield of aleohol a treatment for one hour with steam (with a
pressure equal to three atmospheres) is necessary, then one with
hydrochlorie acid for another hour with heating at the same pressure.
By this method 1 kg. of lichen gives 282 ce. of aleohol, equivalent to
28.2 litres per quintal (0.1 metric ton).

It has been proposed to manufacture aleohol in this way from the
lichens found in great abundanee in Sweden, but it remains to establish
in this case too the relation between the yield and the expenses of
gathering and cost of the process (1).

2. — Alcohol from sawdust and peat.

Studies and experiments in the utilization of sawdust for making
aleohol has been made at various times.

Such researches were naturally pursued with redoubled vigour
during the war, all the more 30 becanse some processes geemed to pro-
mise sufficiently high yields to render profitable the utilizsation of large
quantities of sawdust produced in the saw-mills and, in case of need,
alzo of wood purposely reduced to meal.

It seems however probable that when the conditions of produetion
of aleohol from mangolds, molasses, cereals and potatoes have again
become normal there will not be much advantage in treating sawdust.

The general process of transforming sawdust into aleohol is as
follows :— cellulose ean be partly transformed into dextrose and other
sugars by treatment with aeids under pressure. After neutralisation
of the acidg with lime, soda, ete., the greater part of the sugar formed
can be subjected to the action of an aleoholic ferment; the alcohol
formed is then distilled (2). The procedure is as follows (3):— the
cellulose is hydrolysed with sulphurie, or hydrochlorie, or sulphurous

(11 Moxies Wintiasms O W, Pewer- Aleohol.  London, H. Frowde and Hodder and Stough-
ton, 1932, p. 113

(2) Ci. Siwmoxps Ch., Aleched, p. 24, London, Macmillan,

(3) ForRMENTI, op. cit., p. 263, — For the description of the processes in which the above
acids are emploved, see : 1) E. Honpapn The Utilization of Wood-Waste, London, Seott,
Greenwood and Son, 1920, p. 133, In this work several processes of utilisation of sawdust
are also diseussed, — 2) Mowier WiLLiams G, W, op. eit., p. 120, —OCf also: F. W. Kress.
mary, The manuvfacture of ethyl aleohol from wood waste, in U7, 8. Dept. Age. Bull, 9583,
(1922}



312 PART II.

acid, to transform it into dextrose, soaking it with 14 of acid (sul-
phurie) about 3 9%, strength while it is heated and stirred until a
temperature of 1656° C is reached for two hours. One ton of sawdust
may yield from 200 to 250 kg. of sugar of whieh 85 9, is capable
of fermentation. The sugar is extracted by lixiviation with water,
the liquid is nentralised with carbonate of lime, allowed to settle, de-
canted, and fermented with brewers’ yeast ; the alcohol is then distil-
led. From 100 kg. of sawdust, 6 litrez of aleohol ean be obtained,
on the average, but ecertain writers indicate a yield which may be as
mueh as 9 litres.

In MEIRELS’ process, which differs from the ordinary processes,
the sawdust is treated in an autoelave (20 to 25 atmospheres) with a
solution of eaustic soda. The liguid obtained is next dilufed, then
sterilised with ozonized air and Mucedineae (Amylomyces Houwxii, A.
Oryzae, ete.) are sown in it, which transform the cellulose into sugar; the
latter ferments quickly without the addition of other yeast, and pro-
duces aleohol.

From 100 kg. of wood 42 kg. of sugar may be obtained and 65 ke.
from 100 kg. of straw.

These figures seem to us exaggerated. There is also a KocHER
patent (English patent N. 107219), by which an almost eomplete con-
version into sugar of the cellulose is obtained (in what manner is not
stated) in 24-48 hours (1).

Peat (mossy peat containing 8 to 33 9, of cellulose) is treated like
sawdust. From 100 kg., 10 litres of aleohol iz obtained. The residue
can be used as fuel or as manure (2).

It iz understood that the above figures apply to dry peat, since
if the moisture is reckoned as 90 %,, the yield of aleohol is only 1 9.

(1) Ci. The South African Jowrnal of Industry, v. IV, No. 2. Pretoria, 1921, -—— Far
the preparation of wood meal, Of, Kressmaxs Fr. W, in The Seientific American, Suppile-
ment, vol, LXXXII, No. 2127, New York, 1916,

In a paper by M. R, C. Hawirey on the manulacture of aloohol from the waste wood
which i3 obtainable in the United States forests it 18 stated that more than 134 million
cubic m. are lost as wasto in the forests and sawmills, Adding to that quantity 484 milhon
euhic m_ destroyed annually by fires, insects and fungi we got 182 8 million eubie m, which
might be used for the produetion of liguid fuel, Allowing that 1 cubic, m. of wooed weighs
480 kg and that 1 ton will produce 62,5 litres of alechol, the 1828 million cubic m. equi-
valent to 87 744 000 ¢, could furnish 54,8 million hectolitres of aleohol,

By ealculating also the increased production which would result from intensive forestry
the writer reachos double the above mentioned quantity of aleohol,

With present methods of manufacture of wood aleohel, the cost of wood at the factory
is estimatoed, on the average, at 25 cents per gallon (034 fr, per litve of aleohol produced) buk
this cost could be roduced to 7 cents por gallon (0,09 fr. per litre).

But after that, there iz one very important observation to be made, mamely that further
improvements are necessary in the processes of utilisation of the cellulose z0 as to obtain
an inereased vield of aleohol. In any case — the writer remarks — this utilisation of wood
on a large seale for the manufacture of alcohol eannot become very important in the Unitesd
Btatez for the next ten vears or more (Cf, The Journal of Ind. and Engin. Chem,, V. 13,
Ne. 11, N. Y., 1921, p. 1059).

(2} Bulletin de Udssoe. des Chim. des Swer. ef Distiil, 1907, No. 24.
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By the P1que proecess (1) 225 kg. of moist peat are treated with
400 to 460 litres of water and 3 to 4 litrez of sulphurie acid for 45 mi-
nutes under a pressure equivalent to three atmospheres. The liguid
separated under this pressure is made to ferment by adding an aleoholic
ferment (Saccharomyces ellipsoideus) which has previously become used
to the action of the toxic substances in the peat.

In conelusion the repeated attempts by various processes to ex-
tract aleohol from substances econtaining ecellulose have generally
given unsatisfactory results, so that, now as formerly, we may con-
gider this problem as far from solution.

3. — Alcohol from straw.

On this subject some memoranda are available (2) of a lecture
recently given by Dr. HARGREAVES, Director of the Division of Chem-
istry of the South Australian Industrial Department. He states
that if the straw grown round Adelaide within a radius of 100 miles
(more than 14 million tons) was used in making aleohol, instead of
being neglected or wasted as at present, 80 gallons of alcohol per ton
of straw, or a total of 40 million gallons could be obtained, which could
be used for internal combustion motors.

The periodical quoted points out that the writer has not given de-
tailed information regarding the proecess which he recommends. But
there seems reason to think that this process is one of those by which
sawdust iz treated by hydrolysis with a dilute mineral acid under
pressure, to transform the existing starch and part of the eellulose into
sugar capable of being fermented.

Experiments on a commercial seale were earried out in Burma
with rice straw, on the lines of the process patented in England by
A. B. C. RoGgeErg and C. H. BEDFORD (No. of patent 144,079, 1919):
the straw was first treated with superheated steam, then converted
into pulp and digested with hydrochloric acid (3). The liguid obtained
is neutralised and then fermented. The exact figures of the yield
in aleohol are not available, nor is it clear whether the sugar obtained
is the result of hydrolysis of the cellulose or derived from the preformed
sugars or the hexosans of the straw, as seems probable.

In rice straw, TakevcHr of Tokio found the following percent-
ages: dextrose and suecrose 3.5, starch and hemicellulose substances 15,
pentosans 15, protein, fats ete. 7, erude fibre 31, ash 12,

4. — Alcohol from maize rachides (4).

W. H. PETERSEN, E. B. ZrED and J. H. VERHULST made experi-
ments in the fermentation, using Bacillus acetocthylicum, ol a syrup
obtained by hydrolysis with dilute sulphuric acid from maize stalks :

{1} Jacguer L., L'dleoo!, p. 42. Paris , 1912, Masson & Cle,

(2) Commercial Fertildzer, vol. XXTII. No. ¢, Atlanta, G, A, 1821, p. 4
(3) Cf, Moxmr Winnrams Q. W, Op, cit, p. 147,

i4) Cf. Journal of Indust, and Engin, Chem,, Vol, 13, No. 9. Washington, 1921,
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their results were, for every 100 parts of weight, 6.8 of ethyl aleohol,
2.7 acetone, 3.4 volatile acids. In addition formic acid, acetic acid,
and carbon dioxide result.

By heating the stalks for about an hour in a pressure of 1.35
atmospheres with dilute acid (i. e. water four times, and aecid eight
times the weight of the stalks), there is obtained a higher yield of fer-
mentable sugar, 4. €. 25 to 30 %, chiefly xylose.

5. — Alcohol from liquid residues of cellulose manufacture.

For every ton of cellulose produced there are about 10 tons of
these liguid residues, which contain dextrose and other sugars, varions
acids, methyl aleohol, nitrogenous matter and resinous substances.

The quantity of sugars susceptible of fermentation is between
1.5 and 2 9%.

To effect fermentation of these liguid residues it is first of all
neecessary to eliminate from them, by evaporation, the sulphurous aeid
which would kill the ferments. Extract of malt is added and the fer-
ment sown. After a few days fermentation is finished and the liguid
is distilled in apparatus working without inferruption. The alcohol
obtained is slightly impure since it contains a little methyl aleohol,
some aldehydes and some furfurol.

The yield in alcohol iz 1 9, or more of the evaporated liquid
residue (1).

In Germany these liguid residues were largely used during the war.
Twelve factories were established eapable of dealing with the liguid
derived from the produection of 287,000 fons of dry cellulose. About
3.2 9, of alcohol was obtained mainly used for the manufacture of
explogives. According to BErRGsTROM 10 kg. of methyl aleohol, used
in the manufacture of varnizsh and various chemical products, can
be obtained per ton of dry cellulose,

According to G. J. FOWLER and B. BANNERJEE (2) motor-spirit
can be obtained from the residual sugar of cane-trash and the sugar
yielding substanees it eontainsg, and also from the residues of the cel-
luloge pulp used for paper-making. The hydrolysis is effected in an anto-
clave lined with lead, by the use of sulphuric acid diluted from 0.35
to 0.530 % in quantities not exceeding 6 9%, of the weight of the fibre.
The best result is obtained after 15 to 30 minutes with a pressure not
higher than 4.5 kg. per ce.

The heating and subsequent cooling have to be very rapidly ef-
feeted, so as to counteract the destruetive action of the acid on the
fibre. The highest percentage of sugar thus produeed was 36 9, when

-

the cane-trash contained 7 %, Allowing for a 1 9, loss of the orig-

(1) Ci, 1) Smowmoxps Ch,, Aleofial, 0. 07, — 2) MowmEr Wiriams G, W, op, eit.,
p. 148,
(2) Cf, Jowrn. Indian Iné, Sei, No. 13, 1921,
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inal sugar it may be estimated that with hydrolysis of the non-fibrous
tissne 30 9, of sugar was obtained.

The saccharine solution is elarified with lime and fermentation is

induced. The net yield of aleohol, apart from that obtained from the
original sugar contents of the residue, is about 8 to 9 9%,
From * acque d'inferno * (1) which are produced in hundreds of
thousands of tons in olive-growing countries, there ean be obtained,
by speedy fermentation, about 15 litres of rectified ethyl aleohol per ton,
as well as from the distillation residue, 3 kg, of ammonium sulphate,
and 3 kg. of phosphoric acid, or of potassic salts. The partly solid
residue after these extractions ean be distilled and gas and earbon
obtained. It is worth noting that this is only advantageons when
large quantities of this water is available,

6. — Alcohol from horse-chestnuts.

During the war large quantities of horse-chestnutz were utilised
by the distilleries for making alcohol and acetone intended mainly
for manufacture of explosives ; and corresponding quantities of maize,
barley, potatoes and molasses were thus saved.

The erushed horse-chestnuts are converted into sugar either with
acids or with malt, brewer’s yeast is then added and it is made to
ferment.

A good starch may also be extracted from them by the ordinary
processes of lixiviation of flour. They are also used for making tan
extracts,

Researches made by Kavser, Director of the Laboratory of
Zymotechnies of the Agricultural Institute at Paris (2), have shown
a yield of 27-28 litres of alcohol per 100 kg. of dry horse-chestnuts.
This yield is less than that obtained with maize but it is profitable
because of the low cost of the raw material.

7. — Alcohol from acorns.

The treatment of acorns, from various species of oaks, containing
about 40 %, of starch and a little saccharose, iz similar to that de-
scribed for horse-chestnuts, KAVYSER (3) by saccharifying the starch
in them in an antoclave at 120-122¢ C. with water acidulated with 2.5 9,
of hydrochlorie acid + 1 %, of sulphuric acid, for one hour, obtained
a yield of 8.568 to 20.16 litres of aleohol per 100 kg, of whole dry acorns,
and of 28.3 to 31 litres per 100 kg. of seeds without cupules.

(1) R, DE Mansarnizs, Ree. Vin, g da Agr,, XLI, No, 4 Baragossa, 18922,

(2} Feuwille & Informations du Mindstére de U Agriculture, Year X XTI, No, 45, Paris, 1017,

{3y Cf, : 1} Feuille d' Informations du Mindstére de UAgriculture, Year XX1I, No, 5,
Paris, 1917, — 2) The Scuth African Jewrnal of India, wvol. IV, No, 2. Pretoria, 1921, —
3) The Indion Forester, vol. 48, No. 3. Allahabad, 1521,
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8. — Alcohol from certain arums.

Aleohol is derived from two species of the Aroides, Aruwm macu-
latum L. and A. italicum L. (Fig. 80), which grow wild along hedges and
in woods of Northern Italy and of the
Apennines, in the sub-alpine and
mountainous regions.  They also grow
in other tfemperate climates under
gimilar conditions. These plants have
a feculent rhizome, larger in the
second speecies, which may attain
at 3 years old a maximum weight
of 2560 gm. and an average weight
of 80 gm.

[f theze plants, which are regard-
ed as weeds, are gathered in the non-
growing season they give rhizomes
fairly rieh in starech.

Prof. E. PANTANELLI (1), Director
of the * Station «(’Aridoeulture ” af
Bari, has obtained under these condi-
Frg, 80, — Arwm italicum, Leaves, Spadix tions, from fresh rhizomes, 18 %, of

and Fruit. pure starch, 20 to 23 9% of glucose
From BRUTTINI A.. op. eit. and by fermentation of the latter
10 2, of aleohol, all of good quality.

M. PANTANEBLLI states that the aram can be cultivated but that

it is better to nse the wild arum,

9. — Alcohol from asphodels.

The plants used are two of the Liliaces, Asphodelus ramosus L.,
the more common (Fig. 81-82), and A. lufeus L. both herbaceous,
perennial plants, with tuberous roots, edible. They grow spontaneously
in large numbers on uneultivated land in rather warm elimates :—
Sieily, Southern Italy, Southern Europe, North Africa, Asia Minor, ete.

In Arabia an excellent gum is extracted from the roots. Both
roots, and when fodder is searce, also the leaves are fed to cattle, goats,
donkeys and pigs. Cooked and dressed in different ways these roots
are also uged as human food.

Their utilisation for the manufacture of aleohol is fairly ancient.
It has been recently tried by Prof. E. PANTANELLI (2) and by E. Mo-
NACO (3).

