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FPFINEST

M.B.D. Hungarian Flour. m.B.D.

ALL THE HIGHEST AWARDS

for Vienna BPread and e
French Pastry at the Ex-
hibition were obtained by
ugers of this Brand, vz,
 Messes. T. WATT & SON, [fi8
Silver Medal and Diploma g
for London made Vienna)
Bread ; CLARK'S
BEREAD FACTORY,
Silver Medal and Diploma
for country-made Vienna
Bread ; FIETTA BROS,,
Medal and Diploma for Continental Pastry,
Uszed in all his Mixtures by Mr. HENRY CARTWRIGHT, who was so Highly
Successful.
Also the Two Only Medals for Vienna Bread in Indoor Competition,

Awarded the only Gold Meda! fur Flowr at the [nternational Health Exhibition, Lordon, THE4,

Mr. W, JAGO, F.C.8,, F.I.C,, reports as follows:—
32, CLAREXDOX VILLAS,
“BricaTox, 19th April, 1505,
“1 have received from Mr. C. Waydelin a sample of his well-known brand of
Hungarian Patent Flour, M.B.D.O., for purposes of Analysis and Baking Tests.

Employing the methods deseribed in my work on Bread-making, the following
results were obtained ;-

| Wet, ... i s 32:60 per cent.
Gluten, + Dry, ... s 5 : 20 1069 >

I True,’ . oA ] 920 i
Moisture, G50 =
Water 'H:ﬂ-ur'[htlnT] by "i J:-crulm'[l,r Hu..ut-g ]||_|:' Sack, T80 o
Colour on Pékarised Flour, . . 090 Yellow + 035 Red.

A Baking Test was made with the following quantities :-
Flour, S60 TS | Water, 390 Crams =y 8 Luarts Pl_r ‘-1-1:_]-.

The Fermented Dough weighed $42 grams = 1075 Quarterns to the Sack ;
“:.Itfhul in at 4 b, 6 oz,

The weight of the Baked Loaf, 12 hours old, was 821 grams = 1026 Quarterns
to the Sack.

I'he bloom of the baked bread was e "'.'l“{l.l.ill'l.'”l". ""LHZI[] its colour 1{'-lstLr11I i
'3 Yellow + 05 Red, The volume was fair, texture cood, pile Lumi
The flavour was very swoeet, and the loaf |I]l‘.1"'i ml.]'. moist,

“ 1 have been acquainted with the M. B.D. Flour for at least ten years, and can
speak im the highest terms of its general uniformity and excellence. It be Jlongs

to the highest class of Hungarian fAours, and can with confidence be recommended
to the favourable attention of bakers of hichest ¢lass bread,

o Siened) WILLIAM JAGO.™

R

M.B.D. SOLE AGENT— M.B.D.

CHARLES WAYDELIN,
40, Borough High Street, LONDON, E.C.
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ENGLAND.
LONDON : I, QUEEN VICTORIA ST., EC.

Adaptable to all purposes where Motive Power is required.

See pages 439 to 448.

CATALOGUES AND PRICES ON APPLICATION.
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{ THaT By UsiNe Diastase
HE Saves 3/-
IN EAcH Sack OF FLour UskeD.

oreove Em"’ '

P
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9% 4""31‘"
H He f|=1

He makes a better keeping and a more digestible loaf.
c/ﬁu.s-— |
From a Thone ey point of view a[ane

a Bmker doing a We el(‘[_q er?ecf

20 Sacks £150 A Year.
90 Sacks SAVE £ 375 a YEar.

- IUO Sacks £ 750 A YeaR.

Ml partteulars fr'-e.e on applicatlon to

THE PATENT DiasTASE BREAD IMPROVEMENT (o L
mEET,V'a.}:.pn

%g;{»q.z,qﬁsﬂf‘lg #[IVERPOOL.
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(From SMITH'S PATENT HOVIS FLOUR,)

LARGER PROFITS AND LESS LABOUR THAN
FROM ANY OTHER FLOUR.

See Analyses and Report in this Book.

" CURE FOR INDIGESTION.

Those desirous of taking Agencies are advised to

write immediately to

& FTTTON & SOOI,

HOVIS MILLS, MACCLESFIELD.
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“ Tartaric,” Manchester. § | 1720, Corn Exchamge
i Jga PF oy Y = JI
Espedair,” Glasgow. f "IT Qv Manchester | 17500 " Pote Street.
T Qelr,” Dublin. ;'l'_'._-‘a t]' @lasgow — 4485,

A BC Code, 4th Edition. -5:: q,.x_,_ ) Dublin—G08.

THE MANCHESTER
CHEMICAL COMPANY

CORN EXCHANGE, FENNEL STREET,
MANOHESTER

ICING POWDER.

Substitute for Whites of Eggs-—Clear in Colour
—of Great Tenacity and Viscosity. For Piping
it will be found Much Superior and 75 p. cent
Cheaper than Eggs. Sample One Dozen 2-0z. Tins, 8-

BUN GLAZE.

This Preparation gives a Beautiful Glaze to
Cakes, Buns, &c. [In Tins, price 1/6 per Ib.

Extract from REPORT of Mr. WM. JAGO, F.C.8., F.1.C., &c.

“I have carvefully examined samples of the Icing Powder and Bun
Glaze, and find them to be perfectly free from any deleterious matter
whatever ; and lnt‘t'lr::.t‘wl from materials of the best 111:|ulit:r—-ht‘i;|:lg
readily prepared, and giving results which arve considered very satis
factory by expert workmen.”

MONTHLY PRICE LIST SENT FREE ON APPLICATION :

Giving latest Market Quotations in Bakers' and Confectioners’ Sundries.
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E 0 P HUNGARIAN FLOUR
# ® @ Erste Ofen Pesta:;t:::n Mills, Budapest.

THE LEADING MILL OF HUNGARY.

ANNUAL CAPACITY, 3,000,000 CENTALS.

Surpasses all others in Colour, Flavour, Strength, and Yield.

To be had of all the leading Millers, Factors, and Dealers in Town or Country.

ENAVANT YEAST

THE FINEST YEAST THE WORLD CAN PRODUCE.

TRADE

ON EVERY

Sole Consignees—

D. WILKIN & CO., LONDON, E.C.

ARE YOU LOOKING FOR

COTTON & LINEN BAGS ?

The best Printing and best Value in the Trade for Bakers and
Grocers who pack their own Flours, Sugars, &e.

W.H. FELTHAM, 87 Tooley St., London, E.C.

TELEGRAMS—'' UNBAGGED."
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THE NATIONAL

ASSOGIATION REVIEW.

The N. A. Review—the official organ of the National
Association of Master Bakers and Confectioners—
1s one of the

BEST MEDIUMS FOR ADVERTISING.

[t is sent, post free, to every member of the Associ-
ation once a month; and among its contributors are
the leading men 1n the trade.

The tariff 1s so arranged as to meet the requirements
of the different classes of advertisers.

All firms doing business with Bakers and Con-
feetioners of Great Britain and Ireland should be
represented in its pages.

FOR TERMS APPLY TO

A. W. LARST, Editor & Secretary,

23, BURLINGTON CHAMBERS,

BIRMINGHAM.

Subscription to the National Association, Half-a-Guinea.
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NATIONAL ASSOCIATION

agier Bakers B] Bonfectioners

GREAT BRITAIN AND IRELAND.

S ——
—

All interested in the welfare of the Baking and Confectionery
Industry should join this Association. No less than 200
members were added in 1894, For an

Annual Subseription of Half-a-Guinea,

every member is entitled to the following three of many
advantages :—

1. The official “ Review ” of the Association, published
post free to members every month.

2. A £500 Free Insurance Policy against Fatal Injury
by Train, Tram, or Bus.

3. To participate in the benefits of the National
Association Benevolent Fund.

General Objects of the Association.

FiThe general objects of the Association are to concentrate and bind together the
influence, experience and power of the members of the trade ; to protect its mem-
bers and the trade from vexatious restrictions and impositions ; to secure the
repeal of all laws that harass the trade; to establish a benevolent fund for dis-
tressed members ; to educate bakers and confectioners in the science and art of
their calling, by promoting lectures, competitive examinations, and other available
means ; generally to promote good fellowship ; to raise the status of the trade ; to
take all steps deemed advisable in the interests of bakers and confectioners ; and
o Imhliﬂ.h ta every member a :;||n'|:|1',h]}‘ ji mirnal entitled * The National Association
Review "

Secretary—A. W. LAST, 28, Burlington Chambers, Birmingham.
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Advises on Bakehouse Design and Construction,
Preparation of Plans for same, Selection and Installa-

tion of all Machinery and Ovens, Commercial Valuation
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employed by the Baker.

Mr. Jago may also be consulted on the Chemical
and general Scientific Aspects of New Inventions, and
the Wording of Patent Specifications where Chemical
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investigate (chemically or otherwise) and report on
all maters of legal dispute.
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Wi L L I A M J A GO,
CORNWALL HOUSE, 85, QUEEN VICTORIA STREET,
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PREFALE.

As indicated by the title, the subject matter of the present work is
essentially that of the Science and Art of Bread-making,  The mode of
treatment is deseribed in the opening paragraph of the introductory
chapter, but some further few words of explanation of its object may
appropriately be given here.

Among the classes to whom the hook appeals there are many whose
scientific library 1s somewhat scanty ; and still more to whom it is at
least a great convenience to have their scientific explanations self-
contained in the one treatise. In deference therefore to the representa-
tions of those best fitted to speak on behalf of the practical baker, the
work commences with a brief deseription of elementary chemistry and
physics in so far as they apply to bread-making.  For the same reason,
explanations of many other matters are written more fully than neces-
sary for scientitic readers, who it is hoped will not be inconvenienced hy
the presence of these details, which ave likely to prove of material
assistance to the baker-student.

In the more purely scientific section of the hook, the aim has been to
discuss fully and exhaustively all that has a bearing on Chemistry and
Fermentation in their application to Bread-making. No pains have been
spared to render the matter absolutely authentic, and to embody the
results of the most recent researches on these subjects.  Prominent
among such are the investizations of O'Sullivan, Brown, Heron, Morris,
and Moritz on the Carbohydrates.  The exhaustive researches of Oshorne
and Voorhees on the Proteids of Wheat are also included, as likewise are
those of Hansen and Jiorgensen on Fermentation and Yeast, The author
himself contributes the results of rvesearches on Diastase and Malt
Extracts generally in their relation to Bread-making.

As a subjeet of considerable interest to the miller, the physiology of
grain life, together with the chemical composition of wheat, flour, and
other milling products, is somewhat fully discussed.

A
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In the practical seetion of the work, the principles of modern bread.
In.'l]{ill,f_l;. tosether with their ;ll:l|r|ie:i-ltirh':| to the manufacture of ditferent
varieties of bread, are extensively deseribed. A very complete summary
of various contributions to the literature of Sour Bread is given, conclud-
ing with a description of recent investigations by the author. The
subject of Bakehouse Design is treated systematically, being illustrated
by a number of typical plans prepared by the author, and reproduced as
plates.  (The deseriptive matter of these is partly derived from a
lecture by the writer on Bakehouse Design, delivered some years ago
at the Heriot-Watt College, Edinburgh, and partly from some original
articles contributed by him to the British Baker and Confectioner, the
well-known standard wonthly trade journal.)  There follows a detailed
aceount of the nature and method of management of the motive power,
and various machines emploved in a bakery. It is hoped that these
chapters may be of special service to master-bakers, foremen, and others
having charge of bhakeries, and particularly modern machine plants and
Ovens.

The work also comprises a deseription of the methods of analytic,
baking and other tests on wheat, lour, yeast, and other materials
employed by the baker, The examination of flour is in particular
treated very fully ; ineluded in this section are tabulated rvesults of the
examination of large numbers of flours specially obtained for the pur-
pose of this work. It is hoped that these will be of value not only to
bakers as buyers of flour, but also to all millers and flour merchants,
who are interested in a record of the quality and character of typical
and standard flours.

I the In'vluur:u,l_inu of the present ]uluk, the anthor has been 'Ewim:u'il:.‘
cuided by the object of providing a work of service to every Baker and
Miller who wishes to know as much as possible about wheat, tlour, and
bread-making.  But he also hopes to have furnished information that
will be of value to Yeast Drewers and Manufacturers, Engineers,
Farmers, and others who are more or less directly connected with

milling and baking industries,

The writer alzo feels that his r-:.tlhji‘i.‘l rl]ll:l'iL]H :a'll'mlj_;i:f to members of
his own profession, and trusts that as a s-'.lu-l."iulimvtl work of reference on
the Chemistry and Analysis (commercial and otherwise) of flour, bread,
and yeast, the book will prove of service to Chemists.

He further ventures to express the opinion that to mewbers of the
Medical Profession genervally, all of whom are interested in food and
dietetics, and particularly to Medical Officers of Health, the work
should prove of value, To those who, as medical superintendents and
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officers of asylums, prisons, work-houses, hespitals, and other public
institutions, have the responsibility of secing that provision is made for
the healthy, efficient, and economical manufacture of hread, he believes
it will continually be of great assistance. The author can at least
¢laim that in writing the book, he has throughout studied to meet the
requirements and difliculties of those here indicated.

The writing a preface affords one the opportunity of thanking those
to whom he is indebted for help received in scientific work. It is with
great pleasure that the author in the first place acknowledzes the
kindly and eourteous reception given to his previous works on the sane
subject, by the whole Press, hoth technical and scientific.  Many of the
various suggestions and recommendations of his erities have borne froit
in the present hook, and in every case they have received the most
careful attention and consideration of the writer.

It is almost impossible to acknowledge the whole of the kindness
received from fellow seientists while engaged in work of this description.
The author wishes, however, to specially thank the following :—

Drs. Morris and Moritz, anthors of 4 Text Fook of the Science of
Brewing, and Messrs, Spon, publishers of the same, for having placed at
his disposal various Plates from that work which are reproduced as
Plates I1[., 1V., and V. of the present hook.

Dre. Alfred Jorgensen, Divector of the Laboratory of the Physiology
and Technology of Fermentation at Copenhagen, author of Micre-
organisms and Fermentation, and Mr, F. W, Lyons of Eastcheap
Buildings, E.C., publishers of the same, for the loan of blocks for
Figures 10, 11, 12, 14, and 15.

Dr. 8. H. Vines, author of LZecfures on the Physiology of Flants, for
the loan of block for Figure 40,

Among hooks to which the author wishes to express his special
acknowledgments are Morris and Moritz's Scence of Brewing, Jorgensen’s
Micro-organisms and Fermentation, and Halliburton's Chemical Phvsio-
logy and Pathology ; the previous existence of these works has materi-
ally lightened the author’s labours (always sufliciently heavy) in the
I]il‘l‘l:_'.'t'i.l]l't I'IE I'l"lljlil't.!_: q'l.]lll {_"I'}l]kI!:l['il]I[_‘r {H"i:_:i]"l.l |:I'|'|'.E'J"FFET'-'."Q -'l.rllf.l. I:ELIII'I.:‘;J II1"
also thanks Mr. Voller for having freely placed at his disposal the
subject matter of his excellent work on Modern Milling ; to this he is
indebted for the Dictionary of Wheat given on pages 2967,

To Mr. 8, A. Vasey, F.C.8,, the author is indebted for a number of
references in connexion with researches on the proteids.  His thanks
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are also due to his pupils, Messrs, W, Chitty, of Dover, and W. T.
Callard, of Torquay ; and also his assistants, Messrs. Stamp and Fuller,
for much help rendered in making the various analytic and baking
tests recorded in this book, and in the preparation of the drawings for
the various illustrations and plates.

In conclusion, the writer would say that no effort of his has been
spared to put the very best work of which he is capable into the pre-
sent treatise.  In this spirit he commends the book to the favourable
consideration of those classes of readers to whom it specially appeals.

WILLTAM JAGO.

Loxpox, E.C.,
Cornwall House, 35, Queen Vietoria Street,
and Bricurox,
May, 1805,
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THE SCIENCE AND ART

OF

BREAD-MAKING.

CHAPTER I
INTRODUCTORY.

1. General SGD}JE of Work. —The ohject of the present Work
is to deal, in the first place, with those branches of knowledge which
together constitute the scientific foundations of Bread-making as a
science in itself.  Paramount among these is

Chemistry.
With which is closely associated

Heat and its properties.

Fermentation and the Biology of Micro-organisms,

Vegetable Physiology in its relation to the Wheat Plant.

Microscopy.
Next, viewing Bread-making as an Art or Industry, the design of
Bakeries and adaptation of Machinery for various purposes is fully
discussed. Following on this is a description of the various processes
and operations involved in the Commercial Manufacture of Bread, to-
gether with an investigation of the many important practical problems
connected therewith,

The more purely analytical section of the Work includes detailed
directions for the commercial testing and valuation of Hour, yeast, and
other bread-making materials ; in addition to which there are also given
approved methods for the commercial and complete chemical analysis
of such substances. The results of a number of original chemical re-
searches are also l‘]lihl‘}[“['ll, and are here for the fivst time made publie.

It is not I_ll':}lmr-n-d to adhere to any very I'i;_{ill classification, but to so
arrange the subject matter as seems most likely to ineet the require
ments of the majority of readers,

2. Matter.—The Lodies with which we are surrounded present an
almost endless diversity of colour, appearance, and other characteristies,

]
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One property they however all possess in rcumluun. and that is the
property of zoeighr.  All bodies are attracted by the earth, and any
substance 1s mml to be heavy because of the resistance which it offers
to this earth-attraction or @mray itation.  Not fl-]ll_'_'. are solid hu-.iu*.«u, such
H B i'l'ﬂ” il“{]. “'H“fl, IIH.“'-H[‘HHtH[ Hf “‘l"igl]l. }Il“ =0 “]{l‘“'iﬁf_" e ]iiluifiﬁ* ﬂllffh
as water and oil, and also gases, such as, for example, common air, or
coal-gas, It is convenient to have one name for all bodies which possess
weight, and for this purpose, in English, the term Afatfer is employed.
Matter, then, is anything which possesses weight (i.e., is acted
on by gravitation), and exists in three distinct forms, namely,
as solids, liquids, and gases.

3. Force.—The detinition of matter just given would seem at first
sight sutliciently comprehensive to embrace everything of which we can
take cognisance, but vet a moment's reflection shows the existence of
other 1|:||I1-r~\ beside matter.  An illustration best demonstrates this fact—
A EI;],IH“]I'] head 15 known to consist of watter because it possesses
weight 3 but if with this hammer-head vou give a series of blows to a
small 1‘“"-‘ of nail-rod, you have given the nail-rod something which is
not matter,  The hammer-head is not lichter, nor is the nail- vod heavier
—=still the blows are something, as otherwise they could produce no
effect.  For one thing, the nail-rod will have been flattened and altered
11 Hlmim: fu]'i]lf-r, :m:l which is of far more ||H-.-1'1|1‘ III!IlHJ-t'[.l!]{ 5, it will
have become hot to the touch,  Again, to make use of another illustra-
tion, if a dry brick be carefully weighed and then made red hot in a
furnace, it will be found to weigh when hot precisely the same as it did
when cold.  Further, this briek, if allowed to become cold, i imparts heat
to surrounding objects, and nevertheless remains unaltered in weight.
Here, then, is something very definite which a body ean receive and
ALl _1i.'i|u-|l|1 and which is not matter, This something has, however, a
very direct relation to matter; in the first illustration the blows were
struck by the moving hammer-head, which consists of matter in motion.
The more .1]!1]'11 the moliull the more violent would be the |l|lww. i
fact the force of the hlow ||-_-p¢||{|~, both on the 1|u.llllll'n. of matter and
the l.qnuhl_ of its motion. A number of considerations lead to the
belief that the hot iron of the nail-rod and also the hot brick differ from
the same substances in the cold state, in that their component particles
are in a state of movement ; as these substances cool, the particles once
Imore enter illil: il l'lllll”lil]” I.ItII ["_'I]H}Ii'”'uli\-l' rest. r[‘l'li."i- Hllll'll,'thil]g I]l_".\.'l'l]ll]
matter is closely associated with motion, and is termed force. Fores
is defined as that which is capable of setting matter in motion,
or of altering the direction or velocity of matter already in
motion. The motion of bodies may be divided into two classes : there
is, first, that of the |umi‘a.' as a whole, as in the case of the ml.n.'ilt"' hammer-
head ; second, the internal movements of the 1:.1![11]1--«. of @ bml\, ns
when it becomes hot.,

ELEMEXTS OF HEAT.
4. Heat, its Nature and Effects.-— Among generally ohserved

fucts with l'l‘;.:?l!'fl Lis lu-:Ll, one of the first and most iltl]lu['[ﬂ,]l[. s that
it induces the sensation of warmth,  According to the character and
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degree of this sensation, a body is said to be cold, warm, or hot.  The
conditions which [un:hlw this sensation of warmth also cause other
well marked changes in the physical condition of substances. The
veneral effects of heat are to cause bodies as they get hot to expand in
volume ; further, solids are reduced to the liguid state ; and, with still
further increments of heat, liguids are converted into zases. The
opposite  series of changes occur as heat is abstracted from bodies.
From the explanation of Force given in the preceding paragraph, it
will be understood that these changes are not accompanied by any
addition or diminution of weight.  On the contrary, Heat is viewed
as a form of Force, and is regarded as a mode or variety of
internal motion of the particles of bodiesthe hotter they
are, the more violent and energetic is this motion.

5. Measurement of Heat: Temparature.—The earliest and
11050 ;l:'l'l‘.";ﬁill‘.l.f" measure Lo l:ll"! =I.Il|l|i['li Lis lll'ilt EH t!l-ﬂ.t llf t}lf' Hl‘]l..“:ﬂ.li.{]]]
of warmth before referred to, and according to whether a body to the
touch is hot or cold, it is said to be of high or low temperature.
1'v1u}|(-t‘.-ltur:- i5, in fact, the measure of what is popularly termed

* how hot a huth 15 : "7 1t will be seen on consideration that this 1iv]u=nfth
on the power the body has of imparting heat to another body.  Thus,
if when the hand is thrust into water, the water is able to yield heat
to the hand, it is said to be * hot,” while if it robs the hand of heat it
is said to be “ cold.” The measure of this power is termed temperiature,
and 1s more exactly embodied in the following definition :— The
temperature of a body is a measure of the intensity of its
heat, and is further defined as the thermal state of a body
considered with reference to its power of communicating
heat to other bodies.

6, The Thermometer — For scientific, and also for most technical
purposes, the sensations are not sutliciently accurate methods of
Jll{'FLﬁlll'itl;{ tf'lll.!u-l'n,lm'l‘; .uuulilllrr'h [i*'lllllllullut"f" 15 lhtlfﬂh Ilw.l'utll't'{f
1.:_1' certain of the effects which heant |:Iu:|m_l_:~.. the most convenient for
this purpose is the expansion of liquids with an elevation of temperature,
For the general purposes of temperature measurement, the metal
J'IJl'I'l:III‘:..‘ ]‘-; l_]l[' most convement substance, T]Iih‘ Ii[:|'llit|., enclosed 1noa
suitable vessel, constitutes the temperature-measuring instrument termed
A thermometer.  In constructing a thermometer, a bulb is Bown at
one end of a H‘i ass tube of VErY Harrow bore : the bulbh and tube are
next filled mth carefully punhn! mereury : this is boiled, and thus all
air and moisture are driven out of the tube; the open end is then
hermetically sealed by fusing the glass itself, At this stage the hulb
and a portion of the tube are filled with mereury, the remainder of the
tube being a vacuum, save for the presence of a minute quantity of
MErcury vapour. in ||1=.-|_tinlz_f the bulb of this instrument, the mercury
"-\']JELIH]# and rses considerably in the stem. r|'h|'nl|;4||u|l| any }u:fi_\.f, 0
series of bodies in contact ‘..\."1.'I,i| each l:l_]‘l!"h heat has o II'IHI{‘!H‘:{ Lo S0
distribute itself that the whole series shall be at the same temperature ;
COnseque |1{]_'¢, |I: the thermometer | ll] tH'PI in contact with t!u'- ir[:ul}l'
'Hhi.l'-ﬂ l_+uukw|:.|_t|||q- it 1% 4|_5r'-.:||lli fo 1neisunre, i IE'!llL\tIIlilHIHII llf hieat
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occurs, until the two are at the same temperature.  That is to say, if
the body he the hotter, it yields heat to the thermometer ; and if it bhe
colder, it receives heat from the thermometer, until the temperature of
both 18 the same. The two being in eflicient contact, this stave is
indicated by the mercury becoming stationary in the thermometer.
Now, the volume of mercury is constant for any one temperature ;
therefore, to register temperature, it is only necessary to have further a
t-.l_.lh- or series ::-f craduations, attached to the stem of the instrument,

by w Im.h the temperature may always he read.

7. Thermometric Scales.- Suliject to certain precautions, the
temperatures of melting ice and of steam in contact with boiling water
HN ﬂ,'!ltl!‘ititllt. II-I..‘I'l.{f' IH"i:{I'I:t al 'i‘l-‘}l{["h thf" ]"l"l't"l_ll'}‘ Ht:l,.”{].ﬁ 11{1""”. il“]lll"!'!‘if"ll
in each of these is marked on most thermometers ; for the registration
of other temperatures some system of graduation must be deviser.
The one most commonly :-mlalnwtl in this country is that of Fahrenheit,
while for scientitic purposes that of Celsius, or the Centigrade Scale, 1=
almost universally adopted.  Fahrenheit divided the distance between
the melting and boiling points of his thermometer into 180 degrees ;
degrees of the same value were also set off on either side of these limits.
At 32 degrees below the melting point he fixed an arbitrary zero of
temperature, from which he reckoned.  On his thermometrie scale, the
melting point is 327, while the boiling point is 32 + 180 = 212", Degrees
below the zero are reckoned as— (minus) degrees, thus — 8 means S
decrees below zero, or 40 degrees below the melting point ; degrees
above 212 simply reckon upwands, 213, 214" F., &e.

The Centigrade Seale is much simpler, the welting point is taken as
0° or zero, and the hoiling point as 1007, temperatures below the
melting point are reckoned as —degrees,

The conversion from one to the other of the Centigrade and Fahren-
heit Scales may be easily performed.

180 Fahrenheit degrees = 100 Centigrade degrees.
0 sy . = 3’ . -
| - degree = - degree.
i - 1
- [E L] b LR LRl

There is this important difference hetween the two seales —Centigrade
degrees count from the melting point, while Fahrenheit degrees are
reckoned from 32 helow the melting point.

30° C. = 30 x % = 54 Fahrenheit degrees,
Therefore 30° C. are equivalent to 54 Fahrenheit degrees above the
melting }:nim but as the melting point is 32, that number must be
added on to 54 ; the t temperature Fahrenheit “1“-'] to 307 C, 1s 86, H‘.‘

the reverse u]n ation, Fahrenheit degrees are converted into 11f~-r|u=-c.
Clent I;;r:ulq-_ The fnllnu. ing formula |='|r:1-:-1~:||1 the two npumtlnnh '
{1.}(” . {.lf' - '}x'l :
+ 1 i : =L,
5 )
The following table gives the equivalent readings on the two thermo
metrie seales for some of the most i,|||1|nl'l4lllt temperatures :
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-40° C. = -40" F. 70° C. = 158°F.
= 1Ty = G S 5 ., = 167 .,
B o=t B2 B0 . = 176 .
I8 o= M 85 ., = 185 ,
155 .. = 80 90 ,, = 194
20, = 63 . 9% ,, = 203 ,
g1 ., = T ., 100 , = 3212 ,,
':_T.'"I 0 = TT W 1:}”' a¥ =t :hl'_! 3%
266, = 80 200 ,, = 392
ol o o= Bl o 23T - = 4N
3 o= 9E 250 . = 482 .
0 , = 104 260 ,, = 500 ,,
a0 = bl IRTT ,, = HdO ,,
Bl g = EEF . 30 ,, = 672
98 4 o= 131 3166-,, = 600 ,,
B . = 149 . 350 ,, = 662
65 149 . ’ 100 — 753

" Lk

8. Qu&ntltjf of Heat.— Temperature is not a measure of quantity
of heat, for a thermometer would indicate the same temperature both
in a vessel containing a pint, and one containing a gallon of boiling
water, although it is evident that one must contain eight times as much
Leat as the other ; further, to raise the gallon of water to the boiling
point, eight times the amount of heat necesary to similarly raise the
pint is required. This leads to the mode of measuring and registering
guantify of heat. Quantity of heat is measured by the amount
necessary to raise a certain weight of some body from one tc
another fixed temperature. The amount of heat necessary to
raise 1 gram of water from 0 to 1 C. is termed a Unit of Heat.
From this it follows that to Irli'-.P 2 grams of water from 0" to 17 C,
will require 2 Units of heat, or 2 H.U. Between the freezing and the
boiling points, appreoximately the same amount of heat is necessary to
raise 1 gram of water through any 1 degree of temperature, so that to
raise 1 gram through 2 degrees will require approximately 2 H .U, For
Ilhl.l..lli_ul”j all purposes, i iy he taken that the '|.H=|L*||I‘ of water in
grams x degrees of temperature through which it must e raised = the
number of H.U. required.

9. Specific Heat.- The quantity of heat necessary to raise the
same weight of different substances through 1 degree of temperature
varies very considerably, The quantity of heat necessary to raise
1 gram of any substance through 1 degree of temperature is
termed its Specific Heat. From this definition it follows that the
specific heat of water at 0° C. is 1:00, or unity. The following table
wives the H]hl,"l‘“ii_‘ heat of various substances :

=nbstance, Specifie Heat,
Water, - . - - 1 -CO000
Alecohol, 2 . - 0-G 1500
(i lnss, . - - - O- 19768
[ron, - . . . 0-11379
Copper, - . . 000301

Mercury, - - G-0A332
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If equal weights of water at ditfferent temperatures are mixed together
the result is a mixture having a temperature the mean of the two: thus
a wallon of water at 207 C. mixed with a vallon at H0° C. will g:i'nthtm-
a mixture at the temperature of 357 C, Dut if m|'lt:1,t weights of two
substances of different specitic heats be thus mixed, the temperature
of the mixture of the two will not be a mean of those of the substances
but will be nearer that of the substance having the higher specitic heat.
The most illllhll‘“ll‘tt mixture with which the baker has to do is that of
Hour with water, as the temperature of the resultant dough is a matter
of vital concern to him. The results are eomplicated by the presence
of other ingredients, as salt and veast, mnd also in practice by loss of
heat through absorption by the surroundings of the dough, and heat
cenerated ]n. chemieal action ANON Y the ingredients.  The following are
tlu* results of lalwons Lh:n ex e riments made h'l, I1|1'~..'mlr ln"‘{-thvt flour
and water only, and L.ll("l’ll”‘f taking the te |1|1wr.ttun-~; but not allowi g

for loss uf heat abz=orbed 1n containing vessels :
Epecific Heat.

H00 wrams of Hour at 67 . — -

- = s . l: il [ = ".- .
500) . wnter at 145° T = 1000 at 113" F 0-53
500 flour at 67" F. | ; 5 ¥a :

= 3 5 = ) oat 9. 1 042
D - water at 104 [' | 1000 at 93° 1 _[

00 - flour at 67 ol T \(heke 3

U0 P witer at Hii' . | s OB RS Wl

The specitic heats arve ealeulated from the above experiments in the
following manner:—in the first experiment, 500 grams of water have
fallen from 145° to 118° that is 277, during which they must have
afforded 500 x 27 = 13,500 H.U. At the same time 500 crams of flour
have been raised from 677 to 1187, that is through 517, which is equal
to H00 x 51 = 25,500 grams through 17, and to do this 13,500 H.U. have
been utilised ; then to raise | cvam through 17 there has heen taken

9009 _ 053 H.U.

25,500
therefore 033 is the specitic heat of fHour as derived from this experi-
ment.

A number of observations have also been made on the temperatures
of mixtures made in the bakehouse on the Large scale for manufacturing
purposes,  The doughs were machine-mixed, and no allowanece is made
for the salt and compressed yeast, quantities of which were the same in
all eases, The quantities, temperatures, and caleulated specitic heats
are given in the following table : —

WATEIN. FLOU IR, DOUGTL. FLOUR,
uarts.  Llbz,  Temp Llis, Tenmge Temjp. h“:::h
a3 1325 95 200 530 190 039
5l 1275 90 205 5040 710 0350
51 1276 90 205 500 10 (30
Al 1525 I8 205 530 700 045
53 l.i_h.': 89 205 530 LRV 036
a3 1325 8 200 930 LRy 036
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The whole of these ficures, it must be remembered, are those obtained
in experiments made under conditions such as hold in the bakehouse,
and represent rather the result of actual working, than theoretic specific
heats with all disturbing eauses eliminated,  In the ease of the mixtures
made at the higher temperatures, there is naturally a greater loss of
heat, and this causes an inerease in the corresponding apparent specitic
heats, In consequence of this, the No. 1 I-..:l‘]HI':l[i:]':\‘ I':."{llf'l‘i]lli'llt .;:'Erq-::.
a remarkably high figure ; but the whole of the others lie fairly closely
tozether. Comparing those above given with a large number of observa-
tions on the In.'lrluf;l,l'.lut*ill;_{ seale since made, i:l':Ll't'lt'.'lH:u.' all the tht'l'ilil‘
heat results rance between 0236 and 0-45, with a mean of 0-40, to which
the majority approach most elosely. Taking 0-40 as the working
specific heat of flour, 1 unit by weight of water in falling through 1°
raises 2°0 units h_'..' u'l’i_l_l:]lt Qf flour t|1l'nl.l_l_-;l| the same inerement of
temperature

10. Sources of Heat.— Directly or indirectly all available terres-
trial heat is practically derived from the sun: its immediate source,
however, for manufacturing operations is the combustion of different
kinds of fuel ; these give out different amounts of heat according to
their composition.  The following table gives the number of heat units
evolved by the combination of one gram of each substance in oxygen :—

HEAT DEVELOPED DURING COMBINATION.

=ubstance, Formmla. Henat Unitz.
“J'lll'u;_-j*ll, - - “', o4, 462
Carbon, - " . Q =.0=0
Carbon Monoxide, - CO 2,634
Marsh Gas, ’ B CH, 13.063
Olefiant Gas, - - C,H, 11,942
Aleohol, - - - C.H,HO 6,909
Welsh Coal, - - - - about 2,241
Neweastle Coal, - - -, 8230
Derbyshire Coal, - . g5 Tghl
Coke, - - - - -, 1,000
Wood (dried in air), - - = S0l

11. Expansion by Heat.— It has already been mentioned that
in most cases bodies expand under the influence of heat. Solids expand
the least, and at a definite rate for each particular solid : liquids have
a higher rate of expansion, each still having its own special rate ; while
gases [':-.‘.[::uul at a far ||igh|-r rate than either Iiliuiliﬂ. or solids,  The
following table gives what are termed the

COEFFICIENTS OF LINEAR ExPANstoxs Fonr 17 perweey 07 axp 1007 C,

Glass, - 0000008613 ! Brass, U-HUUL_JIHTHE
Platinum, 0-000008542 Lead, 0-000028575
Iron, - 0000012204 Zine, 0000029417

These figures mean that each of these substances expands at the rate
expressed by its own coeflicient : thus 1 foot of glass at 07 C. becomes
1000008613 foot long at 1° (., and so for each degree vise in tempera
ture.  When o I:u:l:r s hm;_h-;l‘ its whole three dimensions of course
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inerease, and the coeflicients of cubical expansion of solids may be taken
as three times their coeflicients of linear i':{[l;l]lﬂi(]ll,

The apparent expansion of liquids is not so great as the real, hecause
the vessels in which they are contained also expand. The following
table gives the

TOTAL APPARENT EXPANSIONS OF LIQUIDS BETWEEN 0° axp 100° C,

Mercury, . 0:01543 | Fixed Oils, 0-08
o |
Distilled Water, 0-0466 ; Aleohol,  0-116
The coeflicient of .Lpp.uwu expansion for 17 C. is obtained by dividing
these numbers by 100, thus that for mercury is 0-0001545.  Mercury
expands at a practically constant rate from - 36° to 1007 C.; water,
however, contracts in rising from 0° to 47, and then expands from 4 to

100° C.

12. Expansion and Contraction of Gases.—There are cer-
tain reasons which lead us to suppose that at a temperature of - 273° C.
bodies would be entirely devoid of heat. This point - 273" C. is
therefore often termed the abseclute zero of temperature; and
temperature reckoned therefrom is termed * absclute tempera-
ture.” The absolute temperature of a body is its temperature in
degrees C.+273.  All gases expand with increase, and contract with
diminution, of temperature. The amount of expansion and contraction
is the same for all gases between the same limits of temperature, pro-
vided the temperature is considerably higher than that at which they
condense to liguids, The volume of all gases is dlrectly propor-
tional to their absolute temperature. Decause of this variation
with temperature it is necessary to fix a temperature which
shall be considered as a standard in expressing the volume of
gas: 0 C. is commonly adopted for this purpose.

Knowing the volume of a gas at any one temperature, its volume at
any other may be easily caleulated ; thus, a vessel was fouud to contain
750 e.c. of air at 157 C, ; it is vequired to find its volume at the standard
temperature,

15° C. +273 = 288" Absolute Temperature,
0°C.+273 273" o
As 288 : 273 :: 750 : V1l c.c. of gas at standard temperature.

13. Relation of Pressure and Volume of Gases.—It is
convenient here to note that the volume of a gas is also aftected by
the pressure to which it is subjected : this variation is governed by
what is ealled Boyle and Marriotte’s Law—The volume of any gas
is inversely proportional to the pressure to which it is sub-
jected. The most important varviations of pressure to which gases
are liable are those resulting from the changes in pressure of the
dtll:lw-llhi re. The hei --fhi of the mercury column of the harometer 1s o
direct measure of the pressure of l]u' .I.quh[:hv:li' therefore  that
pressure is commonly expressed in the number of millimetres (m.an.)
which that eolumn is high. For purposes of comparison it is also
necessary to reduce all pressures to one standard; that se-
lected is an atmospheric pressure which causes the barometer
to stand at 760 millimetres.
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The temperature and pressure quoted as standards for gas measure-
ment, 07 C. and 760 m.m. are often termed normal temperature and
pressure; for this expression the abbreviation, “ N. T, P.” is frequently
used.

14. Tra.uﬂmiﬂsiﬂn of Heat.— It is well known that when one
part of a body or piace is heated, the other parts also become hot more
or less quickly.  Some explanation of how such transmission is effected
must now be gziven. There are three methods by which heat can
be transmitted from one point to another, which are termed
respectively Convection, Conduction, and Radiation.

15. Convection. — As the word convection implies, a place or mass
is heated by the heated matter being conpered from one place to another,
This kind of heating can only oceur in liquids or gases where the
particles of matter can move flf'vlj. One of the best illustrations of
convection is the heating of an ordinary vessel of water by the placing
of a fire underneath ; the layver of water at the bottom first zets hot,
and uquuvnth l'kIhlh{Iﬁ and becomes of lower spec ific gravity, Asa
result of being lichter, it therefore rises to the surface, and its place is
taken by other water which is colder and denser. This in its turn is
heated and rises ; continuous currents of warm water ascend through
the liquid, and colder water descends to take its place. In this way
the whole mass is graduvally made hot. The heating of the water in a
supply eistern on the top of a building by eurrents through flow and
return pipes from a small boiler in the basement is due to convection,
So, too, the ventilation of a huilding is naturally caused in the same
Wiy ——}IE'.ll{'[l air ascends and m: I.L{h-. its wi ay I_iuuulrh exits at the
highest point, while cold air enters through the joints of doors and
windows or apertures specially provided for the purpose. It will be
seen that convection is a mode of distributing heat through a
mass of either liguid or gas by means of moving currents,
such currents being usually produced by differences in density
due to expansion caused by the source of heat itself.

16. Conduction — Instances are well known in which the applica-
tion of heat to any one I]{'!illt. of 2 solid eauses the whole mass to become
hot. Thus, if the end of a bar of iron be placed in the fire, the other
end gradually inereases in temperature.  This cannot be due to con-
vection, but is due to the heating effect which the hot P articles of the
body have on the contiguous particles.  In these cases the heat is said
to be transmitted by conduction. Conduction is that method of
transmitting heat in which the heat passes from the hotter
particles of a body to the colder ones lying in contact with
them, and so throughout the whole body.

There are wide diflerences in the power of Lnll:lll{*hh*-’ heat I|I‘~|Fl-l‘-l ul
]ﬂ various substances @ thus, if o bar of copper be heated in the same
way as suggested for the iron, the further end hecomes hot far more
I-L|ucI|} If, instead, a rod of glass or porcelain be heated, the outer
end gets hot only with extreme u]nu.m ws, 1t must therefore he remem-
bered that some substances conduct heat much more rapidly
than others. The metals as a elass are good conductors, although
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there are great differences between them.  Poreelain, tiles, vlass, and
earthy substances are 'H*!H’i:!”".. had conduetors, =0 also are most bodies
of animal or vesetable origin, as, for (:\LrLII'I’iII'T felt, wool, and wood.
Water is a bad Illllllm.tnt. and so are the DASES, Aris one of the worst
heat conductors known, eonsequently porous masses, as slag wool and
tossil earth, conduet very ]::LJ”'I, Tt 1:.1]1 from thelr own non urn:ltultnﬂ‘
power, but hecause of lll!' air tftunnrl in their interstices, Owing to
their very slight conducting properties, wool, glass, bricks, and similar
bodies are frequently termed non conductors.  The following table sives
the comparative conducting power of a few substances, silver being
taken as 100,
COMPARATIVE POWERS OF COXDUCTIVITY.

Silver, 100
L"np]wl‘. ML
Iron, 10
Lead, b
Marbla .. ... about 2
Porcelain, . 1
Brick Earth, 1

17 Ra,dia.t,it:r]]_—lt lhias lbeen illT'i":H-[_"l.‘ {*.\i'll:li!ll'li th:_1t when 2
substance is hot, its 'Il'rl'!"[il,'ll'.'-{ are in a state of motion : under eireum
stances in which transmission of heat hy convection and conduetion is
impossible, one hody may vet be heated by another. The explanation
now generally ace :-]-tvd is, that all space is pe I‘IIH'dIl’ii by a highly elastic
lll]llrl]!l’ll‘l:tl:lll' bady to which the name of eber has Lieen given, which
18 -.5.-111:111-]1,* of '|n=i1|;_f sot in lliltIlll:l!lrt'}' motion ]r_\' FlliI]t'ﬂil!‘[iltl‘ :1_1_{it.'lti:‘m.
The violently moving particles of a hot body in the act of vibration
strike agzainst this ether, setting up in it a series of waves,  These
waves spread in all divections, and on impinging against a cold body,
cause its !1:11'1‘&".{-:-: alse to assume a state of vibration—that 1s, TIlt':L'
make the substance hot. In this way heat passes from one body
to the other, not, however, as hot matter, but as a peculiar
wave-like motion in the substance called ether. This is known
as ‘‘ Radiation” of Heat, and is independent of the temperature
of the medium through which radiation oeceurs.

Radiation oceurs in straight lines in all divections from the body
which is :-vnh'ing heat, and follows the same general laws of reflection
as those which govern light. At the same temperature ditfferent bodies
radiate heat at difierent rates.  The vate of radiation is atfected both
}n_ﬁ.' the nature of the radiating material and also the condition of its
"'\u]'r-l{'{" “'Ell 1.1“":‘ ]"H“”]:'I o ‘-'uII'IlF“IIl I:I.i"'l I‘l.'lll'il[."'hlll‘!i hlll'fill'{'l‘i r“.l“itt"
Il“q.‘g ]51]}1([1\ I_I'I;i.!l l.llll‘ﬂl." 1‘-]]11,,“ L Illtl'-*l]t‘]ll'll I}l"il]“’ IIh'lilltrIilllj[.I. -lt t].lt"
same temperature, the following table gives the comparative radiating
power of different bodies :—

COMPARATIVE POWER OF RADIATION,

Lamphlack (Soot), ... 100
White Lead, 100
Tarnished Lead, 45
Polished Tron, 15
Burnished Silver, 25
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When hot, surfaces of elay and brick are good radiators of heat, so also
are those of flannel and other like substances.

In order that hodies may he heated by radiant heat, it is necessary
that they possess the power of absorbing such heat—like radiation.
this power of absorption also varies with different hodies,  Those whicl,
are good radiators of heat are good absorbents, and practieally the talle
showing power of radiation equally applies to power of absorption.

18. Mechanical Equivalent of Heat — It has already heen
stated that heat is produced when mechanical work is absorhed by
friction or percussion, as when nail-rod is heated by repeated blows of
the hammer. Careful measurements have shown that the work donse
by 1 1b. falling through 772 feet ior 772 ft.-1bs.), is capable of
raising the temperature of 1 1b. of water 1° F. : this amount is
therefore termed the Mechanical Equivalent of Heat. From
this the value in degrees Centigrade is easily ealeulated, being 3 of
112=1390 ft.-1bs. of work to raise 1 1. of water through 1° Centigrade.

INTRODUCTORY CHEMICAL PRINCIPLES.

19. Definition of Chemistry.—Chemistry has well heen defined
as that secience which treats of the LU-HI'IILJ-'-»EIilII] of matter, of L'II-'I.IIEIJH;
produced therein by certain natural forces, and of the action and
reaction of different kinds of matter on each other. It follows that the
Chemistry of Wheat, Flour, and Bread may be defilned as that
branch of the acience which treats of the composition of these
bodies, of the changes they undergo when subjected to the
action of certain natural forces, and of the action and reaction
of these and other kinds of matter on each other.

20. Introductory Study pecessary.—An elementary cours:
of study of the general principles of chemstry must ]mu-fiv that of
any 'I}.uluu]u braneh of the applied science.  Such a course should
include the preparation and properties of the commoner elements and
their mmpnumla the panm]m!n--. of qualitative analysis, and the simpler
].ul“-‘-n- 'Il'H'\.t"I TII:H"' ll]l"]TIlL",ll aet IH'II 1”"] {'”I]I}H“F'lllll” Elll !I”"'\'u Il"'['lﬂ"-l
L ] ago’s Elementary Chemistry, ‘Theorvetical and Practical,” publishe:l
w Messrs. Longmans & Co., may he employed.  For convenience of
Il'fi wrence, 4 short 11t*~.11i|rlin|] ’lrrHin‘m of the most iﬂl}H wtant chemieal
laws, and also of such elements and compounds as are closely conneeted
with the che t|||:-.l"r_‘:. of wheat, flour, and bread. This |h1|1*i’ iecount
must not, ]|uwp\'m*r Lie ;l_r_-:-g-ph-rl ns i HIIIIHT,'EIII[P for a Hl\.'HTE'IIl.l“{ GO s
of study of elementary chemistry.

21. Indestructibility of Matter Chemical changes are often

accompanied by very great alterations in the appearance and properties
of the hodies nnnhv{l fir |=\.1]|||hh- when a candle is burned it almost
lllTIlt*I',' {]L-.fl,|rin HLIS, hut u,HI]uI_Ilrh it no |n|:|“'1"1 remins in the solid state,
all its constituents exist as gcases, and tlww weizh exactly the sune
as did the candle, p..-’n-. the oxygen of the air with wht ch they have
combined. Matter is indestructible, and, consequently, the same
weight of material remains after any and every chemical change
a8 there was bafore its commencement.
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22 Preliminary Definitions.- It is important that at the out-
=2t aceurate and concise ideas are gained of the meaning of varions
chemical termns. -'\.l[]lnll"il Mmatber assunes so many v diversified forms,

vet all bodies, on being subjected to chemieal 1l,1|r1,i1,-.|l~., are found to
consist of one or more o a class of between sixty and seventy substanees,
which are termed * elements.”