(1} Le Stazieni sperimentali agrarie ifaliane, vol. 41, Parta 1-2. Modena, 1918,
(2) Cf, Le Spaziond sperimentali agrorvie italéone, vol, 41, Parts 3-6, Modena, 1918,
(3) Cf, Ann, d'Ing. e Arch,, Year XXXIII, No, 8 Fome, 1018,
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The sugar and the colloidal earbo-hydrates suscepiible of being
converted into sugar contained in the roots give a yield of 14 9 of
alecohol if they are colleeted in December and of 22 9 if collected in
August. The best season for collecting is the flowering season, in May-
June.

From 100 kg. of roots 8 kg. of aleohol can be obtained, but, in
practice, 6 to 7 9, is not
exceeded, .

If eultivated the asphodel !

might produce 8 tons of

roots per acre. For manufac- : g

ture of alcohol, they are
subjected to the following
operations :— washing, chop-
ping, pressing, addition of
25 % of lukewarm water
to the residue and a second
presging ; addition of sul-
phurie acid at 2-3 9 strength

Fiz, 81, — Asphodelus ramosus,

Inflorescence and tubercles, - = 4
. ] Fia_ 82 — Tubercles of (two yvears” growth) of dsphodeluas

From BRUTTINI A., op. clit. ramosus, gathered at Macearese, Rome,

and boiling ; fermentation with brewer’s yeast (200 gm. per 120 litres
of liquid) ; distillation.

From the barked green stalks of A. ramosus textile fibre may be
derived by refting ; it can also be obtained from the leaves which are
gathered for this purpose when growth is most active, that is to say
at the flowering season (1). The best roots for colleetion are those of
the 2nd year. They contain a bundle of strong fibres which can be
used as textile material, provided the roots are crnghed without rasping
or cutting them. These fibres are of two kinds — those whieh are

(1) Of. Mixcron: E,, Dell'utilizzagiona dell’dsphodelus ramosus, Holl, guindicinale della
Soc. degli Agrie, Ital, Year XIV, Ko, 6, Rome, 1890%
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near the bark have a silky-fibrous texture ; those inside are cottony
and are more suitable for making a paper pulp of good eohesive quality.
The turions and roots are, ag hag been stated, eaten by animals and
sometimes by man, but are especially snitable for pigs after the bitter
substance is removed by soaking in water followed by boiling.

10. — Alcohol from feather hyacinths.

Muscari eomosum (Fig. 83) and Hyacinthus eciliatus were the
subject of experiments made by
Prof. E. PANTANELLI (1) with a view
to the production of aleohol, and to
their use for human consumption.

In the country parts of the
Province of Foggia the bulbs of these
two species are eaten by the couniry
folk and those of the former are
even exported to Ameriea for the use
of the emigrants from Foggia who
are living there.

The experiments showed that the
bulbs contained, respectively, 23.01
and 20.21 %, of sugars - carbo-hydrates
susceptible of conversion into sugar,
determined at the end of the growing
period Hydrolysiz was effected by
boiling the bulbs for an hour and a
Fia. 83, — Feather hyacinth, (Museari hall with an equal weight of sulphurie

camosum), Inflorescence, Flower, Lea- acid of 49 strength. The excess of

ves and Bulb. acid was then neutralised with car-

From Dr. A. Fiomi, op. cit. bonate of lime, the liguid expressed

and 1 %, of phosphate of ammoninm

added, then tartaric acid until the precipitate of phosphate of lime

was dissolved. Distiller’s yveast was next added and the whole allowed

to ferment at 200 C. for 4 days. The experimenter obtained absolute

aleohol 10.5 %, in weight and 13 %, in velume of the bulbs with

Museari comosum and 8.4 and 10.5 9, respectively with Hyacinthus
cilialus.

These yields show that the manufacture of thizs aleohol would
be profitable. The best season for harvesting these spontaneous bulbs,
in Apulia, is from June to December,

The bulbs ghould be used fresh ; otherwise their yield of aleohol
decreases.

(1) Cf, Pawraxenus B, Uso del cipollaceio per 'alimentazione umana, @ la pro-
duzione dell’aleool, in Le Stoziond sperimeniali agrarie flaliane, wvol, LITI, Nos, 1-3,
Modena, 1920,
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11. — Alcohol from wild chervil.

Wild chervil (Anthriscus sylvesiris) (Fig. 84) is a biennial numbellifer
very abundant on wooded lands (1). The fresh root eontains :— redue-
ing sugar 0.96 9, — saccharose 5.64 9, — feeula 14.50 2. Stock
refuse to eat it on account of its disagreeable odour,

To obtain aleohol from it, the sugars might be extracted with
water and the remaining starech would be treated by the ordinary
processes. The collection of the roots should be made after the 1st
vear of growth.

12, Alcohol from prickly pears.

As the different kindg of priekly pear, and especially the Opuntic
ficus indica, eultivated in Sicily and elsewhere, yield large guantities
of frnif, more or less saccharine, it would be a great advantage to be
able to utfilise them for making alcohol. Attempts on a more or less
extensive seale have been made from time to time, but the results
have not been encouraging either in quality or quantity. According
to C. ULPIANI and L. SArRcoLI (2) a gelected ferment should be nsed,
the mixture having first been sterilised, but this ig not a suitable process
from the economic standpoint. When Saccharmyces Pastorianus 11
was added to the mixture, the percentage by weight of aleohol result-
ing was 8.21, while by using the férment oceurring on the plant (Sae-
charomyces Opuntiae) the percentage was 5.62.

Prof. PANTANELLI (3), by causing these fruits to ferment through
the medinm of metabisulphite of potassium (30 gm. per 100 kg.),
obtained 9 litres of absolute alcohol per 100 ke. of fruit, i. e. at
least 600 litres per 1 hectare (2.47 acres), and in addition 900 kg. of
dry residues from the pressing process (which contained 64 kg. of
oil, 5 kg. of phosphorie anhydride, and 97 keg. of potash and soda),
and also 450 kg. of dry distillation residue which can be used as
stock-feed or fertiliser (4).

(1) OF, Cormw H., in Balfetin de ' Asiociation des Chimistes de Sucrerie of de Distillerie,
Vol XXXV, No, 10-12, Pariz, 1018,

(2) Cf, Gazretta Chem. Ial,, Vol, XXXT, pari. II, Rome 1004

(3) E. PanraxeLnr. Produzione di aleool dal fieo d'India, in Le Staz. Sperim. Agr.
Ttal., Vol, LIII. Modena, 1920,

(4] A Company has been formed at Bloemfontein with a capital of £100,000 ander the
name of the “ South African Motor Fuel Development Co, Ltd, " for the manufacture of
aleohol as fuel from the prickly pears which grow wild there over a territory of 2 million aeres.
Reckoning the production of fruit az 20 fons per morgen (about two acres), and that every
ton of pears may produce 13 gallons of alecohol, the two million acres should vield 260,000,000
gallona, {(Cf, South African Jouwrnal of [ndwsiric., Now, 1022),
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13. — Alcohol from arbutus (1).

The fruits of this woodland plant (Arbutus Unedo, L.) (fig. 85),
widely spread in Italy, Spain, Dalmatia, ete., contain considerable
quantities of sugar, but it has not proved of economie advantage to
extract it. It is however easy to obtain a ligueur of excellent quality by
fermenting the fruits, According to Prof. La Marca the aleohol
rectified to 80°C is almost equal to that of wine and better than that
of wine-lees. LA MarcA adds however that care must be exercised in
the fermentation and also in gathering, which must be systematically
carried out under good weather conditions.

An Arbutus wine is also made containing about 9 %, of alcohol,
called in Tuseany “ Albatrino ™ (from the name * Albatrella” given to
the fruit). The yield in aleohol, according to an experiment of 8. LopbDo
of Lannusei, would be about 6.70 litres at 70° to 72° per hectoliire
of fruit of the first gathering in November, This aleohol is suitable
also for ligueur making.

During the war the following species were also recommended
for the production of alcohol (2) : — Berberis vulgaris (fruit) (fig. 86) ;
Vacciniwm  Myrtillus  (fruit) ;  Ewmpetrum  nigram  (Trit) 3 Daweus
Carota, wilidd (roots); Heraclewm sphondylium (roots); Lathyrus montanus
(tubers) ; Triticum repens ; Phragmites communis (roots) ; Ceratonia
siligua, carob (fig. 87) (fruit) (3), ete.

14. — Oils from plant residues.

In the following chapters information has been brought together
as to the characteristics and uses of various oils edible or non edible
obtained from plant residues. In the seetion dealing with human
food prepared from various regidues it was noted that the question
of oils would be dealt with in this part.

But before discussing separately the chief kinds of these oils,
it seems advisable to subjoin, as a general survey, a list of wild plants,
from which are extracted or might be extracted oils and other fats.

(1) Ci. 1) G. Baxt, Atté B Acead. Linced, 1913, Vol, XXII, fol. 12, lst series. p. 884, —
2) La Manca F. [ Corbezzolo, Casale, Maroscalehi, 1914, with bibliography.

{2) Duersy, op. ik, p. 218,

(3) In the manuiacture of aleohol from carnbs about 10 per cent. of seeds are obtained
ns waste with mechanieal separation ; these seeds are purchazed by factories of coffes
substitute in Italy and elsewhere at abous 2 lire per kg, (present price) ; that is to say this
waste moterinl decreases the cost of caroba by 20 lire per 100 kg, In o earob distillery. at
Catana (Sicily), tonnin iz also extracted from this waste, while burning the residue from
the used up earobs effocts o considerable economy of coal for the boilers: 100 litres of
absolute alcohol = 30 ke, of coal, (Of, Giorn, di Chim, Ind, ¢ Appl, Yoars [III-V,
Nog. 12.138, Milan, 1921, 1923,
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A complete list would be too long and too difficult to compile ; this
one merely contains the commonest and most accessible species of both
the European and colonial flora.

Fic, 84, — Wild ehervil. Flowers, Fig, 85. — Arbutus. Flowers, Leaves
Leaves and Fruita, and Fruits,
From Dr. A. FIORI, op. cit. From Dir. A. FIorl, op. cit.

Fro, 86, — BRerberis vulgaris. Flowers, Fia. 87. — Carob. Flower, Leavea
Leavos and Fruits, and Pod.
From Dr. A, Fionl, op. cit. From BRUTTINI A., op. cit,

21
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PLANTS YIELDING GILS AND OTHER FATDS, EDIBLE, INDUSTRIAL, MEINCINAL, ETC.
WHETHER FROM FRUITS SEED, ETC. (1)

Drying oils: Cirsium sp. — Carduus sp. — Lappa sp. —
Carya olivaeformis, C. alba — Nicotiana Tabacum, N. rustica —
Hyoseyamus nigra — Atropa Belludonna — Solanum Lycopersicum —

Picea excelsa — Pinus sylvestris, P. Cembra — Asparagus officinalis —
Robinia Pseudacacia.

Semi-drying oils: Cucurbita Pepo — Fagus sylvatica —
Brassica sp. — Sinapis 8p. — Raphanus salivus, R. Raphanistrum —
Lepidium sativum.

Non-drying oils: Pyrus sp. — Prunus sp. — Ulmus sp.
Evonymus europaea — Citrus sp. — Corylus Avellana — Cornus san-
guinea — Ligustrum vulgare Sambucus  racemosa, S, nigra —
Aeseulus Hippocastanum — Tilia sp. — Vitis vinifera — Ribes sp. —
Rubus sp. — Berberis vulgaris — Cydonia japonica — Rosa sp. —
Fragaria vesea — ete.

The following species may also be mentioned, taken from works
by E. CHrovexpa, Y. HENRY and H. JUMELLE :

Cyperus longus L., C. esculentus L. — Cimbopogon nervatus
Chiov., C. giganteus Chiov., C. comatus Chiov., C. sennaarensis Chiov. —
Ximenia americana L. — Argemone mericana L. — Moringa oleifera
Lam. — Citrus Hystriz D. C. subsp. acide Proxb. — Balanites aegyp-
tiaca Del.,, B. Manganii Spr. — Trichilia emetica Vahl. — Melia
Azedarach L. — Azadirachta indica Juss. — Jatropha Cureas L. —
ficinus  communis L. — Thespesia  populnea Car. — Calophyllum
Inophyllum L. — Polygala butyracea Heck. — Securidaca longipe-
dunculata Fres. — Carum copticum Benth. — Bufyrospermum Parkii
Kot. — Salvia nudicaulis Vahl,, 8. Schimperi Benth. — Hyplis
spicigera Lam, — Telfairia pedata Hook., — Guizotia abyssinica L, —
Adansonia digitata — A. madagascariensis, A. Grandidieri — Pen-
tadesma bulyracea ete. — Lophira alata — Carapa guineensis — Ir-
vingia gabonensis, I. Olivieri — Pentaclethra macrophylle — Garcinia
indica — Leeuthis wrnigera, L. Ollaria — Acrocomia sclerocarpa —
Attalea  Cohune — Juniperus macrocarpa — Pistacia Lentiscus, P,
Terebinthus — ete. (2) (3).

15. — Oils from seed residues of wild plants, etc.

Besides those mentioned there are many other oils that ean be
obtained from seed residues or from seeds and fruits of wild plants,
ordinarily not ntilised. The list of these plants would be very long,

(1) Cf. D1ELS, op. cit.

(2) Cf, Grieve M, Economic Tree and their By-produets. Pr. by F. Newbery, Lon-
don;, 1920,

(3} For many oilz obtained from Italian or exotic plants, not mentioned here, see,
beside: Lewroviren, already frequently quoted, also H, Jusmerre, Les Hules Végétales.
J, B, Bailliére et fils, Paris, 1921,
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here only the prinecipal characteristics of the best known kinds of oils
will be noted (1).
Qils of apple and pear pips.*

Apple pip [20%5) Pear pip (20 to 28 %)

Bpecifie: weight . < . . « - & . 0.9016 0.9177

Mgy e O set s e T a9

Habner ®os et e e e 91

Kottetorfer No. . . « . « . . . 202.00 113

T T A S e PRI M 1 . 121

Fatty acids: Iodine No. . . . . 83 to 85 101 to 104
i »  Saponification No. . 283 196

Ol of seed of wild artichoke® (15 to 18 9,).

Oil of charlock seed (Raphanus raphanistrum) (30 to 40 °,). Spe-
cific gravity at 15° C. 0.917.

Oil of Kapok seed® (Eriodendron anfractuosum) (20 to 24 9,).

Extracted under pressure: BSpecific weight at 15° C. 0.9218;
refractive index at 400 C. 1.4630; iodine No. 88.7 ; acidity 21.6; sa-
ponification No. 192.3 ; Reichert-Meissel No. 0.8 ; Polenske No. 0.14
to 0.34.

Qil of lime tree seeds™ (Tilia sp.) (up to 58 9%). A vellowish oil
of palatable flavour; at 200 C. is still fluid, keeps well and if kept
covered from the air will not become rancid.

Oil of Kaki seed (Diospyros virginiane). Colour brownish vellow.
A semi-drying oil. Specific weight at 15¢ C. 0.9244; freezing point
—11°C. ; melting point —6°C. ; saponification No. 188 ; iodine No. 115.6;
Reichert-Meissel No. 0.0 ; Hehner No. 95.9 ; acetile No. 7.15.

Oil of the seeds of Evonymus * (Kvonymus FEuropacus) (28-29 9).
Reddish-brown in colour. Specific weight at 150 C. 0.9390 ; saponifi-
cation No. 230.1; iodine No. 100; ethers index 146.1; Reichert-
Meissel No. 35.1 ; Hehner No. 83 ; glycerin No. 7.99 ¢, ; refractive
index at 400 C,, 52 ; freezing point, — 100 C,

Spurry seed oil * (Spergula  arvensis) (11.2 %;). Saponification
No. 181 ; acidity 13.7 ; ilodine No. 146.2.

Oil of elm tree seed * (Ulmus campestris) (26.9 %,). Extracted with
benzene and has a greenish colour, without any particular smell or
taste. Specifie weight at 200 C.; 0.9559 ; freezing point —3.5° C. ;
melting point 4 5.7° C, acidity 5.57; saponification No. 277.3;
Hehner No. 75.45 ; Reichert-Me'ssel No. 3.7 ; iodine No. 32.2.

Oil of Chili seed (Capsicum annuum) (20 %). BSpecific weight
at 152 C. 0.9296 ; acidity 52 ; Hehner No. 92 ; Kittstorfer No. 270 ;
iodine No. 84.5 ; refractive index 1.4776.

(1) The partieulars are taken from the work of L. E. ANpes Vegetabilische Fette und
Oele. Vienna and Leipzie, A, Hartleben 1921, pp. 176 and seqq. — See also J, Lewro.-
Y¥ITeH, op. cit. — JUMELLE H. Les Huiles végitales, Paria, Baillitre, 1921, — Jamiesox,
G, 5. and Bavoasmax W,., Okra Seed Qil, in Journ, of the Amer, Chem, Soe,, Vol, XL1I,
No. 1, 18920, — * Oils marked with an asterisk are not drying oils ; those without asterisk

nre drying oils.
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il of bilberry seed (Vaceinium myrtillus) (31.9%,). Specified weight
at 152 C. 0.9331 ; refractive index at 40° C. 71.8 ; iodine No. 167.2;
saponification No. 190.4 ; acidity 6.8; Reichert-Meissel No. 0.66,
Polenske No. 0.30,

(il of pineseed (Pinus sylvestris) (about 32 9,). Specific weight
at 15° C. 0.9326 ; saponification No. 189.8 ; iodine No. 147.1 ; refrac-
tive index, at 400 C 1.4685 ; acidity 0.8,

Oil of buckthom seed (Rhamnus cathariica) (8.8 °,). Greenish-
brown in colour, scentless, but with a pleasant taste.

Oil of spruce seed (Pinus abies L.) (21.8 9%). Yellow, thick with
a pleasant scent. Specific weight at 15° C. 0.9326 ; saponification
No. 192.6 ; iodine No. 120.9; refractive index at 40° C 1.4685;
acidity 4.2 ; fatty acids 91.52 9 (see p. 341).

il of cedar seed (Pinus cembra) (56 9;). Specific weight at 15° C.
0.930 ; Hehner No. 91.97; saponification No. 191.8 ; iodine No. 159.8;
acidity 3.25 ; glyeerin 10.31 9%, ; fatty acids 95.74 %,

Qil of dwarf mountain pine seed (Pinus monfana Moll.) (29.6 9%,).
Specific weight at 15° C. 0.9318 ; saponification No. 189.6; iodine
No. 1.457 ; refractive index at 40° C. 1.4680; fatty acids 91.3 9.

il of eypress seed (Cupressus sempervirens).  Green, with aromatie
scent and taste, Specific weight at 15° C 0.9320; saponification
No. 188.6 ; iodine No. 135.1 ; refractive index at 400 (0, 1.4829 ; acidity
2.3 ; fatty acids 91.58 9.

Oil of asparagus seed (Asparagus offieinalis) (15.3 %,). Yellowish
red. Specific weight at 15° C 0.928 ; No. of saponifieation 194 ;
iodine No. 137.

Oil of okra seed (Abelmoschus esculentus). Todine No. 93.2-100.3;
saponif. No. 195.5; Polengske No. 0.23; Reichert-Meissl No. 0.26;
acetyl value 11.5-23.9 ; acid value 0.34-1.42; refractive index at 25°
1.47 ; non-saponif. matter 9, 0.37; non-saturated acids 9%, 67.33;
saturated acids 9%, 29.22.

Other oils obtained from wild plants are as follows:

Burdock oil (Lappa communis) ; Ritro Globe thistle oil (Eehinops
Ritro) ; Cow-wheat or Horse flower oil (Melampyrum arvense) ; Dwarf
elder oil (Sambucus racemosa); Bastard rocket or Bazocks or Wild
Mustard oil (Brassiea arvensis); Caper spurge or Euphorbia oil plant
(Euphorbia Lathyris); Iy-chee oil (K. dracunculus), ete.

16. — Oil of maize.

In starch and glucose factories and in the distilleries nging maize,
this oil is extracted from maize germs.  As immense guantities of maize
are used, very large quantities are obtained, espeecially in the United
States and in Argentina, of germs and of oil, extracted by hydraulie
pressure,

The dry germs contain 53 9 of oil, but in practice the yield does
not exceed 40 %, In the whole grain the proportion of oil varies
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between 4 and 10 9%, (1). Maize germ cake is fed to cattle. Well
prepared oil of maize is of a light yellow colour, but when albuminoeids
and fermented matter are present it becomes darker in colour and
i8 not suitable for the manufacture of light coloured soaps. It is
semi-siceative and lacks viscosity. It has a special odour and a taste
at first pleasant resembling that of freshly ground maize. 1t confains
a fairly large proportion of non-saponifiable matter (from 1.35 to
1.65 9, or more) consisting of lecithin and phytosterol.

For purifying this oil a threefold process is in use in the United
States i. e.: 1) neuntralisation with caustic soda ; 2) bleaching with
kaolin (b %) : 3) vaporisation, at 2250 C. (4372 F.) for two hours in
vacuo (2).

If a current of air at 150° C. iz made to pass through this o'l and
manganese borate ig added to it, it congeals to a viscous mass in about
twepty hours. Refined oil of maize is edible (salad oil); it is much
used for making oleomargarine, artificial lard (replacing cotton seed
oil) and also soft soaps,

Its characteristics are as follows:— specific gravity at 15° C,,
0.9215-0.9239 — freezing point, —10° to —15° (. — saponification
index 188 to 193 mg. of KOH — iodine index, 111.2 to 130.8 —
Reichert-Meiss]l index, 2.5-4.2-4.3 — refractive index at 150.5 C., 1.4768
— Maumené’'s test, 79-89° C.

This oil is manufactured on a large scale in the United States and
in Argentina. During the war this manufacture developed consider-
ably in Hungary (3). In Belginm all the lubricants manufactured
by the * Comité National de Secours et d’Alimentation ” had oil of
maize for basis.

It is scarcely suitable for greasing. To improve it, it was purified
with acid and then tallow and mineral oil were added in the proportion
of 55 9%, 40 9% and 5 9% respectively. These proportions were
varied,

Treating it chemically, the oil was purified with ammeonia, and then
thickened by means of peroxide of lead, insufflation of hot air and
the addition of tallow, but in a smaller proportion than in the preceding
Process.

Lastly oil of maize was used for lighting in coal mining, for chur-
ches, for the manufacture of household soaps, for pharmacy, for greas-
ing and in the latter stages of the war it was refined for feeding the
population (4).

(1) CF, Dir, J. Lewgovrres, Chemical Technolosy and Analysis of Oils, Fais, and Wa.
xeu, Vol, Il. London, Macmillan, 1909, p, 12§,

(21 Cf, A, ¥, Sievens : 1) Comparizon of corn oil= oblained by expeller and benzol extrac-
tion methods. — 2] The preparation of an edible oil from ernde corn oil, U, 8. Dept. of Ayrie,
Buli. Nos, 1054 and 1010, Washinglon, March 1922 and April 1922,

(%) Cf, Wermser 8t., Nic Landw. Versuohs.Stationen, Vol. CEXVIIL Berlin, 1920,

(4) CI, Rapport Général sur le Fonctionnement et les Opérations du Comité National
de Becowrs st d'Alimentation, Part 11, Le Département d'Alimentation, wvol, I. Brussels,
Vromant et ¢, 1021, p. 92
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17. — Oil of rice (1).

By thig is meant the oil extracted from the rice bran, generally
called in Italy pula vergine (virgin husk), which is made from the outer
integument of the seed, from the embryo and part of the cotyledons
and from the aleuron layer, with an admixture of some broken seed and
varions residues.

This residue has already been discussed under feed for livestock
(see p. 152): here gome notes will be given as to the fats it contains.

The oil obtained from fresh husk is neutral or nearly so. but as
time goes on free fatty acids develop rapidly owing to the presence of
an enzyme, the action of which ean be praetically stopped by heating
up to 1000 C.

The extraction of this oil ean be effected either by hydraulie pres-
sure or by solvents: the oil resulting from pressure is liquid and a green-
ish yellow white in colour : that obtained by solvents — considerable
quantities are so obtained in Louisiana, U, 8. A,, and in England — is
deeply coloured, thongh fluid, with deposits of stearine. It is used
in the manufacture of soap.

The cake resulting from the extraction under pressure contains
8 to 9 9%, fats, 2.7 to 2.8 9% nitrogen, 17 to 18 9, of crude protein,
and i8 therefore an execellent feeding stuff. That obtained by solvents
is almost destitute of fat, buf keeps a long time and can be used as
feed either as it is or treated with molasses. It may also be used for
extraction of starch which is present in the proportion of 50 9, or
for the resulting alcohol, 20 litres per 100 kg.

In an oil of rice obtained by extraction by means of petrol ether,
Prof. F. GARELLI noted the following characteristics : at an ordinary
temperature a white solid of a dirty vellowish tinge, melting point
25° to 260 C., acidity 90.9, saponification No. 186, ethers No. 95.1,
glycerine 4.85, non-saponifiable substances 3.2 9,, Hehner No, 95.2,
iodine No. 99.7. Dr. MERCARELLI found by taking an average of five
samples : index of aecidity (milligr. of KHO) 136.1; acidity in oleic
acid 68.33 9,. 0Oil obtained by pressure has a density of 0.912,
that got by solvents a density of 0,923,

18. — Olive kernel oil.

Olive kernels may yield, either by pressing or by means of sol-
vents, from 256 to 28 %, of oil. By pressing cold a golden yellow col-
oured oil is obtained, by pressing hot a greenish oil, and by means
of solvents an oil rendered dark green owing to abundance of ehloro-

(1) Cf.: 1) J. LEWROVITCH, op. cit., Vol. IT, p. 260, — 2) II Giarnale di Risicollura,
Year X1, No. 9 Vercelli, 1919, 3) INstrrur CoLosial DE Mansemir, Mémoirea ot Rap-
ports sur les Matiéres CGirasses, Vol. 1. Marseille, 1022, p. 323,
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phyll. Its taste is sweetish, similar to that of almonds. It contains
about 10 9, of fatty acids :(— palmitie, stearie, oleic and a little lin-
olei¢ acid. The oil obtained of late iz almost entirely free from fatty
acids. The cake is a good cattle food ; the shells are used for fuel.

The physico-chemical characteristies of thiz oil are as follows :—
specific gravity (of oil obtained from fresh seeds), 0.9184 to 0.9191
(of oil from dry seeds), 0.9193; then, respectively : sapomification
index 182.3 to 183.8 and 181.2 — iodine index 86.99 to 87.8 and 87.1
— refractive index at 256° C., 1.4682 to 1.4688, and 1.4673.

19.

Grape seed oil.

When dealing with grape residues and grape seeds as food for
livestock mention was also made of the oil content of these seeds which
are separated by means of special sieves from the residues, and es-
pecially from the distilled lees, to the extent of 12 to 15 9, (1).

The grape-seed oil industry iz of fairly ancient standing in Italy,
existing at Bergamo in 1770, but its present development dates from
the past 20 years (2). The grape seeds are generally supplied by
the lees distilleries, either in the natural state (not distilled), or dis-
tilled and cooked. The former eontain 12 to 20 % of oil, the latter
8 %. Those obtained from Venetia are richest in oil ; the percentage
of oil depends on the vine, the age of the seed, ete. In the dry state,
the grape seeds contain :— moisture 9-12 9%, — oil 12-20 9% —
carbo-hydrates 9-12 %, — nitrogenons matter 10-11 %, — mineral
matter 2.5-4 9.

In Italy, the most important oil factories manufacturing grape
geed oil are situated in Lombardy, Piedmont, Emilia and Apulia,

The method of extracting the oil consists first in reducing the seed
to meal, which is moigtened, heated in a special apparatus at 50-600 C,
and subjected to hydraulic pressure of 250 atmospheres. The cake
which remains is sometimes kneaded with water and subjected to
further pressing, after which is it used either as fuel or as food for
livestock., But instead of pressing, solvents (benzol, tetra-chloride
of earbon, ethylene trichloride, carbon disulphide) (3) are also used.

As already stated attempts were made during the war ountside
Italy to utilise this cake for eattle food, but in Italy little or no such

{1} A quintal {100 kg.) of fresh grapes thus yields abour 3.5 kg, of seeds,

{2) Of. : 1) Facumxi 8, dans Tiornale di Chinviea industriale ¢ applicam, Year I, now
saries,  Milan, 1920, —— 2] ForMmexTi, op. cit., p. 188, In the United Stares commercial
use has frequently been made of grape seed residues and lees, Cf : 1) F, Rapax, The Uti-
lization of Wa=te raizin seedz. U, 5, Dept, of Agric. Bureauw of Plant Ind , Bell, No, 270, 1913,
—. 2} J. H. SBunaper, Commereial Utilisation of Grape Pomace and Steme from the Grape-
Juice Indostry. U, & Dept, of Agrie. frll. No, 952, 1921

{3) Good results in extracting this oil have been given by the wringor of the Firm
* Utrechtsehe Machinefabrick ” by F., Smulders of Utrecht (Holland). The machinery is
composed as follows :— 1) & wooden sifting apparatus with internal exhaust ; 2) a rolling
mill with 5 superposed eylinders which pulverise the grape seeds after sifting; 3) and 4)
s feuding arrangement, which is placed over the steam heater in which the meal attains o
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nse has been made of it, the results of a few trials in Apulia being
as a matter of fact unsatisfactory.

Dr. BrancHINI, Chemist of the Southern Oil factories and Soap
works at Bari writes to say that * for the present the factories extract-
ing oil from olive erushings and grape seeds by means of solvents supply
residues that are merely excellent fuel.”

Accerding to PAris, this fuel gives ount 4325 calories and leaves
an ash representing 5.6 %, of the original weight containing 9 9%; of
phosphoric anhydride and 33 9, of potazh.

Grapeseed oil is used :— for lighting either by itgelf or mixed
with colza oil, for making soap ; for painting ; the oil from the first
pressing if well refined is edible, and has been largely used in Italy
during the war for table purposes, generally mixed with olive oil.

The following information may also be of value received direct
from the °° Distillerie Italiane ”’ of Barletta. In their factory about
200 metric tons of grapeseeds are handled per annum for extraction of oil.

The grape seeds are separated from the distilled residues by winnow-
ing machines and then treated as already deseribed. The meal is also
treated with solvents, among which ethylene trichloride iz preferred
on account of the sureness of its action and its extractive power.
Needless to say the oil obtained with solvents cannot be used for food.

The oil obtained by pressure has a bright green colour ; it is used
for soft soaps ; treated with sulphurie aecid it becomes fit for lighting ;
it i3 not a good illuminant, but it gives off little smoke. Neutralised
with soda, deprived of its odour and eolour with animal ¢harcoal or ful-
ler’s earth, it becomes a very good edible oil which ean bear comparison
with other oils (colza, soy-bean, cotton-seed, linseed).

It has also been tried as a drying oil with the addition of mangan-
ese salts and unexpected results were obtained from its use in the
preparation of dark colours.