An Blement is a substance which has never been separatsd
into two or more dissimilar substances.

While the letters of the alphabet are few, the number of words which
can be formed from them is practically infinite ; so, in a somewhat
similar fashion, from the comparatively small number of elements
which constitute the * alphabet” of 'L,]I{"ll'll"itl\ there may be built up
an immense number of chemieal compounds.

A compound is a body produced by the union of two or more
elements in definite proportions, and, consequently, is a sub-
stance which can be separated into two or more dissimilar
bodies. Compounds ditfer in appearance and characteristies from their
constituent elements.

The term *‘Mixture” is applied to a substance produced by
the mere blending of two or more bodies, elements or com-
pounds, in any proportion, without union. Each component of
amixture still retaing its own properties, and separation may he effected
by mechanical means,

23. List of Elements.—The following is a list of some of the more
important elements, together ullh their symbols and other particulars:;

Combining or Atomicity or
N ane. syl Atowmic Weight, Guiantivalence.
Ol New,
Aluminium, . Al 27 273 v
Barvium, - - - Ba 137 1368 1
Bonox, . - I 11 11-0 111
Brovmixe, - : - Br =0 79-7TH i
Caleium, - . - Ca 40 399 11
Cakpox, - . - L 12 11 97 v
CHLORINE, . - 'l 355 35:37 1
Chromium, - - Cr D2h 524 Vi
{1H]I|I!'|' fl','l.t!u*l,lm]., = a ha SRR i
FLUORINE, - L - I 19 161 1
Hyprocex, : - H | | () 1
lomiNE, - - - I 12% 126:53 I
Ivon ( Ferrum), - . Fes o 359 Vi
Lead ( Plumbom), Ph 2006 206 4 v
Macnesium, - - Mg 24 23:94 1
Manzianese, . : Mn 55 53 M Vi
Mercury (Hydrargyrom), Hg 200 19408 I
N ITROGEN, . : N 14 1401 v
(XYGEN, . : 0 16 159G I
Punosenionus, - P 31 30-96 v
Platinum, - : - It 197 1967 v

" = a0 k.
Potassium, - . Is 51 S04 I
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) Combining or Atomieity or
MName, Symibol, Atomic Weight Quantivalence,
E “Iil '\l,'l.'u'_
Silver ( Avgentum), - Agr 10= 10766 1
SILIcOox, - - - il 28 280 v
Sodium { Natrium), - Na 23 2999 I
SULPHUR, - - = 33 31-98 Vi
Tin (Stannum), - - =n 118 1178 v
Zine, : - - Zn G5 G40 1

24. Metals and Metalloids.- - The elements are divided into two
aroups, termed respectively © Metals,” and “ Metalloids " or non-metals,
The non-metals arve distinguished in the foregoing table by being []IlIItHE
in small eapitals.  The line of division between the two classes is not
very marked, the one group gradually merging into the other, The
metals, as a class, are opaque bodies, having a peculiar lustre known as
metallic ; they are usually good conductors of heat and electricity.
Two of the elements, mercury and bromine, are liquid at ordinary tem
peratures, while hydrogen, oxygen, nitrogen, and chlorine are gaseous.

25. Symbols and Formulae.-The symhols are ablireviations of
the names of the elements, and, where practicable, consist of the first
letter of the Latin names. When two or more elements have names
commeneing with the same letter, it becomes necessary to distinguish
them from each other by restricting the initial letter to the most im-
portant element, and selecting two letters as the symbol of each of the
others,  Thus, carbon and Llll{::llnt each commence with **C,” that
letter is chosen as the symbol of carbon, while that of ehlorine is CL

As all compound bodies consist of elements united together, they may
be conveniently expressed symbolically by placing side h} side the
symbols of the constituent elements: the symbol of a compound is
termed 1ts formula. Thus, common salt consists of chlorine and
sodinm ; its formula is accordingly written, NaCl.

26. Further uses of Symbols and Formulae: law of
chemical combination by weight.—Simply as abbreviations of
the full names, symbols and formulie are of great service ; this, however,
is but a small part of their signiticanee and value to the chemist.  Their
further use may best be ("\]1-LI.HII'II by reference to certain information
cained by exper tment, to which eareful attention is reguested. On
analysis, it is found that 36-5 ounces of the substance known as hydro-
¢ ||]u| i acid consist of 1 ounce of |:_1..=||ngl-|1, combined with 355 ounces
of chlorine ; also, that in 585 ounces of conunon salt there are 300
ounces of chlorine to 23 of sodium.  Taking water as another instance
of a hydrogen compound, analysis shows that its composition may be
expressed by the statement, that 18 ounces of water consist of 2 ounces
of ]!\!lILal'E'!I combined with 16 ounces of oxygen.  In the table given
oI page 12 't|!u sPE 185 1 u;lumu,_ l|!ll".ll'|l‘{1 e ,»{}'IIII]II!III'I"'I'H "-.hﬂrl]'{' “'vi_:_':hl
on referving to this it will be found that the numbers 11]I|lirr-'-ih‘ 111"-'i|l'l'_5-'.'t'tl1
chlorine, sodium, and oxygen, are, respectively, 1, 35:5, 235, and 16, being
(with one exception) identical with those that have just been given as
the numbers obtained by analysis of the compounils under wtm:ft'l-ttllrll

It is possible to assign to every element a number, which
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number, or its multiple, shall represent the proportionate
quantity by waight of that element which enters into any
chemical compound. These numbers are tsrmed the * Com-
bining or Atomic Weights " of the elements, and are deduced
from results obtained on actual analysis. In addition to its use
as an abbreviated title of any element, the symbol represants the
quantity of the element indicated by its combining weight:
where I]Hlltiph*.‘i of that :;U:Hﬂil_‘r ex1st iu it rnul]:nl.ll'uL the faneet 1S ex-
pressed by placing a small figure after the symbol and slightly helow
the line.  In the table of elements there are two columns of combining
welzhts given, headed respectively “Old” and “ New ;" the second
column cives those obtained by Stas as a result of recent researches.
For most purposes the weights given in the first column are sufficiently
aecurate,

As previously stated, the formula of sodium chloride 1s NaCl, and it
contains 23 of sodiuwm to 355 of ehlorine.  The formula of hydrochlorie
actd is HCIL, and 1t contains 1 of ll‘\'t]i'il;{i‘n to 3a3'a parts of chlorine.
Water consists of 2 parts of hydrogen to 16 of oxygen ; the fact that it
contains twice the combining weizht of hydrogen is expressed by writing
the formula, H,0)  Agoain, ammonia contains 3 parts bv weizht of
hvdrogen to 14 parts of nitrogen, consequently it has the formula, NH, :
the substance commonly termed carbonie acid gas consists of 32 parts,
or twice the combining weight, of oxveen to 12 by weight of carbon, the
formula is consequently CO,. The quantity of an element repre-
sented by its combining weight is termed '‘one combining
pvroportion” of that element.

27. Constitutional Formula. —In addition to simply showing
the number of atoms of each element present, formule are frm!lll-lltl}'
so written as to show the probalile constitution of the molecule ; such
formula are termed “ Constitutional Formule”

28. Chemical Equations — Chemical changes are most con-
veniently expressed by what arve termed “chemical equations:” these
consist of the symbols and formula of the bodies participating, placed
Lefore the sign =, while those of the resultant hodies follow,  As an
mstance it may be mentioned that, when a solution of potassinum iodide
is added to one of mereury chloride, potassiuin chlovide and wmercury
iodide are produced.  The equation representing this chemical action
is written thus :—

2l g - HCl, = 2K Cl - Hl..
Potazsinm Todide, Mercury Chiloride, Protassinm Chloride, Moereney Todide,
Having access to a table of combining weights, the chemist learns

from this equation that two parts of potassium iodide, each vnnl.‘uiui_n;_:
one combining proportion of potassium weighing 3%, and one of iodine
weighing 127, together with one part of mercury chloride, containing
ane combining proportion of mwercury weighing 200, and two of chlorine
each weighing 35:5 5 together yield or produce two parts of potassium
chlovide, each consisting of one combining proportion of potassium
weighing 39, and one of chlovine weighing 355 5 and one part of mer-
cury iodide, containing one combining proportion of mercury weighing
200, and two combining proportions of iodine each weighing 127, As
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no chemieal change affects the weight of matter, the weight of the
quantity of a compound, represented by its formula, must be the sum
of that of the constituent elements: so, too, the weight of the hodies
resulting from a chemical change must be the same as that of the bhodies
hefore the change, whatever it may be, had occurred.  Although from
a chemical equation and table of combining weights, it is possible to
state what relative weight of each element is concerned in any chemical
action, it must never be forgotten that the combining WEIg‘htE were
first determined by experiment and then the table compiled
therefrom. The statement of premise and deduction is, that hydrogen
and cehlorine have ]l_“-;'IH.'LtI"LII‘L' the combiming weichts of 1 and 355
assigned to them, becanse analysis shows 'Lll:Lt theyv combine i those
proportions ; not that hydrogen and c¢hlorine have as combining
weizghts 1 and 355, and therefore they must combine in those pro-
portions.  The combining weights are anupl} a tabular expression of
results obtained by practical analytic investigation. This eannot be too
strongly insisted on; ask wmany a young chemical student how 1t is
kunown that hydrochlorie acid consists of 1 by weight of hydrozen and
355 of chlorine, and he will answer “because those are the u:miammg
weights of the elements.”  Ask him how it is known that 1 and 355
are the combining weights of hydrogen and chlorine, and he will not
have the ‘\]]'-Flltl'nt 11]{*.1 that tiw\- are ‘-ulllll:lij. deductions from q-_x!:u:”
mentally nirt.u!wd vesults.  For this state of things many of the older
text-hooks are largely responsible,

29. Atoms and Molecules.— The fact that the quantity of every
element which enters into combination is either a certain definite and
unchangeable weight, or a multiple of that weight, led chemists to feel
that this welght of a combining proportion of an element is in some
wiy associated with its physical nature.  The first step toward the
r:i]llml:ltiun of this 1|l.1'.*:5[inn 15 dlue to Dalton, who enunciated what is
termed the Atomie Theory. He assumed that all matter is built up of
extremely small particles, which are indivisible, and that when elements
combine, it is between these particles that the act of union oceurs,
These ultimate IuLt'!iL‘ll*.‘-} of matter are termed * Atoms.” The name
“atom  1s derived from the Greek, and signities that which is indivisi-
ble.  Atoms of the same element are supposed to be of the same size
and weight.  With the absolute weight of atoms the chemical student
has but little to do: the ]r!'im'ilr'ri.i iJHiIlt of i!|:||n:r|:‘tau:u'u for him is their
relative weights compared with each other.  For chemical purposes, an
atom may be defined as the smallest particle of an element
which enters into, or is expelled from, a chemical compound.
For the phrase, ''combining proportion,” hitherto used, the
term “Atom” may be substituted; the combining weight
then becomes the relative weight of the atom of each clement
compared with that of hydrogen, which, being the lightest, is
taken as unity. Though the atomic theory does not admit of absolute
proof, vet it so amply and consistently :\|:I=L|uf-. all the phenomena of
chemistr v that its essential principles are universally recognised,

The little group of atoms represented by the formula of a compound
is termed a “molecule.” A molezule is the smallest poszible par-
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ticle of a substance which can exist alone. In the case of
chemieal compounds, the molecule cannot be further subdivided, except
by separation into the atoms of its constituent elements, or into two or
more molecules of some simpler chemieal compound or compounds.
When elements are in the free or uncombined state, their atoms usually
combine together to form elementary molecules : thus with oxvgen, two
atoms unite to form a molecule of oxXyoen ; the formula of the oxygen
molecule is written, '[Zl,_,.,

The molecules of the following elements contain two atoms :—hydro-
gen, chlorine, oxygen, sulphur, and nitrogen.

As all elements normally exist in the molecular state, it is advisable
to always use equations in which the lowest quantity of any element
present is a molecule.  Thus, H,+ Cl,=2HCI, should be written as the
equation representing the u;:-mhumtmu of ll‘HlI'ﬂ.L_,'i‘Il and chlorine, rather

than H+ Cl=HCL

30. Avogadro’'s Law.—The fact that all gases, whether ele-
mentary or compound, expand and contract at exactly the same rate,
when subjected to variations of temperature and pressure, has an
unportant bearing on their probable molecular constitution.  Their
similarity in this respect has led to the assumption expressed in the
“ Law of Avogadro™:—* Under similar conditions of temperature
and pressure, equal volumes of all gases contain the same
number of molecules.” From this it follows, that at the same
temperature and under the same pressure, the volume of any gaseous
molecule is the same whatever may be the nature and composition of
the gas. The density of a gas being known, its molecular weight is
easily caleulated.  The density of a gas is the weight of any volume,
compared with that of the same volume of hydrogen, measured at the
sine temperature an pressuve, and taken as llnil‘_".'. It has :!.11‘1*:!,:1_1.'
been stated that the molecule of hydrogen contains two atoms; its
molecular weight, expressed in terins of its atomic weight, is consequently
2. The molecular weight of any gas is the weight of that
volume which occupies the same space as does two parts by
weight of hydrogen ; or is identical with the number obtained by
doubling the density. ""*Llllll:.l.t conditions of temperature and pressure
are always under stood in speaking of the comparative weights of gases.
Conversely, as the molecular weight is the sum of the weights of the
constituent atoms, the density of a gas may be determined from its
formula.  Thus, carbon dioxide gas bhas as its formula, CO,; its mole-

cular weight is 12 + (16 x 2=)32 =44 : the density is J‘Tji—-f'l. Here

again it must be remembered that the molecular weight is primarily
determined from the density, and not the density from the molecular
mrEwhi

31. Absolute Wﬂlght of Hydrogen.—As hydrogen is taken as
the unit of comparison for other gases, it is necessary that its absolute
weight be determined with the greatest exactitude.  Experiment has
shown that 1 litre of hydrogen, at normal temperature and
pressure, weighs 0°0896 gram; or 11'2 litres weigh 1 gram,
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The student must make up his mind to remember this ficure ; to quote
Hofmann, the fact that at 0° C. and 760 mm. pressure, 1 litre of
hydrogen weighs 00896 gram, should be impressed “as it were with a
graving tool on the memory.” The weight in grams of a litre of
any gas is its density x 0°0896. Thus, the density of carbon dioxide
aas is 22 ; the weight of a litre is 22 x 0-0896 = 1-9712 grams.

32. Laws of Chemical Combination by volume.— Not ouly
does chemical combination follow definite laws, so far as weight is con-
cerned, buat also :--puﬂ]_’&.’ definite laws covern the Inlnl:urtiunﬁ ]1:.' vaolume
in the ease of gaseous bodies.  For example, experiment shows that one
volume of hydrogen unites with one volume of chlorine to form two
volumes of h}'{]]'r-u"hlm'ic acid gas.  So, too, two volumes of hydrogen
unite with one volume of oxvgen to form two volumes of water-was
(steam). Awan, ammonia consists of three volumes of hydrogen,
united with one of nitrogen, to form two volumes of ammonia. The
renctions are expressed in the following equations :—

H, + cl, = 2HCL,
Hydrogen. Chilorine. Hydroehlorie Acid,
*H. + 0y, = SH.O.
Hyddrogen. Oxygen. Water.
3H, % N, - INH,
Hydrogen, Nitrozen. Ammonin,

It will be observed that in the first ﬂr]u:l.tlnn one molecule of hydrogen
unites with one molecule of chlorine to form two molecules of !l}{hn
chlovie acid : the application of Avogadro’s Law, therefore, teaches that
these elements will unite in equal quantities of one vnlum[r to form two
volumes of hydrochloric acid. In the same way, the proportions by
volume in which chemical changes occur between gaseous
bodies are always expressed in the equation, it being re-
membered that all gaseous molecules occupy the same space
when measured at the same temperature and pressure. The
following is a useful method of writing such equations, when the object
is to show the proportions by volume in a chemical change in which any
gaseous body is involved,

H, i Cl, = 2HC,

1 volume, 1 vidime. 2 volnmes.
7H, + 0, - 2H,0.

2 volumes. 1 volune. 2 volumes,
3H, 5 N, —~ 2NH,

& vulumes, 1 volunme. 2 volumes,

33. Acids, Bases, and Salts.-The name acid is a familiar one,
because it is continually applied in every day parlance to anything
which is sour. A number of bodies possess this distinetion in common ;
to the chemist, the sourness of an acid is but an aceidental property.
as, according to his definition of these hodies, substances are included as
acids that are not sour to the taste. An acid may be defined as a
body which contains hydrogen, which hydrogen may be re-
placed by a metal (or group of elements equivalent to a metal),
when presented to the acid in the form of an oxide or hydrate.
As a class, the acids are sour; they are also active chemical agents ;

C
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most acids arve characterised h\.' the property of changing the eolour of a
solution of litmus, a .'rl-l-lm'-llh blue body, to a red tint. Oxygen is a
constituent of most acids. These are termed “oxy-acids.” A few in
which it is absent are termed *hydr acids,”  Hydrochlorie acid, HCI,
is an l‘\cﬂllli'(" of these hodies, Most of the OXY- acids are produe v:l by
the union of water with an oxide —thus, oxide of sulphur and water
form sulphurie acid :-
HU_., + H,O = H. S0,
Enlphur Triexide, Water. Enlplmric Acid.

The oxides, which by union with water form acids, are termed
anhydrides, or anhydrous acids. They are in most cases non-metallie
u\lfi!“-u but sometimes consist of me t.1I- combined with a COMpirr ativ F]'\
large number of atoms of oxygen.

A Base i8 a compound, usually an oxide or hydrate, of a
metal (or group of elements equivalent to a metal), which
metal (or group of elements) is capable of replacing the hydro-
gen of an acid, when the two are placed in contact. The
greater number of metallic oxides are bases. DBases, as well as acids,
differ considerably in their chemical activity. Certain bases are char-
acterised by leing soluble in water, to which they impart a peculiar
soapy feel. These bases are termed * alkalies,” and possess the property
of restoring the hlue colour to reddened litmus.  The most important
alkalies are sodium hydrate, NaHO, and potassiom hydrate, KHO.
The bases, lime, CaQ, baryta, BaO, and magnesia, MgO, are more or
less soluble in water, and also turn reddened litmus blue, They, with
Sr0, constitute the group known as the “ Alkaline Earths,”  Hydrates
are compounds of oxides with water, thus :—

Na,O + H.O = SNaHO,
Boddinm (xide, Water. Sodium Hydrate,

When an acid and base react on each other, the body,
produced by the replacement of the hydrogen ot the acid by
the metal of the base, is termed a Salt. Water is also produced
during the reaction. Most salts have no action on litmus—that is, they
do not attect the colour, whether it be red or blue. The action of acid
and base on each other is illustrated in the following equation :—

HCl + NaHO = NaCl + H,0,

Actd, Base, Enlt. Water,

34. Compound Radicals.-— At times a group of elements enters
into the composition of a body, and performs functions very similar to
those of an atom of an element. Such groups are not unl". found to
form numbers of very detinite ul||||mllllli- but Ly be even F.I.l.||-~h-u'l.'11
from one 1_u|n|mum| to another without unde _Ir1:||:|_'F l]k'tl_llillllhlllull
Groups of atoms of different elements which possess a distinct
individuality throughout a series of compounds, and behave
therein as though they were elementary bodies, are termed
““Compound Radicals.”

35. Quantivalence or Atomicity. Referring back to the
three eompounds of hydrogen mentioned in paragraph 32, it will be
abserved that one atom each of chlorine, oxygen, anil nitrogen, combines
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respectively with one, two, and three atoms of hydrogen. If ehlorine
and oxygen compounds be classified and compared, it is found that
oxygen in almost every instance combines with just double the
number of atoms of the other element as does chlorine. The atom-

combining power of elements varies—Quantivalence of Ato-
micity is the measure of that combining power. Awmong the

elements, hydrogen, sodium, and chlorine are characterised by the fact
that one atom of each rarely eombines with more than one atom of any
other element. Their atomicity 1s unity, and as every other element
forms a chemical {!{}!I]l‘.llll.lll{l with one or more of these, the atomicity of
any element can usually be determined by ulmunnff with how many
atoms of one of these three elements an atom of the element in qurw:tmn
enters into combination.  The atomicity of the different elements is
given in the table included in paragraph 2 3. Elements with an atomicity
of one are termed monads ; of two, dyads ; three, triads ; four, tetrads ;
five, pentads ; and of six, hexads. It is often convenient to exXpress thP
;lenicitj' of an element H"I“-'lpliit:ﬂ,”._} This is done I.v attachinge a series
of lines to the atom, according to its atomicity. These lines may be
viewed as indicating the number of links or bonds with which the
particular atom can combine with other atoms.  Of the actual nature
of the force which holds atoms together in chemical L'[:Illlllullllil'-n, nothing
is known : the bonds must only be viewed as indications of the number
of such units of atom-combining power. The following are examples of
these graphie symbols :—
H— Cl — —e —B= =0=
Hydrogen. Chlorine, Oxygen, Boron. Carbon,

The same two elements often form a series of two or more compounds
with each other; under these circumstances the atomicity must vary.
In the great majority of such unu]mumh, the atomicity increases or
ll[ll:l[ll:l"-.]li“\ ln. intervals of two—that is, the atomic It‘l.' is either evern or
odd for an element throughout all its wm|mun=|s This is accounted for
by the supposition that two of the bonds of an element mway, by their
union, mutually satisfy each other. This is not, however, invariably
the ease, as certain well-marked exceptions to this rule are known.
The highest known atomicity of an element is termed its “absolute ”
atomicity ; the atomicity in any particular compound is the *“active”
atomicity ; the absolute, less the active, atomicity is the “latent”
atomieity.

36. Basicity of Acids. —In order to form salts, different acids
require different quantities of a base : the measure of this quantity is
termed the * basicity ” of the acid. The basicity of an acid depends

on the number of atoms of hj’drﬂgen it contains that may be
replaced by the metal of a base. In forming salts, one atom of

]l'l.Iiltl"'l M1 18 re ]nlm el ]l:, one atom of a monad metal, two atoms of II'H“H-
LLET I:_w. an atom of a dyad, and so on.  In the ease of acids whicli
contain more than one atom of replaceable hydrogen, salts are sometimes
formed in which a part only of the hydrogen is replaced ; such salts are
termed “ acid ” :-.;J_ll:;i, while those in which the whole of the ]I:‘;'tlr‘l".:.','{‘rl 15
replaced are termed “ normal 7 salts.  The following are typical exam-
ples of acids and the corresponding salts :
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MONOBASIC ACID, DIBASIC ACID TRIBASIC ACID,
HNO., H,80, H,PO,
Nitrie Acid, Sulphurie Ackil, FPhosphoric Acid
NaNO, Na,80, Na, PO,
Sodinm Nitrate, Boadinm "1|||!]:-111.h : Soulinm |"hl|“s]r|]:,!.[{
HNasO, Na,HPO,
Acid Sodivm Sulphate, Disodic Hydrogen Phosphate,
Ca(NO,),. Cas0,, Ca,(PO,)..
Caleinm Nite.te, Calcinm Sulphate. Caleinm Phosphate.

It 1s often convenient to view the acids in the light of their being
compounds of the anhydrides with water : the corresponding salts may
then be written as compounds of the bases with the anhydrides. This
method is almost invariably l*mp]uw'l when ealeulating the relative
quantities of metals and acids in bodies when H.Llll;l"{t['l‘i to analysis.
Subjoined are the formule, written in this manner, of the acids and
salts previously given as examples: —

1 12( LR N z{ }:.- H 2‘ ), H[ﬂ}:t‘ { I [zl J]ii* P‘-'{ ]4-‘
Tweor Molecules of Sulphuric Acid, Two Moleenles of
Nitric Acid. Phosplore Acid
Na 0O, N,0O,. Na 0, S0, (a0} PO
l“-a Molee lllunlf Sowlinm Sulphate. Two Maoleciles of
=odinm Nitrate, Soalinm Fhosphabe
NaHO, 50, (Na,0), H.O, PO,
Achd Sdinm Two Molecules of !Ilmml:n
sulpliate, Hydrozen Phosphate.
Ca0, N,O,. Ca0, 50, {Ca) PO
One Moleenle of Caleimm q'~'|11|I1I1Itr.. i Maelecinle of
Caleimm Nitrate, Caleimn Phosphate.,

3%7. Chemical Calculations.-—Most of the chemical ealenlations
necessary in analytic work may he readily made by the help of chemical
formule and equations, lug:-th:-r with a table of combining weizhts.
The following are illustrations of some of the most important of these
caleulations,

38. Percantage Composition from Formula. — Chemists
usually express the results of analysis of a substance in parts per cent., o
that in the ease of a chemieal L'IHHIJ“UIH] it 15 often necessary to he nble
to ealeulate its chemieal formula from the percentage 1'u|:|11:u:-:it iun, O Col-
versely, the percentage composition from the formula. The latter
operation, as being the simpler, shall be first explained. Tt is possible
from the formula of any hody to arvive at the molecular weicht of the
compound, and the relative weight present of each element.  Thus, to
fined the pereentage t.'nl:|11:n.~'.iti4':ll of acud sodium .l-'-l_lll‘rhn.l,l,' JOu-

The formula is

Na H = (),
23 + 1 4+ 32 + (16 x 4 =) 64 = 120.

From the combining weichts, siven beneath each element, with their
sum at the end, it 15 seen that the molecule weichs 120, and contains 23
parts of sodinm.  Knowing that 120 parts contain 23, it is exceedingly
easy to caleulate the number of parts per 100, as the ]:1:'n||||*||| resolves
itself into one of simple proportion :—
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As 120 : 100 :: 2¢

30 19-17 per cent. of sodium,
As120 : 100 :: 1 : 083 w hydrogen,
Aa 120 - 10 2 32 26066 ,» sulphur,
Az 120 : 100 :: 64 : 53-33 gl » OXYymen,

99-99
Prec iwh the same method of caleulation has heen "L]r]}Ht‘ll to the deter-
mination of the percentages of hydrogen, w]plm: and oxyvgen.  As the
results seldom work out to a terminated decimal, the added percentages
usually amount to only 9999 ; but by continuing the caleulation, any
additional number of 9's could be obtained. and as 049 vecurr Ing is equs al
to 1:0, so 999 recurring is equivalent to 100 00.  As another example,
let it be required to determine the percentage of base and anhydrous
acid respectively in ealeium phosphate.  This salt is represented by

(Ca O ) P, O,
HD+IF_}1G:~:‘§ lr1+.‘>-{}
168 s 143 = 910

The molecule, which weighs 310, contains 168 of lime (Ca()), and 142
of phosphorie anhydride (P,0,), consequently

As 310 : 100 :: 168 : 5419 per cent. of lime.

As 310 : 100 :: 142 : 4581 ,» phosphorie anhydride,

100-00

39. Formula from percentage composition.— Let the fol-
lowing represent the results of analysis of a hody :—

Sodium, 1679 per cent.

Nitrogen, 10-22

H ydrogen, 360

l’i]qiﬁ!l]:|||'uﬁ_ 2363 o

Oxyren, 4671
100-00

As a first step toward obtaining the formula, divide the percentage of
each element by its atomic weight, the result will be a series of numbers
in the ratio of the number of atomns of each element—

16-79 - .
55 = 0-73 of Sodium,
]Ulj'i-j = (73 of Nitrogen.
_.5.11-.;} = 365 of Hydrogen.
:2::;3 (73 of Phosphorus.
16-71

: 2492 of Oxyoen,
163 o
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It is next necessary to find the lowest series of whole numbers that
correspond to these ; such a series may be obtained by dividing each
number Ly the lowest one of the series

073 1 £ Sodi

o7 = 1 atom of Sodium.
0-73 st

073 = 1 atom of Nitrogen.
365 =

073 = o atoms of Hydrogen,
073 i ¢ Phosul

o073 = L atom of Phosphorus.
293 :

053 = 4 atoms of Oxyzen.

The formula of the compound is, therefore, NaNH PO, its name is
“hydrogen ammonium sodium phosphate.”  The formula obtained in
this way is the simplest I:ni-'.t;ilnh- for the body in question : it is evident

that the percentage composition would be the same if they were double
or any other multiple of the number of atoms of each element in the
molecule.  Other considerations are taken into account in determining
whether the corvect molecular formula is really the simplest thus
obtained, by calculation, from the percentage LﬁIIIITEJ‘-ITIﬁH or a multiple
of the same. Such simplest possible formula is termed an
Empirical Formula.

40 Calﬂulﬂ,tiﬂnﬂ. {}f Quaﬂtitiﬁs. —An l'!il.‘“t"l’"ll;_:]:l.' CONmonn t}'Iw
of ealeulation is that in which it is required to know the quantities of
one or more substances 1:—-1|1111‘ud to produce a certain quantity of another

body. Thus, hydrogen is commonly obtained by the action of zine on
sulphurie .u]il_ suppose that 10 grams of ||H||n--'1 noare required for
some operation : what weights respectively of zine and aulphutlv acid
Are Necessiary for the purpose ! Here, again, the equation gives the
relative weights of each element and compound participating in the
reaction. In every such ealeulation it is absolutely necessary that the
equation and combining weights be known ; but granted these, no other
difficulties arise beyond those which ean be Il'-lt'll"u’ overcome by an
intelligent -1]rp]1u|t|un of the pr IIIL:I|I|| s of proportion.

In the case in question the equation i1s :—

Zn + H, 8 0, = Zn 8 Q, + H,
G5 2+ 432404 65 + 32 + 64 2.
G # . R
b 161
Line, sulpharic Aciil Zine sulphate, Hyidrogen

To ]1|m|m|- wo parts ||1, weleht of il\lltﬂ“’l‘ll. GO of zine and 95 of
sulphurie acid are required, then—
As 2 ¢ 10 :: 65 : 325 grams of zine required
Ag® < 10 :: 98 : 490 3 sulphurie acid required,
Another instance may be given, in which not ounly weights but also
volumes of wases have to be ealeulated. It is required to know how
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much earbon dioxide gns in cubic centimetres and in cubie inches is
evolved by the fermentation of 28-35 grams ( =1 ounce) of pure cane
sugar, the gas being measured at a temperature of 20° C. and 765
millimetres pressure ; it being assumed that the whole of the sugar is
resolved into aleohol and earbon dioxide. The chemical changes in-
volved in this process may be represented by the following equations—

(:u HEJ ”n + H'.: O —= EC-; Hl._. nqr
144 + 22+ 176 2+ 16 T24+12496
4 _—_ F— LS ;

o442 18 2 % 15830 =360
Cane Sugar, Water, Glucose,

In the first place one molecule, equalling 342 parts by weight of cane
sugar, 1s converted into two molecules of glucose, each weighing 180, or
the two weighing 360,

I H,. 0 = WHHE O + 00

2412496 ”4+1+]+H‘ 12432

- | — | —

2w 180 = 360 -I-be:-l-ﬁ:lb-i £ x44=176
Glucose, Aleohiol. Carbon dioxide,

The two molecules of glucose, weighing 360, are next decomposed into
four molecules of aleohol, having a tntn.l weizht of 184 ; and four mole-
cules of carbon dioxide, each weighing 44, .md the whole 176. From
342 parts by weight of cane sugar, 1 6 parts by weight of carbon
dioxide are prodoced ; then—

A:-; 342 ¢ 2835 :: 176 : 1439 grams of carbon dioxide, yielded by

3:35 grams of cane sugar.

T}h? next step is to determine what is the volume of 1459 grams of
carbon dioxide at N.T.P. The molecular weight of carbon_ dioxide
being 44, its density must be 22: one litre of ]nt]m"l-ll weighs (O l}-‘*“ﬁ
arams, and therefore 1 litre of carbon dioxide must w eizch 0-0896 » 22
=19712 orams ; then—

14-59
1-9712
Applying the laws previously given by which the relations between the
volume and temperature and pressure of a gas are governed ; then—
As 273 : 203 :: 7401 293 x T60 x 7-401
765 : 760 } i 9573 % 760
=T7-891 litres at 20° C. and 765 m.n. pressurve = 7891 cubic centimetres,
As 16-39 c.c. =1 cubie inch, then
7891
1639
2835 grams or one ounce of cane sugar would yvield, according to the
question given, 7891 ¢ ¢ or 4817 eubic inches of carbon dioxide gas at
20° C. and 765 m.m. pressure,

The weight of sugar necessary to yield a certain volume of gas would
he ealeulated on llw Sne l:|||u_|||||="-, as an illustration, the reverse of
the caleulation just made is appended. I{t-qum-d to know the weight
of cane sugar necessary to produce 4831°7 cubic inches or TRO1 ecubic
centimetres of carbon dioxide eas at 20° C. and 765 m.m., pressure.

= 7-401 litres at N.T.F.

— 4817 cubie inches.
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273 x iﬁ:‘x’; =01
203 w .l'n“
7401 x 1-9712 = 14-59 grams of CO..
As 176 : 1459 :: 342 : 28335 Lrams of cane suwar Il-+||,|i|'f::I_

= 7401 c.c at N.T.P. =7-401 litres.

41. Gaseous Diffusion.— It is a wellknown fact that gases mix
with each other with remarkable readiness.  For instance, if in a large
room a Jar of chlorine is opened at the level of the floor, the presence of
the vas may he detected by its powerful odour, within a few seconds, in
every part of the room. The natural process by which the chlorine is
thus disseminated through the air is termed “ gaseous diffusion ;™ it
takes }1].’[1'{1. between ARES, eVen l|iﬁl.1_=..r|| the heavier is at first at the
lower level.  In other words, a heavy gas will diffuse up into a super-
incumbent light gas, while the light gas will make its way downwards
and mix with the heavier one. ]|1 this way different gases, when
placed in the same space, rapidly produce of themselves an uniform
mixture. This process of diffusion will also go on through a porous
membrane, as, for example. a thin diaphragm of plaster of Paris or
porous earthenware. Thus, if & vessel be divided into two parts by
a thin partition of porous material, and the one half be filled with one
gns and the other with another, they will e found after some time to
have become thoroughly intermixed with each other. The rate of
diffusion of all gases through such a diaphragm is not the same, but
depends on their densities. The rate of diffusion of gases is
inversely as the square root of their density. Thus, hydrogen
and oxygen have respectively densities of 1 and 16 ; hydrogen “diffases
four times as rapidly as does oxygen.

42. Osmose and Diﬂ-lyﬂiﬁ.—Liquiﬂﬂ which are miscible with
each other—(se., readily mix when placed together)—also undergo
diffusion more or less rapidly.  The laws governing diffusion of liguids
are more complex than those affecting the diffusion of gases: not only
gases, but also liquids, are capable of diffusion through a porous
diaphragm ; such diffusion is termed ‘““ Osmose” Some of the
most remarkable and important phenomena of liquid diffusion are those
exhibited by aqueous solutions of different substances.  Thus, let a sort
of drum head be made by stretching and fastening a piece of bulloek’s
bladder, or either animal ]m_uhuwnt or vegetable parchment paper, over
a eylinder of some impervious material, as glass or gutta percha. Float
this in a vessel of pure water, and pour inside 1t n strong solution of
common salt.  The brine and the pure water will only be separated from
each other by the thin membrane of bladder or other siimilar material,
After the |:1]n:-u- of some hours it will be found that the solution of salt
will have diffused out through the membrane until the liquid both out-
side and inside the Hoating vessel has the same strength, By repeatedly
changing the water in the outer vessel, the whole of the "'\.l“ might ht'
removed from the solution within the eylinder.  On the other hand, if
a solution of gum were placed within the parchment dream, and sub-
jected to prec |'-||-h' the same treatment, the gum would be found incap-
able of diffusion through the membrane, If a mixture of brine and
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gum were placed in the cylinder with parchment bottom, and then
floated on the surface of water, the salt would diffuse out and the gum
remain behind : in this manner a complete separation of the two might
be effected. The separation of bodies by their respective ability
or inability, when dissolved, to diffuse through a porous mem-
brane, is termed * Dialysis.”

43, GTFStaHGidS and Colloide.—All bodies are ['ill].'l,]}]_l" of
being divided into two great classes, known respectively as “erystalloids™
and “eolloids.” Crystalloids are substances which, on changing
from the liquid to the solid state, assume a crystalline form.
Bodies are said to be crystalline when they consist of erystals.
and for chemical purposes a crystal may be defined as matter
which has spontaneously assumed during the act of solidifica-
tion a definite geometric form. In crystals there is also a de-
finite internal molecular arrangement related to the crystalline
form by certain determinate laws. Solutions of crystalline bodies
are usually, but not invariably, free from any marked viscosity, Crystal-
line hodies are only soluble to a definite extent in water, the quantity
dissolved depending more or less on the temperature : thus, 100 parts
of water dissolve about 36 parts of salt.  If more salt than this be added
to water, it simply remains undissolved. Jelly-like substances, as
gum and gelatin, are termed * Colloids,” and do not acquire
a crystalline form when assuming the solid state. The colloids
form, when treated with water, sirupy, viscous, or jelly-like solutions.
They may be said to be =oluble in water in all proportions,  Thus, if a
few :11'(:':!-; of water he added to a plece of l]l'}' velatin the water will be
absorbed by the gelatin, and after a time will be uniformly diffused
throughout the whole mass.  Suecressive portions of water may thus be
absorbed by the gelatin, which will become gradually softer, assuming
the consistency of a jelly : further addition of water produces a solution
with more or less viscosity, depending on the degree of concentration.
Crystalloids are especially susceptible of dialysis; colloids
exhibit under similar treatment very little tendency to pass
through a porous membrane. The membranes used for dialysis
consist of colloid substances: zelatin in the jelly-like form at times is a
very convenient dialysing agent.  The apparatus used for the purposs
of effecting dialysis is termed a dialyser.  The phenomena of liquid
diffusion have an uxn-v:lingl}' i:lu]Jr:ll'l;l.lil bearing on nEwny chemical
changes which oceur during bread-making,.

44. Measures of Weight and Volume.—1It will be conveni-
ent to here furnish a statement of the different systems of weights and
measures usually employed for seientific purposes. The chemist, as a
rule, prefers the metrie system, as in common use in France, to II'."
very complicated system of weichts and easures I'II]|III|"'I.'|'l] i_ll this
country. One reason is that the metric system is extremely simple ;
another, that the measures of weieht and volume ave divectly {'I*I'IIH'II.'I!'Il
with each other. 1f the writer simply followed his own |r|'4-|!i]_1-1'l1n|1:-:.
metriec weights and measures only would be ueed throughout this "'-‘I'”l‘kt
but it having heen strongly represented to him that the introduction of
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the English equivalents of the different weights employed would be a
help to some of his readers, they also have been, in most cases, riven.
The writer is conscious that the result of this intermixture is often in-
congruous, but to those familiar with the metrie system this will present
no difficulty, while to those who are unacquainted with it, it will be an
assistance. It is nevertheless urged that the metric system be mas-
tered ; this may be easily done in o quarter of an hour, much time will
then be saved which otherwise would have to be spent in making
calculations.

45. The Metric System.— The unit of the metric system is «
“metre,” which is the length of a rod of platinum that is de posited in
the archives of France. The metre measures 39-37 English inches. The
hizher and lower measures are obtained by multiplying and dividing by
10, thus :(—

Kilometre =1000 metres = 39370  inches.
Hectometre = 100 . = 3937 L4
Decametre = 10 = 3937 -
Metre = 4937
Decimetre = 01 metre = 2937 .
Centimetre = 001 ., = 0-3937 inch.
Millimetre = 0-001 ., = 003937 .

In the above, and all other measures of the metrie system, the pretixes
“kilo, heeto, and deea™ are used to l!'|1rf'hl’:rlt 1000, 100, and 10 respec-
tively ; and *deei, centi, and milli,” to represent a tenth, hundvedth,
and thousandth. The decimetre is very nearly 4 inches in length, and
the millimetre very nearly one twenty-fifth of an inch: remembering
this, measures of the one denomination can be roughly translated into
those of the other. The exact length of a decimetre is shown in Fig, 1.

The unit of the measure of capacity is the *“litre,” which is the
volume of a cubie decimetre :

Cubic Inclics, Pints, Fluid Omnnces,
Kilolitre = 1000 litres =61027 1760-7 35214
Heetolitre = 100, = §102-7 17607 35214
Decalitre = 10 = G102y 17607 352-14
Litre = 61027 1-7607 ab-214
Decilitre - 01 litre = 6-1027 O-17607 35214
Centilitre = 001 , = 061027 0-017607 0:3521
Millilitre 0001 ,, = 0-06102 0-00176 00352

The decimetre heing 10 centimetres in length, it follows that a cubic
decimetre must be equal to 1000 cubic centimetres, and that the wll-
litre has a volume of a cubie centimetre.  The name * cubie centimetre,’”
or its abbreviation “ce.,” is almost always used in preference to
willilitre ; thus, a |:|-1LI:'L*H:~ or pipette is uuil to deliver 50 c.e., while a
litre measure is often termed a ¢ 1000 c.e.” measure,

A cubice inch is equal to 16-38 cubie centimetres.
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-1
Each side of this squarc measures Fe S
1 Decimetre, or
10 Centimetres, or =13
100 Millimetres, or
3'937 Lnglish inches, — -y
A [Ztre is a cubic measure of 1 decimetre in the side, or a cube
I each side of which has the dimensions of this figure. e
When full of water at 4° C. a litre weighs exactly 1 dilogram or -1
1000 grams, and is equivalent to 1000 cubic centimetres; or to
61024 cubic inches, English. .
A gram is the weight of a centimetre cube of distilled water; at
4° C. it weighs 15'432 grains. e
9
I5q.
Centim.
- 10
i b 4 inches, —

G, T,

The unit of the measure of weizht is the © gramme,” or * gram ;7 this
is the weight of a cubie centimetre of distilled water at its maximum
density (4° C.=139-2" F.);

Girains, Avoirdupois (mnees,

Kilogram = 1000 srams =15432-3 35-2739
H:*i.‘lngr'ulll = 00 - = 1543-23 2-532730
Decagsram = 10 = - 154-323 0-35273
Gram = 15:4323 0-03527
Decigram, = 01 gram = 1-54323 0-00352
Centigram = 001 , = 0:-15432 0-00035
Milligram = 0-001 ,, 0-01545 O-000055

A kilogram is just over 2 lbs. 3] oz, and a hectogram is very nearly
35 oz, An ounce avoirdupois equals 25835 grams

The relation hetween the weicht and volume of water is a very
simple one ; the volume being the sane number of c.c. as the weight is
Drains. With other Hillliflﬁ the volume in ceo x 51'1':'i|il' sravity

\'-'l'igiltﬁ 11 LTS,
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46. English Weights and Measures. Familinvity with Eng-
lish weights and measures is assumed, still the following particulars will
most likely be of service—one gallon of pure water at a temperature of
627 F. (16+6° C.) weighs 10 pounds or 160 ounces or 70,000 grainsg ; the
pirt, thevefore, weighs 20 ounces. The measure termed a * fluid ounce ”
15 derived from the weight of a pint of water. A fluid ounce is a
measure of volume, not of weight, and equals one twentieth part of a
pint.  The fluid ounce bears the same relation to the avoirdupois ounce,
as does the cubic centimetre to the gram. A gallon is equal to 277274
cubic inches.  An ounce avoirdupois weighs 4375 grains.
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CHAPTER II.

DESCRIPTION OF THE PRINCIPAL CHEMICAL ELEMENTS AND THEIR
INORGANIC COMPOUNDE.

47. Description of Flements and Compounds. It is in-
tended in this chapter to give a very brief description of those elements
and their inorganic compounds, which are more or less divectly connected
with the chemistry of wheat, flour, and bread, and to which reference
may be made in the latter part of this work  Such descriptions as are
here given must not be viewed as being in any way a substitute for a
careful study of elementary chemistry, It is thnll'rllt however, that to
many readers, more particularly those who may not have the time for
such a systematic course, an account such as is to follow will be found
of service,

48. Hydrogen, H,-This element is a gas, and is the lightest

substance known; it is Lnlm*quﬂntlv selected as the standard by WlllLl't
the density of other gases is measured. One litre of hydrogen at N.T.P.
weizhs 0-0896 oram, H}{]rn"'vu has also the |n'l.'r|"-s.t. atomic weizght of
all the elements, and is therefore also selected as the unit of the modern
svstem of atomic or combining weights.  Hydrogen is colourless, odour-
less, tasteless, and non- -poisonous. It is not capable of supporting
respiration, and therefore animals placed therein quickly die through
lack of proper air to breathe.  Hydrogen is inflammable, and burns with
a pale blue ame ; it does not support combustion.  Hydrogen is only
very slightly soluble in water.

49, Oxygen, O,—ihis element is a colonrless, odourless, and
non-inflammable gas.  Its most remarkable feature is that it supports
combustion and also respiration. Bodies which burn in ordinary air
do so because that substance is a mixture of oxygzen and nitrogen ; they
burn with much inereased brilliancy in oxygen. The respiration or
breathing of animals consists of a removal of oxygen from the air, and
a return thereto of carbon dioxide gas: the activity of oxygen renders
it illith'iﬂLt*-: to breathe in a [:un- state : in air, the nitrogen acts as
i ||llutl|ilr agent, w ithout ]||u:|1h g the essential characteristics of the
S Hn wen is soluble in water to the extent of three volumes of the

oAs 1N one |Jll||.1[|:1 d volumes of water at 15° C.  This quantity, though
.‘:IH-I”._ 15 of vast lmportance, as it thus supports the life of fishes, an
has also a most important action on fermentation.  Although oxygen 13
such an essential to most forms of life, there are some of the lower
microscopic organisms towards which 1t acts as a most energe ‘tie poison.

Compounds qu-iuw:] by the union of elements with oxygen are termed

“oxides,’
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50. Ozone, O, —This body is a gaseous substance consisting of
pure oxygen, but having a density of 24 instead of 16. This is due to
there being 3 atoms of the element in the molecule, instead of 2 as in
ordinary oxygen. Ozone has a peculiar odour ; and is produced during
the working of a frictional electric machine, when its smell is recognised.,
Traces of this gas exist in the air in mountainous districts, and by the
sea side, By exposure to a temperature of 2377 C. ozone is transformed
into ordinary oxygen. Ozone is a powerful oxidising agent, and is
inimical to the growth and development of germ life.