Owing to its acetyl index (144.5), grape-seed oil might very well
be substituted for castor oil (acetyl index, 146.9) in manufacturing
oils for * Turkey red . This oil could also be obtained by pressure
cold and in that ease the oil would be golden yellow and counld be
directly used as edible oil; but this process does not give a satisfactory
yield.

Estimating the produetion of grapes in Ifaly at 6 million metrie
tons, the grapeseed oil corresponding would amount to 26,640 metrie
tons, but of eourse effective extraction ean only be made from the
grapeseed residues of the distilleries.

Recent analyses by M. ANDRE (1) show that the physical and
chemical constants of this oil eannot be determined owing to ils very

termperaturs of 60.66° . ; 5) an ofl wnnger ; 6} a wall pumap ; 7) a chambered-filter prosa
or alse a bar filker ;: 8) controls and transmission,

150 kg, of graps seeds con be treated in an honr, In o preliminary test with Italinn
grope seeds, 16 65 9, of oil was obtained, with a residue which contained about 7 %5 of oil
(Ci. L. GrimaLpt in L'lialie vinfevla ed agraria, Year XI, No. 42, 1921, p. 653),

(1) Compics rendus de PAdcad, des So. Vol 172, 1021, pp. 1206 and 1413, and Vol 175,
1928, p. 107,
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variable composition. According to that writer the minima and
maxima values obtained from 11 samples of the oil were as follows :—

Specific gravity. . . . . & & . . . 0.9103 0.9334
Refraptive index . . . « « « . . . 1.4708 1.4772
Aaponification No. . . . . . . . . 1710 191.1
lodine No. (HANDHE). . . . . . . . 94.3 135.0
Saponification No. of acetylized oil. . 189.7 231.8
R o b R L e R M e e RRRE S (- O 49.3

The following analyses have been communicated by the *° Distil-

lerie Italiane ' of Earll*thi [ —
Qil by presaure 0il by solventa

Saponification No. . . . . . . . . 1793 191.6

L Eat D TR e R e R S | T 95.0
Specific gravity. . R o 0.9290 0.9530
BNt IR0, L e i e v 8.2 12.36
Acidity in oleic acid . . . . . . . 4.3 6.21
B )il e e e S L S e 0 0

Percentage of oil in various gpecimens of grape-seeds :—

il %5 Kimd ol grapo-seed

BEIEBHE e rra s o e e e e 8 virgin dry
0 R R P R 1 baked »
0 A o s et e e TN » »
» A A S T R S » 0
Tetrachloride of earbon . . . . . . 12.87 virgin  »
Ethylene trichloride. . . . . . . . 10.63 baked »

Admitting — as has been already stated — that the moist lees
represent half the weight of the wine and taking the other proportions
already indicated the following statistical figures are obtained. As
basis the average production of wine (hl = 100 kg.) for the years
1909-1918 is taken (1).

Wine
Europe (Germany, Austria, Hungary, Spain,
France, Italy, Luxembourg, Houmania,
Switzerland) . o b T SRS R 1 [ 1 [
Africa (Algeria, ’l‘nnma} T AR | 7,987,796
America (Argentine, Chili, bluglm}'] s e 6,956,719
Oceania (Australia) . S e et B 238,239
(General total. . . . hl. 127,406,576

(1) Cir. : INTER®ATIONAL INSTITUTE OF AcRICULTURE: Tnfernational ¥Yearbook of Agri
culfural Stnistica 1917-1918, Rome, 1820, p. 107,
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Taking the coefficient 0.5 for the moist lees :—

metric

tons
B T 1 1 e S e e e B e 5,611,191
R e e R o L T s 399,390
Ameraen - . L N 347,836
R FT T T R K et VU T S TR e ool 11,912
General total . . 6,370,329

For the general statisticg of produects derived from grape residues,
a reduetion of 25 9, on the average yield figures is necessary owing to
the considerable variation in the eomposition of grapes according to
the vineyard, soil, climate, behaviour of the geasons, ete. ; thus for every
100 kg. of fresh residue as it leaves the press may be reckoned :

Absolute alecohol . . . . . . . . . . . . litres 3

o Brandy: &b B o et s S i e ks 0 8.25

Commercial eream of tartar. . . . . . ke, 1.90

ICRTEATIC BOML. o o s aiwine ste m e e BTG

LBy R U e IR R L e B

The following total figures result:—

Products Europe Africa America Ozeanin Tatals

Absolute aleohol. . . cub. met. | 168,335.7 11,9817 10,435.0 357.3  191,109.7
or Brandy at 50° . , cub. met. 462,023.2 32,0406 28,6065 982 7  525,552.0
Cream of tartar . . m, tons 108,812.6  7,5884 66089 2262 121,036.1
Tartaric acid . . . . . m. tons | 2,104 2 1498 1304 4.5  2,388.0
Grape seeds . . . . . . m, tons | 31,2500, 44,8313 30,1315 1,340.1 716,661.9

Taking the average of 16 kg. of oil per 100 kg. of grape seeds,
in view of the statistical figures already ecaleulated, the average
quantity of oil corresponding per annum to the grape seeds separated
from the lees is as follows :

CGrapesesds il
mntric- tona metri:‘. tons
1LY o R S S 631,259 101,001
Alirign 7 D a0l L R 14,931 7,189
0o N ey N B e 39,131 6,261
CIBEARIN = s e e SN 1,340 214
Totals . . 716.661 114,665

The graph fig. 88 has been drawn on these totals.
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20. — Tomato seed oil.

The remarkable development of the making of tomato preserves,
especially in Italy (1), enables factories to obtain as residues large
gquantities of skins and seeds which ean be used as food for livestock
(see p. 178); the seeds also furnish oil. The residue after the to-

mafoes have been pressed for pulp contains :— liguid 70 9, — seeds
22 to 24 °, — skinsg b to 8 9%,. To extract the oil the seeds are first

separated from the dry sking by sifting and fanning, they are then
ground with ordinary millstones. The meal obtained is first moistened,
then heated but not roasted, placed in canvas wrappers and lastly
subjected to great pressure which expresses the oil

Fia, 88, — Graph representing the average quantity of grape.
seeds produced oannually in the world and the corres-
pending quantity of oil.

In the United States (2) many experiments and tests have been
made for dryving tomato seeds industrially and for extracting the oil.

It has been proved, that seeds dried ip trough driers yield a larger
amount of oil than those dried in revolving driers. A lighter coloured
oil iz obtained from seeds dried by the latter process. Impure seeds
impart a darker colour, reddish brown, fo the oil

In the cake there remains 2 to 3 9%, or more of fats which can be

(1) Accomazzo (op, cit., p. 35) states that the Parma preserving factories, alone, pro.
duce a gquantity of seeds from which 500 m. t. of 0il per anomm can be extracted.

In 1917, the dry residues of tomatoes from p:re.an'uing factories in the United Statos
were estimated at 3390 m, tons, capable of furnishing 1560 tons of dry seeds from which ail,
extracted by solvents to the extent of 22 9, would represent 343 tons, These gquantities
are imcreasing yvearly necording ag the elaboration of the tomato in that country is inereased
(CI. U, 8, Dep. of Agr., Bull, 332, 1917),

(Z) Cf.: 1) U. 8 Dep, of Agric, Buil, No, 927, Washington, April 1921, — 2) F. Ta.
BAK, Commereinl Utilisation of waste seed from the Tomato-pulping indusiry. U, 8§ Dep,
of Agrie. Bull. No. 927. Washington, April 1921,
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extracted by bisulphide or tetrachloride of carbon or benzene ; the meal
itself ean also be directly treated with these solvents.

This oil has the following physical characteristics :— specific
gravity at 15° C., 0.920 — refractive index at 25° C., 1.472 — saponifi-
cation index. 183.6 — ether index 174.1 — iodine index 117 —

Reichert-Meissl-Wolny index, 0.22 —iodine index of fatty aecids, 129.4
— saponification index of fatty acids, 198.2.

Refining is effected by mixing the oil with a small excess of caustic
soda in solution (about 16° Baumé). The oil should be heated (about
659 C.) and kept constantly stirred. The precipitate is allowed to settle

Fia, 89, — Heap of tomato seeds in a preserving factory in the United States.

and is separated by deeanting. The best bleaching is obtained at a
temperature of 1100C. with 6 9, of fuller’s earth and 3 9 of animal
charcoal ; filtering with filter press.

Deodorisation is effected by passing a eurrent of steam at atmos-
pherie pressure and 105° C. for 2 hours. With a vacunm apparatus,
an oil not inferior to the edible oils of commeree can be obtained.

Oil extracted by solvents is purified with a solution of caustie
goda at 16°B and at 28 C for about 25 minutes. After a few hours
the elear oil is separated, heated slowly to 1200C. and treated with

oy of good fuller’'s earth. The deodorisation is done in a vacuum
at 2000 (.

The oil thus obtained with solvents has the same characters
ag oil obtained by pressure (1).

(1) Cf. U. 8, Dep. of Agric., Bull, 827, Washington 1921,
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This oil serves :— as fuel — for lighting — for soap-making —
for the manufacture of oil-varnish — for tanning. It has nearly
the eombustible properties of olive oil and when it is thoroughly puri-
fied it burns with a bright flame. It has also been used, after refining,
a8 food ; in the refined state it has, in faet, a coeflicient of digestibility of
97. It could also be hydrogenised and transformed into oleomargarine.

From the experiments which have been made in the United States
the most suitable method of using tomato residues appears to be that
of separating and colleeting the seeds in the preserving factories and

Fig. 90, — Orier pres: for the extraction of oil from tomato-seeds by pressure (1)

Reproduced from U. 8. Depart. of Agric. (Bulletin No. 281). Washington, 1921

then despatching the whole material collected to a central factory for
the extraction of the oil and production of cake. All this should be
done by co-operation between the manufacturers.

This utilisation of agricultural residues for the manufacture of
products of high commercial value (2) is well worth attention.

(1) This Orrer-pressa worka entirely by mechanical pressure amd requires no laboor;
it oan work without stopping day and night, under the snpervision of a single man for § or
i prosses,

Pressing is done eold, without grinding or bettor after rough erushing, in a evlindrieal
barred cage by means of & serew, and the oil runs off into a reeeptacle placed below, The
gerew produces an increasing pressure, and the eake iz taken our at the end of the extrac.
tion box,

The vield and the gquality of the oil, with this apparatus are better than those with the
ordinary press. The cake containz only 4.6 9 of ol (Cf, L'fnd, Chim,, No, 87, Pans, Feb-
ruary, 1922, p. 12).

(2) CI. U, 8. Dep. of Agr., Bull. Mo, 827. Washington, April 1921,
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21. — Melon-seed oil.

Unsaleable melons, which in many places are allowed to rot on the
ground, might be utilised it first piled ir heaps to allow of fermentat-
ion, the seeds being afterwards separated with a rake.

The writers mentioned in note (1) obtained from a sample of
melon-seeds from California by extraction with ether, 39.4 9 of oil,
the chemical composition of which was as follows :—

Specific gravity at 25¢ C 0.921, refractive index 1.47, iodine No. 125.9
saponification No. 192,3, Reichert-Meissel No. 0.33, Polenske No. 0.26,
acetile No. 15.8, acidity 0.43, non-saponifiable substances 9, 1.1,
soluble acids %, 0.4, insoluble acids 94.0, non saturated acids %, 79.2,
saturated acids % 15.5.

myristic aeid . . o0 - O L ST as 3
PRITEAE - W o s e e meh o o d D
Glyeerides 6f 1 atearie:. » o o s s LB
oleice WU wiew i o i e G
Bmnleie et poa e s e a S
Non-saponifiable matter . . . . . . . . . . . 11

In these seeds FENDLER has found 43.8 9, of oil, having an
acidity index of 4.81.

In Southern Russia this oil is used for burning but does not enter
into trade (2).

22, — Oil from pumpkin and watermelon seeds.

When pumpkins are used for making jam, ete., a large number of
seeids are obtained as residue composed on the average of 23.5 9%, of
husk and 76.5 %, of kernel (3). The whole seeds contain from 3b
to 37.56 9% of oil, the kernels from 47 to 48 9, The oil obtained by
presging cold has a greenish colour with red fluoreseence. It is sie-
cative, edible and a vermicide. Its eharacteristics are as follows :(—
specific gravity at 15° C. = 0.923-0.920 — solidification point = —
16° C. — saponification index = 188.7 — iodine index = 121 — r1e-
fractive index at 259 (. = 70.2. In Southern Russia pumpkin seeds
are pressed hot and a viscous, dark red oil, used for lighting (4) is ob-
tained.

(1) Bamomax W, F,, Bravnz D, Jamigzox G 8., in The Jowrnal of the Chemical Sooiefy.
vol. LXII, No. 11, Beston, Pa., 1920

(2) Dr, J. LewrovircH, op. cit., Vol II, p. 127,

(4) 1) Dre. J. Lewroviros, op, eit., vol, [T, p. 124, - 2} IxstiTuT COLONIAL DE MAR-
SEILLE, Mémoirez et Rapporta sur lea Matidres Grasses. Vol I, Marseilles, 1922, p. 367, or !
o rit., I 367,

(4) Avrter Rocers, Industriol Chemistry, 90d ed,, p. 859, Now York, 1021,
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In watermelon seeds 62 9%, is kernel which contains 65.8 % of
oil while the whole seeds contain 40.8 9. The characteristics of
this oil are as follows :— free fatty acids 1.2 9%, — specific gravity
at 200 C, = 0.9160 — saponification index = 189.7 mg. of KOH —
iodine index = 118.

From a complete enguiry made in the United States on oil ob-
tained by cold pressure of the seeds of Cucurbita maxima (Hubbard
Squash) (1) the following echemico-physical echaracteristics appear:
specific weight at 25°C. 0.913, refractive index at 25° C. 1.4714, io-
dine no. 121, saponification no. 191.5, Reichert-Meissel no. 0.37,
Polenske no. 0.39, acetile no. 27.8, acidity no. 0.50, non-saponifiable
substances 9, 1.06, soluble acids 9%, 0.33, insoluble aecids 9, 94.66,
non-saturated acids %, 76.45, saturated acids 9, 18.37.

23. — 0Oil from strawberry and raspberry seeds.

These seeds may be obtained as residue by eentrifugation of the
pulp of the fruit in jam and syrup factories. When the quantities
available are large enough it is posgible to extract an oil, which has the
following characteristies (2) :(—

Strawberries. — The o1l contained in the seeds to the extent
of 19 9%, is siecative like that of linseed. Specific gravity at 15° C.
= 0.9345 — saponification index 193.7 — iodine index 180.3 —

Reichert-Meissl index 2.1 — refractive index at 25°C, = 1.4790.
Raspberries. — These seeds contain 14.6 9, of very sicecative

oil. Aecidity index = 1 — specific gravity at 15°C. = 0.9317 — sa-

ponification index = 192.3 — jodine index = 174.8 — Reichert-

Meissl index = 0.

24. — Tobacco-seed oil.

According to LEWKJVITCH (3), 9 to 10 %, of oil can be extracted
from these seeds by presging and 30 to 32 9, by solvents. DBut in an
experiment made in 1920 at Cerignola by the Italian Ministry of Fin-
ance, 30 %, of oil was obtained from the seeds by pressure equal
to 300 atmospheres and 3 to 4 9%, of oil from the cake by solvents.
The yield by pressing should therefore be mueh greater than this
writer indicates. This oil has a yellowish green colour and an agreeable
smell, different from that of tobacco. According to G. AMPOLA and
SCURTI (4), it contains 3.49 9, of fatty acids.

It is a good illuminant and is also regarded as a table oil. It
is decidedly siccative : it absorbs 5 %, of oxygen in 2 days and 6.84 9%,
in 14 days.

(1) W. F. Bawamax and (v, 8. Jamigsox., The Compesition of Hubbard Sguash Seed
Qil, Jowrn, of the Amer, Chem, Soc, Vol, XLII, No, 1, 1920,
(2) Ci : Dr. J. LewgoviTon, op. eoit,, Vol. 11, p. 113,

(3} Op. eit,, vol, II, p. 1186,
(4) Gazzefta Chimiea lalice, No, 34, Romae, 1904,
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The fatty acids contained in it are :— oleic acid, 25 9%, — lin-
oleic acid 15 9, — palmitic acid, 32 %, — stearie acid, traces. Its
characteristics are :— gpecific gravity at 15° C. = 0.9232 — sapo-
nification index = 190 — iodine index = 118.6 — insoluble and non
saponifiable acids 94.73.

25.

Oils obtained from the kernels of cherries,
apricots, plums and peaches.

These oils are well known, but systematic extraction of them
whether for industry or for table purposes was developed only during
the war in eertain countries, notably in Germany ; the material was
provided by collecting not only the stones obtained in jam and syrup
factories but also those found in household refuse.

According to A. GIRArD, 100 grammes of fresh fruit contain, on
the average, the following quantities of stones (in grammes) :— cher-
ries 6.01-8.60 (according to RABAK 15) — apricots 5.50-7.12 —
peaches 5.20-8.38 — plums 4.07-5.65. According to Dr., HOTTER'S
determinations, made in Austria in 1906, the averages vary between
4.4 and 15 gm. for cherries; 6 and 11 gm. for apricots ; 8.5 and 13 gm.
for peaches ; 5.3 and 9.1 gm. for Reine-Claude plums; 4.7 and 12 gm.
for mirabelle plums. These stones have wvarious uses for pastry,
confectionery, distilling : distilled liguors, spiritg, essences, syrups
and ratafias.

As the essence of bitter almonds, mainly found in the stones of
peaches and cherries, produces hydroeyanie acid, it is important to
avold using too many of the stones, especially erushed. These stones
are preserved for two purposes : 1) =ale to seed merchants; 2) sow-
ing. They are washed as soon as collected and put to dry on sieves
in the air or in the sun but not on astove as this tends to destroy
germinative power. They are then packed in tins or wooden boxes
which are kept in a dry and well ventilated place (1).

1) Cherry seeds contain 35 to 36 9, of oil (2): from the whole
stones solvents extract 8.3 %, The fresh oil is of a golden yellow
colour, it has a faint smell of almonds and a sweet pungent taste;
it becomes rancid with age.

De NeGAR and FaBris have found a considerable amount of hy-
droeyanic acid in this oil,

In Southern Germany it is used as an edible oil ; that obtained
by pressing hot is used for lighting and soapmaking. Its characteristics
are as follows :— specific gravity at 156° C. = 0.9235-0.9285 — soli-
dification point = —19° to —20° C. — saponification index = 193.4
to 195 — 1odine index 110.8 to 114.3 — Maumené’s test = 45° (. (3).

(1) Cf. La Neture, No. 2467, Parizs, 1921,

{2) Dr. J, LewxoviTol, op. cit., Yol. II, pp. 225, 227, 220, 231,

(3) a) According to M. Ranag the United States could produce 122,000 kg, of cherry Ker-
nel oil and 2700 kg, of volatile oil of cherriea (Cf, U7 8. Dep. of Agric, Bull, No. 3560, Washing-
ton, 1916), This volatile oil is practically identical with that of the bitter almond and can be
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From the eake remaining after extraction the essence of bitter
almond may be extraeted, which is praetically identical with that of
true almond.

2) Apricot kernelz contain 40 to 45 9, of oil. When the oil
is fresh it is almost colourless, then after a time it becomes yellow
and has a slight agreeable smell. It is edible and is also used to adul-
terate oil of almonds. It constitutes an important article of commerce :
the oil ealled ** Almond oil, French * is apricot oil pure or mixed with
peach oil. The characteristies of apricot kernel oil iz as follows :—
gpecific gravity at 152.5 C. = 0.9211 — saponification index = 179 —
acidity index = 1.83 — refractive index at 4003 C, = 1.4646 — iodine
index = 112.

3) From plum kernels 25 9%, of oil has been obtained by extrae-
tion with petrolenm ether. Itisslightly yellow and has a sweet taste
like oil of almonds, which it is nsed to adulterate. Its characteristics
are as follows :— specifie gravity at 150 C. = 0.9160 to 0.9195 — solid-
ification point = —5° to —10° C. — saponification " index = 189.1-
191.6 — iodine index = 91.2-100.4 — Maumené’s test = 4405 to
4p° C. — refractive index at 25° C. = 63.1.

4) Peach kernels contain 32.356 2, of a light yellow oil muech
resembling oil of almonds and often used to adulterate it or even to
replace it. In turn, peach oil is often adulterated with poppy-seed
oil. Tts characteristics are as follows :— specific gravity at 15° C.

0.918-0.921 — solidification point = — 20° C. — saponification in-
dex = 189.1-192.5 mg. of KOH — iodine index = 92.5-110.1 —
Maumené’s test = 420-43¢ C. — refractive index at 25° C. = 66.1-
67.2 (1).

In the manufacture of oils from kernels of stone fruits the erushing
of the stones and the separation of the kernels present some difficulty.
The speeific gravity of the stones being 1.18 and that of the kernels
1.05, K. ArpeErs has suggested a novel method of separation (2),
based on the use of a solution of chloride of caleinm or of magnesinm
of sp. g. = 1.15. The kernels float in this and are collected in a re-
ceptacle with a perforated bottom, washed and dried.

used similarly., CI by the same A. : Peach, Apricot and Prune Kernels as By-products of
the Fruit Industry of the United Btates. [ 8 Dep, of Agric, Bureaw of Flant Indus, Bull,
No. 133, Washinzgton, 1908, The same writer states that the juice from stoning cherries
if nemtralized vields a good syrup corresponding to 20 9% of the juice. By making this juice
fermuent 4.8 9% of aleohol at 95 95 strength is obtained, By eoneentrating it, with the addition
of sugar and pectin, an excellent jelly is obtained. From the whole of the juice produced
in the United States 19,000 litres of aleohol or 79,000 litres of syrup or 324,000 litres of jelly
could be ohtained,

b) Aceording to Dr, Hempe's caleulations, 750 t. of oil from the kernels of fruit were
produced in Germany during the war (Cir. Kotuer Dir, TH. op, cit., p. 382),

(1} A. D, Horues, Digestibility of some By-Produet Oils. U. 8, Dept, of Agrie. Bul.
letin No. 781, Washington, May, 1919, The author reports that California slone by utilising
the kernels of stone fruits could probably produce yearly the following quantities of oil :
peaches, 210 to 420 (short) tons, apricots 350 to 400 tons, cherries 134 tons ; and besides to-
matoes 343 tons, wine-leos 348 to 464 tons,

(2) Ci. Chemicker-Zeftung, Vaol. 40, 1916,

22
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The oil obtained by pressure from plum kernels so separated
was at first slightly turbid, but it cleared of itz own accord : it had
an agreeable taste and a strong smell of bitter almonds. The after-
taste and smell can be got rid of by passing a current of steam through
it, and it thus acquires a very delicate flavour. It also loses its smell
when kept for 15 days in an open receptacle.

26. — 0il from mountain-ash berries.

The mountain-ash (Seorbus auwcuparia L.), which grows among
mountains, preferably on the northern slopes, produces berries which
are gathered and eaten in winter in the northern regions of Europe.

Itz seeds contain 21.9 %, of a sweetish tasting, slightly yellowish
siccative oil, the characteristies of which are as follows (1):— specifie
gravity at 150 C. = 0.9137 — refraction index at 15°C. = 1.4763 —
saponification index 208 — jodine index 128.5 — iodine index of
fatty acids 127.5 — Neutralization index of insoluble fatty acids 230.2,

27. —Arbutus seed oil (2).

In the seeds of Arbutus Unedo taken from the residual pulp left
from the production of aleohol Professor Saxt found 39.03 9, of oil,
which could be extracted either by pressure or by solvents. It is
golden yellow in colour, and tastes sweet ; it is a drying oil, and has
the following physico-chemical characteristics : specific weight at 139,
0.9208, point of solidification — 272 C., saponification no. 208, iodine
no. 147.86, Reichert-Wolny no. 0.861, Maumené degree of heat 103.5,
refractive index at 25°C., T1.

Acecording to LA MarcA the extraction of this oil is of no commereial
interest, ag the fruits contain very few geeds and the separation of them
from the rest of the lees would entail considerable expense not compen-
sated by the value of the oil.

These lees if not given as a feed can often be used as a fertiliser.

28. — Red Currant seed oil.

These seeds (Ribes rubrum) contain, in the dry state, 16.9 9 of
a yellow-brown oil of agreeable smell (3). According to K. ALPERS (4),
the ecake can be used as food for livestock.

It is, of course, a question of utilising the residues from the jam

(1) Dr, J, Lewkovirce, op. eit., Vol, II, p. 107,

{2) Ci.: 1) G. Saxi. Intorno all'olio di Arbutus Unedo, Bend, B, Acead, Ldineei 1005,
Vol. XVI, 2nd series, p. 618, — 2) FF, LAMARCA, op. eit,

{3) Dr. J. LEwkoOvITCH, op. cit., Vol. II, p. 789,

{4) K. AvreEmrs, Johannisbesrkerne und deren Oel, in Zeitschrifi fiir Untersechung der
Nobrungs- und Genuvsemiitel, Vol 32, part 11, p. 498, 19186,
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factories, in the same way as residues from preserved tomato factories
are used. The oil obtained by grinding the seeds, followed by hydraulie
pressing, has the following characteristics :— specific gravity at 150 C

= 0.9120-0.9288 — solidification point = 172.5-20° — refractive index
at 25° C = 78.1 — saponification index = 171.3-194.5 — Reichert-
Meissls’ index = 0.77-0.60 — iodineindex = 152 5-159.8 — Hehner

index = 95.59 — free acids = 23 eubic em. of NaOH N/1 per 100
of oil — non-saponifiable part == 0.64 9. This oil is giceative : it forms
a ecolourless pellicule in 7 hours at 500 C.

29. — Blackberry-seed oil.

Wild blackberries (fruit of Rubus sp.) (Fig. 91) like strawberries
and raspberries yield considerable quantities of seeds when the pulp
is ecentrifugated for making jams and syruaps.

These seeds eontain, on the average, 12.6 9% of oil (1) which, if
it i obtained by extraction with petrolenmn ether, has a dark yellowish
green colour and a slight red fluorescence. This oil is siceative and
has the following characteristies :— acidity index = 2.03 specific
gravity at 15° C. = 0.92566 — saponification index = 189.5 — i1odine
index = 147.8 — Reichert-Meissl’s index = 0.

30. — Oil from orange and lemon pips.

This oil is extracted from pips separated from the pulp by centri-
fogation in the factories of *° agro-
cotto ™ or of citrate of lime or of
preserves, and also from the pips of
dry fruit, fallen or spoiled, unfit for
other usges. Extraction is done by
solvents or by pressing.

Lemon-pip otlis paleyellow and has
a slight smell recalling that of almonds.
The residue from the presses is cal-
led in Sieily pastazzo, and as a rule
no use i3z made of 1t. It comsists
mainly of lemon pips from which the
oil may be extracted under pressure
with a commercial yield of 25 9 of
the whole seeds, but after erushing.
However a considerable gquantity of
oil remains in the husks and goes
into the cake. From the decorticated 5 g1 — Blackberry. Flowers,
seeds 35 2, of oil is obtained by the Leaves and Fruits.
use of solvents. This oil is utilised FroM Dr. . FIoRL. op. eit.

(1) Dr, J. LewroviTcn, op. ecit, Yol IT, p. 114,
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in making-soap of the Liverpool brand. The cake is a good feeding
studf (1).

According to PETERs and FRERICHS, the acetyl index is 13.65;
saponification index = 188.4 mg. of KOH; iodine index = 109.2 9%,
The fatty acids found in it are palmitie, stearie, oleie and linoleic acids (2).

Orange-pip oil has been extracted by M. HEwIrR with petrolenm
ether to the extent of 37.5 %, but the proportion which is obtainable
in practice does not exceed 20 to 28 9,. This oil has a light yellow
colour, is almost odourless and has a taste at first slightly, later inereas-
ingly, bitter. It is easily saponified. Its characteristics are as fol-
lows :— specific gravity at 15° C. = 0.9208 — saponification index =
193.7 — iodine index = 100.3 — then according to R. MEYER: —
refractive index at 21° C. = 1.4714 — insoluble and non-saponi-
fiable acids = 95 — solidification point of fatty acids 35° C. — melting
point of fatty acids 40° C. — iodine index of fatty aecids 74 (%) —
refraction index of fatty acidsat 21° C. = 1.4574 = acidity index= 38.3.

31. — Horse-chestnut oil.

It was generally believed, that it was impracticable to extract
the fats of horse chestnuts (Aesculus hyppoeastanum) but this has
been done (in small quantities it is true), by means of solvents.

In Germany, the writers indicated in the note (3)reduced whole
horse-chestnuts to a meal which they boiled in aleohol, so as to avoid
drying (always injurions as it makes the fats liable to decompose)
and so as to extraet all the saponin possible, They then extracted
the fats with ether by the usual methods. They thus obtained 3.23 9
of an oil with a peculiar smell and taste, of a dark yellow colour. This
yield agrees with that obtained by Kiwnic (4). The characteristics of

this oil are as follows :— saponification index 175.0 — Reichert-
Meissl’'s index 1.01 — Polenske’s index 0.42 — refractive index
at 260 C. = 68.1; at 45 C. = 67.6 — iodine index 99 — acidity

11.67 — non-saponifiable constituents 2.5 9%, — Hehner's index 92.79.

32. — Beech-mast oil (5).

The beech-masts (fig. 92) falling from beech trees (Fagus sylva-
tica) and collected, either as food for livestock or for the extraction
of oil, congist of 33 9, of shell and 67 9, of kernel confaining 43 9%

{1) Cf. Prof. B, Bentoro, L'utilizzazione del prodotti dell’industria agrumaria, in
8icilia Ind. ¢ Agr., Catania, No, 250, 1 April, 1923,

(2) Cf @ 1) J. Lewkovrros, op. eit. Vol, II, p. 180, — 2) Hewer D, G., The Analyst,
Vol. LXIT, No, 497. London, 18917,

(3) A, Herouska and A, ZEiLes, in Zeitschrift fitr Untersuchung der Nahrungs- und
Fenusamitiel, Vol, 33, 1917,

(4) Chemie der monschlichen Nahrungs- wnd Genussmittel, dth ed, Vol I, p. 619,

(61 1) Dr. J. LewgoviTtoH, op. cit., Vol II, p. 139 — 2) Les Matidres Grosses,
Year 13, No, 158, 1821, p. 56860, — 3) Dr. G. Castarpi, Essenze forestali e loro prodotti
nelle industrie, Milano, H. Hoepli, 1923, p. 175,

ol
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of oil, but the quantity which ean be extracted from them industrially
by pressure is from 14 to 22 9, as much as 26 9; in shelled beechmasts.
The average is 15 %,

This oil is produced by small establishments in inconsiderable
quantities, That which is obtained by cold process from shelled
beechmast is light yellow, viscous, and has a disagreeable smell,
It is used in the mountaing for eooking. The oil extracted by hot pro-
cess has an aecrid pungency which diappears on stirring it with boiling
water,

This is only used for lighting and making soap. It is sometimes
used for adulterating oil of almonds
and walnut oil, but its presence
can be deteeted by determining the
iodine index.