51. Water, H,O.—This most important compound consists of two
volumes of hydrogen united to one volume of oxygen, to form two
volumes of water-gas or steam, By weight, water contains 16 parts of
oxygen to 2 of hydrogen. Water in the pure state is odourless and
tasteless ; viewed through thick layers it has a blue colour. At tem-
peratures below 07 C, water exists in the solid state; on being heated,
ice expands until a temperature of 0° C. is reached. At this point the
e begins to melt ; the temperature remains stationary until the whole
of the ice is melted, but in order to effect the change from the solid to
the liquid condition as much heat is required as would be sutlicient to
raise 79 times the weight of water from 0" to 1° C.  Iee in melting
contracts in bulk ; 10-9 volumes of ice producing 10 volumes of water.
As the ice cold water is further heated, contraction continues until a
temperature of 4 C. is reached : at this point water is at its maximum
density, and any given weight of it occupies its minimum volume,
With further application of heat the water expands, and also rises
steadily in temperatarve,  In metal vessels open to the air, water boils
at a temperature of 100" €. Continued heating now converts the whole
of the water into steam, but does not raise the temperature. The
quantity of heat necessary to convert the whole of the water at 100° C.
into steam at the same temperature would raise 537-2 times the weight
of water from 0 to 17 €. Steam in being further heated expands, and
may have its temperature raised indefinitely : steam follows the same
law of expansion on inerease of temperature s do other gases.  Steam,
on being cooled, passes through a series of changes which are the
exact converse of those just described. At all temperatures water gives
off vapour, but with much greater rapidity as the temperature ap-
proaches the boiling point.  This vapour exerts a definite pressure, the
pressure ilwl'l':lﬂiu: !-i.'[n.'lr]i!_‘h' with the temperature ; at the boilinge 1:ni]1t.
the pressure exerted by the vapour of water 1s exactly equal to that of
the atmosphere ; consequently, if the atmospherie pressure be diminished,
the boiling point of water, and also that of all other liquids, is lowered.
Advantage is taken of this property in many operations in the arts; thus,
in driving off' the water from sugar solutions, as in the preparation of
malt extract, the boiling is effected in a vacuum, and so the temperatuve
l”"""""”"l from i'ir-iill:_f to any creat |11'i:_f1|t. Un the other ||:|Iul, i:.'lr
subjecting water to pressure, its boiling point might be raised to any
temperature attainable, the only limit being the capacity for resisting
the pressure of the material of the vessel. The tubes of steam ovens
are constructed on this principle—a certain quantity of water is sealed
up in them, which, on being heated, is converted into steam, having a
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sufticiently high temperature to effect the baking of bread. The Loiling
point of water also depends on any substances it may have in solution,
Salt and other non-volatile bodies raise the temperature of the boiling
point, but do not affect that of the steam produced, which immediately
falls to 100° C.  Admixture of volatile bodies lowers the boiling point ;
thus, water to which alcohol has been added boils at a temperature
below 1007 C., until the whole of the aleohol has beeu expelled.

52. Solvent Power of Water.—Water is, of all bodies, pre-
eminently #ke solvent in nature. It dissolves more or less of all gases ;
thus, as l'lll_"\.'lut'lhl\. stated, oxygen is soluble in it to the extent of 'a,hnut
3 volumes per 100.  On the (}T.IIIE"I hand, one volome of water at 0° C.
dissolves 1050 volumes of ammonia gas.  Many, if not most, liquids
mix readily (or are miscible) with water in all proportions; others, as
oil, ether, &e., do not so mix, but are nevertheless ftmlumlth in part
dissolved by t}w water. '\[n'-.t solid bodies also dissolve in water ; water
usually dissolves more of these substances when hot than “huu cold :
this, however, does not invariably apply; thus, salt dissolves to as great
an extent in cold as in hot water. As a result of this property, water
is never found in a state of purity in nature. Even rain is found to
have dissolved-out traces of solid matter that were hLl‘a-]l-E‘l:Iill."(l in the
air, while river and spring water is always more or less impure from
saline and other matter dissolved from the soil and rocky strata from
whence it is obtained. In mltlitiun to the solid matter there is also
invariably more or less gas held in solution in natural waters. A
further account of 11.1tu|.11 Wi Ltr-l'u, lhwm-r particular reference to their
fitness for bread-making, is given in a future chapter.  For chemical
purposes all such water is putliw{i by distillation, that is, it is converted
into steam, and re-condensed ; the solid impurities then remain behind.
This treatment does not, hnm-wr free the water from gases or from
volatile impurities.  For certain purposes where rigidly I:uw witer is a
necessity, special modes of preparation have to he adopted : these will
be deseribed in detail hereafter.

53. Chlorine, Cl,—This element is, at ordinary temperatures, a
aas of a greenish yellow colour, with a most pungent, acrid, and suffocat-
ing odour and taste. The presence of comparatively small quantities
renders air irrespirable.  Clhlorine is non-inflammable ; but, to a limited

extent, supports combustion. Hydrogen burns in it |l'-l~:ll|'+ but earbon

15 ||m|.1:.u| le of direct combination with chlorine. Lh]nmw does not
exist in the free state in nature; it has so great an attraction for
II'l,.{E'['IiI"‘"{_"]I T,Ilql;.'l |t ‘gi[}‘ﬂ.l‘ﬁ {Ii_{_l"l-ltl}'l”“n[""h W ri.-'.-"h. l.H"]Il].I""'“' "'."I-].Lh 1.t" h\il]“"‘l 1
and liberating oxyzen in the free state.  Water d]‘ﬁ“l\t‘: 2-3068 m]ulut“-:
of chlorine at 15" C. : the solution has a powerful bleaching action on
vegetable colours, and also is a most eflicient disinfectant.  Chlorine
forms compounds, termed ¢ Chlorides,” with all other elements.

54. Hydrochloric Acid, HCl.—This, the only known Lum}:uumi
of hydrogen and chlorine, is a gaseous body. ||‘|.1|I:n: hlorie acid gas is
colourless, fumes in coming in contact with moist air, has a most pun-
gent smell, and is neither inflammable nor a supporter of combustion.
One volume of hydrogen unites with one volmae of chlorine to produce
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two volumes of hydrochloric acid was.  The vas dissolves readily in
water, one volume of which at 15° C. holds in solution 454 volumes of
the zas.  The concentrated Hl]]lit[”]l ’tthl]u 'S on exposure to air, and smells
\llnlil'h of the zas; it has an f'\lllilll'h sour taste, and torns litmuos
wlutlnn red.  The commercial solution has a specific gravity of about
1-16, and contains about 33 per cent. (one third) |p1. \Hwirhl of |t‘H1lu-
chlorie acid.  Hydrochlorie acid attacks many of the metals fntmlnw‘
chlorides, with the evolution of hydrogen. llt[inn_l]inuu acid and llu-
bases when placed in contact form the mlta known as chlorides. Hydro-
chloric acid and the chlorides may be recognised when in solution (%
their giving a curdy white prec ||-1t.1t1* on the addition of dilute nitric
acid, and nitrate of silver solution.

55. Chlorides.-—Common salt, or sodium chloride, NaCl, is the
most important of the chlorides,  Its principal use is as an antiseptic
or preventative of putrefaction ; its effect during fermentation of dough
will be discussed hereafter,  Other chlorides, as calcium chloride, CaCl,,
will be referred to as occasion arises,

56. Bleaching Powder, or Chloride of Lime, CaOCl.
This body is produced by the union of lime (ecaleium oxide) with
chlorine.  The addition of almost any acid, even carbon dioxide, is
suflicient to effect its decomposition, liber ating free chlorine,  Chloride
of lime is consequently largely used for disinfec ting purposes,

57. Carbon, C.—This element is only known in the solid state,
heing incapable of liquefaction or vaporisation at the highest tempera-
tures at our command (except possibly at the |1!].‘.']I["it temperatures
of the eleetric are). It exists in nature, uncombined with other
elements, in two forms or varieties most strikingly different from each
other, One of these constitutes the Fem known as the dinmond, the
other is graphite, or black lead. Both these bodies are almost pure
carbon.  Carbon also occurs plentifully as a constituent of animal and
veretable substances, as flesh, bones, fat, wood, leaves, seeds, and the
almost numberless bodies that may be obtained from them.  Limestone,
marble, and chalk rocks contain a large percentage of carbon ; so also
does coal, which is simply fossilised wood.  From flesh, bones, wood,
and lllrlll‘i'ﬂt}lll substances, carbon may be obtained by heating them
to redness in a closed ve :-.&-Ul . this form of carbon is termed * ch ul'n.l.l
that from bones being “animal,” and that from wood “ vegetable char-
coal.”  Carbon prepared in this manner, or charcoal, is a bhlack sub.

stance.  The operation of thus heating a substance in a closed vessel to
a temperature sufliciently high to effect its {h-m||1|m-~|||m| into volatile
liquid and gascous |nm[ml-¢ with usually, as in this ease, a non-volatile
residue, 1s termed * destructive distillation.”  All forms of carbon are
inflammable.  When burned with an insufficient supply of oxygen,
carbon monoxide, CO, is ]u'mll,ltvft with excess of oxygen, carbon
dioxide, or CO,, 15 for |1|{r:]. Charcoal possesses o most remar kable pro-
perty of absorbing and condensing gases within its porves ; thus, freshly-
burnt woud charcoal is c apable of absorbing about ninety times its
volume of ammonia gas,  Charcoal also absorbs eonsiderable quantities
of oxygen ; and among other gases, those evolved during the putrefac-
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tion of animal and vegetable bodies. The gases vesulting from putre-
faction are largely cmnptm-d of carbon and hydrogen, m(l when thus
brought by their fi,hl-.mptmn within the charcoal so qln-.l-h* in contact
with oxygen, are rapidly burned or oxidised to carbon dioxide, water
and more or less of other inodorous and inmocuous substances, Llu.uu_n.ll
thus acts as a remedy for bad smells; and acts not by masking them by
a more powerful odour, but by absorption of the deleterious vapours,
and their conversion in Iruml{";t. products.  In this way charcoal is also
capable of removing evil smells from water: for instance, water from a
stagnant pond on being shaken up with charcoal loses its disagreeable
odour. Not only does {_]!IIIILD.II act as an absorbent of gases, hut it also
removes many colouring matters from solution ; thus, a syrup of dark
brown sugar on being shaken up with animal charcoal, and then filtered,
may be made almost colourless. These properties of charcoal have led
to its finding much favour as a filtering medium for the purification of
water ; for this purpose it is, when fresh, of great eflicacy, but after
a time loses its activity by becoming saturated with the bodies it is
intended to remove. All filters require from time to time to be taken
apart, and the filtering medium removed and replaced by some fresh
and pure material. Clmlm.ll may be renovated by !:mntr heated to
redness in a closed vessel. With these precautions, charcoal forms one
of the best of filtering agents; but without attention to continuous
cleaning, filters, so far from purifying water, become positive sources of
the most serious and dangerous impurities.  Charcoal is frequently used
in the laboratory for decolourising purposes,

58. Carbon Monozxide, CO.—This compound is a colourless,
odourless, and exceedingly poisonous gas, It is formed when ecarbon
dioxide gas passes over red-hot charcoal, as it frequently does in a clear
coke or charcoal fire.  The carbon monoxide thus produced burns with
a blue flame on the surface of the fire. Carbon monoxide is also formed
together with free hydrogen when steam is passed through a red-hot
carbon mass, such as a fire of burning coke. The gas is inflammable,
and in burning yields carbon dioxide. Carbon monoxide has no action
on lime-water.

69. Carbon Dioxide, CO, ~This gas plays a most important
part in the chemistry of hread-making, It is colourless, has a sweetish
taste, and peculiarly heisk and pungent odour.  As carbon dioxide is an
essential constituent of wrated waters, its taste and smell are familiar,
being those perceived on opening and tasting the contents of a hottle of
soda-water. Carbon dioxide is neither inflammable, nor under ordinary
circumstances a supporter of combustion. The gas is poisonous to
breathe, but may be taken into the stomach without injury,  Liquids
containing earbon dioxide | oas in solution are 111.1|h*{l by a pleasant
brisk flavour. Carbon lliuxu!f- has a density of 22, and is 1527 times
as heavy as ordinary air. In the absence of air currents, it consequently
has a tendenc v to remain n considerable time in a i-"l"l.l"l on the surface
of |I||llu|-. hum which it 1s bei Ay evolved, |I|.t.l"TIlII| llh’ whien ”H} are
in somewhat contined spaces. _,uhnu dioxide is soluble in about its
own volume of water: as measured by volume the solubility is inde-

4]
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pendent of the pressure to which the gas is sulject.  Thus, if 100 cubie
inches of water be shaken up with carbon dioxide at the ordinary
atmospherie pressure of about 15 1bs. to the square inch, the water dis-
solves at 157 C, its own volume of the gas,  If the pressure be increased
to 30 lbs, per square inch, the water still dissolves 100 cubic inches of
carbon dioxide, but as with double the pressure the density of the gas
is doubled, it is evident that the doubled pressure results in effecting
the .‘v-ultlllnll of twice the weizht of carbon dioxide gas.  The weight uf
carbon dioxide dissolved by water is therefore in direct proportion to
the pressure emploved.  Concentrated solutions of earbon dioxide gas
in water are prepared by pumping the gas under pressure (some 10 or
12 atmospheres) into a strong vessel, in which it is agitated with water.
The solution thus obtained is permanent under pressure, but on its
relaxation the carbon dioxide is again liberated in the gaseous state,
Carbon dioxide may be obtained in a variety of ways; the simplest is
by the burning of carbon, or organic hodies containing earbon, in air
or oxXygen—
C + L = CO,.

Carbon, O ygen, Carbon Dioxide.

It i= also produced when chalk, limestone, or marble (calcinm carbonate)
15 heated to full redness—

CaCO, = a0 + Co..

Coleimm Coarbonate. Caleinm Oxide (Line), Carbon Dioxide,

Likewise, by gently heating sodium bicarbonate or ammonium  ear-
bonate—

2NaHCO, = NaCO, + HO <+ CO,
linm Biearbonate. Sodinm Carbonate. Water, Carbon Dioxide,

(NH,)LC0, = 2NH, H.,O + CO,.
Ammonimn Carbonate, Ammonia, Water., Carbon Dioxide,

Another method of obtaining carbon dioxide is by treating any car-
honate with an acid: the following equations represent a few of the
principal of such reactions—

CaCO, + 2HCI = CaCl, + H.0 + CO,.
Caleinm Carbonate,  Hydrochloric Acild,  Caleium Chloride, Water, Carlon Dioxide,
CaCO, + HS0, = (u8O, + HO + CO,
Caleimm Carbonate, sulphuric Acid. Caleiwm Sulphate, Water, Carlbwn Dioxide,
NaCO, + 2HClI = 292NaCl 4+ HO + CO,
Sodivm Carbonate,  Hydrochlovie Acid,  Sodinm Chloride Water. Carbon Dioxide.

(Common Salt),

Carbon dioxide is also evolved during aleoholic fermentation, and the
[:utlufrutlull and de MY of UI"'-lllit bodies.  An ueous solution of car-
hon dioxide gas changes the colour of litmus solution from full blue to
a port wine |1||1. ;-,,u|;|| a solution has feebly acid prope rties and forms
with bases the salts termed carbonates, The solution in water may be
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viewed as carbonic acid, H,CO,: hence the gas is frequently ecalled
carbonie unh:_rrlriclc-. Formerly the term acid was applied, by some
chemists, indifferently to the anhydrides and their compounds with
water ; earbon dioxide then received the name of “earbonic acid gas,”
by which it is still popularly known.  Modern definitions of an aeid
l:ll"l.llllil‘ this nume being now corrvectly applied to what are properly
termed anhydrides.

60. Carbonates.— With the exception of those of the alkalies, all
carbonates ave insoluble in water; many are, however, dissolved by
water containing carbon dioxide in solution. The most interesting
example of this is the solution of considerable quantities of carbonate
of lime in natural waters obtained from the chalk and other limestone
deposits.  Such waters, although perfeetly clear, become turbid on being
boiled from fifteen to thirty minutes : the hul]mw drives off the carbon
dioxide, and the ealeinm earbonate is precipitated in the insoluble state.
The formation of carbonates is exemplified by the passage of earbon
dioxide gas into lime water, e, a solution of lime in water, CaH,O, :
the insoluble caleium -llhulhltt!, or carbonate of lime, is produced, and
turns the clear solution milky. This forms a useful and convenient
test for the presence of earbon dioxide in any mixture of gases. Most
carbonates are easily decomposed by the addition of an acid, with the
formation of the corresponding salt of the acid used. Several instances
of this action have heen given when describing methods for the produec-
tion of earbon dioxide. The acid- or hi-carbonates have one half only
of the hydrogen replaced by a metal ; they may be produced by passing
carbon dioxide sas to excess through a solution of the norinal carbonates
of the alkalies. The bicarbonates are readily decomposed by heat into
normal carbonates, free carbon dioxide, and water,

61. Compounds of Carbon with Hydrogen.  These are
exceedingly numerous ; an account of some of those of most importance
will be given when deseribing the organie bodies more |r-1|t|-_1ﬂ.ulﬁ.

associated with our subject.  As a group, they arve termed ° |L}{illl[11"‘-.r
of carbon.”

62. Nitrogen, N.. ——'l}uf-.crfs.'-. constitutes about four-fifths, by volume,
of the atmosphere; it is also a constituent of nitric acid and its salts,
and of many animal and vegetable substances.  Nitrogen is urlmll|e:~|h,
odourless, tasteless, non-inflammmable, and a non-supporter of combustion.
It does not I‘l*.’lll“}' enter into combination with other elements, and in
the free state is marked rather h'lr its neutral ||11;I,11I.lt"-. than hv any
]Jii‘ii[[\'l‘ characteristics.  I'm the uncombined state its ]Itlll.i L]-.l] ’rniu tion
15 that of a diluting avent in the fllmnﬂp]wn- Although not an active
element, nitrogen forms an extensive series of LI?III!KJHIH]H

83. The ﬂ_t.mﬂsphare,- It has already been stated that the
atmosphere consists essentially of oxygen and nitrogen ; these gases are
not united in any way, but ~.||u|:h form a mechanical mixture. In
addition to the ullmrrml and oxygen, air contains small quantities of
carbon dioxide, water viLpour, and traces of other substances. Sub-
Joined is a table showing its average composition :
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Oxygen, Oy, ... 2061
‘Htm-wn N, g 11°9D
Carbon ]llcnll:h' fl! =04
Aqueous Vapour, HzU, " 140
Nitrie Acid, HNO,,
Ammonia, NH,, veo - Traces,
Hyvdrides of Carbon,

In Sulphuretted Hydrogen, SH,,

towns., { Sulphur lh{:-xlflv =0, jL i

Air, freed from moisture and carbon dioxide, contains the following
percentages of nitrogen and oxveen

- By Measure, By Weizht.
Nitrogen, 79°19 T6-99
Oxygen, 20-81 23-01

10000 100-00

In addition to the bodies already mentioned, air in most localities
contains germs of miscroscopic organisms,

64. Ammonia, NH,—Traces of this gus, either in the free state
or as sults, are found both in air and in water.  Its great natural source
is the decomposition of animal and vegetable substances which contain
nitrogen as a constituent.  In this way, ammonia is eontinually being
formed in nature by the I:lf'l.':n' of refuse nitrogenous matter, sue h as the
urine and excreta of .mmm.lq,, and other bodies.  Many nitrogenous
vegetable and animal substances also evolve ammonia on '|:|+'11|" Hi‘.run"h‘
heated : among these is eoal, which thus forms the prineipal source from
which ammonia is now derived. Ammonia is a colourless cas, with a
most pungent and characteristic odour: in the concentrated state the
zas acts as an irritant poison, but when diluted with air possesses a smell
rather pleasant than otherwise.  Ammonia does not support combustion,
and at ordinary temperatures does not burn in air.  The gas is very
soluble in water ; the solution has the odour of the was, and constitutes
what is commonly known as “liquid ammonia.”  Ammonia acts as a
powerful alkali, neutralising the strongest acids, and restoring the blue
colour to reddened litmus.

65. Ammonium Salts.— On the addition of an acid, such as
either sulphuric or hydrochlorie, to ammonia, the odour disappears, and
the acid, as above stated, is found to be completely neutralised.  The
reaction may be expressed thus -

NH, + HCI - NH,CI.
Ammonia, Hydrochloric, Ammonium Chloride,
OINH,  + H,S0, g (NH),S0,.
Ammionia, sSulphurie Acid, Ammoninm =ulphate

On comparing, in each ease, the formula of the resulting compound
with that of the acid, it m]i be seen that the group NH, In'inl.u'u-h the
hydrogen of the acid.  This compound, NH, cannot exist in the free
state, but occurs in o number of chemical unll]mulirlh. and can be trans-
ferred from one to another without undergoing decomposition, 1t is
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eonsequently viewed as a compound radieal, and has received the name
“ Ammonium.”  The solution of ammonia in water niay then be repre-
sented as ammonium hydrate, NH HO ; this hody, which is alkaline to
litmus, is then seen to be analogous to sodium hydrate, NaHO, the
ammonium occupyving a corresponding place to the sodium.  This is
seen the more clearly when a comparison is instituted between the
action of the same acid upon each :—

NH,HO + HCl = NH,CI 4 H.0.
Ammonium Hydrate. [I}'l.ll'ut"l‘l'lnl'iul Avid. Ammoninm Chlovide, Water,
NaHO + HCl = NaCl H.0.
Sodium Hydreate, Hydvochlorie Acid, Sodlinm Chloride Water,

Ammonium is often represented by the symbol © Am.” instead of NH,.
The stronger bases, ns lime, CaO, or soda, NaHO, decompose ammonium
salts with the liberation of ammonia :—

NHCl + NaHO = NaCl + NH, + H)0.
Ammoniom Chloride. Sodium Hydreate.  Sodinvm Chloride Ammonin. Water,
All ammonium salts volatise on being heated, leaving no residue, unless
the acid be non-volatile, in which case the aeid remains bhehind.

66. Oxides and Acids of Nitrogen.— No less than five distinet
compounds of nitrogen with oxygen are known, These, however, have
but little connection with our ]_u'l_':-'.n;-nt :-iL]II_il_"{:t-_ Two of these oxides
form acids with water—the acids being Nitric Aeid, HNO, and Nitrous
Acid, HNO,,

67. Nitric Acid, HNO,.—This is by far the most important oxy-
compound of nitrogen. Its usual source in nature is the oxidation of
animal matter in the soil. The nitric acid thus produced is found in
combination with some base, usually as potassium or ealeium nitrate,
Pure nitric acid is a colourless fuming liquid ; commonly, however, the
acid is of a slightly yellow tint, from the presence of some of the
lower oxides of nitrogen. The pure acid has a specific gravity of 1-92,
:1]'!:1 mixes with watenr fn .=:..|| |:|'n]n;-t'tin1|5_ Fi[‘l‘il_‘ H..l.:iﬂ 15 o most ]l{}Wt'!*-
ful oxidising azent, and attacks most animal and vegetable tissues with
great vigour, It also freely dissolves most of thv metals, forming
nitrates.  Gold and platinum arve not affected by this acid when pure,
but are dissolved with the formation of chlorides llj. a mixture of nitrie
with hydrochlovie acid.  Reducing agents convert nitrie acid into
nitrous :tt:ili, or some one or more of the oxides of 1|'it|'n;_fl'|'| containing
less oxygen,  Under favouralile circumstances, nitrie acid may even be
reduced to ammonia ; that is, the whole of its oxyzen may be removed,
and its place occupied by hydrogen,

B68. Nitrates.— The principal of these is potassium nitrate, KNO,,
Like nitric acid, the nitrates are powerful oxidising agents,

69. Nitrous Acid, BENO.. and Nitrites.— Nitrous acid is an
unstable body ; it is at times found in water as an intermediate ;muiutt

in the oxidation to nitrates of mtrogencous matter that may have been
present.  Potassium nitrite, K NQ.,, is one of its best known salts.

70. Sulphur, &, This element is a brittle yellow solid, which
burns in air or oxyveen with the formation of sulphur dioxide, SO,
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The }H'ill.ti{h.ll interest of sulphur, in conneetion with our present w-..ul-nj(-{_t
lies in its Hltl1|mLIIH]- In addition to its oceurrence in many inorganic
bodies, sulphur is one of the constituents of albumin and other animal
and vegetable substances.

71. Sulphuretted Hydrogen, SH.. This lody is a colourless
ras, having a most {{lhg'll'--lll'lj.{‘ adour, l{lmmhlm--‘ that nf rotten eggs;
the as is soluble in water, which at 15" C, :Il.-mnlw. 323 volumes of
sulphuretted hydrogen.  During the decomposition of substances, either
of animal or vegetable origin, containing sulphur, sulphuretted hydrogen
1s one of the bodies evolved : it 1s from the presence of this gas that
rotten egus acquire their characteristic odour.  Sulphuretted hydrogen
is 1ni|run|n.lh]{=, and produces water and sulphur dioxide by its com-
bustion.  Maoist Ml]}:lhll!l*tl‘?ff ]I:;(II:J-;_[I‘]I muli-”_[m w1 the presence of
oxygen, slow oxidation, with the formation of water and deposition of
free sulphur :—

2HS, + 0, = S, + 2 H.O,

Sulplmretted Hydrogen. xyren. Eulphur. Water,

72. Sulphur Dioxide, SO..—This gas is produced by the com-
bustion of sulphur in either air or oxygen : it is colourless, has a pungent
adour, recognised as that of burning sulphur; is neither inflammable
nor a supporter of combustion. Sulphur dioxide is soluble in water,
which at a temperature of 157 C. dissolves 47 volumes of the oas the
solution thus formed tastes and smells of the gas, it reddens and finally
bleaches a solution of litmus.  Sulphur dioxide is one of the most
powerful antisepties known.

73. Sulphurous Acid, H.SO,, and the Sulphites.- Sulphur
dioxide when dissolved in water produces a somewhat unstable acid,
H.80, The sulphites, or salts of this acid, are mostly insoluble in
water, the principal exeeptions being sodium sulphite, Na SO, and
potassium sulphite.  In addition to the normal sulphites, acid or hisul-
phites oceur ; these may be produced by passing excess of sulphur
dioxide into a solution of the normal salts.  The bisulphites readily
evolve sulphur dioxide on being heated.  Caleinm sulphite is insoluble
in water, but dissolves in a solution of sulphurous acid, forming caleium
hisulphite, or as commonly called “bisulphite of lime.”  Bisulphite of
lime is lareely used as an antiseptie. Under the influence of oxidising
agents, sulphurous acid and the sulphites are oxidised to sulphuric aeid
and sulphates.

74. Sulphuric Acid, H.SO, and the Sulphates.- Sulphuric
acid 15 one of the most useful chemical compounds known, forming
as it does the starting point in the manufacture of a number of sub-
stances of vast importance in the arts.  When in the pure state,
sulphuric acid is a colourless, odourless liquid of an oily consistency :
this latter property has led to its receiving the popular name of “oil of
vitriol ;7 the acid, however, is in no way connected chemically with the
class of bodies known as fats or oils, Hll]lllllﬂ'ii‘ acid is 'rll'.'ll'l;h' twice as
heavy as water, having a specific cravity of 1-842; it boils at a tem
perature of 358" C, Sulphurie acid has a great attraction for water,
with which it |n|uhﬂ iy combines to form definite hydrates ; considerable
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heat is evolved during the act of union. In consequence of this affinity
for water, sulphuric acid is largely used as a desiceating or drying
agent ; on exposure to the air the acid speedily inereases in weizht by
absorption of water vapour, and the air becomes dry ; hence, if a vessel
of sulphuric acid be placed under a bell jar, it h]lt‘!'llll}' produces a dry
atmosphere inside.  Less concentrated varieties of the acid form staple
articles of commerce. Owing to this attraction for water, sulphuric acid
is a most corrosive body ; wood, paper, and most vegetable and animal
substances are l'l"'ﬁl'l.‘rllkh' attacked by it ; the acid combines with the
hydrogen and oxygen of the substance in the proportions in which they
form water, and leaves behind a mass of carbon, together with any
excess of either hydrogen or oxygen that may have been present,
This, of course, does not in all cases represent the whole of the chemical
action that may have occurred. Dilute sulphurie acid econtains water
in execess, and therefore does not exhibit this dehydrating tendency
when placed in contact with other bodies ; it is well to re ;member this,
because in a number of reactions, where dilute sulphurie acid is em-
ployed, it produces not merely less energetie action, but action absolutely
opposite in character to that of the concentrated acid. The dilute acid,
if allowed to evaporate in contact with paper, &ec., acts in a similar
manner to the strong acid, as the water dries off.  Sulphurie acid forms
a normal and an acid series of salts, of which Na,S0,, sodium sulphate,
and NaHSO0,, acid sodium sulphate, are, respectively, examples,  Most
of the sulphates are more or less soluble in water; ealeium sulphate is
only slightly so; barium sulphate is insoluble in water and dilute acids.
Sulphuric acid ‘and the sulphates may be detected in solution by the
addition of hydrochlorie acid and barium chloride, when they produce
a white precipitate of BaSO,

75 Brﬂmine: Brz'; IDdiDE, ]--_-: and F]uDrinE, F._..— "These
three elements are very closely allied in properties to chlorine ; they
have no very intimate connection with the chemistry of wheat and flour.
Bromine is a anid; |n[||]'u-} at ordinary lrtn]u- .11[11‘1"-., 18 a solid hmlt‘
lodine is slightly soluble in water, |t-.|-.t|||]r soluble in aleohol or a solu-
tion of potassium iodide, KI.  Todine, or its solution, produces a char-
acteristic hlue eolour with starch ; this reaction is of great de lieaey, and
1S an ﬂ\:ulf{in*rh‘ valuable test hoth for starch and iodine. ]‘lllmllw
forms an acid with hydrogen, hydrofluoric acid, HF, which is charac-
terised hy its power of attacking and dissolving ul.w-a, and the silicates
Sener rl.lh

76. Silicon, Si; Silica, Si0,; and the Silicates.— Silicon is
an element somewhat resembling carbon in some of its properties; all
that at present need be stated about it is that it forms with oxygen an
oxide, Si0), analogous in composition to that of earbon, €O, This
oxide, Sil) Yas iz te 1||:|wl silica, or at timu B silicie .Ulhj.:l'rlill' I° |:I|1t and
quartz are almost chemically pure forms of silica; in this form silica 1s
insoluble in water and all acids, and mixtures of acids, u\::-pt hydro-
fluoric acid.  On being fused with an alkali, as KHO, or an alkaline
carbonate, K. '[ 8 n-.|h.;,a_ p|m|uu--. a 'rLI_HH'\, snhstance, unllln h soluble in
water : this hml!r is potassium silicate, < S0, and from at, silicic acid,
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H 510, may be obtained., Silicie acid is soluble in water, and is taste-
less and odourless; on being gently evaporated it first forms a jelly,
and then, as the whole of the water is driven off, the silica remains as a
white pr:‘.-m]r-l, once more insoluble in water and acids.  As silica pro-
duces a compound with water which, by action on bases, forms salts,
silica is rightly viewed as an anhydride. The silicates are the principal
constituents of the great rock masses of the earth and of Hull The
natural silicates um.m.li} contain two or more of the following bases—
iron oxides, alumina, lime, magnesia, potash, and soda,  With the ex-
ception of those of potash and soda, the silicates are mostly insoluble.

77. Phosphorus, P,; Phosphoric Acid, H.PO,; and the
Phosphates.—In pl'ﬂp:'ltlvb phosphorus is one of the most striking
of the elements; its attraction for oxygen is so great that it has to be
kept under water in order to prevent its oxidation. Phosphorus occurs
ordinarily as sticks of the colour and consistency of wax; a piece of
phosphorus appears luminous in the dark when exposed to air; this is
caused by its slow combustion. A slight elevation of temperature, or
even friction, suffices to cause |rlm~:}:|1mub to burn vigorously : it then
produces a vivid light, and forms, by union with oxygen, [!IHHI]"IUII.]H
pentoxide, P,O, or, as it is sometimes termed, [IllﬂhI"llﬂlll.' anhydride.
Phosphorie anhydride is a white powder, which eombines with water
with great avidity to form phosphorie acid, H,PO,  Phosphoric acid is
principally of interest because of its salts, known as phosphates : of
these the most important are caleium phosphate, Ca (PO ), ; and potas-
sium phosphate, K, PO, Caleium phosphate is the principal constituent
of the mineral matter of bones, and hence in some form or other is an
absolutely essential article of food. Phosphates oceur in some parts of
all plants, and is devived by them from the soil.  In wheat, the phos-
phoric acid is wostly combined with potassinm.  The alkaline phos-
phates are soluble in water ; the others are insoluble, but may be readily
dissolved by the addition of nitriec or hydrochlorie acid.

78. The Metals and their Compounds.—Within the limits
of this work it would be iII]I_IlIH};i])]l* to vive even the briefest H}‘Hlt'lll?lli(!
description of these bodies.  An account follows of caleium and potas-
sium, but such other metallic compounds as have any bearing on our
subject will be deseribed when reference to them is made,

79. Calcium, Ca, and its Compounds.— Calcium is scarcely
known in the free state, as it has such an attraction for oxygen as to
almost immediately, on exposure to the air, form calcium oxide.  But
one oxide of caleinm is known that has any practical importance ; this
body, CaQ), is that commonly spoken of as *quicklime.” The salts of
calcium are also commonly referred to as salts of lime; this is not
5-;1|'i[*[|}' correct, ]mt. in mMast Cises ljul|{l.'.~i no real ditterence,  To this there
15 one l-xl:-e-lll_jnu, Chloride of calcium, or caleium chloride, s CaCl, ;
chloride of lime is a very different body, CaOCl,  Caleium oxide is a
whitish grey substance, l,]HIlri,“'l,-' olit: l.1nl'l_| ||\ the rulh:n of heat on the
carbonate ; it is mhmhlv at the highest temperatures at our command,
Caleium oxide combines readily with water, with the evolution of consi-
derable heat, forming slaked lime, or caleium |||.‘1.'lil‘:1.li':I Cal,0, Calcium
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hydrate occurs as a dry, white powder, which is soluble in water to
the I‘HTI'IIT of one part in 600. This solution is that known as * lime-
water,” and is t*ll'l'l]n‘l..vﬂ as a test for carbon dioxide. The solution of lime
has a decidedly alkaline reaction, turning reddened litimus blue.  Caleiumn
produces an extensive series of salts; nf these ealcium carbonate has
been already referred to when deseribing carbon dioxide.  The next
most important salt is ealcium su]pllltv; this body is only slightly
soluble, one part being dissolved by about 400 parts of water. The
phosphate and -.,h]uml:- have .ﬂw.ui} been referred to; the latter has a
great aflinity for water, and consequently is often used as a drying
agent ; it often can be used where sulphuric acid would be unsuitable
from its other properties.

80. Potassium, K, and its Compounds.—Potassium is a soft
bluish white metal, which has so great an attraction for oxygen that it
has to bLe I-:f-]'rt from contact with the air, and even |il|ui:1.‘-;, as water,
which contain oxygen as one of their compounds ; for this purpose the
potassium is generally preserved in mineral naphtha, a compound of
carbon and hydrogen  The normal oxide of potassium i1s K,0; this
body has such affinity for water that it practically never occurs in the
anhydrous state, but usually as the hydrate, KHO. Potassium hydrate
is a white erystalline solid substance ; it melts at a red heat, and is
supplied commercially either in sticks, or in lumps produced by breaking
up fused slabs of the compound. Potassium 11_}'{1:.11':- is a pnuv:tulh
caustic body, and rapidly destroys animal tissues. It is one of the most
powerful alkalies known, restoring the colour to reddened litmus, and
forming salts with acids. Potassium hydrate decomposes ammonium
salts with the liberation of ammonia ; sodium hydrate and lime behave
similarly in this respect. Potassium hydrate is very soluble in water ;
the solution has a I]{;‘LL’:II.;[.I soapy feel to the fingers. Potassiom hydrate
has a great attraction for carbon dioxide ; its solution absorbs that aas
with great rapidity, forming potassium carbonate, K,CO,  Potassium
& lrhnlmtl- 15 a white {!eh{iuvawnt body (7.e, one th at readily becomes
moist through the absorption of water ]. Like other tlv]n;m“-,wut hodies,
potassium carbonate is very soluble in water; the solution is strongly
alkaline to litmus, although the salt is of normal constitution. In fact,
the very strong bases produce with certain weak aecids normal salts, in
which the alkaline compound may be said to predominate.  Potassium
carbonate was at one time almost exclusively obtained from wood ashes.
An acid potassium carbonate, K HCO,, also occurs ; this body is neutral
to litmus, and is less soluble in water ; it is at a temperature of 307 C,
decomposed into the normal carbonate and free acid.

81. Sodium Cumpounds —Sadiwm forms a series of compounds
which elosely resemble those of potassium ; of these the most familiar

are sodium hydrate, NaHO ; sodium carbonate, Na,CO, ; acid sodium
carbonate, NaHCO, ; and sodium chloride, NaCl.  Sodium hydrate is
a somewhat less powerful base than potassium hydrate.
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CHAPTER III.

DESCRIPTION OF ORGANIC COMPOUNDS.

82. “Organic” Chemical Compounds. Chemical science is
commonly divided into two branches, known respectively as © Inorganic”
and “ Organie 7 chemistry,  Certain substances, whether they oceur in
nature, or are prepared in the laboratory, are obtained from mineral
sources : the hodies described in the preceding chapter are instances of
such compounds.  There are, on the other hand, bodies which are
obtained either from the .uum.l,l or \f‘;_::i‘!.].ljl!" kingdom.  Animals and
vegetables are organised bodies, that is, they have vrh finite organs which
adapt them for that series of processes which constitutes what is called
“ite 2 hence chemical L‘.'mll'!}r}l,:lllf[.‘-: h'.l.\‘il];_f i \'i*;_:{rluh]ﬂ or animal origin
are termed *oreanic,”  Those which are not thus obtained from organie
sources are termed * inorganic” compounds : the two names have also
been given to the branches of chemistry which treat respectively of
these two elasses of bodies, and of their luulwltin and reactions. It
was formerly ‘ail'h]ﬂ}kl"ll that the so-called organie bodies could only he
obtained from organic sources; but compar lllwh recent chemical in-
vestigation has demonstrated that many such compounds can be
produced by artificial means from the elements of which they are
composed, without the intervention of living organisins, and even under
such conditions as render the existenee of living organisms an impossi
bility.  Alcohol and its derivations are examples.  The definition of an
organic body as one produced as a result of “life” is evidently no longer
tenable, and chemists have endeavoured, with more or less success, to
frame new definitions of organic l'|1{*t||iht':\“ As all Gl‘ga.nlc com-
pounds contain carbon, it has been |I|upn-f':| to define it as the

“chemistry of the earbon mlnpfulluh: ' again, as many organic bodies
are well defined llltll'llh[lllll radieals, the phrase, “ihr‘lnl*-tt‘a of the
l[ﬂ‘"lrfll““i !il.”!'l ||l|.‘~. ilh‘! :Jl"‘l 1 I”"HIH:L‘H"I]. T}Ii':ﬂ' III'““““”IH ]Iqlf‘:"‘ not
been found entively satisfactory, as they are either too wide or too
narrow.  For our present purpose, Organic Chemistry may be
viewed, with sufficient accuracy, as that branch of the science
which treats of the composition and properties of those com-
pounds whose usual source is either animal or vegetable.

83. Organised Structures.—Although organie compounds can
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be prepared by artificial means, it must be clearly understood that no
chemical processes have as yet been found capable of producing
an organised structure ; further, all evidence hitherto obtained, so
far as it goes, tends to prove the impossibility of such structures being
formed other than through living ageneies.  For instance, starch is found,
when viewed under the microscope, to have a structural organisation
peculiar to itself.  Starech may be dissolved, and after such solution
again obtained in the solid state ; but the solid thus produced shows no
traces of the original structure of the grains of starch ; neither is there
known any artificial process by which the starch may again be huilt up
into structures of the same kind as those in which it :m-ml.LIh oceurred.
Similarly, it is impossible to artificially produce a blood corpusele.  The
same law applies to minute organisms as yeast, bacferia, &e. ; none of
these can be generated otherwise than through the agency of previously
existing living beings of the same type. So far as any problem can be
proved scientifically, this fact of the impossibility of spontaneous
generation is abundantly demonstrated ; experimental evidence of
a most conelusive character has shown as certainly as seientifie research
cam, in any case, possibly show, that living organisms can only be formed
h}‘ means of similar pre-existing organisms.  Man may make a steam
engine or a watch, but a yeast cell is beyond his power.

84. Composition of Organic Bodies.— Organic compounds,
generally, have a much more complicated chemical composition than
have inorganic compounds ; they are mostly, however, restricted to
comparatively few elements.  All organie hodies contain earbon ; many
are mmlumqi of carbon and hydrogen only, a greater number consist of
carbon, hydrogen, and oxygen ; while others contain the four elements,
carbon, hyvdrogen, oxygen, and nitrogen.  The majority of organic com-
II-E:rllllil*-i belong to one or other of these series.  Carbion, more than any
other element, is remarkable for the property of, in compounds, com-
bining diree th‘ with itself, and so forming most complicated bodies out
of comparatively few elements.

85. Classification of Organic Compounds.—The number
of these 1s so bewildering that, without some classification, it would be

ll”l'“‘*‘ﬂh]' to grasp their relationship to each other: recent chemical
science has suceeeded in ve ry {_ll"rill.'ﬁ demonstrating the constitution of
a vast number of these bodies. There are, in the first place, large
numbers of well defined tu]nlrcruncf el ie: ;]u {_,un'-\l\-.tttl"' of carbon .I.III:I
|l_}‘|l'{r"!'ll it has been found |m~m]| le+ to Lroup these into distinet faumni-
lies, the members of each of which iy b ll‘l:lli':-il"llllll by a common
formula.

886. Drganic Radi{:ﬂ.ls.—-'['lw most important series of these is
that known as the Methyl,” ‘ Ethyl " series ; these have the com-
mon formula (C.H, ). T hh-. InHtllElL signifies that in the first |r[u!'
the molecule consists of two semi-molecules that are similar in composi
tion -“"*‘HH“}, that in each semi-molecule the number of atoms of
hydrogen is one more than double the number of atoms of earbon. The
following is a list of a few of the radicals of this series :
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Methyl ... Me,

N ; [.H CH | CMeH,
—‘I ras ] I DR 1- = 4 %
Gl ks CH; o \c,H ), ° |CMeH,

|
|

Prup}‘l P {{".1:1”7 or {Elé::}'l[
]

Butyl ... Bu,
A Ill}'l iits ;‘L"‘u'._..
Caproyl ... Cp. ... {
Each semi-molecule of these radicals behaves in compounds as though

it were an atom of a monad element ; the atomicity is shown by the
following graphic formule—

H H H
| L]
H—()— H—C—C—
| 1
H H H
Methyl, Ethyl.

From these formule it is seen that in each case there is one of the
arbon bonds fl'u-l-_; in the free state two semi-molecules unite h"l.’ these
honds to form the molecule.  The graphic formuli also show how each
of the higher radicals of the series may be viewed as compounds of the
next lower radical with an additional CH, The temperature of the
hoiling points of these bodies increases as the series is ascended.

87. Hydrides of Organic Radicals (Paraffin Group).—
These bodies are compounds of the radieals with hydrogen; those of the
series already referred to have the general for mula, C,H,,... Among
them there is, as the lowest, methyl hydride (marsh gas), CH.H or
CH,; from this the series ascends regularly to O H,. These com-
pounds are distinguished by their not being readily attacked by the
most powerful oxidising agents, they consequently have received the
name of * paraftings ™ (from the Latin, farum affinis, having little
affinity).  The lower members of the series are gases, the anuld]v are
liquids, and the higher members are solid at uuhn.m temperatures.
The paraflins are produced by the destructive distillation of wood, coal,
and many other organic substances, and also oceur in rock-oils,  Some
varieties of American petroleam consist almost entively of paratlins,
In distilling the crude petroleum, it is found that the temperature of
the vapour produced rises as the operation progresses.  The more volatile
portions distil off first ; the distillate may be collected in separate por-
tions or fractions; the operation is then termed © fractional distillation.”
The lighter or more volatile paradlins constitute what is known as light
1:1~t|'n||-||||| :-Liri]'h.; this H1:1:H1;L|1u1-_r when t':'tl't'ftl“_‘l.' frecd from solid im-
purities, is of great use as a solvent for fatty substances, both in the
arts and chemical analysis,  Good light [ll"[l'{ﬁ]l."l.'llll ﬁ]lit‘il should distil
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entirely at a temperature of 707 C. Such spirit is a mixture of several
of the lower parattins, The petroleum of commerce consists of & some-
what higher fraction, and mineral lubrieating greases and “vaseline” of
a vet less volatile portion.  The least volatile portion of all constitutes,
when pure, the hard white solid substanee known as “solid paraflin,” or
parafiin * wax.”

88. The Alcohols —These bodies are hydrates of the organie
radicals ; they possess basic properties, and enter into combination with
acids to form orcanie salts.  Thus ethyl aleohol, being C,H,HO), is
converted by the action of hydrochlovic acid into C,H,Cl, e tlHlL]I]UIIIlI‘
This reaction is analagous to that by which w:lmm In'ull.m- 15 converted
into sodinm 1,.]1.]1:||fl|:-, Of the various aleohols, those of the methyl
series are the most important, and are represented by the formula,
C H,, . ,HO. Subjoined are a few examples of these compounds :—

1 Ale 1 | H
Methyl Adeohal, CHLELQ. or | Gy y5e).  Bubyl Aleokicl, CLHLHO.
= - . § CH,
Ethyl . CHHO, or { CH'HO. Amyl ,  C.H,HO.
Propyl ,, CH.HO. Melissic ,,  CyH,HO.

The lower members of the series are liquid, and the higher solid.