The physico-chemiecal character-

istice are as follows:— specific
gravity at 15° C. = 0.9205-0.9225-
— solidification point = — 17° C,

— saponification index = 191.1-196.3
— iodine index = 111.2-120.1 —
Maumené’s test = 63 to 65 — re-
fractive index = 16.5 to 18.

The ecake containg 52 9, of
protein. The analysis is as follows:
Percentage of dry substance:
nitrogen 9.52, proteid matter 52.36, Fia, 92, — Beoch-mast,
N-free extracts 32.64, cellulose 5.8,
ash 9.2,

This is at present but little used in ITtaly for ecattle-feed. Pr-
ROTTA (1) ealeulates for Ttaly that there are on an average each year
20,000 hectares (about 50,000 acres) of beechwood in full produetion.
Reckoning for one heetare 50 hl. of beechmast, 100,000 hl. of mast
can be produced per year, and from that 15,000 hl. of oil (329,967
gallons).

From Correvox H., op. eit.

33. — Spruce seed oil (2).

The seeds of the spruce (Pinus abies 1.) (Fig. 93) contain, in a dry
state, 25 to 30 9, of fats on the average. Extraction with ether or with
carbon disulphide has yielded 33.2 9 of erude fats; extraction with ben-
zene or with benzine has given 30.5 %,. The oil extracted by pressing
(up to 20 9%,) is edible ; the remainder, which can be extracted by
golvents, constitutes an industrial oil, good especially for the prepa-

{1) B, Pirorra and A, Cowsrasxtixo, Utilizzazione di piante alimentari selvatiche.
R. Accad. Lincei, Com, Beient, per 'alim. Home, 1921,

(2) Cf. Naturwisscnschaftliche Zeitschrift fiir Forsf- und Landwirte, 1916, Summarised
in Zeitachrift fiir Untersuchung dor Nahrungs. und Genussmitiel, Yol, 33, 1917, For the oils
from seeds of other conifers of. also : H. Josmerie Les Houiles Vegetaies, J, B. Baillidre et
fils. Paris, 1921,
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ration of varnishes and also for lighting. This oil has not the resinous
taste of the oil from the seeds of the gilver-fir (Abies pectinata) because
the geeds of the spruee have no regin bearing glandg ; it reecalls ground-
nut oil by its pale yellow colour ; it is giccative. Its physical character-
istics are as follows :— specific gravity at 15° C. = 0.933 — zaponi-
fication index 191.2 — iodine index (HUBL) = 173.

As the spruce seeds are rich in albumen the cake can be used as
concentrate. For collecting, C. Vox TUBEUF recommends picking
up the entire cones in antumn or winter as soon as they fall from the
trees and keeping them in baskets or
sacks. They are then allowed to dry
until the seeds fall out nafurally. The
latter are collected and are then cleaned
by ecutting the wings with a special
machine, after which they are taken to
the oil factory. The empty cones serve,
like all their congeners, as fuel.

This same writer states that this oil
is very suitable for salads, frying, mavon-
naise, ete., but on the other hand, after
having asserted that spruce seed oil
extracted cold has little taste, he adds
that an egg fried in that oil * had a
distinet tagte of recently worked coniferouns.
timber ’, which does not say much for
the muech vaunted edible gualities of the

- Fre. 93. = Spruce. oil in question. However, it is easy to
ranch with flowers and Cone. ) Jepstand that during the war especially
From Dr. A. FIoRI, op. cit. in Germany 1t was expedient to use

it, but sinee the war, according to Pavr,
the high price of spruce seeds for sowing prevents their economical
use for the extraction of oil (1).

34. — Lentisk oil.

This oil ig derived from the species Pistacia lentiscus which grows
wild in abundance in the woody and rocky lands of Southern Europe,
North Africa, ete. CUPPARI (2) writing many years ago reported that
on the wooded sea-coasts, especially near Orbetello, and in Sardinia,
the ripe fruits of this plant are gathered by the poorer people, boiled
in water, then placed in cloth bags and pressed to extract the juice.
When this is boiled in its turn, the oil floats on it and can be separated.
In this way a hectolitre (40 kg.) of berries gives about 7 kg. of oil,
17.50 9, of the weight. This oil is also extracted in Cyprus, Tripoli-
tania, Algeria, ete. (3).

(1) Cf. J. LewgovIircH, op. cit., Vol. II, p. 109,
(2) P, Corpant, Lezioni di Agricoltura. Nistri, Pisa, 1869,
(3) H. JuMmEeLLE, op. rcit., p. 328,
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According to recent investigations made at the Central Customs
Chemical Lahm‘atﬂﬂ‘ at Rome (1), the total fat content is 22 9,. The
oil is dark green in colour, comparatively fluid, with faint aromatic
perfume and taste. When lef t to settle there is a white crystalline mass
deposited which melts at 35° to 360 C. If badly prepared it soon goes
raneid.

Other experiments made at Turin gave a yield of oil of 22 9
pressure, The oil i3 well adapted for soap-making.

In view of the large quantities of lentisk fruit which could be gath-
ered in the countries mentioned, and on condition that transport
to the place of manufacture is available, its utilization by extraction
of oil for soap-making would be profitable.

35. — Wool fat.

This iz obtained by washing raw wool or by {reating it with zolvents.
In the latter case, the fat remains after distillation of the solvent ;
when, on the other hand, the wool is washed with zoap, the zoapy
water is collected in receptacles where it is treated with a mineral acid
to set free the fat ; the liguid is evaporated to obtain the potash salts
it holds in solution. The composition of this fat varies considerably
between eertain limits. When purified, it is put on the market in
an anhydrous state (adeps larae) or hydrated (lanoline). The former
of these substances has a light yellow eolour, is translueent, and has
a slight, not disagreeable odour. Although insoluble in water it
absorbs congiderable guantities of it (up to 30 % of its weight).
Lapoline iz a mixture of anhydrous fat and water (22 to 25 %) (2).

The chemieal composition of this fat is not fully known.

Its physico-chemical characteristier are as follows: specifie
gravity at 172 C. = 0.9413-0.9449 — solidification point = 300 —
3002 . — melting point = 31-4205 C. — saponification index
= 98.3-102.4 mg. of KOH — iodine index == 17.1-28.9. Other fats are
recovered from the wool during the processes of manufacture, carding,
spinning, felting ; these are removed by means of alkaline washing and
recovered by means of a mineral acid which sets free the fatty acids.

A

For the United States the following statistics are available: —
500 million 1bs. of raw wool i the quanfity annually handled ; this
yields 75 million pounds of lanoline, normally worth 2.250,000 dollars
and at present worth 10 million dollars ; 25 million pounds of carbon-
ate of potash are recovered also from it, at present worth 15 million
dollars. The fat from this wool is used :— as food — for making soap
— for waterproofing shoe leather. Investigation is being made into the

(1) Giornale di Agrie, delle Domenica. Pincenza, 6 May, 1923,

(2) Cf.: Dr. J. LewkoviTcH, op. cit.,, Vol IL, p. 744, — 2} B, J, Joaxsrone, Patash,
London, John Murray, 1922 — 3) Wool.scouring Wastes for fortilizer purposes in thoe
American Fertilizer, No, 0, 1922,
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possibility of recovering from the water used for washing the wool
the residues deseribed above. At present the greater part of them are
lost in the streams into which this water is thrown.

36. — 0il from silkworm chrysalides (1).

In the discussion of these ehrysalides as food for livestock (see
p- 198) it was noted that they contain a fairly high percentage (16-18 9%;)
of an oil fit for making common soapg and also for extraction of fatty
acids of glyeerine. That oil has a reddish brown colour and a nausea-
ting smell. It is purified by being ftreated with sulphurie acid at
50° B. for 1 hour at a temperature of 1000 C,, then by washing it
and treating it with kaolin or fuller’s earth in 10 to 12 %, proportion.

Its characteristics are as follows : — speecific gravity at 400 C. = 0.9105
— solidification point = 10°-7° C. — gaponification index = 190 —
iodine index = 116.3 — non-saponifiable matter = 2.61 9, —

acidity index = 27.51 — solidification point of the insoluble fatty
acids = 34°h C.

37. — Fats from household refuse (2).

In reference to the use of street-sweepings as manure (see p.303)
mention was made of the special treatment to which they are subjected
for the extraction of tats. With this object a solvent was first employed,
but this process proved too expensive. The steam treatment (AR-
NOLD-EGERTON) process is much better, and the requisite appliances
for this are in usge in several towns in the United States.

After removal of all extraneous matter, the street-sweepings are
placed in large digesters (holding about 8 tons), in which they are
gteamed to boiling point, the digesters are then hermetically elosed and
steam under a pressure of 89 Ibs, is introduced for a time varying
according to the material and the season of the yvear. The steam given
off is condensed and the resulting water is passed to the sewers. After
the action of the steam is over, the contents of the digesters separate
into three layers: the lowest is the solid matter (*‘ tankage ™), above
this is a layer of water and on that floats a layer of fat. This fat is
used for making common soaps, ete. It 18 of a dark brown colour and
contains a considerable guantity of free fatty acids, as well as non-sap-
onifiable matter (3).

(1) Ci. : 1) FormME~TI, op. eit. — 2) J. K. LewgovireH, op, eit, Vel II, p 392 —
3) De. G. Covomeo, Sunto delle Lezioni di Merceologia e Tecnologia dei bozzoli e della sota,
Milan, 1917, Fratelli Lanzani.

(2) Dr. J. LewkoviTeH, op. cit., Vol. IIL, p, 366, O also: 1) A, Carmerte, Epura-
tion des eaux d’égout urbaines ot industriolles, Paris, J. B, Bailliére, 1910, p. 26, — 2} Ing.
F. Laccerri, Fognatura Biologiea. Milan, U, Hoepli. 1915, pp, 152 and 220, — 3) Dr, 8. Rrzer,
L'epurazione biologica delle acque di rifiuto, Milan, U, Hoopli, 1915, p. 86

(3) Cf. R, Prann. Statistics of Garbage collection and Garbage grease recovery in
American cities, Jour, of ITnd, and fngin, Chem., Vol, 10, No. 11, p. 287, Nov. 1018,

o e
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The tankage iz subjeeted to hydraulic pressure which extracts
from it along with water the fats it still retains. It is then dried,
ground and sold as fertiliser.

38. — Fats from sewage water (1).

This water, already discussed as a fertiliser (see p. 296) contains
fats in wvarious forms: saponified — non-saponified — free fatty
acids — non-saponifiable matter.

Az all these matters putrefy very readily processes have been
investigated with a view to destroying them as quickly as possible.
In the process by precipifation, the fats are entirely destroyed by
bacterial action. Other processes, however, aim at separating the
fats, one of the most usual is the method in use for recovering wool-
grease, viz. : washing in soapy water and then treating the water with
a mineral acid. But so far it has not proved possible to apply any
process with economie advantage, so that for the present it iz better
to aim at the prompt. destruction of the matter carried in sewage
water, or to use it for irrigation purposes.

39. — Fats from soil organisms (2).

Edaphon or putrid mud (* Fauolschlamm ') is the name given
by R. FRANCE to a fat of bacterial origin which he disecovered in certain
soils in Germany, where certain bacteria are found containing fats
which do not solidify even at very low temperatures. This fat can
be employed for technical purposes and in the manufacture of soap.

These micro-organisms are algae and fungi. Nearly half their
volume consists of fatty matter,

A process has been patented for the extraction of fat from soils
containing an average of 100,000 of these micro-organisms to a enbie
centimetre.

In the most favourable conditions 7 9%, in volume of fats are ob-
tained by the ordinary solvents from these soils ; the residue consti-
tutes a nitrogenons manure.

(1313 Dr. 1, ],1:1!.'}:(:'\'1:':'1:1|.ﬂ.p_nit._,\-'u-l._ 111, p. 366, 2) For the scparation of fats from
gowage water the Kragmer and ScHinnine apparatus manufactured by the ** Gesellschafe
flir Verwertung Stiidtischer Abwasser in Frankfurt a, D, " is indicated. That apparatus sepa-
rates only 40-T0 %, of the fats contained in the water. There is also a PAvnmay method,
patented, which is said to be more efficient, but which is not described.

Other apparatus which have been used for such extraction are that of the ** Deutsche
Wasserreiningungsgesellschaft " of Wiesbaden which separates fats from the sludge by means
of the passage of water through three concentric eylinders; that of the ** Fettfiinger H. Dorf-
milller ** of Miinchen, and that of the German patent No. 300,218 (Cf. Kourer Dr. Th.,
op. cit.,, p. 134-136),

(2) Of. KornrEr, Dr. Th.,, op. cit, p. 113.
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40. — Wine making residues.

Besides the principal residue, the grape skins, already mentioned
in conneetion with grape seeds, the wine making industry obtains still
further residues of the fermentation of the must and of the matura-
tion of the wine, viz : the lees, which are deposited on the bottom and
the sides of the wine vessels. Industrial produets :— tartars,oenocyanin,
aleohol, acetie acid, tannin, ete. are obtained from these residues.

The lees, ete., contain all the eompounds of tartarie acid namely,
chiefly bitartrate of potash and tartrate of ealcium ; the percentage
of these determines the richness of the residues, and consequently
their commercial value.

The content in cream of tartar of the residues varies considerably
acording to the vines and also aceording as the residue ig fresh or
fermented : when fermented the pereentage of eream of tartar is always
greater by some units @ for example 3.2 9% against 1.9 % in the former ;
this percentage may even be as much as 5 to 6 9.

The ecream of tartar is extracted from the residues by washing
them with hot water in the proportion of about 2 hectolitres per 100 kg.,
boiling for 2 or 3 hours. The liguid is then poured into casks
or vats, In these there are strings stretched in various directions on
which the eream of tartar iz deposited as erystals, as well as on the
gides, while the liguid is cooling. The mother-waters, still containing
a little eream of tartar in solution, are again subjected to 5 or 6
suceessive crystallizations and then thrown away.

The mother liguor of the cream of tartar contains eream and many
pectic and albuminous substances. The residual eream is precipitated
with milk of lime, as calcinm tartrate, which when treated with pot-
assium bisulphate gives cream of tartar. To the mother liquor when
deprived of the cream lime iz added and a precipitate of phosphates
and albuminoids is obtained which is nseful as a fertiliser (1).

Cream of tartar is also extracted from distilled residues by other
processes :— high pressure, circulation of hot water, ete.

From non-distilled residues eream of tartar is extracted by various
processes, the simplest of which is that with hot water.

Cream of tartar is also extracted by the following chemical processes:
1) treatment with sodinm carbonate ; 2) treatment with hydrochlorie
acid (to liberate C* H®* OF ae. tart.) and then with milk of lime (to
obtain C* H* Ca O° tartr. cale.); 3) treatment with sulphurous acid.

The ernde tartar from residue is then refined by snecessive erys-
tallizations, the tartaric acid is then extracted from it.

The wine lees are collected in bags and then pressed. The liguid
which runs off serves for making aleohol or vinegar ; the pressed lees
are dried in the air and eream of tartar is extracted from them with
hot water, ag is done with the other residues, thus obtaining the ** lees

(1) Cf. Dr, G. Crarerri, Industria tartarics, U, Hnﬁ]‘:li, Milan, 18407,

e il
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e¢rystals . The lees are rich in cream of tartar; containing when
dry from 15 to 60 9%, besides 2 to 20 9, of tartrate of caleium.