89. Methyl Alcohol, CH HO.— This body, in an impure form, is
vielded on the destructive distillation of wood, and hence is commonly
known as “wond spirit,” or “wood naphtha.” This erude preparation
has a nauseous flavour, which renders it unfit for dvinking: the pure
methyl aleohol has, on the contrary, a purely spirituous taste and odour.
Methyl alcohol mixes in all proportions with water, ethyl aleohol, and
ether ; it has at 15" C. a specific gravity of 0-8021,

GgH:i
90. Ethyl Aleohol, { S350 or O.H,HO.-This bady con

stitutes the active ingredient of beer, wine, and of all spirituous liquors,
as brandy, whisky, &e.  The term “:lellnl when used without any
prefix, 1s alw ays understood to refer to this LUII;II'I-[H_'I.T“I which 15 known
pnpulrir]u as “spirits of wine,”  Aleohol may be produced artiticially
from its elements by purely chemical means, but is always manufactured
h_}.' the process of fermentation, of which a detailed account is hereafter
given. Pure ethyl aleohol is a colourless, mobile liquid, having an
agreeable spirituous odour, and a burning taste.  Aleohol is inflam-
mable, and burns with a scarcely luminous smokeless flame, evolving
considerable heat ; it is on this account largely used in “spirit 7 lamps
as a fuel.  Aleohol rapidly evaporates at ordinary temperatures, and
when pure, boils at 78-4° C. (=173-1" F.) At a temperature of 15-5°
C., aleohol has a specitic gravity of 0-79350; that of water, at the
EH TS hlupm.lttlu* '|w1.:||"‘ taken as 1llllt‘r Aleohol mixes with water,
and also ether, in all proportions : for the former compound it has
great aflinity, and evolves considerable heat on the two being mixed ;
the volume of the mixture is less than that of the two liguids taken
separately.  As previously mentioned, aleohol is manufactured by fer-
mentation ; this process is only capable of producing a comparatively
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dilute solution of aleohol in water., In order to obtain a stronger -'.|lil"lt
llll* f{"l'IIH’[Ili'Ll ]ii|tlil] h {iiﬁti“t*!l i . :I.]-.:f:h{ﬂ 1r|1i]h at a lower lt*TIIIH'I.—LII_lIl"
than water, the earlier lml‘lim]-i of the distillate are the stronger in
-1u1ut until finally no aleohol remains in the liquid being lihttlln‘l It
1s not possible to obtain in this manner aleohol free from water, as even
the very first portions of spirit which distil over carry water mth thewm.
By several times distilling the HlllllT it is possible to obtain a mixture
L*Ulllql.llllllg about 90 per cent. of the pure spirit: special distilling
arrangements have resulted in the production of a distillate eontaining
as much as 95 per cent. of aleohol. In order to remove this small
|IL|;|.|11,it_'..‘ of water, the H]}il‘!'t is treated with I:lllltiylll':lf" or I1r:l_‘|_.-sr-.|1|||]
carbonate, and then allowed to stand, and after a time distilled ; in this
manner alcohol ean be obtained in which there is only the most minute
trace of water, This desiccated alcohinl is termed “alsolute ™ alcohol.
Alcohol is of very great use as a solvent, In.utmulruh for many organic
bodies ; it also acts as an antiseptic, and hence is employed for the pre-
servation of biological and other specimens.  The solvent power of
aleohol is nnullhml considerably by its admixture with more or less
water : for many purposes alcoliol of a certain definite stre ngzth is neces.
sary. As water and alcohol have different densities, and as density is
easily measured, it is a usual method of testing the strength of aleohol
to take its specitic gravity. Tables have been prepared giving the
strength in percentages of aleohol present for different densities,  Three
distinet standards :}f Rtl:'lltrl‘h of aleoholic "':tlilll'lt are {11-1n'[||!"l1_!.|”1; recog-
nised.  The “ Reetified hllnjt of Wine” of the British Pharimae nI:ul;l,
is the strongest spirit that can be produced by the ordinary methods
of distillation : such spirit should contain 84 per cent. by un-fht of
absolute aleohol, and should have a density of 0-8358. * Proof Spirit " is a
term that has survived its orviginal application : it is now legally detined
ns spirit of such a strength, that 13 volumes of it shall weigh at 517 F,
the same as 12 volumes of water at the same temperature.  Proof spirit
has at 155" C. a density of 0-919534, and contains 40-24 per cent. by
weight of alcohol and 5076 of water, Weaker spirvits are detined as
being so many degrees “under proof ™ (U P.), while stronger spirits are
referred to as |n'1i|._g SOy degrees “over proof 7 (O.P.), A :-'.|ririt. of
10 degress U.P. is such that it contains 90 per cent. of proot spirit and
10 11“ cent, of watenr: H]hilit of 10 dewrees (P, is of such a \-.lHII"'t]l
that it may be made up to 110 volumes by the addition of water, and
waould I,Ill‘ll have the sane percentage of d.hnhui s |r|nc:¢ 'h]lll it. Abso-
lute aleohol is that, as before stated, which contains no water.  For
chemical purposes it is usual to 5}!11'“'_\‘ the strength of aleohol, either as
so much per cent. spirit, or by its density.  When for any purpose it is
directed that aleohol of a certain strength must be employved, particulars
will be given as to its density ; for complete tables of densities and
corresponding  strengths, the larger treatises on chemistry must be
consulted.

01. Detection of Alcohol.—Alcohol when present in any quan-
|_1t1, s 1.|,-,||'l.' Ilt‘{J"'!lIH{'I;I ]}.‘I s ﬂ.mf]] n IilElJi.iI'H'- which contain traces
..“]1“ it is Lest to distil and then examine the first portions of the
distillate.  When using a Liebig’s condenser, it will be seen, at the
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]millt where the vapour ht-:_{iuﬁ to condense, that when alceohol is present,
the distillate trickles down the sides of the tube in peculiar oily looking
drops or “tears.”  This appearance ceases as soon as the whole of the
alecohol has distilled off.  Very minute quantities of alcohol sullice to
lll‘l]liu{,ft’! this efiect.  Another and more delicate method for its detec
tion depends on the production of 1odoform.  This hody has the sy mlmi
('HI,, and is similar in constitution to chloroform, CHCl. The liquid
under examination should first be distilled, and the tests applied to the
first portion of the distillate. Ten ec.c. are to be taken and rendered
alkaline by the addition of about a quarter of a c.c. (five or six drops)
of a 10 per cent. solution of sodium hydrate ; the liguid must next be
warmed to about 50° C., and then a solution of potassinm iodide, satu-
rated with iodine, added E]I!{'r]:] ]n‘ {]]ﬂll until a ‘a]iﬂ'h‘f excess of free 1odine
is present ; this is indicated by the liquid acquiring a permanent sherry
vellow tint. The hliuul must next be just decolourised by the addition
of a minute quantity of the sodium hydrate solution. If there be any
aleohol present, a yellow erystalline precipitate of iodoform aradually
forms. Certain other organic compounds, however, are capable of
producing the same reaction,

99, MEth}?Iﬂ-tEd Spirits of Wine.— Aleoholic liquors are sub-
Ject to a high duty ; consequently, for purposes other than the produetion
of drinkable spirits, the Excise authorities permit the sale, duty free, of
a mixture of nine volumes of rvectified spirit with one volume of com-
mercial wood spirit.  This mixture is known as “ methylated spirits of
wine ;" the impurities of the wood spirit impart a flavour which renders
the whole .'lh:':'.ullltvi}‘ undrinkable, except to the }};I.L'lli-_'-c. of the most
debased  dipsomaniacs.  For most laboratory operations, methylated
spirits ean be used as a substitute for rectitied spirits of wine : for
delicate purposes it is well to re.distil the spirits prior to use.  Methy-
lated spirits may be rendered almost absolute by adding about one-third
of its weight of recently burned guicklime, and thoroughly shaking: the
mixture must be allowed to stand some three or four days, and the
shaking repeated two or three times daily.  The spirit must then he
distilled, Iu'nual,utinns being taken to prevent the temperature llIHII,'I]}"
rising.  The still should be fixed in a water bath, consisting of an iron
saucepan containing brine.  The clear portions of the spirits should first
be poured into the still, without disturbing the sediment, and distilled
to dryness by application of heat to the water bath. Care must be
taken that the bath does not boil dey. The pasty mass of lime may
next be placed in the still, preferably in small quantities at a time, and
heated by the bath so long as any alcohol distils over.  An eflicient
condensing worm wust be used, and the tube connecting it with the still
ought to be a long one. At the close of the operation the lime may be
removed from the vessel used as a still by soaking with water,

93. Propyl, Butyl, and Amyl Alcohols.—These hodies are
produced in small quantities during fermentation. They all boil at «a
higher temperature than ethyl alcohol, and are found in the residual
liquor after most of the spirit has been distilled over.  Propyl aleohol
oceurs in the residues of the distillation of the fermented liguor of the
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mare of grapes in the production of low-class brandy. Normal butyl
aleohol occurs in genuine cognae, from which it may be obtained In.
fractional distillation : it has a boiling point of 1168 C., and possesses
an agreeable odour.  But spirits from potatoes, heet- r-:ml., maize, and
certain other substances contain ]'.l-'.uhutj_.'l aleohol, an isomeride of the
normal alcohol.  Isobutyl aleohol has a disagreeable fuseloil like odour.
The following formulae indieate their difference in eonstitution :—

: IT (T ~CH,
CH,CH,CH, CH o'
|
CH,HO uu._.]m
Normal Butyl Aleohol, Izobutyl Aleohol.

In addition to isobutyl aleohol, amyl alechol is also produced as a
bye-product during the manufacture of aleohol fron potatoes or grain.
‘um] aleohol is an oily looking liguid, which does not mix xnth water,
but with aleohol and ether in all proportions ; it boils at 137" C. tnl}l
aleohol has o strong, disagreeable smell, and burning t: l.hlt'. Its intoxi-
cating effects are similar to those of ethyl aleohol, hut a few drops of
amyl alcohol suflice to produce all symptoms of intoxication ; it has
been estimated that amyl aleohol is fifteen times as mtm.n.ltmw as s
ethyl alecohol. More or less of this aleohol is found in newly made
spirits, hence new whiskies, especially such as have been manufactured
in “small” stills, are exceedingly deleterious; by keeping, the amyl
aleohol is oxidised into harmless compounds.

94. Fusel or Fousel Oil.—This name is applied to the oily
mixture of spirits above referred to as being formed during fermentation,
The fusel ol of potato and grain spirits principally consists of amyl
alcohol.

95. Glycerin, C,H,(HO),—In constitution this body is an aleohol.
When pure, glycerin is a eolourless, odourless, and thick ﬂh'up}.' liguid,
having a sweet taste, and boiling at a temperature of 2007 C.  Glycerin
is one of the substances Iumluur;l during the normal fi."l mentation of
sugar, and also is the basic constituent of fats and oils,

96. Manmte C. H (HO) —This is a substance possessing a sweet
taste and found in the sap of certain plants, which sap when dried
constitutes what is known as manna.  In constitution mannite is a
hexatomic aleohol, and is of interest as being the :-mn]-mnul of which
the carbohiyvdrates are viewed as chemical derivatives,

9'7. The Ethers.— These bodies are the oxides of the orcanic
{.‘._.H_-,(L
C.H,
When the term * ether " is e mplmwi without any qualification, it 1s this
body to which reference is made.  From its mode of preparation, ether
s often termed ¢ \-.1[]11';11]“ ether:” t-.ullr}nuw acid, of course, does not
enter into its IIIII.I'[IHH]TIH'I.I | I|11|: is a colourless, very mabile |.11|1.':I|:|
having a peculiar, penetrating, and characteristic smell. This smell has
given rise to the term “ethereal odour.,”  Ether has a specitic gravity

radicals ; the most important is ethylic ether, or ethyl oxide, {
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of 0-736, it does not mix with water; but, on being added, forms a
layer on the surface. The ether dissolves a certain quantity of water,
while the water, on the other hand, holds a portion of the ether in
solution. Etlu-r boils at 345" C., and is very volatile at ordinary
temperature.  The vapour is inflammable ; and, as wmay be gathered
from the formula, is very heavy. Great eare must be taken when
working with ether to keep all lights at a safe distance. The high
density of the vapour causes it to flow as a dense layer along a level
surface for a considerable distance ; in this way there is :Iuwﬂ of the
vapour communicating with a light that may be placed even at Hu
further end of a long table. The rule should invariably be adopted of
having no more of the liquid in the immediate neighbourhood, where
experiments are being made, than is necessary for the purpose in hand ;
the store bottle should not lu' L{Ji:t in the LlhnlrLlul Y. Ether is of "'IE'.Li
use as a solvent for fats, resins, and other organic bodies.

98. Ethereal Salte.— These hadies are produced by the displace
ment of the hydrogen of acids by organic radicals; the acid may he
organic or inorganic. The compounds of such radieals, with chlorine,
bromine, and iodine, are at times viewed as a sub-class of these bodies,
and are termed * haloid " ethers,

99. Chloroform, CHCI, —In a number of organic compounds it
is ]J-:)a-u-sihif* to replace the atoms of certain elements pH“-'-PIIt by those of
others ; in this way what are called “substitution products” are formed.
Starting with nwtlnl hydride, CH,, the hydrogen of this body may he
11=pl.wﬂi atom by atom hv {hlutum until ‘CCl, is formed. The wpl.u:n -
ment of three atoms of hydrogen by chlorine results in the production
of chloroform, CHCI,. This wmpuuml is at ordinary temperatures a
heavy volatile Iirluitl. ]nn‘in;_'; a specific gravity of 1-48.  The vapour of
chloroform has a peculiar hut pleasant smell, and when inhaled produces
insensibility to pain, while in less quantities it causes stupefaction.
No danger need, however, be apprehended during any ordinary working
with this substance, Chloroform boils at a tulnptmttuw of 60-8° C.
Chloroform, like ether, acts as a solvent of many organic bodies ; it is
not soluble in water, .lml after being shaken up ‘with that hquh‘.l more
or less quickly subsides and forms a layer at the bottom.

100. Iodoform, CHI, This is a yvellow solid body, analogous in
constitution to chloroform,

101. Organic Acids.— These bodies constitute a numerous class
of organic compounds ; like the radicals, they are capable of subdivision
into distinet families, the members of which exhibit considerable re-
semblance to each other. “‘wu-lrll of these groups of acids are deriva-
tives from Q‘[H'I‘l’_‘H]]-ﬁl'll‘.ii]"lg series of alcohols,

102. Fatty Acids, or Acids of Acetic Series.—These acids
3 - PO
COHO

member of the series is formie acid {f_at}]if) or HCHO.. The next and

may be represented by the general formula, { The lowest

E
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best known is acetic acid { bfjj‘l“ or HC,H,0,. Acetic acid is the

derivative from ethyl alecohol. It will be of service to place side by side
for comparison the formulx of ethyl and some of its principal deriva-
tives -—

[ CH, {l::n,”
\ C,H, C,
Ethyl. Ethyl Oxide or Ether.
, . [cCH, CH, CH,
C.HHO, or e o { COll COITO
Ethyl Hydrate or Alcolol, Acetic Aldehyde. Acetic Acid,

By oxidising agents, two atoms of hydrogen may be removed from
aleohol with the fmnhnmn of acetic .i,l:[t-ln[]f- This hml\ is formed
as an intermediate step between aleohol and acetic acid.  Aldehyde
readily combines with another atom of oxvgen to form acetic acid.
Aldehyde is one of the products of oxidation of casein, fibrin, and
albumin.

103. Acetic Acid.—This }m{|}' is a liquid which Twils at a tem-
perature of 117° and freezes at 17° C.; it has a sharp but pleasant
smell, and is well known in a dilute form as vinesar. Vinegar is
manufactured by a species of fermentation from aleohol : its interest
in connection with our present subject lies in the fact, that during
many fermenting processes acetic acid is accidentally produced,

104. Bth—FI‘IG ﬂﬂ]d,{gGHD or HC,H.Q.. This Lody bears the

same relation to butyl aleohol that acetic acid does to that of ethyl.
Butyric acid occurs in rancid butter, sweat, and many animal secretions,
It is also one of the products of putrefaction, or putrid fermentation, of
many organic substances ; for instanece, it may be formed in consider-
able quantity by the action of putrid cheese on sugar.  Butyric acid is
a liquid having a sharp odour resembling that of rancid butter,

105. The Higher Fatty Acids. — These have rveceived their
special name because of their occurrence as constituents of many natural
fats ; among those thus found are butyrie acid (above de -:tl]:ﬁl'}l

palmitic acid { :x.:;ﬂ}”” or HC H,0,; margaric aecid, |[L :L:::ij]llffll

HC,;H,0,; and stearic acid, { :E_J‘]l-lllil{]' or HC H.0, These latter
bodies are at ordinary temperatures fatty solids, melting into oils with
an inerease of temperature.  Physically, they bear little resemblanee to
acetic acid ; but the formulae at once show their similarity in constitution,

106. Fats and Soaps, or Salts of Higher Fatty Acids.
Most natural fats are salts of the higher fatty acids, with glycerin as
the base; for example, mutton fat is esse ntially composed of the
stearate of glycerin.  This body may be artificially |:|n=.hm~11 by heating
together stearie acid and glycerin, according to the following equation.

orr
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3HC,H,,0, + CH,(HO), = CH(CH,O,), + 3H,0.
Stearic Acid. Glyeerin, Glyeerin Stearate, Water.

Some natural fats contain an excess of the fatty acid over and above
that suflicient to combine with the whole of the glycerin present.

In addition to the *fatty " acids, acids of another group, known as
the oleie series, are found as constituents of natural oils and fats, Oleic
acid, HC, H,0,, is the product of oxidation of an aleohol of the family

C H,, HO series: it will be noticed that the formula of the acid
differs from that of stearic acid by containing two atoms less of hydro-
ven : this difference follows from the difference in the h.'|m.1| formula
of the two series of alcohols, The oleates of glycerin constitute the oils
or liquid portions of fats.

By the action of alkalies, as soda or potash, the fats are {Iu‘mmlumﬁd
with the formation of sodium or potassium salts of the fatty acids,
and the liberation of glycerin in the free state. These salts constitute
the bodies known technically as ““soaps,” those of sodium are the
*hard,” and those of 1mt.u¢uium “soft ¥ soaps. The separation of fats
into glycerin and the fatty acids may also be eftected by forcing a
current of steam through the melted fat. The glycerin distils over wuh
the steam. This operation of decomposing fat by the aid of alkalies
1s termed **saponification,” and, In addition to its great use in the
commercial manufacture of soap, constitutes a valuable method of
investizgating the composition and properties of natural fats and oils.

Some few other organie acids of interest yet remain to be described :
among these there is :—

107. Lactic Acid, HC,H.O..—This body occurs in sour milk, and
is also |nm|m-v(l 1 oreater or less :iu.mtltu-a rlmm-r fermentation with
ordinary cominercial yeast. Lactie acid is a sirupy liquid of specitic
aravity 1-215, colourless and odourless, and having a very sharp sour
taste. 1t forms a well-defined series of salts.

108. Succinic Acid, H.C ,H,0O,—Succinic acid is a white solid
body, soluble in water. It is one of the bodies produced during the
normal aleoholic fermentation of sugar. On being heated, succinic acid
evolves dense suffoeating fumes, .

109. Tartaric Acid, H,C,H,0,.—This body occurs naturally as
a constituent of the iuiu- of the grape, and in various other plants, It
is when pure a white solid erystalline body, soluble in water, and
possessing a pleasant sour taste, On being heated, tartavic acid ev nlwﬁ
an odour of burnt sugar. Tartaric acid is ill]l.u-.u, and forms both an
acid and a normal series of H.'l,]tr-], termed “ tartrates.” The well-known
substance “cream of tartar” is acid potassium tartrate, KHC,H,0,; this
body has an acid reaction, and, like tartaric acid, decomposes sodium
carbonate with the evolution of carbon dioxide gas.,  As, however, one-
half the hydrogen has been already replaced in cream of tartar by
potassium, that salt has only half the power of decomposing sodium
carbonate that is [iihwl“-.'ﬂi'tl by free tartaric acid.  When acid potassium
tartrate 1s neutralised by the addition of sodium carbonate, so long as
eflervescence occurs, there is produced a double tartrate of potassium
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and sodinm, KNaC,H,0,. This body is soluble in water, and is known
as ** Rochelle Salt.”

110. Definition of Homologues, &c.—At this stage of the
subject it will be convenient to explain the meaning which is attached to
“homologue ” and other stimlar terms used in deseribing oreanie bodies,
Series of bodies are termed homologous, in which their general
constituticn may be represented by a typical formula ; thus, the
organic radicals of the methyl series are homologous, so too are the
t‘:m*rpﬁpmuhn-f aleohols, and also the f fatty acids.  The melting and boil-
ing ]m'intr-'. of the Jl]:*lnhl-lw of a hulnulrwutth Serles 11-,uf;||1, rise as the
series is ascended.  When eapable of h:tm*f vaporised, their density in
the gaseous condition inereases with the .I_Mu]lt of the series, U '-.ll.l”‘..,
the lower members of a series of homologues are more chemieally active
than are those of a more complicated constitution.

Many organie bodies are known which not only contain the same
elements, but also contain them in the smne proportion, while their
physical and chemical eharacter show thew, nevertheless, to be distinet
compounds. Distinet compounds, ha,ving the same percentage
composition, are said to be ‘‘isomers,” or “isomeriec with each
other. Isomerism may be of different kinds. Thus, bodies may have
tll!" RiLlmne l'.ll:’!['l_fl"lll.il:'l'! U(}I]I!H}ﬁitiﬂu, -'l.-“[l }'E!‘T h:l\i' ll]ﬁi"lf"l] lnﬂll'i ll].ll
weights : in these cases the molecular weights are multiples of the
simplest possible molecular weight that can be deduced from the per-
centage composition. Bodies having the same percentage com-
position, but different molecular weights. are said to be
‘“ polymers,” or “ polymeric” with each other. The following are
instances of polymeric bodies :—

Ethylene —C,H,,
I"[n'l'l,h-lli" LH
Butylene —C Hg.

In addition to isomerism of the above type there is vet another more
striking variety. When distinct chemical compounds have not
only the same percentage composition, but also the same
molecular weight, they are said to be “metamers,” or “ meta-
mEriB = With Ea.l:h l::lt.]:'_l_-a]'_"‘I _,;“._ﬁ {"REI..]”}]]I'H i}F ll]l‘*?lt“l"l'il' t'ﬁm]lﬁll]lllﬁ tlll"
following three bodies may be cited—propylamine, methylethylamine,
and tmns-l,ln lamine. These three bodies all have the formula, NC,H,.
That thn. are listinet Luln!:uul]i_l‘u conti l]lllllﬂ' the same |III..I-IIUI[.-II"II:IH 13!
carbon and hydrogen, but united together to form difierent organic
radicals, is seen when the formule are written as below :—

o L‘ i:d .| CH, | CH,

CH,  N!cCH,

I u l H | CH,
Propylamine, Methylethylomine Trimethylamine.

The nature and constitution of these bodies arve described in para-
agraph 112,

111. NltngEﬂDUE Dl‘g&ﬂlﬂ Bodies. -—“-HH" OrgEn e ul[l'lll“'lllll.l'-
both from animal and vegetable sources, contain nitrogen as one of
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their constituents.  Of the great majority of these hodies nothing very
definite is known as to their constitution ; a large number of them are
basie in their character, and hence are known as nitrogenous organic
bases, or “ alkaloids.”

112. Substitution, or Compound, Ammoniag.- Many of the
nitrogenous organic bodies are built upon the same type as ammonia,
and may be viewed as ammonia in which one or more of the atoms of
hydrogen are Il’l!l:Lll’f' by compound radicals.  These compounds are
termed “amines,” or “substitution ammonias.” The three bodies,
propylamine, methylethylamine, and trimethylamine, whose formulse
are given in a lni-u-dln" paragraph, are ex .uniulw-, of amines, The
Im'lh}i-umnf-‘-} are gases at ordinary temperatures, having a strong
ammonical and fish-like smell.  Trimethylamine is produced by decom-
posing proteids, and is the source of the characteristic smell of fish.

113. Alkaloids.—This name is applied to a class of organie bodies,
most of which contain nitrogen, carbon, hydrogen, and oxygzen. All
these bodies are basie, while many are able to neutralise even the
strongest acids, as sulphuric acid. They are, as a class, vemarkably
energetic in their action on animals ; thus, quinine and morphine are
most powerful medicines, while strychnine and brueine are among the
most violent poisons ; but little is understood of the constitution of the
alkaloids; it is lll'lﬂmhlv that []!{-'}' are of the same type as the L'tr!u]u]llnd
ammonias. For the sake of uniformity in chemical nomenclature, it has
been proposed to restriet the termination “ine” to the alkaloids ; for
this reason, glycerin, dextrin, &c, should never he written glycerine,
dextrine, &e.

114. Amides and Amido-Acids.— Amides may be viewed as
derivatives of acids in which amidogen, NH,, replaces hydroxyl, HO ;
or th{*}' may be looked on as mmmonia in which one or more of the
hydrogen atoms are replaced by organic radicals, Urea, CON,H,, is a

typical amide. It may be viewed as a derivative of carbonic acid
CO(HO), in 'ﬁlmh case the two groups of HO are replaced by two
groups of NH,: or on the other hypothesis may be regarded as two

molecules of ’llnl:ml:li:t, };“‘.l, with a i_m,i[' of ll}'{ll'u;__{(:ll atoms I'I-III:L:'irlI 1!_}'

€O, thus :—

-f{H
\
Heo - CONH,
= 1 - | Urea, Carbamide.
N 1 H

The amides are distinguished from the amines by the latter being
incapable of derivation in constitution from an acid.

Among amides fmlml in plants are asparagine, CHN,O, and
glutamine, C,H, N( The amides are crystalline, diffusible bodies.
Asparagine is solul :](‘ in hot water, but not in aleohol or ether,

Tlltr u'-l."li[ll']'-ﬂ.l:'il'lﬂ H Ijlll’ti[!‘ﬂ i_l'l,tl"l'”ll‘f]i-'l.l[" i]l :'}“Lrﬂ.l'lf_‘]' I""' Wern Il
acid and a wealk base, fulfilling under different cirenmstances l}!v
functions of either. They may be viewed as derivatives from organic
acids in which hydrogen of the acid radical is replaced by amidogen.
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and sodium, KNaC,H 0O, This Lody is solulile in water, and is known
s * Rochelle Salt.”

110. Definition of Homologues, &c.—At this stage of the
subject it will be convenient to explain the meaning which is attached to
“homologne ” and other similar terms used in deseribing oreanie bodies,
Series of bodies are termed homologous, in which their general
constituticn may be rspresent.ed by a typical formula ; thus, the
organic radicals of the methyl series are homologous, so too are the
corresponding aleohols, and also the fatty acids., The melting and boil-
ing points of the members of a homologous sevies usually rise as the
Ser Il"'\- Iq ||."1-LE'|I:'|'IE"II lhlqlln }ll'“ i |l]:].|ll Il' “t l]‘i lll" "|r11'|1]] |':'11l I tlil ‘r [II |'|"1-1‘t'||. |||_
the gaseous condition increases with the ascent of the series. U 'wll:L“"r.
the lower members of a series of homologues are more chemiecally active
than are those of a more complicated constitution,

Many organic bodies are known which not only contain the same
elements, but also contain them in the same proportion, while their
physieal and chemical character show them, nevertheless, to be distinet
compounds. Distinet compounds, having the same percentage
composition, are said to be ‘‘isomers,” or “isomeric with each
other. Isomerism may be of different kinds. Thus, bodies may have
the same percentage composition, and yet have different molecular
weights: in these cases the molecular weights are |uult|p1+-~. of the
Hil]lI!]l‘-‘il possible molecular weight that ean be deduced from the per-
centage composition. Bodies having the same percentage com-
poeition, but different molecular weights, are said to be
“ polymers,” or * polymeric"” with each other. The following are
instances of polymeric bodies :—

Ethylene —C,H,.
]-‘m 0 lene—(C. H
]:ut}h-aw —C, ||

In addition to isomerism of the above type there is vet another more
striking variety. When distinet chemical compounds have not
only the same percentage composition, but also the same
molecular weight, they are said to be *metamers,” or “ meta-
meric” with each other. As examples of metamerie compounds the
following three bodies may be cited—propylamine, methylethylumine,
and trimethylamine. These three bodies all have the formula, NC,H,.

That the Y are distinet -.,mnlmumh containing the same proportions ut
carbon anll |n:||wr1'n but united torether to form difievent organie
radicals, is seen when the formule are wiittein as below :—

1{31{_ |LI[ CH,

N« C,H,; N CH,

l 11 l ;: | CHL,
Propylamine. Methylethyvlomine Trimethylamine,

The nature and constitution of these bodies are deseribed in para-
graph 112.

111. NltrﬂanDUE Drganlﬂ Bodies. —M: iy or CANIC ::nu‘lu}umfh
bhoth from animal and ‘I.l.'!"l[l.h].l" SOUrCes, contain nitrogen as one of
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their constituents.  Of the great majority of these bodies nothing very
definite is known as to their constitution ; a large number of them are
basic in their character, and hence are known as nitrogenous organic
bases, or “alkaloids.”

112. Substitution, or Compound, Ammonias.—Many of the
nitrogenous organic bodies are built upon the same type as ammonia,
and may be viewed as ammonia in which one or more of the atoms of
hydrogen are replaced by compound radicals. These L-mnpnumlﬂ are
termed “amines,” or “substitution ammonias.” The three bodies,
[11-.:|H.Lumru- lm-llnh-lInhmllm-, and trimethylamine, whose formule
are given in a preceding paragraph, are examples of amines. The
methylamines are gases at ordinary temperatures, having a strong
ammonieal and fish-like smell, T 11|1|r-t|n]:-1|111n:- is produced by decom-
posing proteids, and is the source of the characteristic smell of fish.

113. Alkaloids.—This name is applied to a class of organic bodies,
most of which contain nitrogen, carbon, hydrogen, and oxygen. All
these bodies are basie, while many are able to neutralise even the
strongest acids, as sulpburie acid. They are, as a class, remarkably
energetic in their action on animals ; thus, quinine and morphine are
most powerful medicines, while strychnine and brucine are among the
most violent ]ruiuulh but little is understood of the constitution of the
alkaloids; it is probable that they are of the same type as the compound
ammonias. For the sake of umfulnnt\. in chemic: LI nomenclature, it has
heen lll't:IhHL'tI to restrict the ter :|||t|1|,l_t:}n ine” to the J]lm,lm-:h; for
this reason, glyeerin, dextrin, &c, should never he written glycerine,
dextrine, &e.

114. Amides and Amido-Acids.—Amides may be viewed as
derivatives of acids in which amidogen, NH,, replaces hydroxyl, HO ;
or they may be looked on as ammonia in which one or more of the
hydrogen atoms are replaced by organic radicals, Urea, CON,H,, is a
h']riul amide. It may be viewed as a derivative of carbonie acid
CO(HO), in which case the two groups of HO are replaced by two
groups of "\“ ; Or on the other In'!u:th(-ala nmay b 1'1“&1.”]{-1] as two

molecules of .Llllll]lllll:t NH,, with a pair of hy q[lu"f'n atoms replaced by
0O, thus :-

- {H
N 4
Hoo - CcONH,
N . { H Urea, Carbomide,
iH

The amides are distinguished from the amines by the latter being
incapable of derivation in constitution from an acid.

Among amides found in plants are asparagine, CHN.,O, and
glutamine, C,H, ,N,O,, The amides are erystalline, ditfusible bodies.
Asparagine is soluble in hot water, but not in aleohol or ether,

The amido-acids are hodies intermediate in character between an
acid and a weak base, fulfilling under different cireumstances the
functions of either, They may be viewed as derivatives from organie
acids in which hydrogen of the acid radical is replaced by amidogen.
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Aspartic acid, amido-succinic acid, C,H.NO,, and glutamic acid, amido.
olutarie acid, C,H,NO,, are mmnlu-hui this group. So also are leucine,
fuma:]n -caproic acid, C;H;NO,, and tyrosine, amido-oxy-phenyl-propionic
acid, C,H,,NO,; all tlww baodies being nnpui tant decomposition products
of the memda Leucine is soluble at 12° C. in 48 parts of u..tlf-! and
800 of aleohol ; and insoluble in ether. Tyrosine dissolves in 150 parts
of boiling w -:l.ti"l.. and is insoluble in aleohol and ether.
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CHAPTER 1V,
THE MICROSCOPE, AND POLARISATION OF LIGHT.

115. Dbject of Microscope.—A description of the microscope,
and method of using it, is given at this early stage, because the student
will eontinually find it requisite to have recourse to this instrument
from time to time, while going on with his study of the chemieal
properties of the various grain constituents. In order to thoroughly
understand the physical construction of bodies it is necessary to see
them. The wmicroscope is an instrument to enable us to see points of
physical construction which are so minute as to escape the unaided
vision.

116. Description of Microscope.— The demand for good
microscopes has led to the supply by a number of makers, both English
and Continental, of really excellent instruments at low cost. In con-
sequence, the microscope is not now, even to the general public, an
unfamiliar piece of apparatus, These pages are not the p]-wf' where an
exhaustive deseription of |111+;:1-nwnp{m could with fitness be given, hut as
the instrument should be in the hands of every miller and baker, a few
hints as to how to use it for such purposes as those occurring during
milling and bread-making will naturally find a place in this ‘l.-.m]-. .:"ks
an instrument suitable for the work of miller and baker, the writer has
figured one supplied by Charles Baker, of 244, High Hnllmm, London,.
These microscopes are cheap (in the best sense of the term), of excellent
make, and always trustworthy.

Every reader will probably be familiar with the general appearance
of the instrument as shown in the illustration. The microscope proper
consists of the stand, to which is attached the main tube of the instru-
ment, by means of a sliding “dove-tail” arrangement, that can be raised
or lowered by a rack and pinion : the pair of milled heads, b, actuate this
pinion. The stage is that part of the instrument arranged for the re-
ception of the object being examined, It consists of a flat surface at
right angles to the axis through the tube of the microscope, and carries
on it a sliding piece, &, which can easily he moved upward or downward
on the stage. By means of spring clips, the glass on which the object
is mounted is held on this sliding piece, and thus may be shifted in the
one direction ; it is easily mmwlhnm right to left by !ll‘||1:'-u|.!tlf'llf of the
{JllJ{"f..'t itself with the !|||"1 rs. Undermeath the stare is a contrivance
known tee ]'ITIIL-tlh" as the sub-stace : this is also fitted with a rack and
pinion, and may be raised or ]::-“{-u-ni by the milled head, The
central aperture of the sub-stage, J, is arranged to take !'|||1ft' a sub
stage illuminator ( Abbé n:m{ulm ), o series of diaphragms, the polariser
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degree ; on the other hand, it should be sufficient for the ohject to be
seen comfortably.  The 3-inch objective will show the zrain of wheat
occupying almost the whole of the field of vision. Any object when
seen throuch the microscope is inverted ; that is, the top is seen at the
hottom, and the left side at the I!'i_t_';}ll, I',:. 1:|_i|]ii|1;_f out the draw tube
the object is still further magnified,

In the next place, unscrew the 3-inch and substitute for it the 1-inch
objective,  The microscope tube will now Iz.n'n- to be lowered econ-
siderably until the object is again in focus. A portion only of the
wheat-frain is seen in the field, but that Imrtinn is magnitied to a much
sreater decree,

The illumination is much less than with tiw 3-inch object wlass.
Notice that more of the details of the object ean be distinguished.,

The }-inch objective may now be tried.  Unless the section is a very
thin one, it will not, however, show up well.  Having exchanged the
inch for this power, lower the microscope tube until the end of the
object glass is within an eighth of an inch from the slide ;: then move
the milled head, b, very '-.Im'nh' and carefully, watching all the time
until the object is again in focus : for this purpose it is well to move the
slide until a portion of the skin of the grain is in view. The milled
head, k, at the back of the instrument, may now be used for making
the hll=t| adjustment of the focus. This latter milled head is termed
the “fine adjustment,” while that by means of the rack and pinion is
spoken of as the * coarse adjustment.”  For the lower powers the coarse
adjustiment is sufficient,

This exercise with the three powers will have shown the student the
mode of using his microscope. He must accustom himself to moving
the object about on the stage, so as to get any portion he wishes in
view ; this presents some little difficulty at first, Dhecause the movement
must be made in the opposite direction to that in which it is desired
that the magnitied image shall travel.

118. Measurement of Microscopic Objects.—The micro-
scope is not merely used for the purpose of seeing small objects, but,
with the addition of certain accessories, is also f'|:111|m£'ll for measuring
their size.  The first object requisite for this purpose is a “ stage micro-
meter;” an eye-plece micrometer should also be procured. The stage
micrometer may consist of a fraction of an inch further divided up
into tenths and hundredths, or preferably of a millimetre similarly
graduated.  The scale for this purpose is accurately plotographed on a
"I;L'-L‘-_' '-.|i|h the same as an ordinar Ay slide. [t will be remembered that
the millimetre is very |||=.l.ri1r the twenty-fifth Jrart of an inch, conse-
quently the tenth or hundredth of a millimetre may be taken as equal
to the two hundred and fiftieth, or two thousand five hundredth part
of an inch.  Waorking with low powers, it is sufficient for rough pur-
poses to place the stage micrometer face downwards on the object to
be measured, and then to read the number of divisions of the micro
b r v W !|ir~h 1_|w uhjm't. faw hl' 1III':IH'[H‘{‘L! I‘Kli*l'lll!-'.. T]‘li!-t CILT nl!li_‘n' hl'
done with powers sufticiently low to in-nuit the lines on the micrometer,
and the object under examination, to be in focus, or nearly so, at the
same time. The eye-piece micrometer is, for all purposes, far preferable.
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This instrument consists of a scale engraved on a circular piece of
olass, as shown in Figure 3, which is fixed in a
specially adapted eye-piece, also figured.  The top
,  of the eye-piece draws out, and the micrometer
M'j'l' 80 3 seale dropped in, so as to rest on the diaphragm
shown in section midway of the eye-piece.  The
figures, of course, must he uppermost, so as to read
rightly en looking down the mic TOSCOpe. The scale
Tu-nw in position, the sliding tube of the eye-piece
itself is drawn up or down until, on looking Il!llﬂ.l“'ll
it, the graduations are sharply focussed. With the
eye-piece in position, on looking down the micro-
=i 1':-|u= both the eye- ]1I1‘{t" seale and the Hh]l el are
seen in focus together. The scale looks as though
it were simply superposed on the object  The value
of this scale varies with each different power em-
ployed, but may be determined in the following
manner—screw the lowest power into the micro-
scope ; put the stage micrometer on the stage, and
read oft carefully in tenths and hundredths of a
millimetre the value of one division of the eye-
piece micrometer. Next repeat the same measure-
ment in exactly the same way with each of the
FIG. 3. EVE-PIFCE  pther objectives. In these determinations the draw
mmOMELR tube must invariably be in the same position ; it
is best to have it always closed when the microscope is being used
for measuring purposes.  Thus, for example, with one of the microscopes
in the lmszs-'vhﬁinn of the writer, one division of the eye- 11|1'{ e has the
following values with ditferent objectives :—

/

ZETSS, JENA

-
-

Ojective, M. ML M. K. ML Ineh.
ail, Leiss, 0,256 286 000112
A, i 0-172 17-2 0-00067
DD, 0-0041 41 0-00016

One-twentieth inch,
O1l immersion, 000104 1-04 000004
supposing that an object, under examination with the highest power,
on being measured is 32 eye-piece divisions in length, then its real
length is
000104 % 2:2 =0-00333 m.n., or 0-:00013 inch.

119. The Micromillimetre. When the dimensions of minute
objects are ur-\pu-u-,ml either in inclies or in millimetres, they require
such a number of figures that it is difficult to at first vealise the value
of the dimension. 1t has therefore been proposed to employ the one-
thousandth part of a millimetre as a unit of length for microscopic
measurements.  This unit is ealled a micromillimetre, for which the
following ablhreviation, * mkm.,” may be used.  The mkm. is also some
times called a “p” (pronounced mu) ; its value in inches is very nearly
sotoe inth.  The eyepiece measurements given in the preceding
II-IIri"'-LIIh ]Iri"n-{ ..I]"-.H l_]l_l"l,r "|.¢'LI'|,|I""| [ & "'.,IIII H"ﬁl{t 111 Illllllllllilllllll*t:I! "M
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120. Magnification in Diameters.— There remains to he
explained a convenient method of measuring the magnitving power of
objectives and eye pieces, A common method of expressing the value
of ihLll]l aular combinations of these two 1s to Sy that l}lm |ur11flt1'|?'r S0
many diameters A moment’s reflection will show that illu 1Te Seen
with a microscope will vary in actual dimensions, aceording to whether
it be sup iposed to be near to or far from the eve.  The only real measure-
ment, in fact, is the visual .lnﬂ']v it Hll,]'ltl"!!{l‘-u This be i!l"' the case, the
measureiment in dinmeters is .l]n ays expressed with the understanding
that the object is supposed to be 10 inches from the eye.

Here for o moment a shght digression must be made.  Most be-
ginners when looking through a microscope close the eve not in use,
This is a bad plan, as the eyes ave thereby much more faticued.  Both
eyes should be kept open.” At first the surrounding uhp cts are con-
tinually being seen with the unoccupied eye, and it is apparently »
||n|:l:]1"-n-. case Lo see the flll_lf'Ll under the |:1|uu<-.{u1:i* at all. P .'u_ttc'i-.
overcomes this, but the writer has found the best plan is to fix to the
microscope tube a piece of dead black cardboard, so that the unoccupied
eve sees only a black surface.  The object will now be observed with
the greatest readiness, and probably not unf- gquarter the fatigue, In a
very short time the cardboard shield may be dispensed with, and the
trained eves so behave that the one is transmitting the view of the
microscopic ohject to the brain, while the other is remaining idle and
resting. The student should accustom himself to use either eve in-
differently : he will soon find that he will no more think of closing one
eve when looking through his microscope than he would of tyving his
left hand behind his back before he shakes hands with his right.

Now, the object of our momentary departure will be evident ; the
idle eye can, at will, be used for looking at something else, so that the
one eye is looking at the microscopic object, the other, if wished, at say
a piece of paper. Place the stage micrometer in focus, and fix a pece
of stiff paper or cardboard as near as possible to the microscope, at

right angles to its axis, and ten inches from the eyve-piece.  Look down
llu- tube with the one eye, and with the other at the piece of paper.
The n|‘1-r;|||f|l-11 micrometer scale Appears as though drawn on the pape I.
Still using both eyes, trace with a peneil on the paper the exact position
of each line Il‘ii'll"wl"lltlll" the tenths or hundredths of the millimetre.
Next measure on the paper the distance between the two marks traced
from, say, the tenths of a millimetre ; suppose that this distance 1s five
millimetres, then that particular combination of eye-piece and ohjective
has a magnifyving power of fifty diameters,  Measure each other com-
bination possible with the various eye-pieces and objectives in your
possession in the same way.

121. Microscopic Sketching and Tracing. The above
method of weasuring is very useful, because with small objects oeceupy-
ing a portion only of the field, it is Imhnlhh to trace them on the paper
in the manner deseribed, and such tracings are then known to be
||].|,-r|1||ur:l to the extent ascertained |r:,. jrrev ious measurement as directed,
:-.m_h sketching by actual tracing is very desirable in microscopic work,
as otherwise the student is extremely ]||\t-h to draw an object either too
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large or too small; this is to be avoided, as one objeet of microscopie
examination is to definitely ascertain tlw siz¢ of objects. 1t is the
writer's practice when wmlunw without sketehing to note the measure-

ments with the eve-piece micrometer.  When sketching he makes
tracings of suflicient at least of the ohject to give its actual dimensions
h}* i pProcess similar in ]u*ilu*il‘:nhﬁ to that :}.ll'l'u{]}' deseriled,

122, Camera Lucida.—For tracing with the microscope an
appliance has been invented, which is known as a “camern lucida ;"
there is also a modification termed a
neutral tint camera. An ingenious
combination of eye-piece and eamera
lucida in one piece of apparatus is
shown in section in figure 4, The
principal portion of the tigure consists
of the ordinary eye piece, a, 4, with
its upper and lower lenses, ¢, & the
central dotted line, ¢, £ is the direct
axis of vision through the mieroscope.
At the top right hand of the fizure is
a glass prism, g, of peculiar shape.
The angles of this are so arranged
that a ray of light, passing in the

tfg;

| divection /, 7, is totally retlected at 7,

Ly 5 y in the direction 7, £, and again at £, is
il L \ totally reflected in the line &, /. The
% result is that the eye 1:|=|.u-{| over the

/4 aperture of the eye-piece, at m, re-

ceives both rays of light, f, e, and
5 Bl which enter the eye ]HLI.-J.”L‘]

]
zéq_

to each other. The result of this is
| that the eve sees simult: uwumly with
Lo the object under the microscope any
; ther ohbj e e airec
FIG. 4.—COMBINATION OF EYE-PIECE ﬁf | ul__|u;t']. o Il Ilu ‘“.' h'tlt.t]mi

and appear to be in the direct line
of vision through the instrument. Consequently if a sheet of paper be
placed under 7 A, it and the microscope image appear to the eye to
coineide.

When wishing to use the eamera, place the microscope in a vertical
position, t|lrf-ul!:r facing the source of light, and turn the camera so
that the prism, g, is at the right hand side (as figured). Procure a box
or other convenient stand of hll(,II a height that its upper surface, when
placed beside the microscope, is of the same height as the microscope
stage. Place this box on the right hand side of the instrument, under
the prism, g, so that the line, 7, 4, points to it,  For drawing purposes
the nost convenient arrangement is a small drawing * block ™ of hot
pressed paper, sheet after sheet of which ean be removed as finished.
Place this on the stand, under 7, &, and look through the instrument ;
hoth object and paper should be seen in combination ; that is, the image
should appear to be superposed on the paper. To properly get this
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effect the paper amd Illm}_r should, as nearly as ];[.u,n.ihh- by mlua,];lﬁ.
Hluminated.  As the paper is usually brighter than the image, provision
is made for cutting off’ some of the light from it by introducing plates
of neutral tinted glass in the path of 4, 4, just below the prism, 2. On
the other hand tlw illumination of the object may be adjusted by means
of the reflecting mirror of the microscope.

As a Imrlumn.u to tracing with the camera, place the stage micro-
meter in focus, and the microscope and paper in their respective
positions.  Then, by means of a pencil, mark on the paper the length
of the millimetre or fraction of the millimetre, and calculate out once
for all the magnitication in exact number of diameters.  This is very
i‘-nll\ done, as the lines of the object appear to be drawn on the paper ;
the }}L neil ]rulllt hvl':lff also see I, the e ration of t,|1u,||1-r l-.|mph consists
of going over lines :Llrlnu:-nth already on the paper.  With the same
powers -|:|.1."_l eye-pleces, and microscope and paper in the same relative
positions, the magnification is always the same.  In actual sketehing it
1s usually L~1.|Iimi.*1||t to trace in the principal outlines ; the details may
then be added with sufficient accuracy by the ordinary method of judging
dimensions by the eye, as in freehand drawi g,

123. Microscopic Counting: the Heematimeter.—For
certain purposes it is highly |t||]nm*t=ml to be able to count the number
of small solid ]J.uhﬂt-'-; suspended in a fuid.  Among them is the
counting of blood corpuscles, and of veast cells suspended in water or
fermenting liquid.  An instrument was first devised for this purpose,
in order to count blood -_'{rl'inum'h-ﬁ‘ and henee 1s called a liematimeter :
the same appliance is adapted to the counting of yeast cells, and
Hlustrated in Figure 5. The instrument consists of a stout glass slide,

FIG. 5—THE HEMATIMETER.

ey 011 which 1s cemented a :':r'n.'vl'-;_':hlt-iH, &, with a circular u:u-!lin:_{,_, l‘]n.lr-'.
constituting a cell.  On the glass slide, and in the centre of this cell,
arranged a raised cirele of "| 1ss, ¢, on which is engraved a series of ]mt'
at z1-~hl angles to each other, thus marking its sur t.lw ofl’ into & number
of squares.  Each of these nqu ares has an area of [}, (0-0023) square
millimetre.  The inner cirele of glass, ¢, and the cover-slass, 4, are so
arranged that the former is exact |j I'“- mm. the thinner ; so that when
the cover-glass, &, is brought down into absolute contact with 4, the
space between the lower surface of & and the upper of ¢ is exactly 0-1
mm. in thickness, Thervefore the cubic contents of the space above each
square on ¢ is

00025 x 01 = 000025 = ;g'55 cubic mm,
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To perform a counting operation on yeast, for example, an average
sample must be taken, diluted, and shaken up until the cells are
uniformly distributed through the h:luni Hansen considers that the
lguid most suitable for this purpose is dilute sulphurie acid, 1 part to
10 of water: for yeast tlw author prefers to employ 1 part sulphurie
acid, 1 part glyeerin, and 8 of water, The viscid nature of the glycerin
enables the ]trlmﬂ to keep the cells uniformly suspended through it for
a longer time. The method of employing the hiematimeter is best
explained by giving an actual example.  From a sample of compressed
yeast, 0-23 grams were weighed off and made up to 50 ce. with
dilute glveerin and sulphuric acid. The veast was broken down and
thoroughly mixed with the liquid by violent shaking for some time in a
Hask. A 1liuph-t was then removed by means of a pointed glass rod,
and placed on the centre of the glass, ¢, of the hamatimeter, and
immediately covered with the cover, : this is held in close contact
either by a pair of small spring {Il}w or by a weight put on 4. (The
minute :Imln for this purpose must not be more than sutlicient to nearly
fill the space between the two glass surfaces : it must not be enough to
run over into the annular space between # and ¢) The apparatus is
placed aside in a horizontal position to rest sufficiently long for the
suspended cells to fall to the bottom of the layer of ||1|u]1l between ¢
and 4. The yeast cells having settled down, say in ten minutes, place
the haematimeter on the horizontal stage of the microscope, and prepare
to commence counting, using about ﬁlﬂLll objective (Zeiss D). The
veast cells will be seen lying on the engraved squares, some within the
sauares, and others divectly on the dividing lines,  Commence counting
the cells within the top left-hand square, and make a note of the
number, then go on along the line, come back and count those on the
squares of the next line, and so on.  The cells Iving on the lines must
also, of course, be counted, but only once : that is, all lying on the
horizontal lines must be counted in the squares aliove them, and all on
vertical lines in the squares to the richt of them. The counting must
be continued until a suflicient number of squares have been taken to
give a true average, By experiment it should be ascertained how many
squares must be counted in order that an additional number has no
influence on the average obtained. It is usually sufficient to count
some 50 or 60 of the small S{uares, It is convenient to have the |i|!ui|1 of
such a degree of dilution that about 8 -10 cells oceur in each square,
Approximately the aceidental errors amount,

by counting 200 cells, to 5 per cent. of the total result,
" 1250 1] 2 ” "

i K000 I - b
In the experiment heing deseribed, 100 squares were counted, and
contained 738 veast cells,
Now the space above each square = 0-00025 che., m.m,
Therefore 100 spaces = 0025 che, mum., and contain 738 eells.