Taking wine during its first 6 years OTTAVI and MARESCALCHI (1)
estimate the guantity of commercially dry lees obtainable at 1 kg.
per hectolitre of wine.

Cask tartar is a erystalline deposit left by the wine as it ages.
It iz rich in bitartrate of potassimm, tartrate of ealcium and free
tartarie acid.

On the average, according to the above-mentioned writers, the
quantity of tartar which is deposited wvaries, in one year, from 150
to 300 gm. per hectolitre of wine; in large cellars, it may be estimated
that 10 hectolitres yield on the average 2 kg. of tartar per year.

According to SoxHLET, the percentage of cream of tartar in the
tartar varies between 70 and 75 9, but it is often less.

The dregs are the residues from the vessel in which the erystal-
lization of the tartar and the washing of the lees is done. If the oper-
ation is properly carried out very little eream of tartar remains in
these residues, which have a certain value as fertilizers.

There are besides the dregs of the neufralisation of the must, carried
out by means of milk of lime, or of carbonate of lime, or of alkaline
substances. These usually collect on the web of the press filters.
Their composition varies but they always contains calecinm tartrate,
bi-tartrate, and neutral potassinm tartrate.

Tartaric acid is extracted from these by the usual methods.

To complete the enumeration of the tartarie residues, mention
may also be made of the erystals of alambic which form in apparatus
for distilling the residues and lees and which are composed of crude
ereain of tartar.

Sour residues serve for the manufacture of basic acetate of copper,
used as an cfficient fungicide instead of sulphate of copper and some-
times giving better results than the latter. It is also used in dye-
works, for the manufacture of varnish, ete.

Under the name ** verdet blew ” a mixture of neutral acetate and
basic acetate (containing up to 33 9 of copper) is sold in France and,
under the name “* verdet gris*’, a mixture of bibasic and tribagic ace-
tate (containing up to 50 9%, of copper).

At Montpellier (France) verdigris has been manufactured sinee the
XV century by arranging sour residue in alternate layers with oxidized
sheets of copper, in damp cellars. Contact lasts for 30 to 40 days,
at the end of which the copper sheets are removed and the acetate
formed is detached from them.

After the residues have been put to all these various uses, or when
for some reason they are not suitable for such, they are utilised for
fuel, or put on to the manure-heap (2).

(1) 1) Cf. Orravi-Manescarnent, I residui dells vindficazione, p. 227, Casale, 1001
2) P, Cosre-FLoreT, Les réaidus de la vendango. Coulet et fils, Montpellier, 1901,

(2) Cf : 1) Comptes rendus de I Académic des Sciences, Vol, 145, No, 21, Pariz, 1017, —
2) Orravy and MARESCALCHI, op, ecit., p. 153,
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As fuel, the residues are reckoned to have the same calorifie value
as peat (3500 to 4000 calories) and about the same pereentage of ash.
Like peat, they can be treated in special retorts for the produetion of
gas for lighting, The grape seeds, owing to the fat which they con-
tain, yield twice as much illuminating gas as the residues.

The residue from the carbonization of wine lees if not raised above
red heat constitutes, after washing, Frankfort black, charcoal which
is sold dry and ground as paint.

It is ealeulated that the residue from 1 million hectolitres of wine
produced iz equivalent as fuel to 3200 tons of coal.

41. — Liquor from tomato pulp.

This is the liquor extracted by pressing and centrifugation of to-
mato pulp. It is reddish, sweetish and ferments easily. It can be
used for making vinegar, but acetic fermentation is difficult to obtain
because it degenerates very easily into putrid fermentation. A little
phosphate of ammonia is at first necessary to encourage multiplica-
tion. But even so it iz diffieult to get a result.

To accelerate acetification receptacles filled with eork chips or
parings might be used.

Cork c¢hips according to KoLLER (1) have the property of main-
taining their elasticity even when wet, and in the pores a large number
of micro-organisms are harboured, among which the bacteria of
acetification preponderate, so that acetification progresses fairly
rapidly.

It may be noted that the product obtained iz not a true vinegar (2)
as its normal acidity is due to the lactic acid. It rapidly deteriorates
ag has been said unless kept in full and well sealed bottles.

42. — Cellulose of liquorice residues.

Liquorice (Glyeyrhiza glabra 1..) (fig. 94) is a leguminouns plant
which grows spontaneounsly in various countries, especially in the South
of Europe and Asia-Minor. In Calabria and Sicily, it is also enlti-
vated in the vineyards for its roots, which eut in pieces and dried
are sold to manufacturers of liquorice juice, the many uses of which
in pharmacy and liguenr making are well known (3). The residue
from that manufacture is called in Italy * rifatto di liguirizia ™ (li-
quorice residue) ; this is the woody part which remains after the juice
has been extracted from the roots.

(1) KorLer Tu,, The Utilisation of Waste Products, trans, from the 2nd German edition.
London, Beott, Greenwood and Son, 1818, p. 92,

(2) Making Vinegar in the Home U, 8, Dept. of Agric. Washingtom, March 1, 1919,

(3) In the two years 1910.20 Ttaly exported 1,931.2 m, tons of liquorice root and 1,680
of juice, for a total value of 27,008,100 liras. Cf, Min, per 1'Ind. & il Commercio, Il nostro
commaercio prima e dopo In gunerra, Rome, 1922, p. 89,

-"\-..r"
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By a method studied by 8. p1 Parma (1), still more juice is
extracted from the * rifatte ”” and there then remains a waste product
containing 50 9%, of crude cellulose with fine fibres, of a red brown
colour.

This eelluloge has been used for making paper, with good results.
Besides this principal residue, liquorice also leaves a slime on the
filter strainer. The residue and the slime still contain a perceptible
amount of glyeyrhizin which is ordinarily lost (2).

43. — Cellulose of cotton stalks (3).

The stalks of the cofton bush are used as fuel in most cotton pro-
ducing countries ; in England, the United States and Egypt attempts
have been made to extract
the fibre of the bark which
has, approximately, the char-
acteristics of jute fibre, but
without economic result al-
though it was recognised in
Egypt that the long fibres
could be used like first-class
Indian jute.

At the Imperial Institute
and in the United States
experiments have been made
in the produetion of paper
pulp from cotton stalks by
extraction of the fibre by
means of a barking machine
followed by caustic soda treat-
ment, but the yield was
scarcely 34-41 9% (6 t. of
stalks gave 1 t. of bark which
produced 1500 lbs. of fibre).
In spite of this the results
were considered fairly pro-
mising and worth further ex-
periment. At the Imperial
Institute, an examination was
made of the results of an Fie. 94. — Liquorice.
experiment undertaken in From FRANCE, op. eit.

Egypt for using cotton stalks
to obtain charcoal and the produets of dry distillation. The
results were fairly good, but it was pointed out that the profitable

(1) Le Stazioni sperimentals agrarie dfaliane, Vol, LLY, part, 10-11, Modona, 1920,

(2) Cf. P. Benvovno, I difetti dell’sttunle processo di lavornzione industriale della Li-
quirizia, in Giorn, di Chim, Ind, ed Appl., Year 1II, No, 11, Milan, 1921,

(3) Bull, of the ITmperial fnstitute, vol. XIX, No. 1. Loudon, 1921, p. 13
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distillation of cotton stalks depends on the discovery of a local market
for the produets, which are chiefly charcoal and tar,

As to cost of distillation it was clear that these stalks constituted
a material of large volume which required large capacity in the re-
torts, even if the stalks were first chopped and pressed.

Numerous other cellulose residues have been tried or actually
used in the manufacture of paper ; the long stalks of maize and buek-
wheat may be instanced, as also rice-straw, cotton bolls, cane-trash,
the coarse fibre of flax and hemp grown for seed. and the refuse from
retting of textile fibrez in general ; many wild plants, in particular
esparto grass, plant debris of many kinds, ete. ete. (1).

44. — Extraction of the vegetable pectin of fruit residues (2).

Pectin is a neutral gelatinous substance extracted from fruit,
and according to BAUER is a mixture of ecarbohydrates, soluble in
water, and due to the fransformation which the fruit aecids bring
about in the pectose, not itself soluble,

Pectin is extracted from refuse fruit as from cider lees. These
are treated with boiling water or steam, then firmly pressed and after
clarification — the lime being precipitated with oxalic acid and the
albumen with tannin — the peetin solution iz concentrated in a
vacuum apparatus up to the required density.

There are various patents, especially in the United States for puri-
fying the pectin solution and for its employment in the manufacture
of fruit jellies, syrups, ete.

Onee it is sterilised and kept in a well sealed receptacle with
the air excluded pectin solution keeps for an indefinite time, and it
is in this form that it iz sold by varions American manufacturing
firms (3).

(1) Cf.: 1) Ch, J. Brawty. Crop Plants for paper making, U, 8 Dept, of Agr. Cire,
No. 82, 1911, — 2} J. L. Mergrirr. Utilisation of American Flax straw in the Paper and
Fiber-board Industry : IF, 8 Dept. of Adgric. Bull, No. 322, 1018, — 3) L. H. Dewey and
J. L. Merrinn, Hemp hords as paper making material. U8, Dep.of Agric. Bull, No. 404,
1916,

(2) Ci.: 1) Washington Agrie. Erperim. Stat. Full. 147. Pullman, Washington, ™ A
New Method for the preparation of Peetin . — 2) Seience, Vol, 47 (1918) No, 1224 : ** A
New and Improved Method for obtaining Pectin from Fruits and Vegetables "', — 3} C, A,
Bmiskre. Methods of Manufacturing Preserves, Pickles, ete, Menomines, Michigan, —
4) FrEemy. Enc, Chem, Vol. VI, Part II, p. 436, Paris 1885,

(3) Among these the following : 1) Schwartzlose and Beylik, Los Angeles, Calif. — 2) Dou-
glas Packing Co_, Bochester, N, ¥, — 8) Paoli Tomate Products Co,, Paoli, Tnd. — 4) O. E.
Rogers, Detroit, Mich, — 5) The @recnwald Vinegar Co, 8¢, Jozeph, Montana (dry pectin i xesc
with sugar),

o
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Acorns, 134,

Active carbon (from various resi-
dues), 215,

“ Adeps lanae ™', 343

Albumin synthetic, 199,

Aleohol from acorns, 315.

Aleohol from * acque d'inferno , 315

Aleohol from arbutus, 320,

Aleohol from asphodels, 316.

Aleohol from earobs, 320

Aleohol from certain Arames, 316.

Aleohol from feather hyacinths, 318.

Aleohol from horse-chestnuts, 315.

Aleohol from maize rachides, 313.

Aleohol from peat, 312.

Alcohol from prickly pear, 319.

Aleohol from residues, 20, 310.

Alcohol from cellulose residues, 314,

Aleohol from sawdust, 311,

Aleohol from seaweed, 310.

Alcohol from straw, 313.

Aleohol from waste wood, 312.

Alechol from wild chervil, 319.

Aleohol yielding plants, 68.

Alder, 110,

Algae, 110.

Amaranthus paniculatns, 60.

Ammonia (reccvery), 299.

Ammoniacal liguids, 271.

Animal charcoal, 232.

Animal glue residues, 250.

Animal produets (composition, digest-

1bility, ete.), 205.
Anise eake, 159,
Apple residues, 177, 229,
Apricot and peach kernels, 88,
Arbutus residues, 178.
Ashes, 262,
Asgh from almond husks, 263.
Ash from Avrlemizia spp.. 265,

Ash from fern, 265.
Ash from prunings, 266.
Asgh from sunflower stalks, 265.
Ash from tobaceo stalks, 264.
Ash from wine-lees, 266.

Ash tree, fruits of, 136.

Ash tree, leaves of, 110.
Asparagus fruits, 137.
Asparagus tops, 104,

“ Avitin **, 36.

“ Bagano ™', 245.

Bagasse, 103.

Baking powder, 26.

Bark, 1584.

Barley germs, 169,

Barley sprouts, 234.

Beech, 110, 134.
Beech-mast, 31.
Beech-mast cake, 156.

Beet pulp, 163, 166, 231.
Beet slices, 163.
Bicarbonate of ammonia, 61.
Birch, 110,

Bigulphitic washings, 243.
Blood, 77, 190, 246.

Blood {serum), 59.
Bog-mosses, 118,

Bone ash, 250,

Bone-fat, 17.

Bone-glue, 193.

Bone raspings, 250,

Bones, 30, 249,

Boots (condemned war), 255.
Boucherie's system, 248,

“ Bourre de laine ™, 252.
Bracken, 127, 226.
Brackish water plants, 119.
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Brans, 154.

Bread, 57.

Brewer's grains, 234.

Brewery residues, 168, 170, 234,

Brewing waste (composition, digest-
ibility, ete.), 204.

Broom grass (seeds), 142.

Broom, 107, 226.

Buckwheat residues, 86.

Bulbs, 70.

Burrs, 142,

Butterbur, 128,

Cacao hulls, 83.

Cacao pods, 229,

Cake, 228.

Cake (oil), 154.

Cake (secondary kinds), 154.
Camelina cake, 156.
Cane-trash, 234.

Caraway cake, 159.

Carcases, 35, 193,

Carcases (utilisation of), 19.
Carcase oil, 30.

Cardboard residues, 188,
Carraghen, 122,

Cask tartar, 347.

Castor oil cake, 159.

Castor oil seeds, 31.

Celery cake, 159,

Cellulose factories residues, 188,
Celluloze of eotton stalks, 349.
Cellulose of liquorice residues, 348,
{elrarin sp., 110,

Charlock (zeeds), 142,
Charcoal, 183.

Cheese residues, 196,

Cherries, residues from, 168,
Cherry ecake, 158.

Chestnut leaves, 100,
Chickweed, 125,

Chicory dust, 189.

Chimney soot, 267.
Chrysalids, silk-worm eastings, 198.
Citrus fruit residues, 180.
Cladonia sp., 110.

Coal ashes, 267.

Cockehafer larvae, 198, 199, 257.
Cocoa substitutes, 72, 74.

Coffee grounds, 189, 241.

Coffea hulls, 83.

Coffee substitutes, 24, 72, 74.
Coriander cake, 159.

Corn-cockle seeds, 142, 145.
Cornfield weeds seeds, 16.
Corozo, 180, 181.

Couchgrass, 25, 126, 142,

Cotton cake, 59, 62.

Cotton refuse, 229.

Cotton (seeds), 148,

Cream of tartar, 346.

Creeping Thistle, 125.

Crude ammonia compounds, 270.
Crystals of alembie, 347.

Cumin eake, 159,

Currant reaidues, 178.

Currant seeds, 142,

Dairy by-products and residues, 76.

Dairy residues, 196, 251,
Damaged cargoes, 21.
Darnel seeds, 146.

Drate residues, 168,
Ihead insects, 256,

Dead leaves, 225.

Deposits from eream separators, 35.

Desert plants, 132.

Diffusion liquids, 232,

Digintegration of straw, 92,

Distillery residues, 166.

Distilling waste (composition, digest-
ibility, ete.), 204,

Dregs from olive crushing, 239,

Dregs of the vat, 235.

Duckweed, 116.

Dam, 181.

Dust and residues of tohacco,

Dwarf Elder (fruits), 139.

229’1

* Edaphon ', 345.

Edible oil substitutes, 79.

“ Hiweisstrohkraftiutter *°, 96.
Electro-potash, 262,

i
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Elm fruits, 136.

Elm leaves, 100, 110.
Elm seeds, 141.

Elodea, 118.

Empty pine cones, 228,

Fagopyrism, 86.

Falasco, 114, 227.

Farmyard manure (artificial), 222,

“ Fat-bran ", 83.

Fat synthetie, 200,

Fats, 15.