Therefore 4000 spaces = 1-:000 che. mom., and contain 7-38 x 4000 =
29,520 cells,
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Therefore 1 ec.e. = 1000 che. m.m., and contains 20.520 » 1000 =
29,520,000 cells.
But 1 c.c. contained 0-005 gram of yeast, and therefore 1 gram contains
29,520,000 x 200 = 5,904,000,000 cells.

But 1 1h. avoirdupois = 453-59 grams, and therefore 1 Ib. of the yveast
contained
5,904,000,000 x 453-59 = 2,677,995,360,000 cells.

The smaller grained starches may also be counted in the same
MaAnner,

124. The methods of using the microscope having been briefly
l'i.t”'il'\'lllll'l] {f.tf"""lillll"i tilp It"{ = t(}l "\]'l!"l, ]..]_] ]‘ll]l]ln"\-l"“l "il”. I“’ rrl"-“Il =
oceasion arises.  For fuller deseriptions of the instrument itself, its
accessories and the method of using them, the student is referred to one
of the many excellent works already published on the subject.

125. Polarisation of Light. —There are many substances whicl
exert a special action on “ polarised light,” among these are a variety of
erystalline compounds, and eertain or ganised bodies, 1t will be neces-
B4y at this st Loe TO '-"I'H.-" i short Ilt"ﬁ{llplllll'l of the nature of a Ly of
light, and the way in w'lm.h its character may be altered by the ac tion
of these substances just mentioned.  As is well known, hght. travels in
straight lines called rays. The actual motion of such a ray of light is
somewhat like to that of a sea-wave, or the r*||n|rlfu-. lumlllu-:l on the
smooth surface of a pond by throwing a stone therein. In waves, the
water itself does not move forward, hut only the undulating motion of
the surface ; this is readily seen h'i. Ilmtllw a cork on the water ; each
little wave in its passage onward -mn[uh' aises and depresses the cork,
hut leaves it in the same position as it found it.  Light, then, also travels
in waves, these waves being undulations in a substance filling all space,
and known h:,,’ the name of “ether.” The waves of licht differ re-
markably in one particular from those on the surface of water; the
undulatory motion in the latter is simply up and down, or, to use the
seientific term, in a vertical plane. 1f the actual movements of the
ether in a ray uf light could only be rendered 1|-'-1h]u, a much more com-
plicated motion w ﬂul:l b pe wreeived. Just as in the case of the water
wave, the |m.|t|u les would move across, or h'.m-:";t-lu.vhf to, the direction
of the path of the ray. Some of the particles would rise and fall like
those in the water wave, but others would swing from side to side, or
horvizontically instead of vertically; further than this, others again
would v 1|;||.|;h- At ev ery i ter I:lt*('l.l'[l‘ .i.tl"‘]i' This condition of thinfr'-'. 15
expre sgsedd 1n the statement that the undulations of a wave of h"ht are
in a ]nLuw transverse to the path of the ray, and that the ether particles
vibrate in every direction in that I!ILI.II{‘

For our present purpose it will be suflicient to regard the wave of
||n'|1t s :umllum'ﬂ of two sets of ".’lhhllllllh the one vertical and the
ather horizontal, and therefore at I|“"|Il angles to each other ; the inter-
mediate vibrations may be ignored.  The character of the undulations
of a wave of light 18 not wu.l.th altered |:~,'|n.1-.-.1|1u throuch slass, water,
and many nlhe-l bodies : the same does not, however, hold good with all
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transparent substances—of these one of the most striking is a mineral
named tourmaline. Let two thin plates be cut from a erystal of this
substance in a eertain direction ; on examination each is seen to he
fairly transparent. Let one be pl.-u:s-il over the other, and then slowly
twisted round. In one particular position light passes through them
both as readily as through either taken -|1n"|1." but as one of t]n:- pair is
turned round, less and less light is Tl.lllﬁllllth’{] until, when it has been
rotated through an angle of 90 degrees, no It;_:hi, whatever passes. As
the revolution is continued, the plates allow more and more light to
pass; until, when an angle of 180 degrees has been reached, the combina-
tion of two plates is again transparent. A further revolution of 90
degrees once more causes opacity. This peculiar effect is due to the
fact that tourmaline plates, such as deseribed, permit the passage through
them of only the vibrations of light in one plane, so that the ray of
light, after passing through the tourmaline, instead of having
its vibrations in all directions of the plane, has them occurring
in one direction only; the ray may then be compared to a
water wave. Such a ray of light is said to be “polarised,”
and the change effected is termed the * polarisation of light.”

FIGURE O.—POLARISER OF MICROSCOPE CONTAINING NICOL'S PRISM.

The tourmaline plate may be i]-ll'lp.—fl.{"l,’{] to a sieve composed of a set
of wires in but one direction. Using this similitude, only those vibra-
tions which are in the same direction as the wires of the sieve succeed
in effecting a passage. The second tourmaline plate being set so that
its wires are parallel to those of the first, the light which passed through
the one succeeds also in passing through the other.  But when the

second tourmaline is turned at 1irf1|t ;11|-r]1-‘-. to the ﬁtht then the li"']lt
which ]ﬂ'-.‘-.wl l|]lUU;LJl the one is cut off h‘l, the Utill"] and so the two
together refuse to transmit any lizht whatever,

Persons who are acquainted with the beautiful mineral known as
lu*].,ul{f "'P"” I._;EU“ th,ﬂ W h. a1 5L -._,]']prlr |lnl_ i*-‘ llﬂl'llxl't] at tl]lll'l.'t"'ll il llil"{l
of the spar, it 18 seen [[cmhh this 1s due to the fact that the spar HI!!II‘-—
the ray of licht into two :11ul|||ul. rays ; further, the light of each of
these Hlllll riys 15 I'”I’” ised in such o manner that ﬂn' }r].l.!il. of |iH|.I.I 151~
tion (that is, the directions in which the vibrations occur) of the one ray
is at right angles to that of the other. When pieces of leeland spar
are cut and re-joined in a particular manner, they transmit the one

}'-
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only of these two rays, the other being lost by internal reflection within
the erystal. Such pieces of spar are termed “ Nicol's prisms,” and may
be used for the same purpose as the tourmaline plates ; they have the
great advantage of being composed of material as transparent as glass,
while the tourmaline is usually only semi-transparent, apart from its
polarising properties. The first Nicol's prism placed in the path of a
ray of light is termed the polariser, because it effects the polarisation ;
the second is known as the analyser, because it enables us to determine
direction of the plane of the polar ised ray. The construction of the
Nicol's prism is shown in Figure 6, which is an illustration of the
polariser of a mmmwnp{* The left In.md ficure is an external view of
the polariser, which in use is fitted to the auh-qt.vw A section 1s given
on the right in which the Nicol’s prism appears very clearly. The line
joining the obtuse angles of the prism is that where the crystal has
been eut and re-cemented together.

Returning again to the similitude of the sieves, suppose that, with
the two at Hg}lt angles to each other, it were possible to take the light
after it had passed thmugh the one, and was thus polarised, and twist
or rotate its plane of polarisation through an angle of 90° before it came
to the second, it would evidently then be able to pass through that alse.
Certain substances possess this remarkable property : among those of
immediate interest in connection with the present subject are starch,
sugar, and other of the carbohydrates. It is further found that while
some compounds twist the polarised ray to the rvight, or in the direction
of the hands of a watch, others rotate ]mi-lllwl*d light to the left. 1f
two Nicol's prisms were so arranged as to give absolute darkness, and
then a plate of sugar were ;:Ifu_ml between them, light would be trans-
mitted. If the analyser were next turned m'num! in a right-handed
direction, the point of absolute darkness would again be reached, and
then by measuring the angle of rotation, the number of degrees through
which the plane of polarisation of light had been rotated by the sugar
could be ascertained. Instruments are constructed for the purpose of
making this measurement with great delicacy, and are termed * polari-
meters.” The exact point at which maximum light and darkness is
reached during the rotation of the analyser cannot he observed with
creat accuracy ; recourse is thervefore had to observing some of the other
characteristics of polarised light more easily detected by the eye. In
the analytic section of this work, an v\plrm.lllum is given of the princi-
ples which guide chemists in the application of the rotation of the |1E;I.I'|t'
of the |m|.u1n-.n‘|m] of light by sugar and other bodies to their estimation ;
a practical deseription then follows of one of the Lest forms of Ehn].lll-
meter and the method of using it.  For microscopic purposes a polariser
is fitted underneath the stage, and an analyser either within the body
of the tube or over the evepiece. The object under examination is
thus illuminated by I;unl.up-.wl licht. For further information on the
polarisation of light, the student is referred to Ganot’s, or some other
standard work on physics.
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CHAPTER V.
CONSTITUENTS OF WHEAT AND FLOUR.

MINERAL AXD FATTY MATTERS,

126. Construction of Wheat Grain.—Having giving a brief
outline of the principles and theory of Chemistry, in so far as they are
more or less connected with the present subject, our next object must
Le to describe the chemical properties of the different compounds found
in the grain, and to trace them out in the history of the flour and offal.
The  Cereals,” to which wheat belongs, is the name given to the grasses
which have been cultivated for use as food. The grain, as is of course
well known, is the seed of the plant; although not strictly chemieal, 1t
will be well to give here a short (lt-ﬂui[:tlnll of its various parts, The
most important portion of the seed is the embryo or germ ; this, which
is a body rich in fatty IIL;LLU‘I‘H, is that part of the '-wucl w]ud] arows into
the future plant. The interior of the seed contains a quantity of starch
and other compounds, designed for the nutrition of the young plant
when growing. The whole is enclosed in an envelope, made up prinei-
pally of woody tibre, and arranged in a series of coats, one outside the
other, somewhat like those of an onion, only on a much finer scale.
During the process of milling, the grain is divided into flour and what
15 tl.‘LlI.l].lL-cl.]l} known as offal. This latter substance, or group of sub-
stances, includes the germ, bran, pollard, &e.  The bran and pollard ave
the different skins of the grain broken up into fragments of various
sizes, This department of the subject will be dealt with fully in a
subsequent part of the work.

127. Ganstituanta of Wheat. arge number of chemieal
{‘ﬁlll[mulld:-i may be obtained from 1:'_'!'|'.'-l,i]|: these I].'lill!‘.'l,”_‘!.' divide them-
selves into Mineral or Inorganie Constituents, and Organic Constituents.
The inorganie portions of wheat consist of water and the mineral bodies
found in the ash. The organic compounds may be conveniently grouped
into—fatty matters, st: Luh, and allied bodies having a similar chemical
composition, and nitrogenous bodies or proteids.  Of these substances
the fats have the simplest l.'m|||un-:iliull, next come the starchy haodies,
and lastly, the proteids, whose constitution is extremely complex,

128. Mineral Constituents.  The properties of water are already
sufliciently deseribed ; the actual amount present in grain varies from
about 10 to 15 per cent.  In sound wheats and flours there is no per-
ceptible dampness, the water being chemically combined with the starch,
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which body probably exists in grain as a hydrate.  The other mineral
constituents are usually obtained by heating the powdered grain to faint
redness in a current of air; the organic hodies burn away and leave an
ash consisting of the inorganic substances present.  The ash of wheat
has been made the subject of prolonged investizations and research,
conducted principally, however, from an agricultural point of view.
Land hl'inf_r illi|rl}'|»'('t'i!~:'h{'li |J}-‘ the ,r,;rnwth of Crops, the constitution of the
ash of wheaten grain and straw is an indication of what mineral matters
are removed from the soil by wheat crops, and therefore also attords
information as to what additions have to be made to an exhaunsted soil
in order to replenish its necessary mineral components. Lawes and
Gilbert have from time to time published elaborate tables of results
obtained on their experimental farm at Rothampsted ; the following
table is abstracted from a recent communication of theirs to the Chemical
Society (Chem. Soc. Jour. Vol. XLV, page 305 ef seg.). It gives the
composition of the grain-ash of wheat, grown on the same land, in four
characteristic seasons—1852, 1856, 1858, and 1863 ; the land being
treated with farmyard manure :——

| HARVESTS ;- | 1852 1ss6. | 1ss. | 1ses.

| Weight per bushel of grain, lbs, | 582 | 586 | 626 |[ 6301
| PERCENTAGE COMPOSITION OF ASH, I I =
| Tron Oxide, Fe,0, ... ... .. | 095 086 090] 043
| Lime, Ca0), . 279 2:63| 261| 2-34
| Magnesia, MgO, ... SN 1 4 8 O R i g B
' Potash, K.,0O, 2 ar-22| 29-371 31-87 | 3154
HModa, Na O, ... 045 U‘-ifl 028 | 066
Phosphorie Anhydride, P,0O,, e | 5469 | 54-18| 5188 | 5204
Sulphuric Anhydride, 50, ... 014 023 | 075 093
Chlorine, Cl,, . ... | trace L}'UTl 0-06 | trace
| Bilica, Si0,, ... co | 0:99) 075 049| 065
Total, we e e [100-00 (10002 10001 10000

The ash constitutes about 1'5 per ecent. of wheat, and about 0-4 per
cent. of the tinished Hour, while bran yields from 6 to 7 per cent. of
ash, It will be noticed that more than half the wheat ash consists of
anhydrous phosphorie acid ; this is principally in combination with
potash, forming potassium phosphate.  The magnesia is also present as
a salt of phosphorie acid.  The greater part of wheat ash, therefore,
consists of p::i:u-;.ﬂium i:l:lmllh:lll'. and is soluble in \"u'."llt'l'.. The phos-
]'|]|;;,L|-.-: are of importance from their value as articles of food : \\'Iu"r'i'.
wheaten flour or bread is almost the sole article of diet, the removal of
the phosphates during the purification of the flour diminishes its ilﬂtl'{'
tive value.  In an ordinary mixed diet, where bread is Hitl1|r[}' one ol
several articles consumed, this does not apply, as suflicient phosphates
are always present in other articles of food.
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129. Organic Constituents : Fatty Matters.—Of the nume-

rous organice bodies found in wheat, fat has not heen chosen as the first
to be deseribed because of its importance as a geain constituent, but
beecause it has the simplest eomposition of the organie bodies present,
and thervefore may fitly serve as an introduetion to the chemistry of the
more complicated compounds to follow,  All grains contain more or less
fat ; rice has the least quantity, viz. 01 per cent.; maize and oats have
respectively 47 and 46 per cent. ; wheat occupies a medium position
with o percentage of 1-2 to 1'5.  The fat of wheat is not equally dis-
seminated through the arain, but is almost entirely contained in the
cerm and husk or bran. An analysis hy Church gives the quantity of
fat in “fine wheat flour” as 0-8; it is, however, doubtful if this
analysis were made since the time when the prolblem of degerming flour
has received so much attention from the miller.

I't has been already explained that the fats arve salts of certain acids,
with glyeerin as a hase, They arve characterised by their unctuous
nature and by leaving a greasy stain on paper or linen,  Fats are in-
soluble in water, and from their low specific gravity Hoat on the surface
of that liquid. On the other hand, all fatty bodies dissolve readily in
either ether or light petrolenm ﬁpillt. As food stuffs, the fats occupy
a high position ; in tables giving the relative nutritive value of difterent
articles of food, fat heads the list. If this were the only point to be
considered, the presence of fats in wheat and flour would be highly
advantageous. They have, unfortunately, one great drawback, and that
is that they become r: neid on standing. This effect is particularly
noticeable in flour imperfectly freed fvom germ. The rancidity is due
to slow oxidation of eertain constituents of the fat; this change may
proceed sufficiently far to seviously affect the flavour of the flour, with-
ont tl“:" f:lt as i \'I"]J.'.!I" }}E"i]l;.u: '\'I:"I'}' "_T]"i’ilt]_}' {_’}I:l]lgi'll, T]"‘. fq'l-t '.Jtl “-l"":'l.tl
is of a light yellow colour, melts at a low temperature, and gradually
darkens in colour on ]ll"lll”' kept. This change proceeds mpuih in the
fat when maintained at a temperature of 70 or 80° C.

Konig states that the fat of rye, a grain very similar to wheat, has
the following composition :-

Glyeerin, 1-30 per cent,
Oleie acid, ... 00-60 "
Palmitic .ntd stearic Hl‘.,ll"-i 8-10 2

According to Konig, therefore, the fat of rye consists largely of free
fatty acids, the glycerin present being insufficient to neutr: alise but a
small proportion of the acids present.

H!'Ll‘htl'l,' Stellwaag  made an analysis of the fat of barley as
extracted |r1. ether ‘..'rl”l the following results ;—

Iy t.Lth -LLII|- 1362 per cent.
Neutral fats, il iz
Lecithin, 424 e
[_1-||u]1-.~;ti'il'i||, H0S i3

An examination of wheat fat has recently been made in the aunthor's
luboratory, the results of which are as follows :—A sample of tn'rhtth
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fresh wheat germs was obtained from the miller and extracted re-
peatedly with light petroleum spirit in the cold. The extract was
filtered, the spir it distilled ofl, and the residue heated very gently until
completely free from the odour of petroleum. A light yellow oil, which
in twenty-four hours deposited a trace of f.'l"l."-'ul'd]]lllt" fat, was the result.
Tlltl¥ following analytic data were obtained on the thoroughly mixed oil
and fat —

Free fatty acids, 592 per cent.
Neutral fats, 94:08 -
10000

More detailed analysis gave the following results :—

Lower fatty acids (reckoned as butyrie), 0:11 per cent.
Higher fatty acids (palmitie, stearie, &c.), 20072 |

Oleie acid, ... H2-24 i
Glycering ... 2693 "
100-00

The fat completely saponified very readily, and yielded nothing to
extraction with ether, showing the absence of lec ithin and cholesterin.

EXPERIMENTAL WORK.

130. The student who proposes to master for himself the contents of
this work, should endeavour to verify as many as possible of the
various statements and deseriptions by direct experiment.  The follow-
ing outline of experimental work is intended as a laboratory course of
study on the subject.

131. Mineral Constituents.— Take a small guantity of whole
wheaten meal, heat it to redness over a bunsen in a shallow platinum

capsule or basin. At first the volatile constituents of the grain burn
with flame, leaving a black mass of carbon and ash.  Continue the ap
lication of heat until the carbon l‘Illil‘t'l}' burns away, leaving behind a
greyish white ash, To this, when cool, add water ; notice that most of
it dissolves : add a few drops of hydrochlorie acid, filter the solution,
and make a qualitative analysis of it ; ; test specially for caleium, magne-
sium, ]mt:t:-h-tiutn, anl Inlln:-:}ﬂml'il.'. acid, It 1s well to test direct for these
two latter constituents in separate small pul'tiull.'-'u of ash. ‘'lI'o test for
potassinm, dissolve up a portion in hydrochlorie acid, filter and add a
few drops of platinum ehloride to some of the solution in a watch-glass,
the presence of pot: wsinm 1s demonstrated |n. the formation of the
v Jlow pre kl!ﬂ,t;],l_{r of the double chloride of lli.ltllltllu anil pot: LSsium.
Dissolve another portion of the ash in mitrie acid, filter and add nitrie
acid and ammonium molylidate solution ; after standing for some time
in a warm place, phosphorie acid throws down a canary-yellow preci
Ijjtn.lv.

132. Fat.—Ina 1E_-_:||l[‘1.' corked or :-'.h:illu*l't'n] bottle, shake uje in:_;':*thl.'l'
some whent meal anid ether {ur' Ii;_;]it ]h.'ll'ulvlltn :-lril"lt], allow the mix-
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ture to stand for an hour, gix‘itl;_'_‘ it an occasional shake meanwhile.
At the end of that time filter the solution through a paper into a clean
evaporating basin and allow it to spontaneously evaporate. Notice
that it leaves a small quantity of fat in the basin.  Remember that the
areatest care must be taken in all experiments with ether to avoid its
taking fire. 1t is best to make this experiment in a room where there
are no lights.
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CHAPTER VI
THE CARBOHYDRATES.

133. Definition of “Carbohydrates.” This name has been
applied to a class of hodies composed of carbon, hydrogen, and oxygen,
in which the latter two elements are present in the same proportion as
in water, namely, two atoms of hydrogen for every one of oxygen.
Thus, for {w_mplp starch contains to the six atoms of carbon, ten atoms
of h}{lmrr{-:u to five atoms of oxygen. The carbohydrates comprise,
among their number, bodies thﬂmmg; considerably in physical appear-
ance and character, hut vet exhibiting signs of close chemical relation-
ship. Subjoined i1s a table of the wmore important carbohydrates,

arranged into three groups, according to their empirical or mmplesb
possible formule :—

CLASSIFICATION OF CARBOHYDRATES.

1: .-".In}'h:use.l:. O BUCroses or H:urlmn:huﬁ, 3. (lucoses,
n(C,H,,0,) L5 L PR 6 R ; (G SO
=
+ Starch ' + Cane Sugar ! + Dextrose
+ Dextrin + Lactose — Laevulose
Cellulose + Maltose + Lralactose
[Tl]lllH-

134 Gonstltutmn Gf Ga.rboh?drateE. ~In constitution these
bodies must be viewed as derivatives of the hexatomic alcohol, mannite.
The glucoses are the aldehydes of mannite, containing the aldehyde
eroup, COH, as part of their rational formula, and may be formed by
processes of moderate oxidation from that aleohol :—

ACH,HO CH,HO
CHHO ‘mmu
; : 2 ) :
CHEO or C/H(HO), + 0=1 gm0 ° CeHul+ HO.
|L'H||H CHHO
CH,HO [COm
Mannite. (xygEen, Glncose, Water.

In their eapie ity for further oxidation, and other chemical properties,
the glucoses evinee the general eharacteristios of aldehydes

T Iw sucroses may be viewed, as formed by the union of two molecules
of ;_{qum-, with the elimination of a mnlt-: ale of water: while the
amyloses correspond with the anhydrides of glucose :—
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Gilucose, Water, Bncrose,
Cﬂj [1']{']11 = ]_Izij == (_‘.:r-:[ I ]“:-}:’_
Glueose, Water, Amylose,

Looking on sucrose and amylose as resulting from dehydration of the
glucose molecule, it should he noticed that sucrose occupies the inter-
1-||{-.('| 1ate 'pu.-.i.tinn hetween gtucnse and +L'[|'|_}"|n.'-:l".

Brown and Morris in 1888 and 18839 contributed to the Chemical
Society’s Journal important papers on the Molecular Weights of the
Carbohydrates.  Their researches were based on Raoult’s investigations
on the lowering of the freezing point of a solvent by the solution in it
of any substance. (Thus, salt water freezes at a lower temperature
than pure water.) Raoult found that equivalent molecular proportions
of different compounds cause under the same conditions a similar
depression of the freezing point of the solvent. This offers a valuable
means of determining molecular weight, as, knowing that of one hody
dissolved, that of others may be determined. Brown and Morris applied
this method to the investigation of the carbohydrates.

MOLECULAR CONSTITUTION OF CARBONYDRATES.

AUBSTAXCE. Formmla of Moleule, I[ ﬂ-‘,:-tﬁ'#:r
Dextrose, e i s L H O 180 |
Cane Sugar, ... Ci s HuOyy 342 .
Cane Sugar, same solution afier } C,H,.0, 180 |
IRNTErSIGH, ... =
Maltose, ) C,H..0, 42 |
Lactose, Milk Sugar, ... L HLO 542 =
Arabinose, C,H, O, 150 |
Raflinose, CsHo Oy SHLO GHE!
Mannite or Mannitol, ... C,H(HO), 182 |
Galactose,? ,'EH”U,.I 150 ‘
A C.H.O
Maltodextrin, ... { Ay } 990
(CaHyOy), |
. ‘ aWn I e
Amylodextrin, ... L 1 2286 .
: :} ; .{ {LJEH'J"{']I“}'E |
| Lowest or Stable Dextrin,® . 20C,.H,,0,, G420 _
| Soluble Starch, ... . T I | 32,400 |

1. Cane Sugar after inversion is split up into dextrose and Levulose, and dextrose
having a molecular weight of 180, so must Levulose, and be represented by the formula,
'U-,; H 12lg.

2. Galactose is the * dextrose " of Lactose.

3. The molecular weight, not only of the lowest or stable dextrin, is represented
by the formula (C,  H, 0, ), ,, but so also are those of the so-called higher dextrins,
of which Brown and Morris examined a series,  They find that “ the numbers obtained
with dextrins occupying very different positions in the series are strikingly identical.”

The above table contains the results of their determinations, which
molecular weights, with the exception of that of starch, were ohtained hy
direct estimations, In this latter case the divecet method was il1:l|r[1]i1‘=l|=|l'.
and, accordingly, recourse was had to an indirect method, based on the
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generally accepted hypothesis that the starch molecule must be at least

five times the size of the dextrin molecule produced under certain

conditions.  Mannite or mannitol, having such an intimate relationship

in constitution to the carbohydrates, is also included in the table.
CELLULOSE, nC H,,0,.

135. Occurrence and Physical Properties. —This body, of
which there are numerous physical modifications, constitutes the frame-
work or skeleton of vegetable organisms, in which it acts as a sort of
connective tissue, binding and holding together the various parts and
organs of plants.  Woody fibre consists largely of cellulose and one or
two closely allied substances,

The pith of certain plants and also the horny part of certain seeds,
as ‘“vegetable ivory,” ave nearly pure cellulose. Manufactured vege-
table fabrics, as cotton and linen goods, and likewise unsized paper, are
also cellulose in an almost pure form. Chemieally pure Swedish filters
congist of cellulose with only the most minute traces of other bodies.

Pure cellulose is white, translucent, of specitic gravity of about 1-5,
and is insoluble in water, aleohol, ether, and both fixed and volatile oils,
An ammoniacal solution of copper hydrate dissolves cellulose completely ;
this reagent may be prepared by precipitating copper hvdrate from the
z-;ulphstt{* by sodinm hydrate, and then dissolving the thoroughly washed
precipitate in strong ammonia.  This solution dissolves cotton wool, or
thin filtering paper, forming a sirupy solution ; on the addition of slight
excess of hwllnvhlm ic acid, “the cellulose is precipitated in Haky masses ;
these, on 1w1nn~ washed and dried, produce a brittle horny mass.  This
re-precipitated cellulose is not coloured blue by iodine, and still presents
the same chemical properties as ordinary cellulose.

136. Behaviour with Chemical Reagents. —Cellulose, on
being boiled with water under pressure, is converted into a body bear-
ing some resemblance to dissolved starch, inasmuch as it is coloured blue
I.}r iodine.  The same effect is produced more rapidly by treatment with
acids.  DBoiling with dilute sulphuric or nitrie acid, or strong hydro-
chlorie acid, breaks up eellulose into a Hocculent mass, but without any
change in composition. Treatment with stronger nitrie acid changes
e IILllum into nitro-substitution products ealle d cun cottons or pyroxylin;
while that acid, in a yet more concentrate il form, oxidises cellulose to
oxalic acid. Dy the action of strong sulphurie acid, cellulose is con-
verted into dextrin,  Concentrated solutions of potash or soda also dis-
solve cellulose, with the formation apparently of the same compound.
Sulphurie acid, diluted with about half or quarter its bulk of water, has
a most remarkable action on unsized paper.  The paper on hf"iTl"'t]'I.'E'llill‘fl
in the acid for a few seconds, and then washed with weak ammonia, is
found to be changed into a tough parchment-like material, which may
he usged for many uf the purposes to which animal parc hment is: Lll'!'l-]:il‘i.'l
This body is fumiliar to confectioners, as being sold under the name of
p.m}nmm paper for tying down pots containing jam and other sub-
stances.  Filter papers, on being moment: Lll.l‘ll imersed o nitrie acid
of density 142, are rinark: 1hl\ tuu-rlu'!n*ﬂ the product being still
pervious to liquids and there fore suitable for filtering purposes.  Such
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papers are recommended for filtering bodies that have to be removed
from the paper while wet, and ave now sold commercially for that
purpose.

137. Existence in Wheat.—There are three forms of cellulose
present in wheat, of which the following is a brief deseription :-

1. The lignitied or woody cellulose of the bran, which is entirely re-
moved in the process of making white flour. In whole-meal, which
contains the bran, the lignified cellulose undergoes no change in the
operations of bread-making, nor afterwards during the processes of
human digestion.

2. The parenchymatous cellulose, which forms the cell-walls of the
endosperm.  This disappears during germination of the grain, and is
far more easily dissolved by all reagents than is lignose or woody
cellulose.

3. Bo-called starch cellulose constitutes the envelopes or cellulose-
skeleton of the starch cells. 1t is this form which is most readily con-
verted into the starch-like body, giving a blue colouration with iodine.

138. Composition.—The formula, C;H, 0, is the simplest that
can be derived from the percentage composition of cellulose, but there
is little doubt that the molecule really consists of a number of groups
of C;H,,0, united together, and is at least as complex as that of starch.

{Gm}{r Um}wj
I'{CHI'IM{}I[I}‘.'H

STARCH, { (C;3H0:0)e
{CuHmﬂm}w

._{Uj'_:} lw{-llu}'.ﬂ

139. Occurrence.—The starchy matters of wheat are of vast im-
portance as constituting the greatest portion of the whole seed.  Starch
is not only found in wheat, but also in other seeds ; and in fact in most
if not all vezetable substances used as food. From whatever source
obtained, starch has the same chemical composition, but varies some-
what in physical character.

140. Physical Character. Starch, when pure, is a glistening,
white, inodorous granular powder, If a pinch be taken and squeezed
between the thumb and finger, a pvuuliﬂ.r “erunching {rzl'epitn,tin;_:}
sound is heard. Starch has a specitie gravity of from 1:55 to 1-60.
Starch is extremely hygroscopie, absorbing moisture with avidity ; in
the form in which it is usually sold it contains about 18 per cent. of
water.  Wheat starch after drying in a vacuum still retains about 11
per cent. of water. Heating in a current of dry air to a temperature of
110° C. renders it practically anhydrous.

14]. Micmscupic APPEM&EEE, The microscope shows starch
to be composed of minute grains, each having a well detined structure.
These grains are respectively termed staveh cells, granules, or corpuscles,
Careful examination reveals that each cell consists of an outer coating
or pellicle formed of a very delicate type of cellulose, to which the name
“starch cellulose ” is =1|l]:|1it'fl. '|1|Ii.‘-il"l'l‘|.'i'l|1:l|ll' is built up of several lavers,
arranged concentrically one over the other, and contains within its
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interior a substance which may be called starch proper, in distinction
from the enclosing matter.  This stareh proper is also termed * starch
granulose 7 or “amylose.”  On careful examination these separate coats
appear as a series of more or less concentrie rings, having for a nucleus
a dark spot or cross, termed the * hilumn.” |Iu- actual size and -.im]u-
of starch cells varies with the source from which the stareh is derived ;
thus the grains of starch from potatoes are comparatively large, while
those of rice are extremely minute.  When examined by polar ised light
certain starches exhibit L|1fl.hl.£:tl.'ll~».t1|.. e Ces thl-m- are referred
to in detail in the table following. A deseription of the phenomena of
polarisation is given in chapter IV. It is possible in many instances to
determine the origin of a sample of starch by its microscopic character-
1sties ; it follows that impurities may similar Iy be detected ; also, as all
vegetable adulterants of flour contain starch, admixture of other grains,
as maize, rice, &e., is in this manner revealed.

In Plate 1. is given the appearance of the more important starches
as seen under the microscope,

MICROSCOPIC CHARACTERS OF VARIOUS BTARCIIES.

142, Wheat.—Wheat starch is extremely variable in size, the dia-
meter of the corpuscles heing from 0-0022 to 00052 .. (0.00009 to
0-0019 mmeh).  Many observers ]ruint out that medium sized cranuoles
are comparatively absent. The grains ave circular or nearly so, being
at times somewhat Hattened. The concentrie rings are 4:1:111». SOET 'l..'I.Itl'l
[Iilﬁtult}'; the hilum is not so visible as in ecertain other starches.
Polarised light shows a faint eross.  In old samples of wheat or flour
the granules show cracks and fissures : this applies more or less to all
starches,

143. Barley.— Granules more uniform in size than those of wheat,
also somewhat smaller ; average dinmeter 0-0185 w.m. (0-00073 inch) ;
a few exceptionally large "mnulfw may be found measuring as much as
007 m.m. Hh.u]w Hll"lll]j angular cireles.  Concentric rings and
hilum either invisible or only seen with ditficulty,

144 R?E_---—l_]i.‘u||l-l_l-|' nf gr;ulllh'ﬁ froomm 00022 to 00375 m.m.
(0-00009 to 0-00148 inch). Taking a whole field, the average size of
granules is usually somewhat higher than those of wheat,  Shape, gran-
ules are almost perfectly 1:}11.'rn| here and there show cracks,  Con-
centric rings and hilum only seen with difticulty.

145, Qats. Diameter of granules, 0-0044 to 0-03 wm.m. (0-00017
to 000118 inch). Granules are angular in outline, varying from three
to six-sided.

146. Maize.— Diameter of granules, average size, 00135 m.m.
(000074 inch). Shape, from round to pnhln:lml mostly elongated
IH::».;:L;_[unr-'.L with u]t_-_{h':-. more or less rounded.  Concentric IIIJ'“\ SUree h
visible, hilum star-shaped.

147. Rice.— Diameter of granules from 0-0050 to 00076 m.m.
(0-:000Z to 00003 inch)., Granules are polygonal in shape, mostly
either five or sixsided, Lut occasionally threesided.  Are usually
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seen in clusters of several joined together. A very hich magnifying
power shows a starred hilum,

148. Potatoes.— Diameter of sranules from 006 to 0-10 m.m,
(0-0024 to 0-0039 inch). The granules vary greatly in shape and size ;
the smaller ones are hf-qluf-nth circular ; the larger grains are mussel
or oyster shaped.  The hilum is annular, and the concentric rings
ml_'mn]rhiv but, especially in the larger granules, clenr and distinet.
The rings are 1I1-t1 ibuted round the ]1||1|||1 in very much the same way
as the Jtlrlt]\.l'[il“m show on the outside of a mussel shell. With polarised
light a very distinet dark cross is seen, the centre of which passes
thmu-fh the hilum.

149, Canna Arrowroot, or Tous les mois.— Diameter of
oranules varies from 00469 to 0-132 m.m. (00018 to 0-0052 inch).
The shapes differ considerably, from round to more or less elongated
ovals.  The hilum is eccentric ; the rings are incomplete, extremely
fine, narrow and regular. Under polarised light a more distinet cross
is seen than with the potatoes.

150. Preparation and Manufacture of Starch.For ex-
perimental purposes, starch can readily be obtained from wheaten flour
by first preparing a small quantity of dough ; this is then wrapped up
in a piece of tine muslin, or bolting silk, and kneaded between the fingers
in & basin of water. The milky tluid thus produced deposits a white
layer of starch on the bottom of the vessel, which may be carefully
air-dried. The starch of barley and the other cereals may be obtained
in a sufficiently pure form for microscopic study in the same manner,
Potatoes require to be first seraped, or rubbed tIn*m,wa a gratey, into a
pulp ; this pulp must then be enclosed in the muslin and the starch
washed out,

On the manufacturing scale, starch is obtained from wheat and other
grains by first urua,:-h g.’r*lluilng and then moistening the meal with
water. This is allowed to stand, and after three or four days fermenta
tion sets in, more water 1s then added and the putrefactive fermentation
allowed to proceed for some three or four weeks. By the end of this
time the glutten and other nitrogenous matters are dissolved.  They
are then I‘L*:L:“[}' Hi*p:ll':it.u:{[ from the starch |:|} \‘n'l.'-\hll]'_':.. after which t.’rh
starch is dried.  Starch is now largely manufactured from rice by a
process in which the grain is subjected to the action of very dilute
caustic soda, containing about 0-3 per cent. of the alkali; this reagent
dissolves the nitrogenous bodies and leaves the starch unaltered, The
so-called “corn flour” is the starch of maize Irr{']uuwl after the same
fashion. Potato starch is obtained by first rasping the washed potatoes
into a pulp by machinery; the pulp is next washed in a sieve, the starch
is carried through by the water, and after being allowed to subside is
dried on a tile Hoor at a gentle heat.

151. Gelatinisation of Starch.—Starch is insoluble in cold
water, and eannot be dissolved I"."" any known “1|uil] without I.‘]'I:il]l:'_':l‘:
this follows from its having a definite organic structure ; when this is
destroyed, as must of necessity be the case whenever a solid 1s rendered
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liquid, it cannot by any artiticial means be again built up in the same
form.

As previonsly stated, the starch granules consist of an outer envelope
of cellulose, enclosing what is termed “amylose,” or starch proper.
This latter body is -«n]ublv, and although pure starch in the sranular
form yields no soluble substance to water, yet if the cellulose {-uu-lnpes
be ruptured by mechanieal means, it is then found that on treatment
with water at ordinary temperatures a soluble extract is obtained.
When, however, starch is suljected to the action of boiling water a
marked change ensues : under the influence of heat the little particles
in the interior, by swelling, burst the containing envelope, and dis-
solving in the water form a thick and viscous liguid, which on cooling,
if sufficiently concentrated, solidities into a gelatinous mass. This
solution of stavch is somewhat cloudy, owing to the undissolved particles
of starch cellulose remaining in suspension. These may be, in great
part, removed by filtration.

This bursting of the starch granules is frequently spoken of as the
“ gelatinisation” of stareh, and the resulting substance as * starch-paste.”
llw temperature at which this change oceurs varies with the nature
and origin of the starch.

The following table gives particulars as to the gelatinising tempera-
tures of starch from different sources.  The figures to the left are those
of [,11 pruan, while to the '|1"'|It are given the Il"\ll].t‘\ of a series of later
determinations made by Lintner, and published in 1529, It may he
taken that Lintner's temperatures are for complete gelatinisation.

TEMPERATURE OF GELATINISATION OF STARCH.

G EL 'I.T]"“FJ.TI'JN. | Complete

irannles ) i N | (F Wiel i), o

SOURCE OF STARCH, SRR, ! “"““'“'“—li | Completed. 'ulhll.-ti]t:jtt:::‘:imll
o] B [ 6| e g |

Barley, o | SF 99-5| 672 | 135 | 622 | 144 801 176
Maize, 500, 1220 550 131 | 622 144 9 | 167
Rve, 450 113-0) 500 | 122 | 550 131 B | 176
|  Potato, .. | 46-1 | 1150| 583 | 137 | 62-2| 144 63 | 149
Rice, . | B38| 129-0| 533 | 137 | 622 WEL 20 | 170
Wheat, . | 50:0] 122:0| 65-0 | 149 | 672} 153 | S0 | 176
(rreen "1-[.1“ pzn ol e Ty e . = 185
K ilned .\LLII., 80 | 176
Chat, B =0 | 185

These temperatures of gelatinisation assume that the walls of the
starch containing cells have been Lbroken down, and that excess of water
15 pre sent otherwise the Lemper viure of "'l'].lll]l.l'n ation 15 considerab ]\.'
higher : thus, in still biscuit doughs, and even in bread, much of the
"'-uLlI!L]I remains ungelatinised even after being baked.

There is doubt as to whether or not gelatinised starch is in a state

of true solution. When filtered, the elear filtrate gives a blue colourn-
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tion with iodine (a characteristic reaction of starch), but on dialysis
through an animal or vegetable membrane, or even filtration through
porous earthenware, the starch is removed. This has led to the view
that the starch in starch paste is simply in a state of extremely fine
division, but more probably the state is one of true solution, and the
removal by filtration is due to the highly colloid nature of starch.

152. Soluble Starch.—On treating starch with dilute acids in
the cold, the starch loses its power of 'rt_*]fl.tlulhutmn, and becomes what
is known as “soluble starch.” In this form no change of appearance
is observed in the granules, but the starch readily d issolves in hot water
to a clear Iim]ri{l liquid. Lintner direets soluble starch to be prepared
in the following manner :—Pure potato starch of commerce is taken and
mixed with a suflicient quantity of 7-5 per cent. hydrochlorie acid to
cover it, and allowed to stand either at ordinary temperatures for seven
days, or for three days at 40° C. By that time the stareh will have
lost the power of gelatinisation, and is I("l]t”.l.tffl]‘lr wiashed with cold water
until every trace of acid is removed. It is then air-dried, and is readily
and completely soluble in hot water to a bright and lmpid solution.

Soluble starch is probably a polymeride of ordinary starch, and when
dissolved, then known as “ starch solution,” closely Iuwmhh-h “ starch-
paste 7 in its chemical behaviour.

153. Action of Caustic Alkalies on Starch.—Treatment
with cold dilute solutions of potash or soda causes starch granules to
swell enormously ; the volume of starch grains may thus be made to
increase 125-fold. This reaction also serves for the differentiation of
the various starches. H. Symons recommends the use of soda solutions
of diflerent strengths : a small quantity of the starch is shaken up in a
test-tube for ten minutes with one of the soda solutions, and then a drop
of the liquid is examined under the microscope. The following is a
table of results thus obtained :—

A few starch granules The greater number All
dizgolved in o solution of  dissolved in a solution of  dissolved in a golution of
Potato, 0-6 per cent. 0-7 per cent. 0-8 per cent.
Oats, (-0 o 08 - 1-0 ”
Wheat, 07 5 09 ‘s 1-0 m
Maize, 0-8 iy 1-0) s 1-1 =
Rice, 1-0 i 1-1 i 1-3 =

154. Action of Zinc Chloride.  Treatment with zine chlovide
also causes a remarkable swelling of the granules of starch ; this re-
-lLllHll. when viewed under the mie roscope, serves admir ||r|'l. to show the
structure of the cor pllh{]{'h, Some concentrated solution of zine chlovide
15 tinged with a trace of free iodine, A few grains of the starch arve
[ﬂ el on a “irl"-.'-: uilih* hw‘{-thm with a sinall :|Iu1] of this solution. No
change is niw rved unl:] a little water is also added.  They then assume
a deep blue tint, caused by the iodine, as explained in a subsequent
paragraph, and gradually expand A frill-like margin developes round
the granule, the Fol IHI”'-i- of this frill open out in their turn, until the
"!-mu]h at last swell up to some twenty or thirty times the original
wluuw, and then appear as limp looking sacs. These changes, so far



=0 TIE SCIENCE AND ART OF BREAD-MAKING.

as can be seen, are not accompanied by any expulsion of the inner
contents of the cell.

155. Properties of Starch in Solution.—A solution of starch
15 colourless, odourless, tasteless, and perfeetly neutral to litmus.
Starch is a highly colloid body, and can be readily separated hy tllall\-‘al‘\
from erystalline substances.  On evaporating a solution of starch,
does not recover its original insolubility.  Starch solution ecauses n:_-;hl
handed rotation of polarised light. Starch amylose is insoluble in
alcohol, and may be entirely precipitated from its agqueous solution hy
the addition of alecohol in sufficient quantity. Tannin precipitates both
starch-paste and soluble starch, the precipitate being re-dissolved on
heating.  Barvium hydrate gives an insoluble eompound with solution
of starch, and is used in this way in some processes of starch
estimation,

Soluble starch, owing to the formation of a hydriodide of starch,
{'L'qu byl ) HI, 15 coloured an intense blue by the addition of 'IU-EII.IH‘
in extremely small quantities. This blue colouration disappears on
heating the ‘Hilllllﬂ-ll but reappears on its being cooled.  This reaction
is exuvmhwrlv :h*hmtp and is practically ththwhu istic of starch. For
the purpose of this test, the iodine may be dissolved in either aleohol or
an aqueous solution of potassium iodide ; for most purposes preferably
the latter, For the oceurrence of this reaction, the presence of water
is apparently essential ; for if wheaten flour be moistened with an
aleoholic solution of iodine no eolouration is produced other than the
natural brownish yellow tint of tincture of iodine.  But with a potassium
iodide solution the flour assumes a blue colour so intense as to be
almost black., The iodine colouration of starch is only cansed by free
iodine, not by iodine compounds ; and is not produced except in the
presence of hydriodie acid or an iodide.  Potash or soda in solution,
when added to dissolved indine, immediately combine therewith tufurm
iodides and iodates ; consequently, the iodine test for starch is in-
applicable in an alkaline medium.  In case a solution to be tested for
starch, is alkaline to litmus, cautiously add dilute sulphurie acid, until
neut: fi,’i or very slightly acid ; the test for starch may then be made,
The only mmpuum{% u~:u.l!|v lllcvl} to interfere with the iodine reaction
for starch are some of the dextrins ; these bodies combine with iodine,
forming either colourless or brown compounds ; but unless present in
i;u':’p l|1till!litit'h’- ilo not lll‘l"\.‘i'llt the detection of starch. lodine com-
hines with starch more readily than with dextrin, consequently the
iodine should in such eases be added in very small quantities at a time,
when the blue colouration due to the starch will appear before the
hrown tint produced by dextrin,  In testing for starveh the addition of
iodine solution should be continued until an exeess of iodine s present
in the solution. Kraus has recently discovered a substance in the
epidermis of some of the Arwms which strikes a blue colour with iodine,
This body is not a starch, and the discoverer has come to the cone lusion
that it is allicd to the tannins.  In ordinary work, however, this sub-
stance 15 not Iit—:1l|_\.' to interfere with the iodine test for starch.

In recently examining some starchless biscuits, the author found, on
dropping @ solution of iodine on the broken surface of the biscunit, that
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a blue colouration was produced, but that prolonged boiling failed to
vield a solution which gave an iodine colouration. The probable ex-
planation seems to be that under the influence of heat traces of starch
cellulose in the biscuit products are eonverted into the soluble variety,
and hence give a colouration #n sife, but are in such small quantity
and so I||r|1|$ unln*tt-.mu-ql within the cellulose as not to be liberated by
bailing. It is not sufficient in making starch tests on solid substances
to trust to adding iodine to the Huhﬁlriuuv itself : the substance should
also be extracted with boiling water, and the test made on the filtered
solution.

Starch does not cause a precipitate with Fehling’s solution, that is,
it does not reduce an alkaline solution of copper sulphate in potassium
sodium tartrate.  (See paragraph 161 on maltose.)

Starch under the influence of heat, and rveadily when treated with
certain other bodies, is transformed into others of ‘the carbohydrates,

peExTRIN, 20C,.H.0,,

156. Occurrence.-— Dextrin is principally known as a manufac-
tured article, but also occurs in small quantities as a natural constituent
of wheat and most bodies containing starch.

157. Physical Character..—In appearance, dextrin is a brittle
transparent solid, very much resembling the natural gums, as gum arabic.
1t is colourless, tasteless, and odourless, Dextrin is a colloid hody,
and is very soluble in water, and also in dilute aleohol : it is insoluble
in_absolute alcohol, by means of which it may be precipitated from its
solutions, ]Jmtrm is also insoluble in ether, Surfaces moistened with
a solution of dextrin, and then allowed to dry in contact with each
other, adhere firmly. Commercial dextrin has usually a more or less
brown tint from the presence of caramel in small quantity.

158. Preparation.—Dextrin is usually prepared by the action of
heat, with or without certain reagents, on starch. The starch may be
maintained at a temperature of about 150° C. until it assumes a brown
colour ; treatment with water then dissolves out dextrin in an impure
form. If the starch be first moistened with water containing a minute
quantity of nitric acid, the change proceeds much more rapidly ; the
starch should in this case he heated to about 200° C. The substance
thus yielded is that known as British gum, and is largely used for sizing
calicoes and other purposes in commerce. If starch solution be hoiled
with dilute sulphurie acid until it no longer gives a blue colouration
with iodine, dextrin will be found in the solution, but mixed with
maltose. Certain nitrogenous bodies also possess the power of convert-
ing starch into dextrin and maltose.

159. Chemical Character.—Until recently, dextrin was supposed
to consist of a mixture of polymeric bodies of closely similar chemical
character. These several dextrins were separated into two groups by
their difference in behaviour when treated with iodine solution.  The
members of one of these groups, known ns * ery thro-dextrins,” were found
to strike a reddish-brown colouration on treatment with iodine ; while
the others, which were classified as “ achroo-dextrins,” yielded no colour-

[
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ation when iodine was added. It has already been stated that Brown
and Moreis in 1820 investigated the wmolecular weights of the carbo-
hydrates, and that they found the results ziven by the various dextrins
were practically identical.  The formerly held the ory assumed that the
erythro-dextrins contained in the molecule 8 and 9 respectively of the
group C,H, 0, ; while the molecular formula of the achroo-dextrins
included from 2 to 7 of the C,H, 0, group. In face of Raoult’s
method, giving identical molecular weights for the whole of the dextrins,
the view of their heing polymeric bodies 1s no longer tenable. The
wdine colouration, pl*utluwd by the so-called ll'rlhmliiwl,lmh is due to
the presence of certain other bodies, termed ”mn}lnmn,’ which will
subsequently be deseribed.

Dextrin has a powerful action on polarised light, twisting the ray
to the right: its name is derived from this property. A solution of
dextrin in some respects resembles one of starch ; they are, however,
distinguished by the dextrin giving no blue colour when treated with
iodine.  Dextrin exercises no reducing action on Fehling's solution : in
this respect its behaviour is similar to that of starch.

THE svcAaks—MWaltose, Cane Sugar, Milk Sugar, and Glucose.

160. General Properties.— The sugars are a subdivision of the
elass of bodies known as carbohydrates ; they are characterised by
having a more or less sweet taste, and are soluble in water. Many are
lmtumi products occurring both in the animal and vesetable Lll:-rrlum

161. Maltose, C,H.0O,.—This body occurs in company with

dextrin in starch solutions, which have been treated with dilute sul-
phuric acid until the solution no longer yields a blue colouration with
idine, It forms a most important constituent of malt extract,
amounting to from G0 to 65 I:!l‘i cent. of the total solid matter.  In the
pure state, maltose consists of small hard erystalline masses or minute
needles, which are soluble in water and dilute aleohol. Maltose, being
a unhﬂhm- body, may be separated from dextrin by dialysis, and also
by 1]|I=Lilnll wing tlu- dextrin by means of strong ale ohol. A solution of
II1.l|th{ Cal=es 11-rht }mmlul rotation of a ray of 'Ell']].'ll‘ihl’ll H:_f]:t,
Maltose gives no colouration with iodine, but, in common with certain
other of the sugars, exercises a reducing or deoxidising action on some
metallic salts.  This reducing action 18 most 1'41I1|I1|tr1=1}' tested ll}' enns
of the reagent known as * Fehling’s solution.” This consists of sulphate
of copper, tartrate of potassium and sodium, and sodium hydrate,  If
soclinm hividrate he added to a solution of copper :-41111'|||.'|!_L-1 i pr'd-uipil_;lh"
of L'Lli!l!l‘l.' oxide, Cu0, combined with water, is thrown down ; the
sodinm and polassium tartrates redissolve this and form a deep blue
solution, which may be boiled for some minutes without alteration,
Now certain varieties of sugar reduce the CaQ) to Cu,0 that 1s, l]lf‘}‘
take away oxygen, the l.i].m": being represented by 20 = Cu, SO 4 O,
The oxygen is mlun by the sugar, and for our |-l=~-+-:ll purpose need
not be traced further. The Cu0, or copper sub-oxide, thus formed is
insoluble in the Fehling's solution, and hence is precipitated, first as a
vellow and then as a brick red powder,



THE CARDBOHNYDRATES, =3

162 UH-DE Suga.r G],H.;O” —Cane sugar is widely spread i
nature : it is found in certain roots, as beet-root, in the sap of trees, as
the waple, and in the juice of the sugar cane.  These natural solutions
are first ]runrwd. and then the sugar obtained by erystallisation.  The
sugar found in perfectly sound wheat is either identical with, or closely
allied to, cane sugar. Pure cane sugar is colourless, odourless, and
soluble in water, to which it imparts a sweet taste. Boiling water
dissolves sugar in all plnp{‘:rtlmh, while cold water dissolves :Llllrut three
times its weight.  Sugar is insoluble in absolute alcohol, ether, chloro-
form, and petrolenm ~.|1||1t but is sparingly soluble in rectified spirits
of wine, The purest commet reial form of sugar is that sold by the
arocers as “coffee sugar,” and consists of well defined crystals about
three-sixteenths of an inch across. This, when dried at 100" C. to expel
any water that may be present, is sufliciently pure for most experimental
work with sugar. A solution of cane sugar exercises a right-handed
rotation on a polarised ray of light. Cane sugar plndumﬂum colouration
with iodine, neither does it cause any precipitate in Fehling's solution.
By the action of heat, cane sugar melts, and if then allowed to cool,
forms the solid termed *barley-sugar;” a prolongation of the heat

results in giving the sugar a deeper colour. Many sweetmeats consist
of sugar thus treated. The dar kening in colour is due to the fact that
at nmclm.tt(»l:. high temperatures (210° C.=410" F.) sugar begins to
undergo decomposition.  Watery vapour and traces of oily matter are
evolved, leaving behind a substance soluble in water, to which it imparts
a rich brown tint. The characteristic sweet taste of sugar has then
disappeared, and the liguid is no longer capable of fermentation hy
veast.  The change has resulted in the formation of a brown substance,
termed caramel, to which the formula C, ,H O, has been given  Caramel
15, however, rather a mixture of 1:lm|u'-~ 'fh.m a definite chemical com-

pound. The browning of dextrin and starch when heated is also due
to the formnation of caramel,

163. Milk Sugar or Lactose, C,,HO,, —This sugar is prin-
llIul.“‘r of interest as being that Iulmf-nt in milk, which contains
quantities of it, varying from 4 to 5 per cent.

It will be noticed that the three sugars—maltose, cane sugar, and
milk sugar—have all the same formula.

164. Glucose or Grape Sugar, C,;E,,O, — Several modifications
of glucose exist; of these, two only are of importance in conneetion
with the present subject, viz., dextrose or dextro-glucose, and lwvulose
or lievo-glucose,

165. Dextrose or Dextro-Glucose.—This form of sugar exists
as a natural product in the juices of many fruits, notably the grape and
sweet cherr Y. The former ".ii ldds about 15 1111 cent. of LA sSugar,
Dextrose is also found in lars ge quantity in the urine of diabetic patients
some doubt exists as to whether this sugar is absolutely identical with
the dextrose of fruits. Dextrose, when pure, occurs in erystalline
masses : it has a sweet taste : hul, welcht for weight, PossEsscs el
less !-a'l-'n't'l:l.'E'Iling action than does cane SuLar. A solution of dextrose
CXEreiSes i ri_r_;}ll-ll..'l.llth-:l rotation on a ray of liﬂ].‘ll'im*li Ii;.:lll. Anmong
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the sugars, dextrose is specially noticeable for the sreat ense with which
it undergoes alcoholic fermentation.  Like maltose, dextrose exercises a
reducing action on Fehling's solution, producing a red precipitate of
cuprous oxide,

186. Laevulose or Leaevo-Glucose. This sugar oceurs in com-
pany with dextrose in certain fruits, and also in honey.  Liwevulose is
non-erystallisable, possesses greater sweetening power than dextrose,
and offers wore resistance to aleoholic fermentation. A solution of
lievo-glucose exercises a left-handed rotation on a ray of polarised light,
thus lll'-;tll]"'l'llh]!lll" it from dextro glucose ; the two names are |;1w{1
on the respective right and left handed rotary power of these glucoses
Lievo- and dextro- giuww both act similarly on Fehling's solution

167. Commercial Glucose.—Glucose, in a more or less pure
form, is largely manufactured for commercial purposes.  Under the
names of “saccharom,” “invert sugar,” &e., 1t 15 used as a substitute
for malt by brewers and distillers.  Various forms of confectionery and
fruit jams contain glucose as an important constituent.  Glucose occurs
in two forms in commerce : the one is a thick and almost colourless
syrup, the other 1s a hard erystalline body, varying in colour from
almost white to pale brown, Glucose is 'Llhll-&l.“"r made from starch by
the action of heating with dilute sulphuric or oxalic acid. For the
purpose, either maize or rice is usually selected.  Subjoined are some
analyses of commercial glucose, which were lil_hjl_i"ll at a lecture given
before the S Society of Arts by W. G. Valentin :

Brown, very Soft, straw-
Lard Englizh. colimred Freonch.
Glucose, C;H,,0,, ... =0-0 58-89
Maltose, C,H,0,,, . s none. 1411
Dextrin, C;H,O,, none. 1-70
Other carbohydrates and traces) 890 938
of albuminoids, -
Mineral matter, ... 1-30 140
Water, ... i i 10-50 1456
10000 100-00

The glucose in these commercial products is a mixture of dextrose
and levulose., The author has recently examined a number of the
sirupy glucoses : these he finds to consist principally of maltose and
dextrim.

Cane sugar i'-i. also L"HI'I‘n'l']'lL"I:l into o mixture of L]L'xl]'l_lm* and Levalose
'tn,' the action of acids: i1t i1s then sold under the nane of *invert
sugar ;" the reason for this name is that such sugar rotates the iy of
polarised light to the left instead of to the IL:_',‘hI, as does normal cane
H[lj_:-r'l.r.

THE AMYLOINS. Amylo-dextrin,g Malto-dextrin.

188. Constitution.—The term “amyloins” was proposed by
Armstrong as a convenient name for a group of bodies which arve
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compounds of varying proportions of the amylin or dextrin group,
C,,H,0,, with the umh:n or maltose molecule, C,H_0,. That these
bodies ave compounds and not mixtures is 1llmf'il |n tlwu being i incap-
able of wp.u.lhnn by the action of aleohol, whereas mixtures of dextrin
and maltose in the same proportions are 1 *{*L:]II".. so separated.  Further,
the amyloins are unacted on by ordinary yeast, Sacch sromvees :r.u?'m.rr
while the maltose of a mixture is u--uhl_} so fermented.  They are com-
pletely converted by diastase into maltose,

169. Amylo-dextrin, { %:%“ﬂ%‘m\’;—-'l'his body is produced by

the action of dilute acids on starch granules in the cold.  After some
weeks' treatment the u}apul-u]t"-. iw{'mm- mmph-lr&h l]lﬁ]lltv"l.ui‘fl, and
then consist largely of amylo-dextrin ; this is dissolved in hot water
and puritied by precipitation with alcohol.  This substance is a definite
chemical compound, having the formula above assigned to it as the re-
sult of a determination hy Raoult’s method ; and is produced by the
hydrolysis of starch. Amylodextrin gives an intense reddish-brown
colouration with iodine, and its presence is the cause of the chemical
properties hitherto ascribed to eryvthro-dextrin.

GmH O, Then: starah: 58 convrerts
170. Malto- dextnn G H O When starch 1s converted

by diastase, malto-dextrin is found to a greater or lesser extent in the
products, pu}wf-i.-l,l]}' when the converting action is not very |nn1m1~u-{1
Malto-dextrin is unfermentable by -:rt{lumn yeast, ﬁfruﬁfr?ru.rnr-:tr cereny-

sie, by the action of which it may be distinguished, and separated,

from maltose.  Malto-dextrin 15, however, slowly fl'I‘I]I'E"l!lt'll by certain
secondary yeasts.  Diastase completely and 1t'.|.:||1‘} converts malto-
dextrin into maltose,

171. Other Carbohydrates of Cereals.—There are certain
other bodies, of which small quantities are found in wheat and other
grains ; among these are :

Raffinose, C H 0O 0HO, is a sugar somewhat resembling cane
sugar in character, but less easily inverted. Found by O'Sullivan in
barley.

a and 3 Amylan, nCH 0, are two bodies having the same empiric
formula, which are found in the mucilaginous portions of grains.  They
are alimost insoluble in eold water, dissolve in hot water, and gelatinise
on cooling. These substances, when treated with dilute acids, are
converted into dextrose without the production of intermediate bodies.
Wheat contains from 01 to 0-05 per cent. of « :||u:.'|=|,l1, and from 20
to 2:5 per cent. of 5 amylan.

LExtractive Matters.—Under this heading are included certain sub-
stances which cannot be readily identified in the same manner as
starch, maltose, and other bodies. This is in consequence of their
pussessing no very definite chemical reactions.  Recently, Lintner has
obtained from hrlt]l"'l. a white .llimlphnlh substance, which he provision-
ally calls barley-guin, and to which he gives the formula 2C H, 0O, and
suggests its identity with ('Sullivan’s amylan,
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EXPERIMENTAL WORK.

172. Cellulose.—Mix in a moderate sized beaker about 5 grams of
wheat meal, with 150 c.e. of water, and 50 c.e. of a five per cent. solu-
tion of Hu]phunc acid 3 and set the beaker in a hot water bath for half-
an-hour, giving its contents an occasional stir. At the end of that
time add 50 c.c. of a twelve per cent. potash solution, and set the beaker
in the bath for another half-hour. Observe that a residue remains ;
allow this to subside, and wash it by decantation.  Finally, transfer it
to a filter, and let it drain. The substance thus obtained consists of
the cellulose or woody fibre of the wheat  Add iodine solution to a
portion, and notice that it produces no blue colouration.

It is assumed that most of the students who go systematically through
this course of experimental work will do so in a regularly ap 1:un|u_{l
laboratory : they will there find the solutions of w]phum acid and
potash above referved to ready made up for use.  Full directions for
their preparation, and also of other special reagents required, are given
in the chapters on analytic work toward the end of the book. Unless
he has not access to such solutions, the student need not at this stage
of his work trouble to specially preparve them.

173. Microscopic Examination of Starches.— Take a small
quantity of either wheat meal or flonr and make it into a dough. Tie
this up into a piece of muslin or bolting silk, and knead in a small cup
or glass with water; the starch escapes, giving the water a milky
appearance, while the gluten and bran remain behind in the muslin
Clean an ordinary microscopic glass slide and cover, shake the starchy
water and place a minute drop on the slide, lay on the cover, press it
down gently, and soak up any moisture round its edge with a fragment
of blotting paper. Place the slide on the microscopic stage, and focus
the instrument, using first the inch and then the quarter or f-i;.rht]:
ohjective. ]hv separate starch cells are then plainly seen.  Trace in
few of the cells on paper, with a camera lucida, and sketeh in any |mmt-
of detail. Measure one or two of the cells with the eye-piece micrometer,
and mark their dimensions on the drawinge.

Take a small quantity of the Hours respectively of barley, ryve, rice,
and maize, wash out the starch from each, and examine |1|.1ummp|i..|.ll".
in precisely the same manner as with the wheat, making drawings in
each case. A little corn Hour, being practically pure maize st: wreh, may
be used instead of maize flour.  Cut a potato in halves, and with a ?H]'l.“'l:r
kuive scrape off a little pulpy matter from the cut surface, transfer to
a slide, and examine with the microscope,

Notice in each ease the relative sizes of the granules, and compare
ther .w-:]|:1|u-_=<. Fxamine for the hilum and also observe the rines.  1f
the microscope he fitted with polarising apparatus, study the various
starches under poiarised light.

174. Examination of Mixed Starches. With separate por-
tions of wheat flour, mix eS| [*tnt-h small 1|111nl]t1| w of rice meal and
corn lour.  As before, knead the starch out of each, and examine the

milky Huid for the foreion starches.  Notiee in the one case the very
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small rice starch granules, and in the other the somewhat larger maize
starch granules interspersed among those of the wheat.

175. Gelatinisation of Starch.- -Heat separate quantities of
one gram of the starches of wheat, rye, maize, rice, and potato in 50 c.c.
of water ; and notice the temperature at which the liquids commence
to thicken throuzh zelatinisation of the
starch. The experiment is conducted in
the following manner,

Place a moderately large beaker on a
piece of wire gauze over a tripod, as in
ficure 7. Take several small beakers or
test tubes, and attach to each a wire hook,
so that they may be hung over the E‘Il"‘F’
of the large heaker. Fill this large beaker
with water, and use it as a water bath,
Put the starch to he tested, together with
the requisite quantity of water, in one of
the small beakers, and suspend it in the
water bath ; under which place a lighted
bunsen. While the small beaker is thus
being heated, stir its contents with a
thermometer, and note the temperature at
which the first appearance of gelatinisation
is detected ; instantly remove the beaker
FIG. 7.—APPARATUS FOR DETER- and plunge it into a vessel of cold water,

MINING TEMFERATURE OF When cold, examine a little of the paste

GELATINISATION .OF STARCH. +with; the microscope, and notice whether
or not many of the granules remain unaltered. Make a second experi-
ment with the same starch, arresting the temperature at 2° hotter
or colder, according to the degree of gelatinisation vevealed by the
microscope on the first trial.  All the starches specified are to be tested
in the same manner,

176. Reactions of Starch Solution. -Gelatinisea little starch
by heating it with water in a test tube or small heaker placed in the
hot-water bath : then let the solution cool.

Dissolve some iodine in aleohol, and aqueons solution of }‘ull.l,‘-'.i-:illll'r
iodide, respectively. In each case use sufficient iodine to just give a
Hilﬁl'l‘_\' tint to the solution. Add some of either of these solutions (that
in alcohiol is commonly a “tineture ™) to a small quantity of the solu-
tion of starch : notice the blue colour |r|':H’!LI|_'I_"I|. Heat the solution,
and then allow it to cool; observe the disappearance and gradual
reappearance of the colour,

Render a 'EmI*H-r:un of the starch solution alkaline |n the addition of
caustic soda or Imtrlhh to one |1rnt1ﬂu of this *-.u]uh:m adid iodine ;
notice that no enlouration is pnmluu-;l Ta the other, add dilute sul-
phuric acid until the solution is slightly acid to litmus paper.  Then
add some 1odine .i-:.-nlll]’tlurl1 ani n]m:nu thtl the normal blue colour is
|rr'm|uc¢-r]. Add respectively solution of iodine in iHﬂHHHiHII'I odide, and
the tineture of iodine, to separate small portions of flour : notice the
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dark blue colour produced in the first instance, and the sherry tint in
the second. To the second portion add a little water ; the dark blue
colour at once appears.  Mount a minute portion of flour on a slide
with iodine solution ; examine under the microscope and notice the blue
colouration of the starch cranules, while other constituents of the Hlour
remain comparatively uncoloured.

177. Dextrip.—Render some water faintly acid by the addition of
a small quantity of nitric acid ; with this, meisten some starch in a
porcelain dish, and maintain it at a temperature of 200 C. in a hot-air
oven for about two hours.  The hot-air oven is usually made of copper,
and is heated by means of a bunsen placed underneath ; through a hole
in the top a thermometer is fixed soas to show the temperature.  Before
using the oven, regulate the temperature by turning the bunsen partly
on or off until the thermometer remains steadily within say 10 degrees
of 200, The moistened starch must not rest direct on the bottom of
the oven : it may be placed on a small tripod made by turning down
the wires of an ordinary pipe-clay triangle.

Treat this heated starch with hot water, and filter ; a yellowish-brown
gummy solution 15 obtained., Toa lmttl:m, add lodine '-t:r!thmn : notice
that no blue colouration is produced, but instead a reddish-brown tint ;
starch, therefore, is absent. The reddish-brown colour is due to the
presence of rLIl1‘r|u1h*ﬂIi11 From another portion of the solution,
precipitate the dextrin by adding strong aleohol ; filter and wash the
precipitate with aleohol, “dissolve in a little water and reserve for a
future experiment. Use a little of the solution for fastening together
pieces of paper ; notice that it exhibits the ordinary properties of gum.

178. Maltose and other Sugars.- Take from 5 to 10 grams of
eround malt, and mix with ten times the quantity of water, place the
mixture in a beaker arranged in a hot-water bath, and keep it at a
tempervature of 60° C. for half-an hour : this may be done by turning
down the Hame, or altogether removing it from time to time. lln-
temperature may range from 55 to 65 C, but must not be allowed to
g0 above the latter, At the end of the half-hour, raise the temperature
to the boiling point for five minutes, and then filter ; the resultant
liquid is a solution of maltose and dextrin, and may be used for experi-
ments on maltose.

Prepare solutions of the following substances, and test them with
Fehling's solution-—(1}, starch ; (2), the re-dissolved alcoholie I'll'l*l::i.pi—
tate of dextrin; (3), aqueous extract of malt ; (4), cane sugar ; and (5H),
commercial glucose.

Set some distilled water boiling in a flask or large beaker for half-an-
hour.  Take 20 ce. of the mixed Fehling's solution (see Chapter
XXIV.), add equal quantity of the boiled distilled water, and set in
the boiling hot-water bath for ten minutes ; notiee that no |Il‘t'l'illit:ltt" 15
produced.  Heat tive separate portions of 20 c.c. of Fehling's solution,
and 20 c.e. of water to the boiling point, and add respe tively 20 c.c. of
the stareh and other solutions previously prepared.  Let them all stand
in the hot-water bath for ten minutes : at the end of that time some of
the solutions will probably be decolourised with the deposition of a
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copious red precipitate, while others will remain unchanged. The
results should be as follows :—

Starch—No precipitate,

Dextrin--No precipitate. (Practically, there is usually a very slight
precipitate, owing to difliculty in thoroughly washing the
dextrin free from maltose).

Maltose—Red precipitate.

Cane sugar—No precipitate,

Glucose—Red precipitate,
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CHAPTER VIL
THE PROTEIDS.

179. Character of Proteids. The proteids, while not the most
abundant constituents of wheat and flour, are yet among the most
important.  In whatever life exists, and in that physical basis of life,
protoplasm, proteids are constantly and invariably present. In matters
of animal origin, such as muscle, blood, milk, the proteids constitute a
larger proportion of the water-free material than in most vegetable
bodies, and much of the work of examining and classifying proteids has
heen first done on those derived from animal sources. All animal
proteids are, however, derived either directly, or indirectly through the
body of some other animal, from the proteids of the vegetable kingdom.
The name proteid is derived from the Greek (mpwretor, pre-eminence),
and has been given to these bodies hecause of their great importance in
the animal economy. Typical among the proteid bodies is albumin, the
essential constituent of the white of egr; so much so that the term
“albuminous 7 substanee is often used as a synonym of proteid. With
a more minute classification of the prnl!r'iq]:c, the term albumin is restricted
to one particular proteid group ; and the term “albuminoid,” commonly
employed as bearing the same meaning as “ proteid,” should be restricted
to ln__{ft]atiu and certain other bodies which are not Iu‘nh-iil:‘-:. It bodies
bearing a resemblance or relationship to the group of which albumin is
the typical member,

180. Composition of Proteids.—The proteids are distinguished
in composition from the n_‘;:u,rhr‘1|t1'u.'uil';hh~!-: by their containing nitrogen and
sulphur as essential constituents, in addition to carbon, hydrogen, and
oxygen. They are substances of extremely complex constitution, and
have very high molecular weights.  They are highly colloid bodies, and
for the most part uncrystallisable.  The various proteids differ some-
what in composition : the following table, on the authority of Hoppe-
Seyler, gives the ranges of variation in percentages :—

& H N = 0
From H15H -9 152 03 2049
To 5d-5 i 170 2:4) 235

From these Ii;_{'ll'l:"l"!'i various observers have :l”l'lul’:tUtI to nssien l‘Tl!]\\iTii'
formule to the Il:l‘ﬂlt*iitﬂ'. thus, Lieberkithn and Loew both give for
albmmin the formula C,,H,, N, SO, while Schutzenberger suggests
""-124n”.‘ﬂrixlar.HJ( I'.-ai in the prresent state of our |LTL|1-H'||'I|;.'."‘. however, such
formule arve of necessity almost purely speculative,
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181. Reactions of Proteids.- Proteid substances are distin-
guished by their evolving ammonia on |Il"ll1" strongly heated. This is
at once noticed on hmmnu’ pieces of quill or fltwrl gluten, both of
which consist largely of proteid hodies. If the suspected substance he
heated to near the boiling point of concentrated sulphurie acid, to which
a little potassium sulphate has been added, the whole of its nitrogen
is converted into ammonium sulphate, from which free ammonia is
obtained by adding caustic soda in excess, and subjecting the liquid to
distillation. This reaction forms the basis of what is known as Kjeldahl's
method for the determination of nitrogen in organie compounds. In
examining substances for proteids, and especially in discriminating the
various proteids from each other, their following characters are of im-
portance—solubility, heat coagulation, indiffusibility, action on polarised
light, and colour reactions.

Sodubifrtv.—All proteids are insoluble in absolute aleohol and in ether.
Some are soluble in water, others insoluble ; among the latter, many are
soluble in weak saline solutions. Some proteids are soluble and others
insoluble in strong or saturated saline solutions,

Mineral and acetic acids, and also eaustic alkalies, dissolve all pro-
teids Ly the aid of heat, such solution being, however, accompanied by
decomposition. The gastric and pancreatic juices also dissolve proteids,
but, in =0 doing, change them into a sub-class of proteids, known as
peptones,

Heat-coagulation.—This is a very familiar characteristic of some pro.
teids, chief among them being albumin from the white of egg, which on
In*ltlg plunged into boiling “"'Lt{‘l assumes an insoluble form. Many
proteids when dissolved either in water or dilute saline solutions are
coagulated hy the action of heat. The temperature at which coagulation
oceurs afttords one method of determining the nature of the particular
proteid in the solution. Distinet from heat coagulation is what is
known as fﬁ*'l‘n'll.'Ill:--[:ﬂ:t;_:_;ljL'l.’EiuII.r an instance of which is the l;nn;_;‘lli:i_tinlt
of milk by rennet, '

Indiffusibilitv.—All the proteids (with the exception of the peptones)
are highly colloid bodies, and when in solution may consequently be
Hi*[lrl.mtf-d from crystalline bodies by dialysis.

Action on Polarised Light.—All proteids turn a ray of polarised light
to the left, or are levorotatory.

Colowr Reactions—Xanthoproteic Reaction.—These are very useful
methods of detecting and recognising proteids.  The Xanthoproteic
reaction is obtained in the following manner :— Add to the solution
under examination a few drops of strong nitric acid ; a white pre-
cipitate may or may not be produced, according to the nature and
degree of concentration of the proteid.  (Peptones and some varieties
of albumose :_'::i"-‘t‘.' no precipitate. ) Boil : the |Il‘i'1'illii.'l_h" or |i1tlliii turns
vellow, with usually some solution of any precipitate. Cool and add
ammonia ; the ye Alow liguid or precipitate turns orange,  This coloura-
tion is the essential part of the reaction, and is the most delicate test
for prote s we Possess,

Millon's Reaction.—Dissolve, by the aid of gentle heat, one part by
weight of mercury in two of strong nitrie acid ; dilute with twice its
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volume of water, and allow the precipitate to settle ; the elear super-
natant liquid is Millon’s reagent.  On the addition of a few drops of
this to a solution of proteid, a white precipitate forms, which, on being
heated, assumes a brick-red colour.  The reaction is prevented by H’w
presence of sodium chloride.  Other substances are precipitated by
Millon's reagent, but the precipitate does not turn red on boiling.

Protroqwski's or ** Biuret” Reaction.— Add to the solution of albumin
or similar proteid a few drops of dilute solution of copper sulphate ;
a precipitate of copper albuminate is formed, except with deutero-
albumose and peptone.  Add excess of caustic potash or soda, a violet
solution is produced.  Ammonia gives a blue solution.

In the eace of albumoses and peprones, the result is, instead, a rose-
red solution with potash, and a reddish-violet with ammonia. Care
must be taken not to add execess of :ill|]l]|.'ll’1*. HERAY i[ni:lg ,':i'-‘t*:-i a reddishe-
violet colour, very dificult to distinguish from this peptone reaction.
When this test is applied in the presence of salt solutions it may be
somewhat maoditied ; thus, magnesium sulphate is precipitated as mag-
nesia by potash ; before the colour can he ohserved the precipitate
must be allowed to subside.  If ammonium sulphate is present, a large
quantity of potash is necessary before the colour appears; sodium
chloride does not affect the reaction.

182. Precipitation of Proteids.-The preceding note on the
solubility of proteids affords some clue to their various modes of pre-
cipitation, the peptones and albumoses being mueh more soluble than
other proteids.

Solutions of the proteids may be [ﬁll'{.'ipilql.ll'l' by the following
hodies : — Strong mineral acids, especially nitric acid ; acetic acid ; and
also with exeess of sodium sulphate, sodium chloride, or Iagnesium
.-,ll|]‘rh.1tt*. Nalts of the |]l‘.l.‘|.:'|. metals, as mercurie chloride or basie lead
acetate, also precipitate proteids ; on suspending the precipitate in
water, and passing a stream of aulphun-ttul i!‘i’ﬂll:url"!l the metal is
'Irtt*l.,l'rlf.lltli and the proteid recovered in an umlmn;_{ml form. In
addition, proteids are precipitated by tannin, or tannin and sodium
chloride together: by saturation with ammonium sulphate : by pieric
acid : and ln aleohol in faintly acid solutions,

Among these the following are convenient methods of removing pro-
teids from a solution, either as a part of the process for their own
isolation, or as a prior step toward examining the liquid for other
substances :

The solution is mixed with half its volume of a saturated solution
of common salt, tannin is added in slight excess, and the proteids are
vnlm ly se ll.u.llml

The solution is saturated with ammwoninm sulphate, which pre-
el IF”.-”‘ w ]l 'tl]“ll"ll!.‘\ bt peptones.

The solution is rendered faintly acid with acetie acid, several
times its volume of absolute aleohol added, and allowed to stand twenty-
four hours.  The whole of the Irl'l.h‘[l'iil'ﬂ' are thus precipitated.

. When proteids of the albumin or globulin group only are present,
simple acidulating and boiling the solution precipitates the proteids.
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183. Classification of Proteids.--Proteids are commonly
divided into animal and vegetable proteids, according to their origin.
Strictly speaking, the animal proteids have but little to do with the
present work, but as their classifieation is largely that on which the
classifiecation of those from vegetable bhodies is “also based, a short
account of the animal proteids is here inserted.

184. Animal Proteids.—These are conveniently arranged in
the following groups :

Class 1. Albuwmins, soluble in water, in dilute saline solutions, and
saturated solutions of sodium chlovide and magnesium sulphate.  Pre-
cipitated from their solutions by saturation with ammonium sulphate.
Coagulated by heat, usually about 70°—73" C.

Members of class—Serum albumin, egg-albumin, cell-albumin, muscle-
albumin, lact-albumin.

Class 2. Globwlins, soluble in dilute saline solutions: insoluble in
water, concentrated solutions of sodium chloride, magnesium sulphate,
and ammonium sulphate. Coagulated by heat, temperature varying
considerably.

Members of elass—Fibrinogen, serum globulin, erystallin ; vitellin,
in the volk of egg, not I'ri'Lt']}Ht.—lhlE" by sodium chloride,

Crass 3. Altuminates, or Derived Albumins, derived from either
albumins or globulins by the action of weak acids or alkalies. On
heating a solution of mzr;alhuuuu to about 40" C. with a few drops of
0-1 per cent. sulphurie acid or 01 per cent. potash solution, the solution
loses its properties and becones converted into acid-albumin or syntonin,
and alkal albumin respectively.

Albuminates are soluble in acid or alkaline solutions or in weak
saline solutions ; insoluble in pure water, precipitated like globulins by
saturation with sodium chloride, magnesium sulphate, or ammonium
sulphate.  Solutions not coagulated by heat.

Caseinogen, the chief proteid constituent of milk, is an albuminate,

Class 4. Proteoses, intermediate products in the hydration of proteids,
formed in the body by the action of the gastric and pancreatic juices,
artificially by heating “with water, and more readily by dilute mineral
acids. Are not coagulated by heat, ]mm-npjtfm*rl lrr 'lhnlml, all give
the biuret reaction. P l'l’_.llhlt,gL[{[] ]}_':. nitric acid, prec ipitate huiulr]E‘: o1
heating, and reappearing as the liquid cools.

The proteoses are subdivided into albumoses, clobuloses, &e., accord-
ing to the original proteid from which derived, albumin, globulin, &e.
Each group of proteoses may be further subdivided in a similar manner ;
taking albumose, there are two varieties, fewi-albumose and antt altumose,
which on further :I'l;_{:-:-,tmn are converted into he mt-]uptnm- and anti-
peptone respectively.  Classified according to their solubilities, they
are divided into—

Proto-alteemose, soluble in cold and hot water and in saline solutions ;
precipitated like globulins by saturation with sodium chloride or mag-
nesium sulphate.

Hetero-albuwmeose, insoluble in water ; soluble in 0-H—15 per cent.
sodiurn chloride solution in the cold, but precipitated by heating to
65°. Precipitated from its solutions by dialysing out the salt, Tike
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globulins.  Precipitated by saturation with salts. Proto- and hetero.
albumose are often called primary albumoses, becanse they are the first
products of hydration of proteids,

Deutero-aibumose, soluble in hot and cold water, not precipitated
trom its solutions by saturating with sodium th}llll{" O magnesium
&ulplmtu- but Iuw.]l:ltn,t['-d by ammonium aull:h,l,te- is an IlltE'ItllP{h:LU"
stage in the conversion of the primary albumoses into peptone,

Class 5. FPeplones are the final product of the hyvdration of proteids ;
further hydration splits up the peptone into simpler bodies, which are
no longer proteids.  The peptones are soluble in water, not coagulated
by heat, ane are not ]:Jl'l‘{‘illil:l..t["Il by mnitric acid, copper sulphate, am-
monium sulphate, and a number of other precipitants of proteids.
Precipitated, but not -:.uu,ﬂulza,tl-d by alcohol.  Precipitated by tannin,
picric acid, .uul other -.11h=-.t.m(:-a Iluﬂ, vive the biuret reaction.

Pure peptone may be separated from all other ]uutmda by ammonium
sulphate : the solution is then subjected to dialysis in order to remove
the l-.l_ll]rh.tl‘,t—*:_ and the peptone prec ipitated ]H. tﬂc:rlmi It may then be
dried by washing with absolute .nlmlml ether , and finally Ht.lﬂl[lil"’ mn
desiceator over s-,ulphuuf: acid, a vacuum being maintained in “the
desiceator by a sprengel or UI|1( air-pump.  Peptone thus prepared
hisses and froths on being dissolved in water with evolution of heat.

Peptone is somewhat cheesy in taste, but not unpleasant.  Avrtificially
prepared peptones, as peptonised milk or beef extract, have a bitter
taste.  This is due, however, to some Litter substance not yet separated ;
native peptones and allimmaoses hl'il!}_'; almost tasteless.

Hemi-peptones ave :-i.}}]il_. up |||*'I.‘ the Iulitt'l'{--:iriuj uice into simpler pro wluets,
as leueine and tyrosine.  Antipeptone is not decomposed in this manner.

Both varieties of peptone are readily dialysable ; albumoses are only
slightly diffusible under similar conditions, while the albumins and
"'illl!llllll"\ e II]."hI‘l. L[llll]l(l

Class b. erug.'fffrfuf Proteids.—(a ) Coagulated by heat, are insoluble in
water, weak acids, and alkalies. Soluble after prolonged boiling in
concentrated mineral acids, also in gastric and pancreatic juice with
formation of peptones. f".rJJ.I L'u'wl:].'lll*ll 11_‘1.' ferments, filrin from Llood,
myosin from muscle, casein from milk.

185. Vegat&ble Proteids.— As previously stated, plants contain
a less propor tion of proteid matter than animals, They may be found
in solution in the sap or juice of 1Lmt=~ or in the solid state in the
]umlu;u].mn of the plant cells, and in a comparativelv dry condition in
the ripe seeds.  Proteid is often found in granules (aleurone grains),
Some of the vesetable |:|ntqi||-. are obtaimable in a cryst alline form.
The smme classitication may be applied to the vegetable Iu:rh-uiw as has
been adopted for those of animal derivation,

Class 1. Vevetable Affwmins answer to the same reactions as animal
albumings—small Llu.'l.ntil:ir!-c. are found in wheat and Hour.

Chass 2. Globudins.—Most of the soluble |u'nh~il!l-i present in plants
belong to this class—a small quantity is found in wheat and flour,

Some observers (Weyl and I-l-«u]mjl} state that they tind the proteid
matter of wheat to consist largely of a globulin like myosin, but this
view is negatived by more recent re m.nnhu, which go to show that the
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hody so deseribed is another proteid to which the name of gliadin has
been given.

A pl.mtq itellin oceurs in aleurone grains, and is distincetly crystalline.
Certain vegetable para-globulins (analagous to the Elulmlm of blood-
serum) are found in abrus and other seeds.

Class 3. Albwminates.—Both acid- and alkali-albumin are readily
produced by the action of acids and alkalies on the albumins and
globulins of plants.

So-called legumin is alkali-albumin formed by the caustic potash
employed in its extraction from plants.

Class 4. Proteoses arve present in small quantity in wheaten flour :
their nature, however, is but little known. Hemi-albumose has been
found in aleurone grains, while Martin considers the two proteids of
gluten to 1:9 forms of phyt-albumose.

Class . FPeptones do not apparently occur in plants. They may be
formed from vegetable proteids by 'Iunhn;_:; with dilute mineral acids, or
treatient with gcl.ht[lb or pancreatic juices.  Animal proteids are, as a
rule, more easily peptonised than those of vegetable origin ; thus papain,
a vegetable ferment, converts animal proteids into peptones, but carries
the change of vegetable proteids no further than proteoses.

Class 6. Coagulated Proteids.—Plant albumin and globulin are coagu-
lated by heat. Martin and others argue that certain ferment-actions
llmfiur._e congulation of vegetable proteids,

186. Albuminoids.—With the propesal to restrict this term to
a series of bodies outside the prote id group, it will be well to briefly
state the character of albuminoids in this more restricted sense. ihe
tendons of animals contain a body known as *collagen,” which i
insoluble in water. By the action of dilute acids or |rn1]l|1" “ﬂ.tll
collagen 1s transformed into gelatin: the process is one of ]I}fil.ttml],
represented, according to Hofimeister, by the following equation :—

CiHiaNy0ps + H,O = CHN,;0O,

Collagen, Water. Gelatin.

The albuminoids, as thus classified, differ from the proteids in that
thi-':.' contaln no aullzluur_ Gelatin is insoluble in cold water, but lis-
solves in hot, gelatinising, or forming a jelly, on cooling.

187. Proteids of Wheat.—It is a fact too familiar to need
experimental demonstration, that the white of egg coagulates on being
heated ; but it will be found on further experiment, as may in fact e
”'*ll]I{‘H:‘Ll from the ||If-u-:||||-r deseription, that if the “Iul_f- of egg D
shaken up with considerable quantities of water and then heated, the
albumin separates out in coagulated flocks. Similarly on making a cold
aqueous infusion of Hour, or, still better, of the germ of wheat, and then
filtering the solution until ]rmh ctly clear, a hl.!klltl is obtained which, on
being raised to the boiling point, throws down abundant flocks of
:I‘.“Jll]ll]ll and aglobulin. T Im conzulated |ll'l}tl'i¢1 thus obtained is as
white and pure in appearance as that from the white of egg, and ix, to
all intents and purposes, identical with that of mixtures of albumin and

globulin of animal origin.  While the egg albumnin always occurs in an
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alkaline liquid, that of vegetables is always found either in acid or
neutral liquids.

Further, every miller and baker knows that flour, on being moistened,

forms a stiff, tenacious paste or dough ; he also knows that the Hour
of wheat is distinguished in a remarkable manner from other Hours by
this character; for oatmeal, when similarly treated, simply produces a
damp mass, having little or no tenacity. On kneading a mass of wheaten
dlough, enclosed within a piece of muslin, with water, until the starch is
5{-pul.1tc:| there remains behind a greyish-white -:i,n,h elastic mass, to
which the name of “crude gluten ” is .tppln-:l This substance consists
of the insoluble proteids of the wheat, together with a portion of the ash,
and also of the oily matter. Although this gluten, when in the flour,
existed as a powder, yet, on the addition of water, it thus swells up into
a tough mass.  Gluten is practically insoluble in water, and without
taste ; on being dried by exposure to the heat of the hot-water oven, it
L]I"ll].'"'t“'-: into a hard horny mass.  Gluten which has been thus |11mstened
with water, provided it is dried at a low temperature, swells up again
on being wetted, although not usually to such a tough mass as when
first extracted. Us-.imuw with whom |Lct=nt|vlnﬁ been associated Yoor-
hees, has for some vears been engaged in a systematic investigation of
the vegetable pIutE‘Idh in 1893 tln-r mnmmtlv mnmmnm:twl to the
American Chemical Journal an article of great importance on * The
Proteids of the Wheat Kernel.” This article contains a historieal
resumé of the work ]nmmuah' done on these compounds, and also
includes the results of their own elaborate investizations on wheat
proteids, conducted on the lines of the most recent knowledge of the
constitution of proteids generally. The following description is very
largely based on Osborne and V oorhees’ article.

188. Earlier Researches.— After recounting the results of the
researches of Taddei, Berzelius, Mulder, Gunnsherg, and others, Ritt-
hausen’s conclusions are mentioned, in which that chemist recogmised
in 1872 that wheat contains five proteid bLodies, to which he gave the
names of gluten casein, gluten fibrin, plant gelatin or gliadin, muu*dm
and albumin. Hee ‘{plf“:‘-if'll a doubt as to tlw presence of albuinin, as
what was viewed as this body might possibly Le a mixture of mucedin
and gliadin, .

In 1880, Weyl and Bischoft puhiialu':[ the view that the proteid
matter of wheat is principally & myosin like globulin, which they call
vezetable myosin, and, if this view be correct, tluﬂ. further assume that
it is from this a'lﬂml.ll].[t" that gluten is derived, other proteids only
being present in small quantity. They extracted flour with a 15 per
cent. salt solution, and found that the residue yielded no cluten ; they
consequently assumed that gluten is formed from myosin as a result of
a ferment action similarly to the formation of hham from ftibrinogen.
No ferment possessing such properties could, however, be detected,
Laree l|1.1.l.ul]l|| s of sodium chloride and other salts preve nt the formation
of --luh-‘n in the same way as these salts also prevent the formation
of fibrin. On first heating flour with alcohol, they found that sub-
sequently no gluten could be obtained on washing, and so assumed that
the myosin had been coagulated.  Also, on warming tlour for from 48
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to 96 hours, keeping the temperature Lelow 60° C., the coagrulation
point of myosin, and then adding a little unwarmed flour and extracting
gluten from the mixture, no gluten is obtained beyond that present in
T_h:- added flour, showi ng m W l}] and Bischofl™s (l]unmu that the gluten-
forming substance Imr] sutfered coagulation.

Martin in 1886 examined "Eutr_*u by extraction with alcohol—he
found but one pmts*ul substance so extracted. This body is soluble in
hot water, but is insoluble in eultl, and so is insoluble ]rhv t-albumose,
The t{,h-.uhu- insoluble in aleohol is uncoagulated proteid, soluble in dilute
acids and alkalies ; this he terms gluten tibrin. The insoluble Pln't-
albumose 1s not present as such ﬂuur, as direct extraction of the meal
with 75 per cent. alcohol removes no proteid. Martin concluded that
the insoluble phyt.albumose is formed from the soluble by the action of
water, the gluten fibrin being formed by a similar action of water on
the globulin, that is, conversion into an albuminate, The albuminate
and insoluble phyt-albumose together constitute gluten.

Johannsen, 15889, combats the ferment t|1f_=0ri. of the preduction of
gluten. He found th-‘nt a normal dough was obtained by grinding dried
gluten and mixing with starch, and ‘also by mixing moist glutnn with
starch.

189. Osborne and Voorhees’ Experiments, Wheats
Used.—One of these was a Minnesota spring wheat, Scoteh Fife,
milled under chemical supervision into * patent ” Hour from finest and
purest middlings, and “straights” from the coarser middlings. The
“shorts 7 (red-dog ), chiefly composed of inner portions of the bran,
with adhering portions of the endosperm, was also examined. Samples
of whole wheat flour were prepared direct from the wheat by grinding
in the l.ﬂmmtm_} when required. A variety of winter wheat, known
as “ Fultz,” was also examined, but only as whole wheat Hnur Pre-
liminary investigations showed that all these different flours yielded
proteid matter to

Diluted aleohol,
Water,
10 per cent. sodium chloride solution,
And after complete and successive extractions with these re-
agents, to dilute potash water.
The bodies extracted by these various reagents will be examined
separately.

- 190. Proteids Soluble in Water.—In the course of some pre-
liminary experiments, 200 grams of spring wheat straight tHour were
mixed with 800 c.c. of distilled water. No coherent "h”fl’“ formed,
the undissolved flour settling down as a non-coherent mass.  After a
few hours’ digestion the solution was filtered ; the filtrate was straw-
yellow in colour, becoming red-brown on standing, and had a zery slight
acid reaction.