Fats (artificial edible), 20.

Fats from household refuse, 344,

Fats from sewage water, 345.

Fats from soil organisms, 345.

Fennel eake, 159,

Ferments, 171.

Ferns, 127, 228.

Feathers, 197.

Feather waste, 254.

Feed for Live-stock, 28, 80.

Feeds (composition, digestibility, and
starch-value), 201.

Fertilisers, 45, 206,

Fertilising elements produced in 63
capitals, 294,

Fir, 110.

Fish-fat, 18.

* Fish guano ", 194.

Fish meal substitute, 35.

Fizsh offalz, 35, 193, 244.

Flax capsules, 88.

Flax stems, 81.

Floating Poa, 1186.

Mower Bulhs, 132.

Flowers used as food, 71.

Food substitutes, 23, 27,

Food yeast (Ndhrkefen), 58.

Foreat tree fruits, 134.

Foxglove seeds, 16.

Frankfort black, 348.

Fray-Bentos process, 248,

Fruithearing trees and bushes, 66,
6i7.

Fruitseed oil, 14.

Fruit-stones oil, 16,

Fruits used as food, 72.

23
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Fueus, 110, 119, 124,
Fungi (feed for stock), 129,
i Fonori ?, 119,

Galingale, 227,

Gerber apparatus residues,
Girard’s process, 248,
Gitagine, 145.
Glass-makers’ seaweed, 122,
Glue, 30,

Goose foot (seeds), 142,
Goose grask (seeds), 142, 146,
Grain damaged by fire, 231.
Grape residues, 16, 31, 178, 236.
Grape seed cake, 178.

Grape seed oil, 22, 327.

Grape seeds, 178.

Great Beod mace, 118.
Ground-nut pods, 52.

Ground pods of beans, 85.

Gut refuse, 247,

252,

Hair (dizsintegrated), 197.
Hair waste, 254.
Hawthorn fruits, 138.
Hay flour, 98, 99.
Hazel, 110,

Hazel eatkins, 108,
Hazelnut cake, 157.
Haath, 226.

Heather, 110.

Heather floar, 31.
Heather meal, 106.

“ Heidemehl ™, 106,
Hemp cake, 156.
Herring residues, 245.
Hevea (seeds), 146,

“ Holzzucherfutter ™, 187.
Hoofs, waste from,.254.
Hop residues, 234.
Hormbeam, 110, 137.
Horns (disintegrated), 197.
Horng, waste from, 254.
Horse-bean straw, 80.
Horse-chestnut oil, 340,
Horse-chestnuts, 31, 110, 140, 220,
Horse fat, 18.
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Household refuse, 182,

Household refuse (collection), 23, 31.

Human food, 12, 57.

Husks, 80, 81.

Husks and chaff (composition, digest-
ibility, etoc.), 202.

Huzks of common saw-wort, 87.

Husks of spelt, 86.

Ieeland moss, 119, 123.

Industrial products (from residues),
S 11,

Industrial ‘waste produets (eompo-
sition, digestibility, ete.), 203.

Insects (dead), 119,

Integuments of acorn, 88,

Integuments of cotton seeds, 86.

Integuments of horse-bean, 86.

IvtrRODDCTION, 1-5.

Involueres of seeds of sugar-beet, 85.

Iodine (from seaweeds), 216, Z18.

Irish moss, 122,

Jerusalem artichoke stalks, 99,

* Kakaomasse "', 84.

i Kauten **, 119,

Kelp, 207, 209, 210,
Knackers' yvards, 248,

“# Kombu ™, 119,

“ Koufri,” 289.

“ Kraftstrohfutter ', 96,
* Kriegviehfutter ™, 187.

Lard residunes, 250.

Laminaria sp., 110,

Laming's mixture, 270,

Laurel (berries), 138.

Leather scrapings, 29,

Leather waste, 2535,

Leaves, 1040,

Leaves and haulms (ecomposition, di-
zestibility, ete.), 201.

Leaves and root-collars, 231,

Leaves (eollection in Germany), 32.

SUBJECT INDEX

Leaves (dead), 225.

Leaves of various plants, 110.

Lecanora sp., 110,

Lees from decantation, 169,

Lees of wine, 172,

Legislative and Administrative mea-
gures, ete., 8.

Leguminous plants, 66, 67.

Lemon and orange seeds oil, 16,

Lentisk oil, 342,

Lesser Bindweed, 125, 129,

Lesser Reed mace, 118.

Lichens 110, 118, 119, 311

Lime tree, 110, 136.

* Lime sulphur ', 272,

Ligquor from tomato pulp, 348,

Liverworta, 118. :

Lobhsters, 196,

Lupin (seeds), 147.

Madia cake, 157.

Maize germs oil, 22.

Maize rachides and stems, 99.

Maize rezidue, 166,

Male fern, 110,

Maple, 110.

* Marog " 289,

Marsh plants, 227.

Marsh reeds, 227.

Meal from slaughterhouse offal, 35.

Meat (as manure), 247.

Meat (substitutes), 78. |

Mercury (Annual), 125, 129, 131.

Melon =eed oil, 334.

“ Menhaden **, 246.

“Milk lemonades ™', 76.

Mill dust, 47, 244.

Mill sweepings, 244,

Milling waste (composition, digest-
ibility, etec.), 203.

Mistletoe, 110,

Molasses, 20, 164, 166, 233, 2605,

* Morchione ", 239.

Maosses, 1185.

Mountain Ash (fruits), 138.

Mulberry, 110,

Musgsels, 196,

Mustard eake, 159,
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Narecigine, 133.

“ Watronzellulose , 189,

Nettle, 126.

Nettle fibre, 127.

Nettle flour, 126.

Nettle seeds, 143,

Nettle-tree, 101.

“ Nicodust », 230.

* Nicosulphur ”, 230.

“ Nicotine residues of tobaceo ™, 230,
“ Norgit ', 124,

Norway guano, 2435,

* Nutritivo Squassi ™', 180,
Nutritive substances in pods, 90,
Wutritive =substances in husks, 90.

Cak, 110,

Oat straw meal, 60.

Oats by-products, 20.

“ Oelkleie, 85.

“ Olsaatabfille **, 82,

Oiffal-fat, 19.

Offals (vegetable), 225.

0il from apple pips, 323.

Oil from apricot kernels, 336.

0il from arbutus seed, 323.

Oil from artichoke seed, 323.

0il from asparagus seed, 324.

0il from beech-mast, 340,

0il from bilberry seed, 324.

0Oil from blackberry seed, 339.

0il from buckthorn seed, 324.

Oil from cedar seed, 324.

0il from charlock sead, 323.

Oil from cherry kernels, 336.

0il from Chili seed, 323.

0il from eypress seed, 324.

0il from dwarf mountain pine seed,
394,

0il from elm seed, 323.

0il from Luonymus seed, 323.

Oil from grape seed, 327.

Oil from horse-chestnuts, 340,

Oil from kaki seed, 323.

il from kapok seed, 323.

Oil from lemon pips, 339.

Oil from lentisk, 342.

Oil from lime tree seed, 323.
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0il from maize, 324.

Oil from melon seed, 334.

0il from mountain azh berries, 338.
il from okra seed, 324,

01l from olive kernels, 326,
0il from orange pips, 339.

0il from peach kernels, 336.
Oil from pear pips, 323.

0il from pineseed, 324.

0il from plum kernels, 336.

Oil from pumpkin seed, 334
0il from raspberry seed, 335.
Oil from red-currant seed, 338.
0il from riece, 326.

0il from rice bran, 326.

Oil from silkworm echrysalids, 344.
Oil from spruce seed, 324, 341.
01l from spurry seed, 323.

0il from strawberry seed, 335.
(il from tobacco seed, 331.

0Oil from watermelon seed, 334.
0ils from fruit stones, 22,

Oils from kernels, 326, 336.
Oils from plant residues, 320.
Oils from seed residues, 322,
Oilz from wild plants, 324.
Oleaginous plants, 68,

Olive husks, 237.

Olive kernel oil, 326.

Olive oil residues, 159,

Olive oil residues (as fertiliger),
2440,

Olive oil residues in Europe, 162,
Olive pruning residues, 105.

MNive residue cake, 159.

Olives, production in Europe, 162,
Opuntia, 113, 265, 319.

Orache azh, 263,

Pacific kelp, 211, 213.
Papermaking residues, 243.
Parings from vegetable ivory, 180.
Parings of turnips, 104.

Parsley seeds, 143,

* Pastazzo ', 339.

Pea-straw, B,

Pear residues, 177.

Peat (absorbent), 290.
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Peat ash 267.

Pectin of fruit residues,, 350.

Phospho-guano, 245.

Pine tree needles, 101.

Plane, 110.

Plants containing starch, ete., 66,
67.

Plants for leawves, stems, ete., 65,

Plants used as human food, 67.

Plants used for omelets and cakes,
1

Plants used for soups, 71.

Plants yielding oil, 322.

Plantain seeds, 144.

Plum-stone ecake, 158.

Pods, 80, 82,

Pods of black medicago, 86.

Pods of the guango, 85.

Pods of wild radish, 85.

Pods of wild rape, 87.

Pomace, 187, 235.

Pondweed, 116.

Poplar, 110,

Poppy capsules, 88,

Posidonia, 217.

Potash from blast furnace dust, 259,

Potash from bananas, 264,

Potash from cement, 261.

Potash from kelp, 210, 213, 215

Potash from prickly pear, 265.

Potash from saltworks, 258,

Potash from industrial waste, 258,

Potash of wool scour water, 2635,

Potato haulms, 81, 150.

Potato waste, 150, 160.

* Poudro ' (fortilizer), 47.

Prickly Pear slabs, 112, 227.

Pulse, 73.

Pumpkin seed cake, 158.

Pumpkin seed oil, 16.

Quiteh grass seeds, 142,

Rabbit flick, 248.
“ Red-bran ', 83.
Red pine seeds, 16.
Reed flour, 115,
Reed grass, 114.

!

e
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Reed mace, 118,

Residuary liquids (dairy), 251.
Residues of grapes flour, 176.
Residues of gas works, 270.
Residues of sugar refineries, 163,
Residues of sunflower heads, 89,
* Ressels ™', 245,

Retting water from flax, ete., 242,
Rhizomes, T,

Rhuhbarb leaves, 104,

Rice bran and husks, 152.

Rice bran cake, 159,

Rice husk distillation, 215.

Rice straw, 81.

Robinia pseudo-acacia, 110,
Roots, T0.

Root washings, 231,

Bushes, 117, 227.

* Baccharogéne ., 233.

Salads, 71.

* Balino 7, 238.

Salmon offals, 246.

Saponine, 140,

Sawdust, 184, 225, 290.

“* Zchilfrohrmell,” 115.

Seirpus, 117.

Seoteh pine.

Serapings of skins and hides, 193,
243, ;

Sereenings, 133.

Seam from carbonatation, 231,

Seal gunano, 248,

Seaweed, 100, 119,

Seaweed (eultivation), 216.

Seaweed (as direet fertiliser), 217.

Seaweoed fertilisers, 207, 219,

Seaweed glue, 119,

Secondary kinds of cake, 154.

Sedges, 227.

Sediments from the separator, 251.

Seeds of wild plants (composition),
149.

Seeds (unspecified), 141.

.Seeds used as food, 72.

Serviee-berry residues, 177.
Serviee tree, 110,
Sewage water, 296.
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Shell fish refuse, 3.

Shoots, 100.

Shrimps, 196.

Silk waste, 252.

Bilkworms, 198, 236.

Slaughter-house offals, 18, 19, 21, 190,
246,

Slime, 302,

Sludge, 296, 299.

Soapweed, 132.

Soda ecellulose, 189.

Sorrel Dock seed, 144,

Sowthistle, 125.

Spanigh Chestnut, 110

Spent oxide, 270,

Spent tan, 242

Spice substitutes, 72, 76.

Spinach seed, 142,

Spoilt milk, 196,

Spruce, 110,

Spruce seed oil, 341.

Spurry seeds, 142, 144,

Stalks of herbaceous plants, 226,

Starch and fecula (residues from),
151.

Starch manufacture waste (composi-
tion, digestibility, ete.), 204,

Starch residues 228,

Stems (young), 71.

Straw, 80.

Straw (composition, digestibility, ete. ),
202,

Straw (converted into fertiliser), 222,

Straw (disintegrated), 92.

Straw  (fertiliser), 221.

Straw filters (for sewage), 223.

Straw flour, 34,

Straw in the two hemispheres, 91.

Straw-manure, 221,

Straw meal ,63.

Straw of cereals, 80,

Straw of leguminous plants, 80,

Street sweepings, 182, 303.

* Strohstoff ', 95.

Substitutes (Food), 23, 27.

substitutez for cocoa, 72, 74.

substitutes for coffes, 72, 74.

Bubstitutes for edible oils, 79.

Substitutes for meat, 78.
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Substitutes for spices, 72, 76.

Substitutes for tea, 72, T4.

Substitutes for tobacceo, 75.

Sugar beet leaves and root-collars,
102, 111. 112.

Sugar beet seeds, 143,

Sugar cane leaves, 103,

Sugar refineries residues, 163, 231.

Sugar refining waste (composition,
digestibility, ete.), 204,

Sugar vielding plants, 66, 67.

Sumae leaves, 108,

Summerland Experiment Stat., 210,

Sunflower eake, 155.

sunflower oil, 16.

* Bupersolfo ', 272

Synthetic albumin, 199.

Synthetie fat, 200.

«“ Taffy ", 216.

< Tafla ", 289.

Tallow residues, 250,
Tanning refuse, 241.

Tan (spent), 242,

“ Tangit , 124,

Tankage, 304.

Tea leaves (used), 229,

Tea (substitutes), 72, 74.
Temuline, 146,

Tenebrio molitor larvae, 199,
Tin-works bran refuse, 190,
Tobaceo ash, 264,

Tobaceo cake, 158,
Tobaceo dust and residues, 229,
Tobacco-seed oil, 335.
Tobaceo substitutes, 75.
Tomato-seed oil, 331,
Tomato residues, 178, 241,
“ Tonnare ™", 245,

Town refuse, 303,
Tuberous rhizomes, 70.
Tuhers, T0.

Turnips (parings of), 104,
Twigs, 100,

“ Dlex ™, 230,
Usnea, sp., 110,



3468 SUBJECT INDEX

Vegetable ivory (parings), 180.
Vegetable offals, 225,
Verdigris, 547.

“ Vinasses ™, 167, 235, 236.
Vine leaves and shoots, 105.

Wall-flower seed, 16.

Walnut eake, 157.

Walnut shells, 88.

Washing residues, 169,

Washing waters, 152.

Waste and residue statisties, 51.

Waste for Livestock feeding, 40.

Waste from potatoes, 150.

Waste liquids and sediment in the
separators, 232,

Waste produets (composition, digest-
ibility, ete.), 201.

Water Soldier, 129.

Watercress, 116,

Waters (slaughter-house), 248,

Weeds, 125, 131.

Whale guano, 245, 248.

Wheat germs, 61.

Whey, 196.

White goosefoot, 125.
White melilot seed, 142,
White water-lily, 116.

Wild Mustard seod, 142, 145,
Wild plants for human food, 64.
Willow, 110.

Willow inflorescences, 108,
Willow leaves, 100,

Wine lees, 172, 237, 346.
Wood ashes, 183.

Wood shavings, 184, 225,
Wool fat, 343.

Wool waste, 252,

Yeast, 58, 61, 171, 178, 235.
Yellow water-lily, 116.
Young beeches, 108,

* Zellulosenfutter 7', 98,
Zostera sp., 110,
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