Saturation with ammonium sulphate gave a hulky prec ipitate, which
contracted on standing, showing the -‘-Uiﬂtl”“ to contain but little pro-
teid matter. After 24 hours this III'{‘L‘-i]Fi-L'ltl‘ WiLS ruln}}ll'tl"l} soluble in
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witer, giving no evidence of the formation of so-called albuminates.
Saturation with sodium chloride gave a small precipitate.  Acetie acid
in the cold gave no precipitate until sodium chloride was added,

On slowly heating, the &nlutmn gave a turbidity at 48" C,, and a
flocculent coagulation at 52°.  After heating to GJ “for some time and
filtering, the solution became turbid again at 737, flocks forming in
very small amount at 82°.  Heating to boiling caused no further
separation ; but the addition of a little acetic acid and qmiium chloride
gave a small precipitate. The body coagulating at 52° formed the
greater part of the proteid in solution. The wlup]l-l{‘ Lﬂd"ul;l.tll:-ll of
this required a temperature of 657, but was greatly facilitated by the'
addition of sodium chloride.,

Further experiments showed that extraction of the flour with 10 per
cent. salt (sodiuvm chloride) solution yielded the same proteids, so that
the subsequent examination of the water-soluble substances was confined
to extracts originally made with 10 per cent. salt solution after separa-
tion of the globulins by dialysis.

Again, 4000 grams of straight flour were treated with 8 litres of
10 per cent. hrine, allowed to huhﬁ-ll]l? over night, and the supernatant
liquid filtered off.  Another 2 litres of the brine were added to the
residue, which was stirred up, allowed to settle, and again filtered. The
filtrate was saturated with ammonium sulphate as rapidly as collected.
The precipitate thus procured was filtered and redissolved in 10 per
cent. brine, filtered clear, and dialysed until the chloride had dis-
appeared.  This resulted in the precipitation of a globulin, which was
filtered off, and the solution again dialysed for 14 days, but with no
further production of globulin.

The globulin-free '-mlutmn was next examined by alm!. ly heating a
portion -—Lmhnht}' occurred at 4587, flocks separating at 55", After heat-
ing at 65°, the congulum was filtered off.  Further heating resulted ina
minute amount of coazulum being formed at 807 : after filtering, there
was no further precipitate on boiling, and nothing was obtained by
adding a Zittle salt and acetic acid.  On adding 20 per eent. salt solution
and a little acetic acid to the original solution, a precipitate was caused ;
another portion was first heated to 637, and a third to 95, and filtered
before adding the salt solution and acetic acid.  The second gave less,
and the third least precipitate. The filtrate from the first of these
portions, when neutralised and boiled, gave no precipitate, showing
that, as was to he vxlwl_-h-fl, the m'lz:ll';Lliull of albumin by precipitation
with salt and acid was complete.

This globulin-free solution gave a precipitate on saturation with
sodium ehloride, the filtrate became floceulent at 567, with no further
precipitate on further heating, showing that the higher coasulating
proteid  had  been  thus removed. Treatment of the alobulin free
solution with nitrie acid \.n*l:hll fiF i!l:--.lplt‘llq- i Innllwn of which dis-
solved on heating, the rest remaining insoluble : after filteation, the
filtrate deposited a precipitate on cooling, which again dissolved on
1'e- |HJiu,len of heat.  The tiltrate from the salt and acid precipitate
did not give this reaction, which is characteristic of certain proteoses,
and shows that the salt and acid precipitate contains a proteose, together



THE PROTEIDS. 00

—

with the allumins. Three distinet 'l'll'nt,l*irl substances are thus recognised
which are soluble in pure water; two coagulable, one at a higher tem-
perature than the other, and presumably both albumins and a proteose.

To make sure that the ]mi]}’, which was ;L]ll\\.‘lt‘{*llt]}' an albumin, was
not a myosin-like globulin held in solution by the salts naturally present
in river water used for dialysis, a strong agqueous solution of winter
wheat meal was dialysed into distilled water in the outer vessel. The
solution still congulated at 54°, and contained in 250 c.c. only 0-0008
aram of mineral matter, proving the substance was an albumin,

191. Albumins.-——The remainder of the globulin-free solution,
after making foregoing tests, was heated to 61°, the precipitate filtered,
washed with water, aleohol, absolute alcohol, and ether, dried over
sulphuric acid, and heated to 1107 ; this was called Preparation 1.

A duplicate lot was prepared in the same way, and yielded 6-4 grams
from 10,000 grams of Hour ; this was called Preparation 2.

The filtrate from Preparation 2 was further heated to 75°, and the
small amount of precipitate washed with aleohol and dried as before ;
this was called Preparation 3,

Another preparation was made on the same flour by extracting 10
per cent. brine, and dialysing at once without precipitation by ammonium
sulphate.  After the separation of the globuling, the albumins were
precipitated by at once raising the temperature to 907 ; this, after
drying, constituted the Preparation No. 4.

Another preparation was made on the spring wheat ‘“shorts,” by
extracting with 10 per cent. salt solution, treatment with ammonium
sulphate, dialysis, coagulating albumin at 65°, and drying; this was
Preparation 5.

These substances gave on analysis the following results :—

ANALYSES OF COAGULATED WHEAT ALBUMIN.

(3]

| r
I | 2 3 4 ; Average.

| A0 vl W )| Wt

|
Carbon, e | 027 | 5306 5302 | 5271 | 5302 h
Hydrogen, ... G583 682 | . 6-87 (-85 684 i
Nitrogzen, 16:95 17-01 1G04 1626 1683 | 16-80 '
Sulphur, ... | 197 130 | 120 | 184 | 128
Oxygen, e | 2168 | 21+81 232-65 | 2227 | 22:06

100:00  100-00 . 10000 I 100-00 |

100-00

These figures agree very closely, except that the nitrogen in No, 1 is
low: as four determinations give concordant results, Oshorne and Voor-
hees consider it possible that some of the nitrogen may be lost at the
higher temperature.

192. Proteoses.—As already stated, there are found in the
solution after separating the globuling by dialysis, and the albumins by
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heating, small quantities of one or more proteoses which are almost
wholly precipitated by saturation with sodivm chloride. On concen-
trating the filtered solution, after the removal of albumins by heat, a
u:.l"llhtln oradu: l“‘. deve |up*- which must be derived from the proteose-
]I]ﬁ-.v l-mwul still remaining in solution before concentration.

This body gave on -'lII:J..l"'.. sis the following figures :—

Carbon, ... 5186
Hydrogen, G-82
Nitrogen, ... 17-32
Sulphur, j —
Oxygen, } =220
10000

The small quantity of proteose still remaining after removal of the
coagulum was not separated for analysis.  In analyses quoted later,
paragraph 207, the amount of this proteose is seen to be as much or
more than that of the coagulum.

193. Globulin.— The. extraction of this body has already heen
referred to: in a direct E\]hﬁ-mm'nt for the preparation of globulin,
10,000 grams of “straight” flour were extracted with 34 litres of 10
per cent. salt solution, stirred and allowed to stand over night. This
was filtered, precipitated by saturation with ammonium sulphate,
filtered and again dissolved in 10 per cent. brine. The solution pro-
duced was exceedingly viseid, and filtered with extreme difficulty ; this

was placed in a rhnl\wl' and left in a stream of running water until the
chlorides were removed. The globulin  gradually u:-p:urttvd out in
minute particles of spheroidal form. The precipitate was filtered,
washed with water, aleohol, and ether, dried over sulphurie .uifl, anl
then weighed 58 grams.  Globulin, thus prepared, dissolves in 10 per
cent, salt H{}llltlﬂll from which it is precipitated by the addition of water.
Saturation with sodium chloride gives no precipitate, but saturation
with magnesium sulphate, or ammoniuvm sulphate, lnlli]r]i‘lt*l\. precipi-
tates tlw rrlq}'uu]in The solution in 10 per cent. Lrine ﬂ'l'u-'«-. on slow
heating, a very slight turbidity at 877, which increases \-l]“]‘l'!!‘p up to
99°. Dried at 110°, this "’]u|l'l_l|lll constituted Preparation 8,

A preparation was rLIhH made in the same way, except that the pre-
cipitation with ammonium sulphate was omitted. Again the solution
was remarkably viscid, a property possibly due to the presence of gun,
for the pure solution of globulin in 10 per cent. brine showed no trace
of it, neither did an aqueous solution of the flour. On dissolving up
the globulin obtained by dialysis in 10 per eent. salt solution, a residue
remains, consisting of an “albuminate 7 dervived from the globulin.
This :_{iuhulin constituted ]:"J,'l'p.'u'.'lliu]l 9.

The globulin was also extracted from the “shorts,” and its total
quantity amounted to nearly twice as much as was mml.ul\. obtained
from a like quantity of flour. This globulin was Preparation 10.

The slobulins gave on u.n.L|}'.=ii:-; the following results :
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5 L | 1 Average,
St e | e ! e,
| |

Carhon, 51 07 3101 51-00 5103 |

| Hydrogen, G-7D 697 | 6-83 685

| Nitrogen, 18-27 18-48 ‘ 1526 18:39
Sulphur, o j 071 0-G6 0-69 |
Oxygen, | 23:91 1 22-83 ! 23-25 23 04 ‘
100-00 | 100-00 | 100-00  100-00 il

In contradistinetion to the views held by Weyl and Bischoff, and
Martin, Osborne and Voorhees have only found in extracts of wheat
meal, either spring or winter wheat, the one zlobulin just described ;
which in properties and composition closely resembles those globulins
found in other seeds, and assigned to the class of vegetable vitellins,

194. Proteid Soluble in Dilute Alcohol; Gliadip.—
Whether wheat flour be extracted direct with dilute aleohol, or after
treatment with 10 per cent. salt solution, a considerable amount of
proteid is obtained. The same is the case if the previously extracted
gluten be subjected to alcohol extraction. Extracts were made by
aleohol under all these conditions, and subjected to repeated fractional
precipitations, in order to learn whether a single proteid body or a
mixture had been obtained.

195. Direct Alecoholic Extraction.— In direct treatment with
aleohol, 5000 grams of “straight” flour were extracted with 10 litres of
aleohol, 0-90 specific gravity, and allowed to soak over night. The
mixture was then stirred, allowed to settle, and the supernatant liquid
]J'Uu't“f’d off. Three litres more of aleohol of the same Htl'l'l]gt]: wers
added, and ]ll‘f*!-.'lllll!l]j]}' stirred in ; after standing, the clear liquid was
poured off, and the residue put in a screw press and squeezed nearly
dry.  The whole of the liquid thus obtained was mixed, and constituted
“Extract 1.” The residue was again treated with 4 litres of 0-90
aleohol, and once more pressed nearly dry ; this liquid was * Extract
27 The same process was twice more IT'I]{'EI,.I,I’{], and the two extracts
mixed, which zave “ Extract 3.” Each of the three extracts was
filtered clear, and concentrated separately to one-third its volume, and
after cooling decanted from the very glutinous viseid mass which had
separated,  This precipitated mass was in each case dissolved in a small
amount of hot aleohol, sp. gr. 090, and the solution allowed to cool
over night : most of the substance separated on cooling, and the liquid
was deeanted from it,  The solutions were treated with a quantity of
distilled water and a little sodium ehloride added, the proteid was thus
precipitated, washed with water, absolute alcohol, and ether, and dried,
The residue was subjected to a series of fractional precipitations hiased
on the prineiple of partially dissolving with alcohol of 0:8520 sp. gr.,
-‘ll]li fJ‘l'!‘l'ilJilJlli]l: fr'u|“ l_]-||- solution 1}:., the addition of :-illh:l.” illIELIIlilil’-‘i
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of sodium chloride solution, which precipitate was washed, dehydrated
with absolute alcohol, digested with ether, and dried over sulphurie
acid. A portion of the principal fraction was again divided Ly solution
in 250 ec.c. of 0-90 aleohol, and partial precipitation by pouring the
solution into 800 c.c. of absolute aleohol ; precipitate and solution were
&g:lin treated separately.  As the result of a series of fractional pre-
cipitations, altogether 13 fractions were prepared and then analysed.
These constituted Preparations 11 to 23, The results of the whole
geries are given by Oshorne and Voorhees, but 5 of the fractions are
discarded from the final comparison, because of their being impure, for
obvious reasons. Some, for example, contain fat, while others have
concentrated in them the solid matter which in o series of filtrations
has passed through the filter papers. Subjoined is given the results of
these various analyses, and the weight of each fraction which was
obtained :—

ANALYSES OF “FRACTIONS OF THE WIHEAT PROTEID OBTAINED BY
NDIKECT EXTRACTION WITIHI DILUTE ALCOHOL.
| | 3 16 | 17 15 19 21 24 25 26
e | : |
| ; | |
Carbon, | B2h2 H2UT| B2GV | D2D5 | H2T4 ) S2-82 52381 5238 |
Hydrogen, | 678 G678 6570| 685 677 G681 681] 713|
Nitrogen, 1764 | 1777 TG 1794 | 1762 1767 | 1769 | 1770 17-82
Sulphur, 108 | 1-26| 1-22] 121 23] 1:11 ]} 2306 | 2957
| Oyxgen, 31";1._‘; 21-42 | 2175 2145 | 2164 | 2157 | & i
100-00 10000 10000 10000 H}H'IHJ 10000 100-00 10000
Weight of ] | .
fraction in Ll 12440 860 3226 34| 1743 63°0
grams J | L

Nos. 24, 25, 26 are fractional rve-precipitations of fraction No. 21.

A study of this series of analyses shows that the whole of the fractions
are in remarkable agreement, and that no fractional se |r=1|¢1t|n|1 of the
extracted proteid has been effected.  For u-muuph- Nos, 15 and 16,
which are aqueous solutions, have the same m||1|:n-~11mn as those from
solution in 0-820 aleohol, and also as the residue remaining after treat
ment with these reagents.  Osborne and Voorhees draw the conelusion
that it may be safely concluded that wheat contains but one proteud
The total amount of |:|nh-{1| contained 1in the
23 grams, being equal to 4-16 per

soluble in fh]uh- :LII.HIHII
whole of these preparations is 2078

cent, of the Hour.

196. Alcoholic Extraction after Salt Solution Extrac-
tion.—For this purpose 4000 grams of “straight ™ Hour were taken,
extracted with 10 per cent. salt solution so long anything
removed, and then the residue squeezed as dry s |m-ﬁ1hh 11 L SCrew
This residue was then treated with aleohol of such a strength

il= Wils
Ill"“\"\
as to yield with the water retained in the

solution containing 75 per cent. of aleohol.
was continued for two |E.'J.:|.':-;' the extract was mllhn‘.u| 1 A priss, and

”“l.]il s Iu'.u]‘u, HE |nw-d! Ii' ik

l]'llru-\hn:u u:l]u this solvent

2
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the process repeated three times, aiving altogether four extracts, These
were concentrated to small bulk, and the solution decanted from the
separated mass, which was washed with distilled water, re-precipitated
by sodium chloride, washed with absolute aleohol, digested with ether,
and dried over sulphuric acid. The precipitates obtained from the
water washings by adding salt were treated in the same way. The total
weight of these preparations was 15745 grams, equal to 3-94 per cent.
of flour, as against 4°16 per cent. obtained by direct extraction, showing
that the dilute aleohol extract is different and distinct from the pro-
teids soluble in water. These constituted Preparations 27—31. The
following table gives the result of their analyses :—

ANALYSES OF “ FRACTIONS ' OF WHEAT PROTEID OBTAINED BY EXTRACTION
WITH DILUTE ALC CONOL AFTER SODIUM CHLORIDE EXTRACTION,

| = 25 2 o | mn

Carbon, 5269 | 52-72 | 6271 | H52-65

Hydrogen, ... 654 6-26 681 6-83
| Nitrogen, .. .. | 1773 | 1789 | 1775 | 1708 | 17-79
| Sulphur, .. .. | 102| 095| 110 | 1:08

Oxyzen, 2172 | 21-58 | 21'63 | 21-65
| 10000 | 100:00 [100-00 | ... | 100:00

Weight of fraction in } 820 5740 113 | 135 58

arams, |
|

Nos. 27-30 are the precipitates uht.unv{l fmm the four extracts; No.
31 is obtained from the water washings of 27 and 28,

The results of these analyses agree very clu-.nhf among themselves,
and also with the series obtained h\ direct aleoholic extraction.

197. Extraction of Gluten with Dilute Alcohol.—For
the preparation of gluten, 2000 grams of “straight " flour were m.ultr
into dough with distilled water at 20°, and then washed in a stream of
river waterat 5° C. When nearly the whole of the starch had thus been
removed, the gluten was chopped fine and digested with aleohol of 0-90
sp. gr. at a temperature of about 207, This extraction was repeated
with fresh portions of aleobol of the same strength so long as anything
WiLs |'l"|||“"|.'l"l'l_ '[I‘II{" 'l",‘i,'ll'il.{"lﬁ W u]litl"{i' flllti"]'i‘[ll l'il‘.'l..]', -q'l.]'"] {""f'Il-I'l”I'ELtl'd
down to one-fourth their original volume  This was allowed to stand
over nizht, and the supernatant liquid decanted from the separated
proteid.  This latter was then dehydrated with absolute aleohol.  The
original mother- ||=|_I|ﬁ|‘ from which {}u' !nuh'lfl haud separate «d, and also
the absolute alecohol used for de ]nillrLl;nd_f, were each precipit: wted by a
Hlfl-l” {1“-[-..]'”,\ llfI "1'|i|l|||_l||] I:_’}IIEFT"!I" I'1lll|l'|lil|'|. Illl’. III]{"{" ]il!ﬂll][ s wWenrs
united, digested with absolute aleohol, and then with absolute ether,
After {inm-- over sulphuric acid, the Preparation No. 32 weighed 82+0
arams, and formed 4-10 per cent. of the flour taken.  In order to de-
termine whether this substance was a single ]n'ni{-iql or a mixture of
more than one, the process of fractional precipitation was again em
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ployed.  Thirty grams of Preparation 32 were dissolved in 0-90 aleohol,
concentrated to small volume, and then strong aleohol added till about
half the substance taken had been precipitated. The precipitate was
treated with absolute aleohol, dried over sulphurie acid, and found to
welgh 12 grams ; this constituted Preparation 33. The solution was
precipitated with water, dehydrated and dried over sulphuric acid ; i
weighed 16 grams, and was marked Preparation 34, These substances
had the following composition :—

ANALYSES OF “ FRACTIONS 7 OF THE WHEAT PROTEID OBTAINED BY

EXTRACTION OF GLUTEN WITH DILUTE ALCOHOL.

! 12 33 ; 34 :

SRR SIS P

| 5 hr

Carbon, | 5H2H8 H2-68 | 52:84 |
Hydrogen, | 66T 6:78 | 718 |
Nitrogen, ;1765 1766 | 1757 |
Sulphur, | 1-08 1-09 || 99.41 !
Oxygen, | 2202 2180 |F 77 |
— |

100-00 100:00 | 10000 |

In this case also the analyses show clearly that no separation into
proteids of differing composition had thus heen effected.

198. Extraction of **Shorts™ with Dilute Alcohol. —
In order to determine whether the * shorts ™ or bran Hour yielded the
same body to dilute aleohol, 2000 grams were taken and subjected to
much the same process of extraction as was flour, except that greater
precautions were necessary in order to remove impurities.  Two Pre-
parations, Nos 36 and 37, were obtained, which had the following
composition :—

ANALYEES OF FRACTIONS OF WHEAT PROTEID OBTAINED LY
EXTRACTION OF *“SHOKRTS 7 WITH DILUTE ALCOHOL,

i i a7
Carbon, ‘ 52-85 5374
II:I.'III'H;_{!*]‘I. e =] Gx7
Nitrogen, 1748 1767
= iphu; | 22:86 2272
Oxvgen, |
10000 100-00

A comparison of these figures with those which have preceded shows
that the proteid extracted from the bran has a similar composition to
that obtained from the Hlour,
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199 Extraction of Whnle Whea,t Meal with Dilute
Alcohol.—In view of the fact that Ritthausen, and probably others,
emploved whole wheat meal in their investigations of the composition
of wheat proteids, Osborne and Voorhees decided to make some ex-
periments on wheat meals, in addition to those previously deseribed.
Accordingly, 1000 grams of freshly ground whole spring wheat meal
were taken, made into a dough, and the gluten extracted. This was
chopped fine, thoroughly extracted with 090 aleohol, the extract eon-
centrated, and the proteid separated by cooling. This deposit was
dissolved as far as possible in dilute aleohol, and the insoluble substance
washed with absolute aleohol, and ether, and dried over sulphurie acid,
This was Preparation 38, The solution was precipitated with absolute
alcohol, dried as usual, and constituted Preparation 39 ; the filtrate
from this was concentrated to small volume, poured into absolute
alcohol, and the precipitate washed and dried as before, giving Pre-
paration 40,

In a similar manner, Preparations were made from winter wheat meal ;
the coagulated proteid was labelled 41, and that obtained by further
digestion, 42, These had the following composition :—

ANALYSES OF WHEAT PROTEIDS OBTAINED BY EXTRACTION OF WIIOLE
WHEAT MEAL WITH DILUTE ALCOHOL.

SPRING ‘l.'l.‘]li:AT.__ WINTER WHEAT.

e 31-. :w- | - _Jn 41 42 |
Carbon, D2-90 D289 ! 2316 h2-822 2268
Hydrogen, ... 1049 6:87 | G683 -88 681
Nitrogen, 1752 15-06 176 Bty 17-63 |
Sulphur, 1-43 0-92 0-96 o e
Oxyzen, 21-16 21-26 21-30 if'z Fu =="8% |

100-00  100-00 | 100-00 | 100-00  100-00 ‘

1

Throughout the whale series there is no essential difference in com-
position, nor in physical properties; nor was the proteid altered in
composition by solution in dilute eaustic potash, and re-pre LLI!ll‘«.LtIDIl by
an equivalent quantity of hydrochloric acid ; neither, so far as it could
be observed, was its solubility altered,

The composition of this proteid, as obtained by averaging the pre-
ceding figures, is the following :—

Carbon, ... 82:72
Hydrogen, - e G806
Nitrogen, 1766
Sulphur, |
Oxygen, ... 2162

100-00

200. Properties of Proteid extracted by Dilute Alcohol.

I this prote |{| L dehydrated by absolute aleohol, and thoroush [‘l. dried
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over sulphurie acid, it forms a snow-white friable mass easily reduced to
powder.  When dried from weak alcohol or water, it forms an amorphons
transparent substance, closely resembling pure gelatin in appearance,
Leing, however, rather more hrittle than that body. In the cold, dis-
tilled water turns the substance sticky, and a part dissolves.  As the
water is warmed, the degree of solubility inereases, and with beiling, a
considerable quantity goes into solution. A portion of this is re-deposited
on cooling. The solution in pure water is instantly precipitated
by adding a very minute amount of sodium chloride. In
thHﬂh'ltE‘.‘ ilh.‘flllﬂl this pl‘nt(*fd % }‘.cm*fﬂ{rtl:l..' ilu-;rﬂuh],t-, Imt {H:-s.:-:ulr:-:q 1 t]]r*
addition of water, being very soluble in 70 to 75 per cent. alcohol.
From alcoholic solutions, minute quantities of salt readily precipitate
the proteid.  Exeeedingly dilute acids and alkalies readily dissolve this
proteid, which is again precipitated apparently unchanged in appearance
and composition by neutralisation.

This proteid has been obtained in a more or less pure form by earlier
observers ; Taddei first gave it the name of “gliadin.” Ritthausen
and others assumed that it consisted of a mixture of two or more sub-
stances, to which the names of muoein or mucedin, and gliadin or
vegetable gelatin have been given. Among recent observers, Martin
found in gluten only one proteid soluble in dilute alcohol, to which he
gave the name of “insoluble phytalbumose,” but, curiously enough,
stated that flour extracted direct with 76 to 80 per cent. alcohol vie 1ded
no soluble ]:]Illl_{f"llf], This 15 in direct n'|rI‘HJ~11tIuII to the results of ':l-.hmm*
and Voorhees, and also, it may be added, to those of the author of the
present work, who, prior to seeing Oshorne and Voorhees™ paper, made
a series of analyses of various flours, in which a direct glindin estimation
by aleohol was included.  These results are given in C hapter XXIII.
Oshorne and Voorhees adopt gliadin as the original and appropriate
name for the wheat proteid soluble in dilute alcohol. They
point out that ghadin is absolutely distinet in properties and -.nm1:u-|11nn
from the .Llu_nhul soluble prote 1[]\. obtained from the kernel of oats and
maize.

201. Proteid Insoluble in Water, Saline Solutions, and
Alcohol ; Glutenin.—After treatment with the series of previously
deseribed solvents, a proteid body remaing in wheat flour and gluten,
which is solul le enly in dilute aciuds and alkalies.  This proteid being
especially characteristic of gluten, Osborne and Voorhees
have given it the name Glutenin.

In the following accounts of extraction of glutenin, it is throughout
understood that the separations are made on flonr or meal which has
|.|~!~1.'im[--,]:.' been exhausted with one or more of the following solvents
Water, 10 per cent, salt solution, and dilute aleohol,

202. Extraction of Glutenin from * Straight” Flour
atter Treatment with Brire and Dilute Alcohol.—After
complete l'n. exhausting 4000 grams of str: veht tlonr successively with
[ 1) prer ce nt. brine and 090 5p. gr. aleohol, the residue was 1"'~Tl-lt*tll]
twice with 0-1 per cent. potash solution,  The residual proteid was
soluble in this, and after standing three days at a temperature of O,
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with f|‘|-1|11uut stirring, the extract was filtered off and allowed to stand
in a cold room until most of the finer solid impurities had subsided.
The still turbid solution was then decanted and neutralised with 02
per cent. hydrochlorie acid, thereby producing a precipitate which sub-
sided |.1|mlh leaving a nnlL‘r filtrate. This precipitate was redissolved
in the dilute I‘u}t;nll allowed to stand in order to deposit impurities,
and again precipitated with 0-2 per cent. hydrochlovic acid.  The pro-
teid was washed with water, dilute aleohol, absolute alechol, and ether.
This preparation was found to be far from pure, and accordingly a
portion of it was again dissolved in 0-2 per cent. potash, and repeatedly
iltered throungh very dense filter paper till perfectly clear. As this
filtration proceeded very slowly the operation was conducted in a re-
frigerator at a temperature near 0" C.  Two successsive portions of the
filtrate obtained were reprecipitated with 0-2 per cent. hydrochlorie
acid, washed with water, alcohol, ether, and dried over sulphuric aeid,
and then at 110°,  These gave Preparations 45 and 46. It was found
absolutely necessary to filter the potash solution perfectly clear, as other-
wise considerable amounts of non-nitrogenous matter are subsequently
carried down with the precipitate.

203. Extraction of Glutenin after Treatment of Dough
with Water apd Exhaustion with Dilute Alcohol.-—A
dough was made with 2000 grams of spring wheat “straight ” flour and
distilled water ; this was washed with river water till freed so far as
possible from starch. The gluten was exhausted with 75 per cent.
alcohol, and the insoluble residue dissolved in 0:15 per cent. potash
solution, and allowed to stand in a cold room for 48 hours. The solu-
tion was decanted, pll'{illihlti'll with dilute ]nril_u(hlmiv acid, washed
thoroughly with water, absolute alcohol, and ether. 1t was then again
dissolved in 01 per cent. potash, allowed to stand over night, filtered
till ]Jl‘lhicil‘n' clear, and a praurt of the filtrate prec ||hlt ated h\ neutralising
with 0-2 per cent. hydrochloric acid. This precipitate and dried as
usual, and constituted Preparation 48,

Another lot of gluten was prepared in the same way from 1000
grams of “straight ” flour, extracted with aleohol and then dissolved in
potash water. After st: lIItlIII“’ this was precipitated by adding acetic
acid to ‘w]l“‘hl‘h acid reaction.  The l""”l"t ate was “..I.HI'II‘{[ with water,
alcohol, and ether, and again dissolved in potash water, reprecipitated
with hydrochlorie acid, and avain washed and dried as usual over
sulphuric acid. A pure white light mass was obtained, which was
marked ]}]'l‘lisll'ﬁ,tinll 1.

In order to determine w}u-lhm' the proteid lost any nitrogen by pro
|ﬂII"l d solution in pot: ash water. another lot of "I.'Ll[l']l WiLs ‘HI:'[IH]-I-II"L
treated, and the pot: ash solution Lupt in an iee-chest for 200 hoores, -lIH]
then precipitated and treated in the usual manner.  This constituted
Preparation 52, and had evidently lost but exceedingly little nitrogen,

204. Extraction of Glutenin after Direct Fxhaustion
of Flour with Alecohol, Water Treatment Omitted.
Another |r|:1~Er.'u'.'l.1.'Ln|| wias  mede h_'lr extracting 200 orams of spring
patent flour with large quantities of aleohol of 0-90 sp. or., then washing
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the flour with absolute alcohol and drying and air-drying.  The dry flour
was then made into a tlullf_{]l, which }IHHHI'-:HlHl considerable I‘U]LE'I!'P'I:II..'I',
showing that the proteid insoluble in aleohol has an important funetion
in dough production.  The dough was washed on a hair-sieve under a
stream of water, but yielded no coherent gluten. The washings were
allowed to settle, and the sediment treated with 0-2 per cent. potash,
After standing, the supernatant liquid was decanted, precipitated with
dilute ]n‘dlinlﬂulil acid, and the precipitate allowed to settle. 1t was
then again dissolved in dilute potash, filtered ]lE'Ifl.'l.l]‘. clear while in
the ice chest, reprecipitated, and washed and dried in the usual manner,
This constituted Preparation 56,

Another experiment was made by direct aleohol treatment, in which
1000 grams of “straight ™ flour were exhausted with 0-90 aleohol, and
the residue squeezed in a serew-press.  This was then extracted with
02 per cent. potash, but filtration was impossible owing to the gummy
nature of the liquid. An equal volume of aleohol, sp. gr 0-820, was
then added, and after long standing a comparatively clear yellow
solution was syphoned off and filtered clear. This was precipitated
with ]1\.(|'|:n.f:lull|,, acidd, and the }111=U1I:|t wte filtered off and acain dis-
solved in potash, filtered perfectly clear, reprecipitated, w: whed with
water, dilute and then absolute aleohol, and ether. This vielded Pre-
paration 57, the analysis of which shows that the same proteid is ex-
tracted by potash water from the flour which has not heen in contact
with water as was obtained in other experiments.

205. EBxtraction of Glutenin from Gluten of Whole
Whearn Flour.—A dough was made from 1000 grams of whole spring
wheat meal, washed till free from starch, and the gluten exhausted with
dilute alcohol.  The residue was dissolved in dilute potash, allowed to
stand, decanted, reprecipitated, and the precipitate washed with water,
dilute aleohol, absolute aleohol, and ether, and then re-dissolved in 0-2
per cent. potash water.  This was filtered perfectly clear, and precipi-
tated and treated in the usual way. The dry proteid was Preparation
DR,

A preparation was made in the same manner from whole winter wheat
l"'"rl] which constituted 1’|1=l:.||;1,l_|u|1 G, In the followi mng table, rltl:l.]"p‘-uf’“-
are given of the whole of the glutenin preparations which |1-nl' heen
deseribed.

ANALYSES OF PROTEID OF WHEAT SOLUBLE ONLY IN DILUTHE
ACIDE AND ALKALIES——GLUTENIN,

: 45 | 40 | 18 51 A2 56 : 57 | 58 )

I_ : I, fesee) NI |

| Carbon, gt 232 5K2-54 | L2238 vee | 52419 | 5219 5203

! H oy rogren, (V113 I 682 6'S5| G681 ... | 6'92| 93| 683
Nitrosen, .. 17-41 0 1733, 1761 | 1746 | 1759 1720 17566 | 1745 | 1748
Sulpbur, ... | D) .. O 107 Lr=4 yapair | aape qor | gy
“\._yl'x_rru, o f | oews]| | 2830 9208 21498 el (i B

TO0-( Lo 100000 10000 100500 | ... 110000 10000 | 10000
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206. Properties of Glutenin. The characteristic reactions of
clutenin, owing to its l."l'}'[lll"l'lltl.-tl\f" |n~=n]l1l}1]|l~., are not numerous. A
minute qmmhu is dissolved by cold water, and more on slightly
warming. Diluted aleohol also dissolves a small quantity of proteid in
the cold, and a larger qu:mtnv on boiling, which again precipitates as
the ]utuul cools, It is ]llﬁ.t luhal]}li‘ that this is duu to the presence of
traces of glindin, but in face of the very caveful exhaustion by aleohol
[1|t".11:ll~1 to preparation of glutenin, it 1s more probable that glutenin
itself is slightly soluble hnth in warm aleohol and warm water.

When freshly precipitated and hydrated, glutenin is soluble in 0-1
per cent. potash solution, and 02 per cent. hydrochloric acid, In this
condition it is also soluble in the slichtest excess of sodium earbonate
solution or ammonia.  After drying over sulphurie acid, it becomes
rather less soluble in all these reagents.  On comparing the analyses of
gliadin and glutenin, a very close agreement is observed. It is well
known that many proteids pass readily into conditions in which their
solubility is changed without ¢ any alteration in their composition, capable
of detection by cum.lva]w Glutenin may therefore be considered as an
altered form of gliadin, in which the solubility has been changed in
much the same way as in the case of albuminates derived from the
globulins.  Osborne and Voorhees are of opinion that gluten is made
up of two forms of the same proteid, one being soluble in cold dilute
aleohol, and the other not seluble.

207. Amount of the wvarious Proteids contained in
Wheat.—The percentage of each proteid present in whole-wheat meal
was rdetermined by an analysis on 1000 grams of meal from spring and
winter wheats respectively. The following is an outline of the analytic
method adopted, which was the same in each ease. To 1000 grams of
the fine meal were added 4000 c.c. of 10 per cent. salt solution, and the
extract filtered ; 2500 c.c. of clear extract were obtained from the
spring meal, and 2600 from the winter wheat meal. As 100 c.c. of
solution were used to each 25 grams of Hour,

2500 c.c. =extract from 625 grams spring meal, and
2600 c.c. = ” G50 ,,  winter meal,

The extracts were dialysed for five days, at the end of which time
they were free from chloride. The prec II}HrLtl'tl clobulin was filtered,
“«LH]!H—"E] with distilled water, aleohol, absolute aleohol, and ether, and
dried at 110°. The following weights were obtained :—

3-8398 wrams = 0624 per cent. globulin in spring wheat.
39265 ,, =092 o winter
The filtrates from the zlobulin were heated to 657, and the coagula
formed at that temperature removed |l}' Ii||l';tliu|l, washed as u:-iLl:J.l,
dried at 1107, and weighed with the following results:
19714 grams = 0-315 per eent. No. 1 albumin in spring wheat.
19614 ., =0-302 = . winter .,
The filtrates from these were heated to boiling, and the second
coagula similarly treated.  The weights obtained were
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0-4743 grams = 0076 per cent. No, 2 albumin in spring wheat.
0-:3680 ,, =0:057 5 . winter
The filtrates were evaporated nearly to dryness, and two crops of
coagulated proteid removed, washed, dried, and weighed —together they
amounted to:
1-65536 grams = 0-26 per cent. coagulum in spring wheat.
1-4616 ,, =0-223 2 g winter
The filtrates from the coagula were next again evaporated to a syrup,
and, as no insoluble matter upmlts-tl were precipitated by pouring
into strong aleohol, the precipitates were washed, dissolved in water
and reprecipitated, washed with absolute alcohol and ether, and dried
at 110°.  They were evidently very impure, and the amount of proteid
present in each was estimated by determining the nitrogen and multi-
plying by 6-25. They gave in this way the following umulta —

1-3297 grams = 0-213 per cent proteose and peptone in spring wheat,
28063 ,, =0-432 o s g winter

Collecting these figures, the sodium-chloride solution contained the
following amounts of proteid matter :—

Spring Wheat. Winter Wheat.
Globmlin, (0-624 per cent. 0625 per cent,
Two Albumins lwfvtllm 0391 0-359
Coaculum, ... we 00209 0223
Proteose, - 0-213 i 0-432 -
Total, 1-497 2 1-G359 e

The remainder of the proteid matter constitutes the gluten, and was
determined in the following manner—200 grams of each meal were
made into a dough, and washed free from starch., The wet sluten,
freed from adhering moisture, was then weighed, and exactly one half
dried at 1107 to constant weizht.

Spring wheat yielded 12:685 per cent. dry gluten.
Winter o 118bhs s

The other half of the gluten was cut up tine, and extracted with
aleohol of G-t 8, &r. The extract was :'mu'vntl'utt*:!, and the |r|'-.*l:ipi-
tatied ]m,u-ini extracted with ether and dreied at 1107, Reckoned on the
whaole Illl‘Ill,

Spring wheat sluten yvielded 4-3579 per cent. gliadin.
Winter - - 4:2454 . "

The residues, after exhaustion with aleohol, were then dried at 110

and weighed,  Reckoned on the whole meal,

Winter g i3 7 a0 » " "
Nitrosen determinations were then made in the following bodies
the whole meal insoluble aleohol residues, dried wluten, and the sediments
of the water used for washing out gluten, after being washed with
strong aleohol, dried and welshed.,  The following is the tabulated

|'1-'-=|.llT. of the various determinations ;

Spring wheat gluten yielded 7-800 per cent. matter insoluble in aleohol,
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PROXIMATE ANALYSIS OF PROTEIDS OF WHEAT.

Spring, Winter,
Total nitrogen in the meal, 1-950 per cent.  1-940 per cent.
Total gluten in the meal,. e JEGBE T 11:868
Part of aluten insoluble in "ill.':ullﬂl, aul o, 7504,
Per cent. of nitrogen in gluten, ... 12:010 , 12:000
Total nitrogen in gluten in per cent.
of tlour, e 1:5232 14230 ,,
Total nitrogen in residue of gluten
insoluble in aleohol, .. 0-8245 ,, 0-7346  ,,
Total nitrogen extracted I.}' alecohol, 0-6977 ,, 0-GR=4 |,
Gliadin (N x 568, assuming 1760
per cent. of N in gliadin), ... 3:9630 ,, 39100 ,,
Gliadin by direct weighing, 4-3379 ,, 4-2454 ,,
Nitrogen in sediment fuun washing
gluten, 0-2239 663 .,
SPRING WHEAT. WINTER WHEAT.
Nitrogemn. Proteid. Nitrogen. Proteid.

Glutenin, 0-8245 x 5-68= 4683 | 0-7346 x H68= 4173
G liadin, cee | G977 % 568= 3963 | 06884 x5:G8= 3910
Globulin, e | 01148 = (624 | 0:1148 = 0625
Albumin, - 00657 = 0391 | 00603 = (339
Coagulum, ... 0-0453 = 0269 | 00379 = (-223
= 0432 |

From Water
Washings of

* 02239 xH68= 1-272
Gluten, i

U ]l.]!." r-...} E.J'H‘—" UHE]

|
{

Proteose, ‘ 0-0541 = 0213 | 00791
|

8703 10-603
I EJ b x 5068=1096

Total, ... .o | 20050 11-415
Meal. ... 210 x568=11-93

|
T
|

Inspection of the above figures shows that l.lu: ghiadin by direct
weighing agrees fairly well with that estimated from a nitrogen de-
termination. The residue insoluble in aleohol is, however, very much
more than the true glutenin : thus, in the spring wheat the insoluble
residue weighed 7-80 per cent. of the meal, whereas the glutenin cal-
culated from nitrogen amounted to only -I‘ﬁﬁﬂ, leaving 3117 of foreign
watter in the residue insoluble in alecohol,  The total proteid agrees in
l*u.::]ll case very closely with the whole found by direct estimation on the
meal.

208. The Formation of Gluten.—So far as is known, wheat
is the only plant whose seeds contain proteids in such a form as to
enable them to bLe separated in a eoherent mass from the other con-
stituents by washing with water.  Oshorne and Voorhees have examined
VEry l_-;LI‘!'fLI“_"{ the views pl'nlullh_:ult*nl on this |ou|t h'n. le‘hIULI"\ ol
servers ; prominent among these is the * ferment IJ". |-ut|u sis of Weyl
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andd Bischolt, who, as |hl'u-1'iult.‘~c|}' stated, considered the Iu-”h.j‘]ﬁ of wheat
meal to consist principally of a globulin very similar in ulmhulur to
myosin, and which they therefore termed ""I.E'“'i‘l able myosin.”  This
the Al H*"-Llllt'[l as the lTIlrtllll substance of wlutf-u which on the addition
of water is changed by a ferment, hitherto unisolated, into _:.-:lulvn ‘s
other proteids, if present at all, exist only in small amount ™ (W eyl
and Bischoft). The exhaustive analyses previously quoted show that
globulin and also gliadin form only about half the total proteid of the
grain.  Osborne and Voorhees point out that gliadin is extracted in
similar quantity from dry flour direct by aleohol, as is vielded after
treatment with 10 per cent. sodinum chloride solution, or by direct ex.
traction of the previously washed out gluten.  Weyl and Bischofl state
that with the aid of & 15 per cent. salt solution the flour was extracted
till no proteid could be detected in the extract ; the residue of the meal
kneaded with water then gave no gluten.,  ** Jf the globulin substance is
extracled, no formation of giuten fakes place” Osborne and Voorhees
contirm this if the flour is stirred up with a laree quantity of salt
solution, and then extracted repeatedly with fresh quantities of the
solution. But they say, “If, however, wheat flour is mixed at first
with just suflicient salt solution to nm.L(- a firm dough, this dough may
then be washed indefinitely with salt solution, and mn yield +r1utf-|1 s
well and as much as if washed with water alone.”

This statement alone is scarcely a sufficient disproof of Weyl and
Bischoff’s position. In a firm dough made with 15 per cent. salt solu-
tion, the llurinl_']{‘l. of salt will nl!| amount to 5 per cent, of the :luu"h
As nothing has been removed in the act of making dough, it may be
reasonably claimed that this quantity of salt is insuflicient to prevent
the ferment performing its funetion, and thus producing gluten ; while
further, the gluten onee formed is able to withstand the action of the
salt solution which is unable to decompose it.  Oshorne and Voorhees
2o on to state that * when large quantities of salt solution are applied
at once, the flour fails to unite to a coherent mass, and cannot after-
wards be brought together.” This action of salt solution in large
quantities is explained by subsequent experiments, in which it is shown
that such solution materially modities the adhesive nature of gliadin,

Weyl and Bisc hoft's l"\.]}[*!lltli*llt in which they extracted the flour
with 90 per cent. aleohol is scarcely conclusive, "because according to
hoth hypotheses this would result in the non-formation of gluten. In
the one case globulin would be coagulated, and in the other ghiadin
would be removed, and so aceording to both reasoners no gluten could
be produced.

More recently, Martin has advanced a somewhat similae theory of
gluten formation ; he tinds one proteid in gluten soluble in aleohol, and
in hot water, but not in cold, which |ll'liltl"il| he ealls an insoluble 11|I_\.'1.‘-
albumose,  The gluten is termed by him * glaten-fibrin.”  Martin next
inquires : Does flour contain gluten-fibrin? - Does it contain insoluble
phyt-albumose ! He states that the first question cannot be answered
directly, and that, if phyt-albumose originally existed i the tlour, it
should be extracted by 76-80 per cent. aleohol, which, however, extracts
only fat. There is here direct conflict of experimental evidence, as the
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analyses previously quoted show that considerable guantities of a pro-
teid are thus extracted. Martin next points out that 10 per cent.
sodium chloride solution extracts a large quantity of globulin of the
myosin type and of albumose. Osborne and Voorhees consider that
Martin has made the mistake of taking albumin for a myosin-like
globulin, and, owing to the voluminous nature of the |J:H|1|.' when
coagulated, have been misled as to its amount. Martin further looks
upon the insoluble albumose as formed from the soluble, and that the
slobulin is transformed into gluten-fibrin.  That a body should be
obtained from a solution of -flnhulin, which gave the same reactions as
gluten-tibrin, is not surprising, as so-called albuminates, having no
(.-huzuts-nl-.tl: reactions, are {lmlwd from nearly all globulins.  Martin
tabulates his theory as follows :—

{ Gluten-fibrin — precursor, globulin,

GLUTEN = «
| Insoluble albumose— " soluble albumose,

Osborne and Voorhees cannot admit this theory, because it is founded
on two erroneous observations : lst. that 80 per cent. aleohol does not
extract proteid from flour: Znd. that at least one half the proteid of
the seed is a myosin-like clobulin

Osborne and Voorhees cmwlutle- that no ferment action is involved
in the formation of gluten, and that it contains but two proteid sub-
stances, glutenin and gliadin, and that these exist in the wheat kernel
in the same form as in the gluten, except that in the latter they are
combined with about thrice their weight of water. This opinion is
based on the following reasons :—

Ist. Alcohol extracts the same gliadin in the same amount, whether
applied directly to the flour, to the gluten, or to the flour lrw\muﬁl\
extracted with 10 per cent. sodium chloride solution.

2nd. Dilute potash solution extracts glutenin of uniform composition
and properties from flour which has been extracted with alcohol, or
with 10 per cent. sodium chloride solution and then with aleohol, as it
extracts from gluten which has been exhausted with aleohol.

Viewed as a refutation of the ferment theory, the weak pmnt of this
statement is that in order to prepare gliadin the flour is in all cases
treated with water, as even the aleohol uhml contains water to the ex-
tent of 30 per cent. (although extraction with 70 per cent. aleohol is a
condition the reverse of favourable to ferment action). The advoeates
of the ferment theory might adduce the fact that small {lu,mtitim of
ferment substance are ql.]hi.hl{* of changing very large quantities of the
body on which they act, and further might suggest that the small
l]l.l.ll'ltll\" of "l{}]IlIIITI which 15 removed |:1|, treatment with  sodiom
chloride solution is the ferment in question. It is well known that
Hour contaimms a diastase precipitated by aleohol, which presumably
belongs to the albumins or globulins @ it is therefore conceivable that
among the globulin, albumin, and indefinite proteoses of wheat, a fer-
ment may exist eapable in the presence of water of producing gliadin
from some other pre-existing substance. 1t is diflicult, however, to
prove a negative, and the onus of proving the existence of ferment
action lies rather with those who are advocates of that II}‘Ilul]h‘ﬁiH than

1
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with those who view it as unnecessar Y. Osborne and Voorhees, without
actually absolutely disproving the existence of a cluten-ferment, account
rationally and sc 1{*11[1t1<,r11]1. for the l:lutl'ﬁlt‘tlull of gluten on the assump-
tion of the pre-existence of its constituents as such in the grain ; the
balance of evidence is certainly at present strongly in favour of the
latter hypothesis,

The following experiments are adduced to show that both glutenin
and gliadin are necessary for the production of gluten. A portion of
flour was washed free from gliadin by alcohol of 0-90 sp. gr., and next
with stronger alcohol, and finally with absolute aleohol, and air dried.
The residue made a tolerably coherent dough, but much less tough and
elastic than that obtained from the uutw{a_tni flour., On t‘.;i,hhil:g this
dough most carefully, not a trace of gluten could be obtained.

In another experiment 7-3 grams of finely ground airv-dried gliadin
were mixed with 70 grams of starch, and []1‘:«“”!'(' water rl(]i]f‘[l A
plastic dough was for mr-{l but it had no toughness.  On adding a little
10 per cent. sodium chloride solution the dough became tough and
elastic. This was washed with great care with cold water, a little salt
solution being added from time to time ; no gluten was, however, obtained,

The t’ullmmw experiment shows that additional gluten is formed
when glutenin is present, by the adding of gliadin. Two I:mtmns of
100 grams each of Hour were taken, mul to one of them 5 grams of
gliadin added. Both were made into dough with the same quantity
of water. The two doughs exhibited considerable differences, that
containing the extra gliadin being the yvellower and tougher of the two.
Gluten was F"'..tlil.i.l'il:l from hwll by mulnn;_', after which each was
weirhed in the wet condition, that containing the added gliadin weighed
44:55 grams, and the other 27-65 grams. On dryving at 110° the
yield of dry gluten was respectively 1541 grams and 956 grams; the
difference hvm;_; 58D grams, which amount more than covers the added
ehiadin,

On heating finely ground air-dried gliadin with a small quantity of
distilled water, a bIIL]\\ mass 18 formed which, on the addition of more
distilled water, forms a turbid solution. But, if to llm oliadin moistened
with distilled water a very dilute solution of salt in distilled water is
added, the gliadin is L*ll.m"ucl into a very coherent xmnl mass which
.uilwnu-, to P\l"l",.tlllll}_{ 1t lnufs}wa. and can be drawn out into long
threads. Treatment of gliadin with 10 per cent. salt solution, first to
moisten it, and afterward in larger quantity, serves to cause the sub-
stance to unite in a plastic mass which can be drawn out into sheets
and strings, but is not adhesive,  This explains the non-suceess of Weyl
and Bischofl™s l-_\;}wr'ilm-nl before referred to, The gliadin is the 'hlm{lli"
material which causes the particles of flour to adliere together, thus
formine a dough.  But the gliadin alone is not sutficient to form sluten,
for it yields a soft and fluid mass which breaks up entirely on washing
with water. The insoluble glutenin is probably essential as affording
a nucleus to which the -*huhn adheres, and from which it is not
mechanically carried away by the wash water,

209, Summary —The following are the properties and composition
of the proteids of the wheat grain:
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1. A glodulin, belonging to the vegetable vitellins, soluble in saline
solutions, precipitated therefrom by dilution, and also by saturation
with magnesium sulphate or ammoninum sulphate, hut not by saturation
with sodium chloride. Partly precipitated by boiling, but not coagulated
at temperatures below 100°. The grain contains between 0-6 and 0-7
per cent. of globulin.

2. An albwmin, coagulating at 527, which differs from animal albumin
in being precipitated on saturating its solutions with sodium chloride,
or with magnesium sulphate, but not precipitated by completely
removing salts by dialysis in distilled water. The grain contains
between 0-3 and 04 per cent. of albumin.

3. A profeose, precipitated (after removing globulin by dialysis, and
the albumin by coagulation) by saturating the solution with sodium
chloride, or by adding 20 per cent. of sodium chloride and acidulating
with acetic acid.  Separates as a congulum on concentrating the solution,
and thus yields about 0-3 per cent. of the grain.

The solution from this coagulum still contained a proteose-like hody
which was not obtainable in a pure state. By indirect methods it is
assumed to amount to from 02 to 04 per cent. of the grain. Both
these substances, the coagulum and the proteose-like body, are deriva-
tions of some other proteid in the seed, presumably the proteose first
mentioned.

4. Gladin, solubile in dilute aleohol, and soluble in distilled water to
opalescent solutions, which are precipitated by adding a little sodium
chloride.  Completely insoluble in absolute aleohol, but slightly soluble
in 90 per cent. alcohol, and very soluble in 70—80 per cent. alcohol,
and is precipitated from these solutions on adding either much water
or strong alcohol, especially in the presence of much salts ; soluble in
very dilute acids and alkalies, precipitated from these solutions by
neutralisation, unchanged in properties and composition. ‘The formation
of gluten is largely dependent on this proteid. The grain contains
about 4-25 per cent. of ghiadin,

3. Glutenin, a proteid insoluble in water, saline solutions, and dilute
aleohol, which forms the remainder of the proteids of the grain.  Soluble
in dilute acids and alkalies, and re-precipitated from such solutions by
neutralisation.

The following is the composition of these bodies ;—

ANALYSES OF PROTEIDS OF WIEAT.

! Globulin, | Albumin, Coagulum. | Gliadin, Glntenin, i
} Carbon, 2103 5302 5186 | 53272 H2-34 :
i  Hydrogen, ... G-85 G844 G832 G-86 G-83 |
| Nitrogen, ... 1839 | 16-80 1732 | 1766 | 17-49
{  Sulphur, 069 1-28 24-00 1-14 1-08
5 Oxygen, ik } 2304 | 22-06 = 2162 | 23-26

—————— —— e s b s | in—— — e

100-00 | 100:00 | 10000 | 100-00 | 100-00
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Wheat gluten is composed of gliadin and glutenin, both heing
NECEessalry for its formation. Gliadin forms with water a stic kv medium
which, by the presence of salts, is prevented from iww-mm'f whaolly
solub II.". “This medium binds tu;_f{-thvl the particles of flour, re ndering
the dongh and gluten tough and coherent.  Glutenin imparts solidity
to the ;_{]ult-n, and forms the nucleus to which I,I,;H;uiin s0 adheres that
it eannot be washed away with water. Gliadin and staveh form a dough
which yields no gluten, as the gliadin is washed away with the starch.
Flour freed from gliadin gives no gluten, as there is no binding material
to hold the partic lth [H:.:;'E'lllt'l‘ S0 llm.t. they be brought into a coherent
INRECH

Soluble salts are also necessary in forming cluten, as in distilled
water "]I.lfllll 15 ll.uh]‘n soluble.  The mineral constituents of the Hour
are suflicient for this purpose, as gluten can be obtained by washing a
dough in distilled water,

No ferment action oceurs in the formation of gluten, for its con-
stituents are found in the flour having the same composition and
properties as in the gluten, even under those conditions which would be
supposed to completely remove antecedent proteids, or to prevent
ferment-action.  All the phenomena which have been attributed to
ferment-action arve explained by the properties of the proteids them-
selves, as they exist in the seed and in the gluten,

The conclusions of Oshorne and Voorhees agree well with the follow-
ing nplmum on a gluten-ferment 1=\p:v-‘at-|1 In the present author in a
previous work on this subject - The existence of this bady cannot as
}l_-t hiwn-‘n: L 11‘(“"I1IHI'[] ns quH'rl While the formation of j_{llEll'Il
may be {hw to the intervention of such a body, yet there is nothing
remarkable in consideri ing it to be a Hl]ll]lh' and direct hydration, by
water, of the gluten urm]r:rmuls existent in the grain. The effect of
heating the flour, and of treatment with salt solution, are fairly
accounted for by their well known coagulating action on the albuminous
matters.  So, too, those wheats whose Hours Inlh.lt:' slowly are grown
under :-muhumn which favour the proteids being in a diflic ullh soluble
condition.”

210. Proteids of the QOat-Kernel.- For purposes of com-
lprlth;prl the following statement by Osborne of the composition of the
proteids of oats is given.  When oat-me al is extracted with 10 per
cent. sodium {llmniv solution, two portions of unee: aculated 1-'|H|1111
were obtained @ after which ;l,h[ln]ll.l] extracted d.t!llllll"t uncoagzul lnted
proteid.  Two distinet proteids are thus obtained from oats—that ex
tracted from untreated oats readily coagulates and becomes insoluble
in aleohol, and when wet with absolute aleohol does not absorb moisture
from the air; whilst that obtained from oats after treatment with salt
solution has no I{Lruh-nr:,.’ to coagulate, is frvvl:.' soluble in cold aleohol
of 0-90 sp. ar., and when wet with absolute aleohol absorhs moisture
from the air and becomes cuwmmy.  Both substances, when “.hhul
u|l]| .|,'|:'-.4|]I_Hr' fllwr]tlr] I.IH], I|I1H|. e ]1"}!1 'I|1 Jlowish |m'ﬂ.:]{ "=, soluble 1
dilute acids and alkalies, and reprecipitated on neutralising their wlu
tions (American Chemical Journal).
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211 D1str1but1{m of Pmtmds in Wheat.—The proteids of
wheat are not distributed equally thronghout the whole seed, there
heing certain portions of the wheat grain which are specially rich in
soluble qutuula; the bran and germ are particularly so.  Starting from
the outside of the seed, the interior por tions become less and less nitro-
zenous, until the kernel of the grain is found to consist much more
largely of starch.

212. Decomposition of Proteids.—Soluble albumin, or the
white of egg, on being allowed to stand, putrefies, with the evolution
of sulphuretted hydrogen and other gases.  The odour of sulphuretted
hydrogen is almost invariably described by comparison to that of rotten
egws.  Coagulated albumin, when dry, is a fairly stable body ; but,
when left in contact with water, putrefies, yielding valerie and |1llh'lll.
acids, together with other bodies. The oxygen of tiu' air has no action
on albumin.

Dry gluten may be kept indefinitely without change, but if when
wet it is exposed, in masses too large to dry quickly, to air at ordinary
temperatures, it gives off' a nlu.mtlt:, of zas, and at last evolves a strong
putrescent odour, At the same time, the insoluble gluten breaks down
into a thick creamy mass.

It is necessary to get accurate ideas of what putrefaction really is.
Every one knows the results of putrefaction in their last or extreme
stages ; animal and vegetable substances both give off gases having
maost dh'*uxtm" odours, and yield a variety of offensive produets.
These gases consist of uunpmmdn of hydrogen with carbon, and also
with sulphur; this latter gas, termed by the chemist sulphuretted
hydrogen, is, as just stated, responsible for the odour so characteristic
of rotten eggs.  In the earlier stages, however, of putrefaction, the
changes do not result in the production of such disagreeable bodies ;
gases are evolved, but these are either inodorous or at most possess only
slight smells.  Speaking broadly, putrefaction consists of the breaking
down or degrading of the complex molecules of animal and vegetable
structures into compounds of a wore simple character, and ultimately
into inorganic compounds, such as carbon dioxide, water, and sulphuretted
hydrogen ; which latter, in its turn, deposits its sulphur, and forms
water by the action of .Ltlluhl:]]w ic oxygen. Bodies in the fivst stage of
putrefying absorb more or less oxygen ; when this element has been re-
moved from the supernatant air, a u]w(n-u of fermentation, known as
putrefactive fermentation, proceeds. When dealing with the whole
question of fermention this change must be viewed more closely. At
present there is one particular point that should, however, he mentioned,
and that is, that by heating any organic liguid, as a solution of hay,
white of egg, or proteids of flour, under pressure at a temperature
of about 266° F. for some time, and then boiling the liguid in a flask
whose neck 15 loose ]\. plugzed with cotton wool until the whole of the
.l!l h i \IJI ]]1 [] 'lhl* I"I“"' ,11¢|11111-. I||4- I::'nlwlt\. uf 1" '-nl'-»1|tllr |II.I!I| I'u li'k'i"
action.  Solutions 1ill’HE"IH'tI in this manner Ly Ly !n'|lt for an in-
definite ]fll_'_‘lll of time = on ]um'r ONCe More exXpose (]l to the air t|1|"'|

]
agnin are !-;Llh_ii*l:l L ]mtn-l.u_l]ult, [t would thus i peir that ||tIII1
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faction is not a process appertaining exclusively to the grain itself, but
is in some way dependent on the action and presence of air,

EXPERIMENTAL WORK.

213. Reactions of Proteids.—Separate a little gluten from tlour
by kneading dough, enclosed in muslin, in water.  Dry a little of this,
and heat Htl'ml;_;‘l:n.' in a test-tube ; notice that an odour is evolved similar
to that of burning hair or feathers,  Water also condenses in the cooler
parts of the tube : test this water with a strip of red litmus paper, and
notice that it has an alkaline reaction ; this alkalinity is caused by the
presence of ammonia.  Make a precisely similar experiment with some
white of egg, and observe that the snme reactions occur.

Solwudility.—Mix some white of egg with about four times its volume
of water., Place a portion of this solution in a test tube, foat it in a
bheaker of cold water, and heat gently.  Test the temperature at which
coagulation ensues.  To successive portions of the albumin solution,
add aleohol, ether, mercuric chloride, and pieric acid solutions, and dilute
nitric acid : notice the formation of a precipitate. To the portions
precipitated by aecid, add eaustic soda or potash solution : the preeipi-
tates are re-dissolved.

Colowr Reactions.—Test the Xanthoproteic and Millon's colour re-
actions, as deseribed in paragraph 181,

Precipitation.—Precipitate proteids from solutions by the various
methods given in paragraph 152,

Production of Peptones.—Take some of the white of a hard-boiled egg,
and rub it through a fine sieve.  Add to it some dilute hydrochloric
acid (02 per cent.) and a little prepared pepsin.  Gently warm the
whole to a temperature of about 40" C., and notice that the white of
erw (lissolves.  The albumin bas then been converted into peptone,

Sofuble Flowr Proteids.—Weigh out 50 grams of Hour, and mix with
250 c.e. of water in a large flask, shake up thoroughly several times
during half-an-hour, and then set aside for a few hours, or even over-
nizht.  Filter the supernatant liquid through a French filter paper
until bright.  Heat a portion of this solution in a small beaker placed
in a water-bath : notice the congulation of vegetable albumin.

214. Gluten and its Constituents.—The separation of gluten
will have been illustrated in the preceding experiments. Moisten Hour
with aleohol and fold up in muslin ; knead in a small vessel also con
taining aleohol : notice that no gluten is yielded.  Make a similar
experiment with a 15 per cent. salt solution : place a sample of flour
for the night in the hot water oven, and treat with nruh'u:n':r water in
the morning : olserve in each case that no gluten is produced.

Place aside some maoist ;]lltvll and water in an outhouse : notice l].-'l.}‘
after day the changes which occur in the appearance and physical pro-
perties of the gluten as putrefaction sets in.

Take some earefully washed gluten and zrind it up in a mortar with
a little =0 per cent. aleohol. Transfer to a tlask and ]{l‘l.‘ll at o tem-
perature of 407 C. for some hours ; filter, and again grind the undis
solved residuum with more aleohol in the mortar,  Acain digest in the
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fask, and once more repeat this treatment. Evaporate down the
mixed filtrates over a water-bath, and notice the transparent yellow
sijadin thus obtained. Carefully dry the insoluble portion, which con-
sists of more or less purve glutenin.

The extent to which this series of experiments is earried must depend
on the time and opportunities of the student, and also the laboratory
facilities at his disposal.
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CHAPTER VIII.
ENZYMES AND DIASTASIS.

215. Hydrolysis.—1It has already been incidentally mentioned
that starch may readily be converted into dextrin and maltose : with
regard to the l'.'-rLI].H.]I'l‘l.lll wtes generally, one of their -.l.mm,l character-
istics is, that the less hydrated members of the series are easily
changed to those containing a hizher proportion of hydrogen and
oxygen. In consequence of the great importance of these transforma.
tions, they will require to be dealt with fully. The present chapter will,
lh'c'lf'tm‘f' give particulars of the nature of these changes, the agents h',
which lh:l} are effected, and the conditions which are favourable or
unfavourable to their occurrence.  As the mutations of the carbohy-
drates consist of the addition of the elements of water to the atoms
previously present in the molecule, it has been proposed to include these
changes under the general term “ hydrolysis.” Hydrolysis is, there-
fore, defined as a chemical change, consisting of the assimila-
tion, by the molecule of hydrogen and oxygen in the same
proportions as they exist in water ; and resulting in the pro-
duction of a new chemical compound or compounds. Those
hudivs capable of producing hydrolysis are termed * hydrolysing agents ™

“hydrolytics.”

216 Hydro],ytlc Agents,—These bodies include oxalic and dilute
hydrochlorie and sulphurie acids. Commeneing with soluble stareh,
the acids mentioned possess the power of converting that body first
into dextrin and maltose, then into glucose. The acid hydrolytics also
transform cane sugar intn vlucose. It will be noticed that the ultimate
products of hydrolysis of starch are sugars of various descriptions, hence
this operation is frequently termed the © saccharification ™ of starch.

217. Saccharification of Starch by Acids.— This operation
is carried on as a commercial process for the manufacture of glucose for
use in brewing.  The starch is boiled, either in open vessels or under
pressure, with dilute sulphuric acul.  If the operation be stopped as
S0O0N 1% i lmttlull of the solution gives no blue colouration when tested
with 1odine, it will be found that dextrin and maltose arve the chief
products.  Continued boiling rvesults in the transformation of most of
the dextrin and maltose into glucose.  The sulphuric or oxalic acid,
whichever is used, is next removed by the addition of caleinm earbonate
in slight exeess. This reagent forms an insoluble oxalate with the latter
acid, and with the former, ealeium sulphate, which 1s only very slightly
soluble,  The precipitate is allowed to subside and the supernatant
ligquid evaporated under diminished pressure,
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218. Enzymes or Soluble-Ferments.—There is yet another
most important group of hydrolysing .Lg_,vnt'-a namely, those which con-
<ist of certain soluble hu{]wh of organic origin. ;\..tnulur such substances,
which possess a very marked ]n’:llnl}riu action, are human saliva, filtered
aqueous infusions of yeast, flour, bran, and malt. Chemical research
shows that in each case |:|._1j| ﬂw:—l:. sis 18 due to the nitrogenous constituents
of these varvious agents. In several instances the active prineciple has
either been isolated or obtained in a very concentrated form ; it is not
known, however, with certainty whether these bodies are definite
chemical compounds, or whether they are only mixtures of certain
nitrogenous bodies in a particularly active state.

These substances form part of a yet larger group of hn{livﬁ which
formerly were indiscriminately cl lassed turrLtlwl as “ferments,” that is,
bodies which were :_*,L!hl||]r;- of inducing h'llm‘llt'l.tlul't At present this
latter term, as is explained in a subsequent chapter, is confined to those
chemical actions which are the work of certain micro-organisms ; and
the changes, such as hydrolysis, that are due to active principles
which are not organised or living, form a separate class. These active
principles have been termed soluble-fer ments ; but, as in order to avoid
confusion with micro-organisms and ft-‘IIllPllt!ltlull it is well to dissever
them entirely from the idea of fermentation, the term “enzyme” has
been pln]m%{f, and is being generally adopted. It has also been pro-
posed to group together all the :_]wmir:n.l changes due to enzymes under
the generie term of “enzy mosis,”

A number of chemical reactions are brought about by enzymes, most
of which, however, are instances of h}{lmtmu of the bodies ac tml on.
Enzymosis occurs usually most readily at temperatures about 40° C.,
and is characterised |n' thf- fact that a minute quantity of the enzyme
is capahle of causing the characteristic chemical change in a compara-
tively enormous qu.mtlt} of the substance acted on, without itself
apparently undergoing change. An enzyme may therefore be
defined as a nitrogenous organic substance capable, under
favourable conditions, of inducing chemical changes in enor-
mously large quantities of contiguous compounds without
itself necessarily undergoing change.

219. Chemical Prﬂpertleﬂ. of Enzjrmes —These substances
can be extracted from the bodies containing them by the action of
water, dilute aleohol, salt solutions, or "l'l.u*llu. From these solutions
they may be |-1{-:1}:|I.Lh:| by strong aleohol, lead acetate, or saturation
"-'-Ith IO sulphate.  This precipitate, on being washed with
absolute alcohol and dried in vacuo, vields a friable mass easily reduced
to a white powder, and in composition either proteid or closely allied
to proteid matter. The enzymes act most vigorously ;a.t A temperature
of from 40 to 45° C., and are, in the moist state, destroyed by a
temperature of from 50 to 75° C., according to the nature of the
enzyme. (Certain enzymes when absolutely dey withstand a tempera
ture of as much as 170" C.) The presence of free acid or alkali, and
also small quantities of certain neutral salts, as ammonium sulphate,
are inimical to enzymosis,
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minutely, but there is considerable evidence that the gluten of wheat
Hour is attacked during fermentation in the presence of diastase.
Oshorne and Voorhees' researches throw considerable doubt on the
existence of Weyl and Bischofl's vegetable myosin ; but, if the contrary
were the case, the natural place of thh enzyme would be as shown in
class 5. The fact that there are members of this class which ean per-
form analogous functions in blood and muscle has done much toward
paving the way for the acceptance of the hypothesis of there Leing o
gluten-forming enzyme.

221. Cytase.—As wulg, as 1879, Brown and Heron mentioned
that during the germination of grain tlw cellulose cell-walls, and also the
cellulose of the starch ar .uuu!ch:+ are broken down. Brown and Morris
again eall attention to the same fact in their paper on the Germination
of some of the Graminee, Journ. Chem. Soe., 1890, p. 458. As ger-
mination proceeds, the parenchymatous eell-w alls of le- vmlmpvnn are
gradually dissolved, and ultimately leave no sign of separation between
the contents of the contiguons cells. During the progress of these
changes the endosperm is much Huitl'lli‘ll, and attains the condition of
“mealiness " aimed at by the maltster in course of the germination of
barley in malt manufacture. Brown and Morris find that this production
of mealiness is undoubtedly eo-terminous with the dissolution of the cell-
wall, and, contrary to what is usually believed, is entirely independent
of the disintegration of the starch-granule. The enzyme, which
thus dissolves the parenchymatous cell-walls of the endosperm.
has received the name Cytase. Cytase is seereted by the embryo
during germination, and is found in considerable quantity in green- or
air-dried malt, but is readily destroyed by the action of heat, ;Lmi S0 is
found in only very limited clu.mtltr in kiln-dried malt, especially that
which has been subjected to a somewhat high lt—*]ll]li'lthlH' That eytase
is not identical with diastase is demonstrated by the fact that, whereas
a filtered aqueous extract of air-dried malt ||1~:-ﬂ lves the cell-walls of
the endosperm, this power is lost on subjecting the ]u:m:l to o tempera-
ture of 60" C., which temperature does not destroy the vitality of
diastase,

222. Diastase.—Since the “mashing” or maceration of wmalt
with water at about a temperature of 60" C. has been employed as one
of the operations in the bhrewing of beer, it has been well known that
during this process the starch of the malt is converted into some form
of sugar. Payven and Persoz, in 1833, stated that the action of an
infusion of malt on starch was due to the presence of a particular
transforming agent, to which they gave the name of diastase,

Investigation shows that diastase is secreted by the embryo of such
plants as wheat and barley during germination—in a subsequent
|_-|].'I.|lt{‘1' the ]J]l_".'.‘-;iiillrn;_f_"l.' of its ]utmlm tion and action is dealt w ith some
what fully. Diastase is present in large quantity in aiv-dried malt,
and to a lesser but still considerable extent in the malt after kiln
drying.

For its extraction in a concentrated form, Lintner recommends the
tollowing method :—1 part of green malt or sifted aivdried malt is
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extracted with 2 to 4 parts of 20 per cent. aleohol for 24 hours. At
the end of this time as much as possible of the liquid is filtered off hy
means of a press, then filtered through paper until bright, To this
filtered extract 21 times its volume of absolute aleohol is added, re-
sulting in the production of a precipitate, which is allowed to settle,
and washed in a filter with absolute aleohol.  The precipitate is then
transferved to a mortar and rubbed down with absolute aleohol, once
more transferrved to a filter and washed with absolute aleohol, and ether,
Finally it is dried in vacuo over sulphuric acid. Prepared in this
wanner, diastase consists of a yvellowish-white powder of great diastasic
activity, Its purification is effected by repeatedly dissolving in water
and re-precipitating by aleohol,  Subjecting the agueous solution to
dialysis reduces the quantity of ash (which consists of normal caleium
phosphate), and also increases the percentage of nitrogen. A puritied
diastase gave the following numbers on analysis caleulated on the ash-
free substance.  Results of analyses of other enzymes are also given.

COMPOSITION OF VARIOUS ENZYMES.

Pancreatic
Enzyme.

-
] |

Carbon, ... 46-66 46-57 43-90 43-50

Dinstase. Inveriase. Emulgin.

Hydrogen, i i I | =40 700 |
Nitrogen, 10-42 14-95 9-50 11-60 |
Sulphur, ... . 1:12 095 060 1-30
Oxyren, ... R - 3445 30-36 i 3760 3660

100:00 | 100-00 |1cu:.~-uc+ 100-00

Authority, ... | Lintner, lliifuvr.‘ Barth. Bull,

e — e —— s

Diastase gives all the veactions of the proteids, but not the
characteristie biuret reaction of the peptones, It gives with tincture
of guaiacum and hydrogen peroxide a blue colouration, which is soluble
in ether, henzene, chloroform, and earbon disulphide, but not in aleohol,
This reaction is characteristic of diastase, and is given by no other
enzyme or Irrut:-i(] substance,

Diastase in the pure form does not reduce Fehling's solution, and, as
may be judged from its very nature, is marked by a great capacity for
liquefying starch paste and saccharifying it into dextrin and maltose.
Unlike the acids, diastase, however, is incapable of converting starch
further than into dextrin and maltose,  Dinstase readily changes
amvlodextrin and maltodextrin completely into maltose, but does not
under any cireumstances further hydrolyse maltose,

[Tnder favourable ecivenmstances, one part of well prepared diastase
is stated to suflice for the conversion of 2000 parts of starch, A dilute
solution of diastase is exeeedingly unstable, rapidly becoming acid, and
losing its power of starch conversion, This does not apply to con-
centrated solutions of dinstase in the presence of sugars such as arve
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obtained by concentrating in vacuo cold-water extracts of malt to the
consistency of a syrup.

223. Diastasic Action or Diastasis.-——The action of diastase,
being of such great importance in brewing operations, has been studied
closely., The term * diastase ” is oceasionally used in a generie sense,
and is then applied to the hydrolysing agents of the cereals generally ;
thus cerealin is at times referred to as the *“diastase” of bran. Hy-
drolysis, when effected by diastase or its congeners, is often
termed diastasie action, for which the shorter term * diastasis”
is proposed.

224. Measurement of Diastasic Capacity. The activity
of malt extract, or of the purer forms of diastase, t]l'lwllth-i on the
decree of concentration, temperature, and other conditions. Kjeldahl
has enunciated what is known as the law of proportionality. The
amount of diastase in two malt extracts is proportional to the reducing
power which they effect, providing that both act on the same quantity
of starch during the same period of time, and that the cuprie oxide
reducing power! (K) does not surpass 25—30. If the whole of the
starch present were converted into maltose, K would be 625 ; acecord-
ing to this stipulation, therefore, somewhat less than half the starch
must undergo conversion into maltose, or, in other words, starch must
he to that extent in excess of the amount hydrolysed by the diastase.
Unless the starch is thus largely in excess, the diastasic action will not
be proportional to the amount of diastase,

Lintner measures the diastasic capacity on soluble starch, prepared
as directed in Chapter VI., paragraph 152, and terms the diastasie
activity of the precipitated diastases as 100, when 3 c.e. of a solution
of 0-1 gram of diastase in 250 c.c. of water, added to 10 c.c. of a 2 per
cent. starch solution, produces in one hour, at the ordinary temperature,
sutlicient sugar to reduee 5 c.c. of Fehling's solution.  These quantities
amount to 00012 gram of diastase, actine on 02 eram of soluble
starch, while the maltose necessary to reduce 5 c.e. of Fehling's solution
15 0-0400 grams,  This quantity of maltose produced is approximately
equal to U-05 grams of starch reduced, and the diastase will have
hydrolysed about 41 times its weight of staveh in the time and under
the conditions specitied.  Directions for the determination of diastase

! The cuprie oxide reducing power, or, more shortly, the cupric reducing power of a
substance, has been defined by O'Sullivan as “ the amount of cuprie oxide calenlated
as dextrose, which 100 parts reduce " from Fehling’s solution under usual conditions
uof :ulul}':-i:-. By careful experiment it has been found that

100 grams of dextrose reduce 2205 grams of Cu0,

100 s maltose ,, 1378 &
If in the case of maltose the reduced CuO be assumed to be caused by dextrose, and
calculated as such, then )

137 -8 = 100 . .

T =20 = cupric reducing power of maltose,

Another Wiy of 4-x1|r'1_-s-mi|1-_;' the =umne E.Ilni.ll‘_[ 15—"The q-|:||-ric oxide reduced h}' HE '_:i'l-'l.'l'l
weight of dextrose being 100, the amount reduced by the same weight of any other
body is taken as the cupric oxide reducing power of that body.

For ﬂfii[ll'it J'f'111lf:it1:; rower the h:.'mhni B oor K is |.-1||Er|1-:.'|_:d.
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by methods based on this principle are given in the analytic section of
this work., The above i 15 l-.lruph a mode of determining diastasic ac tivity,
everything else being 1’11Llfl| The consideration of |101.1. diastasie capacity
is affected by changes of temperature and other conditions is described
in detail in huhm--.p.u:nt paragraphs,

225. Nature of Diastase. The effects of diastase on starch
have alre :Lli}' been spoken of as including two distinet actions ; first,
the liquefying of starch paste, converting it, in fact, into soluble starch ;
and second, the saccharifying of this previously hqm-hml starch. Lmt;uu
forms of diastase possess this latter power only ; but it is usually
assumed  that malt diastase possesses the two properties,  More
recently, the opinion has been growing that malt diastase consists of
two distinet enzymes — the one a liquefying, and the other a sacchari-
fying agent. More will be said on this matter when dealing with the
dinstase of unmalted grain,

There naturally arises, in conjunction with the study of diastase, the
speculation whether diastase is a distinet chemical compound of nature
allied to the proteids, or a property or function certain proteid bodies
are capable of exercising under special conditions. Certainly, in the
purest form hitherto isolated, diastase is obtained by processes which
secure soluble proteids in the purest state; and, practically, any substance
called diastase is unobtainable as distinet and separate from soluble
'IH’UTI'iI.'I\-‘u,

Brown and Heron finding that, on heating malt extract to a tem-
perature of about 467 C., the soluble proteids commence to coagulate ;
a continuance of this ll['IIIpE'IFLtlIII for some 15 to 20 minutes effects tlw
waximum amount of coagulation possible at 467 C, On raising the
temperature a few degrees, an additional quantity of proteids coagulate ;
this further increase of coagulation continues, as the temperature rises,
up to about 93° C. The proteids of wmalt extract may be viewed as
being composed of distinet fractions, each of which has a definite
coagulating point, varying from 46 to 95° €. With the coagulation
of the proteids, the diastasic power of the malt extract diminishes;
also, no diminution of stareh converting power has been observed with-
out a coagulation of proteids, Further, at the point at which the
diastasie power of malt extract 1s destroyed (80—81° C.), nearly the
whole of the coagulable proteids have been precipitated.  Brown and
Hevon *“arve consequently led to conclude that the diastasic power
is a function of the coagulable proteids themselves, and is not
due, as has been generally supposed, to the presence of a dis-
tinctive transforming agent.” They further find that filtration
through a poreelain diaphragm rvesults in the production of a liquid
which, on being heated to the boiling point, throws down no proteids,
This filtered malt extract they find to be incompetent to produce
diastasis, possessing ""'q'l1l!-1'l1il_lll'||}' no transforming power.” 1t is there-
fore possible to remove the diastasic agent from the malt extract without
the application of heat.

226. Action of Diastase on Starch.—This reaction may first
b sunnned up briefly by stating that if a cold infusion of malt be nmtl:-
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and then filtered ; it, the infusion, on heing added to a solution of starch
in water, at temperatures from 15 to about 707 C,, more or less rapidly
h_',dmhwm the starch into a mixture of dextrin and maltose, The
longer the operation is continued, the higher is the proportion of maltose
E““'I“'-"‘i but even plnlmwul action -.Ims not. result in any further
hydrolysis of the maltose into glucose. The investigation of starch and
its transformation products has for many yewrs occupied the close
attention of what may be called the Burton School of Chemists.  Pro-
minent among these are the names of OSullivan, Brown, Heron, and
Morris. By these and other writers, a nuinber of papers of singular
interest and value have been r.'mltl'lhutid to the Journal of the Chemlu-ll
Society, Appended is a list of the principal papers of this series,
arranged in the order of their appearance :—

“ Contributions to the History of Starch and its Transformations.” DBy Horace T.
Brown and John Heron. Vol. XXXV, p. 596 ; year 1379,

“On the Transformation Products of Starch.” By C. O'Sullivan. Vol, XXXV,
P. 770 ; year 1879.

“a- and F-Amylan: Constituents of some Cereals.” By C. O'Sullivan. Vol
ALL, p. 24 ; year 1882,

“Omn the Estimation of Starch.” By C. O'Sullivan. Vol. XLV., p. 1; year 1884,

“On the Non-crystallisable Produets of the Action of Diastase upon Starch.” By
Horace T. Brown and . H. Morris. Vol. XLVIL, p. 527 ; year 1885,

“On the Sugars of some Cereals and of Germinated Grain.” By C. O'Sullivan.
Vol. XLIX., p. 58 ; year 1886.

“The Determination of the Molecular Weights of the Carbohydrates.” By Horace
T. Brown and G. Harris Morris. Vol. LI1L, p. 610 ; year 1888.

* Amylo-dextrin of W, Nigeli, and its Relations to Soluble Starch.” By Horace
T. Brown and G. Harris Morris. Vol LV, p. 449 ; year 1889,

* Determination of the Molecular Weights of the Carbohydrates.” By Horace T.
Brown and G. Harris Morris. Vol LV, p. 462 ; year 158589,

“ Researches on the Germination of some of the Graminese,”  Part 1. “:.' Horace
T. Brown and G. Harris Morris.  Vol. LVIL, p. 458 ; year 1880,

“ Invertase : a Contribution to the History of an Unorganised Ferment,” By C.
O'Sullivan and F. W, Tompson. Vol LVIL, p. 834 ; year 1890.

*The Estimation of Cane-Sugar,” By C. O'Sullivan and ¥. W, Tompzon. Vol
LIX., p. 46; year 1891,

* Un the Search for a Cellulose-dissolving Enzyme in the Digestive Tract of certain
Grain-feeding Animals.” By Horace T. Brown. Vol LXL., p. 344 ; year 1892,

“The Hydrolytic Functions of Yeast.” Part 1. By James (FSullivan. Vol
LXL, p. 593 ; year 1892, Part [I. Vol. LXL, p. 926 ; year 1882,

The following paragraphs (227—233) consist largely of a summary of
the conclusions arrived at and adduced in these papers, after careful
collation with each utllvl‘, and the work of other i]|'l.‘{?5l,if__;.'l.t.m'.'-'h

BROWXN, HEROXN, AND MORRIS RESEARCHES,

227. Malt Extract employed.—It was found that a cold aque-
ous infusion of malt was the most convenient diastasic agent to employ,
as diastase when employed in a pure state was liable to considerable
variations in activity,  With proper precautions, the aqueous infusion
of malt admitted of any degree of accuracy. The infusion or malt
extract was prepared 1::-,? mixing 100 grams of finely ground pale malt
with 250 c.c. of distilled water. This mixture was well stirved and then
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allowed to stand for from six to twelve hours, and then filtered bright.
This extract had a Hllf'{'iﬁi.‘ I{_[r.'u'il__'}' of 1036—1040.

228. Action of Malt Extract on Cane Sugar. Malt ex
tract is capable of “inverting” cane sugar, r.e., changing it into glucose.
The term *“imverting” is derived from the fact that the resulting
mixture of glucoses exerts a left handed rotary action on polarised light,
while the original sugar is dextro rotary.  The maximum eflect is pro-
duced at about 53" C.; it is much weaker at 607, almost destroyed at
667, and entirely destroyed by boiling,

229. Action of Malt IExtract on Ungelatinised Starch.
—According to Brown and Heron's earlier researches, malt extract is

incapable of acting on unaltered starch: and even when contact between
the two is maintained for a considerable time, not the slichtest action
is perceptible at ordinary temperatures,

Notwithstanding this, it 18 well known that the starch of seeds is
attacked and dissolved during the natural act of germination ; but this
action they viewed as being inseparable from the living functions of the
vegetable cell,

This statement is at variance with that of Baranetzky, who avers
that “the starch granules of different kinds are acted on with unequal
rapidity by the diastasic ferments of plant juices, the strongest ferment
of all, malt diastase, being well known to have no perceptible intluence,
even after long exposure, on solid potato-starch granules, while wheat
and buck-wheat are dissolved with facility.”

In a more rvecent paper on Germination of some of the Graminee,
1890, Brown and Morris refer to Brown and Heron's paper of 1379,
and the conclusion therein expressed is that ungelatinised starch is not
acted on by malt extract, no * pitting 7 of the granule or disintegration
being produced by artificial means.  They also refer to Baranetzky’s
memoir, and contirm his statement that solid potato-starch aranules
f\whirh had been i*:~:1'|ll:~+i\.'ﬂl_'|r' used '|]_‘|.' O'Sullivan and themselves in their
wevious researches) are highly resistant to diastase. They further
tfind that well-washed and highly-purified barlev-starch is in a few days
“opitted,” disintegrated, and dissolved by a cold-water extract of air-
drie’l malt, the action being facilitated, as shown by Baranetzky, by
the presence of a minute quautity of acid.  They treated some well-
purified ungelatinised Adarder-starch with a solution of precipitated malt
diastase, to which 00065 per cent. of formic acid had been added
Acid of this decree of solution has no action on |mI']t*}'-ﬁl‘:lt‘c]l.} A
trace of chiloroform had also been employed in order to prevent putre-
factive :*h.'nu_{lha. The starch was '-'i_'_‘nt'nu.*ﬂ_'l.‘ attacked, with the pro-
duction of maltose as the only optically active substance produced.

At higher temperatures, diastase or malt extract acts on ungelatinised
starch © thus Lovibond (¢ Brewing with Raw Grain 7) states that the
diffusive action of the diastase through the starch cell-wall is sutheient,
il ]li;{h temperatures, to eflect the |1}':[!‘H1}'H:i.-: of the starch gi'rll1li]llﬁl'.
The temperatures at which he worked were, however, not much below
those given for incipient gelatinisation. The author also finds that on
mashing wheat flour with malt extract for :ome time at temperatures
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below the gelatinising point, considerable quantities of starch suffer
hydrolysis.

Lintner gives the following table of the quantities of ungelatinised
starch dissolved by treatment with malt extract at various temperatures,
The digestion was allowed to proceed for four hours, but in the ease of
the higher temperatures was practically complete in about twenty
minutes. The results are given in percentages of the total starch taken
for the experiments :

ACTION (F MALT EXTRACT ON UNGELATINISED STARCH.

———

", | 60" L, 6" ¢, |

. 60" L, i) |

I'er Cent, | Per Cent, | Per Cent. | Per Cent. |
Potato Starch, ... 0-13 | 503 ‘ 52-68 90-34
Rice - 6-58 368 | 1968 al-14 |
Wheat ,, | 62-23 91-08 94-58 |
Maize o 270 | | 18-50 460
Rye i 25-20 | 39-70 94-50
Oat TR 940 | 485 | 9250 | 9340
Barley , .. ... | 1213 | 53:30 | 9281 | 96-24
Green Malt Starch 29-70 ‘ 5856 932-13 9626 |
Kilned 0 13-07 | ah-02 H1-70 9362 |

230. Action of Malt Extract on Bruised Starch. —As the
next step in the investigation, some starch was next triturated in a
mortar with powdered glass, This treatment results in cutting the
cellulose envelopes of the granules. The starch granulose is then
exposed, and on being treated with malt extract rapidly undergoes
conversion. The produet consists principally of maltose, the actual
results obtained in one experiment being that, after remaining six
hours, the clear solution eontained—

Maltose, e el 826-3
Dextrin, 10-5
Cellulose, 3-2

1000

After twenty-four hours in the cold the maltose had suffered a slight
increase :

Maltose, 91-4
Dextrin, PO
Cellulose, 16

100-0

It will be noticed that under these eircumstances a small quantity of
cellulose bhecomes dissolved.

231. Action of Malt Extract upon Starch Paste in the
Cold. —At ordinary temperatures malt extract acts upon starch I'l.'l..‘:'.lt‘-l
(gelatinised starch) with great rapidity and energy. In 10U cc of

K
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starch solution, containing between 3 and 4 per cent. of solid matter,
the addition of from 5 to 10 ¢ e. of the malt extract causes the starch
to become perfectly limpid in from one to three minutes.  Twmediately
after arriving at this point the =olution ceases to give a blue coloura-
tion with iodine. ..-’Ltll}"in'l'n:-t are shown to bhe present h}' the brown
reaction with iodine, and do not disappear within some five or six
minutes from the commencement of the experiment. In this case also
a small quantity of starch eellulose is dissolved, but is slowly re-deposited
on the liquid standing.  After remaining three hours, three experiments
gave a mwean of :—

Maltose, 204
Dextrin, l 605
1000

as the composition of the solution, resulting from hydrolysis by malt
extract.

232. Action of Malt Extract at higher temperatures.—
At temperatures of 40° and 50" C,, the ultimate products of the action
of malt extract are found to be practically the same as in the cold,
but the point of disappearance of amyloins is reached somewhat less
rapidly. At 60" C. the action is weakened, but still proceeds sufficiently
far to 1:|m|ml‘ prac llL-Ll]."i.' the same amount of altose. At still ]1|1r|11-1
temperatures the transformation of the dextrin, first formed, into maltose
goes on much more slowly,  Also, the action of the diastase of the malt
pumu may be w eakened by the addition to it of dilute alkalies. Such
treatment results in limiting the extent to which the conversion of
dextrin into maltose proceeds.  The results may be summed up by
stating that, by moditications of the treatment of starch paste with
malt extract, cer tain fixed ‘Imlnth may be obhtained repire wntm-f several
different molecular transformations Uf starch.

233. Molecular Constitution of Starch, Dextrin, and
Eﬂ&]tﬂﬂﬂ.---'ﬂu- historical des :*lupljwni of the lllmil*l'll]}' held ]I}‘}:ﬁllwﬁi:&
of the molecular constitution of stareh is, in view of the importance of
the subject, of considerable interest.  Brown and Heron, in their paper
on Starch and its Trawnsformations, 1879, considered that the most
natural conclusion that can be devived from the varyving proportions of
dextrin, obtained in modifications of the hydrolysis of starch paste by
malt extract, is that there are several dextring, and that these dextrins
are polymerie, and not metamerie bodies,  Having adopted this view,
Brown ard Heron's results led them to the nlliniuu that the Hill]l]-h'ﬁl
molecular formula for soluble stareh 1s 10C,H, 0, which may also be
written C o Hy e The first change produced by the addition
of malt e hll.lLT_ would, then, be represented by

[-IJE ILl”-_*l--m':jlu-l:l + ”'.'” = 1L1i::~!r”'.'u-.!i”m-!r + [-112“'.'3{-}“'
solulle Starch. Water Eryvihro-dextrin o Multose,
That is, one of the groups of ('t,ll.u o having combined with water to
form mwaltose, the remaining nine groups constitute the first or most
complex dextrin. By the assimilation of another molecule of water,
the nine-group dextrin breaks up into a second molecule of maltose
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and an eight-group dextrin.  This reaction proceeds through successive
stages until finally the one group dextrin, C,H,0,, is in its turn
transformed into maltose. There are thus t]l(rnl‘l‘l;i{*.ull}‘ P”Hﬁihh. nine
polymerie modifications of dextrin ; the two higher of these are erythro-
dextrins ; the remaining seven are achroo-dextrins. The most stable of
the whole of these dextrins is that vesulting from the eighth transforma-
tion, having the composition C,, Hy O .1 the hydrolysis of starch,
with the production of this dextrin, would then be represented by
CraxioHonccChoae  + HHEO = {;1'1'2;.;2]!511-3“1:1:!: + HUNH!_.O“.
soluble Starch, Achroo-dextrin, f Maltose,

In the more recent paper by Brown and Morrvis ( Ze Non-crystallisable
Products of the Action of Diastase upon Starch, 1883), they adduce
evidence in favour of a third body, maltodextrin, being formed as an
intermediate product during the hydrolysis of starch; as previously

CJE-EI'.'EUH
mentioned, they ascribe to this body the formula, { C,H,,0,. From
4 - P g 18
this it will be seen that maltodextrin is composed of a molecule of
maltose united with two of the one-group dextrin.  Viewed in the light
of the existence of this intermediate product, they then regarded the
following as the simplest molecular formula for starch, capable of
accounting for the various reactions observed during its hydrolysis—
{:Clzllﬂuulu}ﬂ
|"[.Ul!l- L2y Oio)s
y {(—112 H-.-ur o)
{.':":IEI lﬁ-l[.j'"'}}t
{U._I ["_'IJ[J:HI}II
In accordance with this hypothesis, the first step in hydrolysis consists
i the lesion of one of the ternary groups, which is transformed into
maltodextrin by the assimilation of a molecule of water, thus—

. C,H.,.0,,
{qumnmh i ; Iﬁﬁ = { {{:r.'H!u“m}i
Une of the five ternary groups Water, Maltodextrin,

constitating the starch molecule,

Malt extract effects the EGJII]}]f"fJ' conversion of maltodextrin into
maltose—

C,,H,0, QW ap
{ {[:mllmi j;":}z 05 "I[_L} - -i(r_.]]._,.g':}”.
Maltodextrin, Water, Maltose,

In the change producing maltodextrin, the remaining four ternary
groups of (C,H,0O), unite to form the most complex of the dextrins.
As the hydrolysis continues, the remaining ternary groups undergo
successively the same change until one only remains: this is identical
with that hefore referred to as achroo dextrin { The view that the
starch molecule contains fifteen of the C H,0,, group instead of ten,
requires that this, which may be distinguished as “stable dextrin,” shall
consist of three groups of C,,H,0,, instead of two: this, of course,
makes the formula the same as that of one of the ternary groups. The
reaction for the production of stable dextrin is then represented by the
following equation :—
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f“—'IEI L.-ul j:u):}

(CHa Oy CieHu 00
L {C HLO,): +12H,0 = L‘L,H.,, m+1‘~L, H..0,,
l { Ulz H '_'1Ill: j:mull':: l{"l.'_' H -_p,.[-'lm

(CroH oeOr0)s

Soluble starch. Water. Stalble Dextrin, Maltose,

Such, very briefly summarised, were the opinions advanced by Brown,
Heron, and Morr 15, up to 1885, as to the relative molecular constitutions
of starch, dextrin, .mf] maltose,

In 18858 and 1859, Brown and Morris contributed to the Chemical
Society’s Journal two most important papers on Zhe Wolecwlar Weights
of the Cardolpydrates.  To these papers reference has already been made
in the commencement of Chapter VI, By the application of Raoult’s
method, the molecular weights of starch and the products of its hydro-
lysis were definitely determined. Among these determinations, probably
the most important was that of dextrin. This was made as a preliminary
to the estimation of that of soluble starch. It has heen already shown
that these chemists view starch as a compound of five dextrin groups.
In their 1889 paper they say:—

“When the complex molecule of starch is broken down by diastase,
under the conditions most favourable to its complete hydrolysis, we
have shown that a point of equilibrium, or, speaking more strictly, a
resting point in the reaction is reached, when the amount of dextrin
produced corresponds to ene-fifth by weight of the amount of starch
taken ; that is, when the mixed produets have [a] j.,=162-6" and

spe=49-J.

“ This reaction is represented in the simplest form by

5C g Hg 0y + 4H, 0 = C,,;H, 0, + 4C,,H..0,,
sStarch. Water. Lrextrin, Maltose,

“ If the production of maltose and dextrin during hydrolysis is to be
considered as due to a molecular degradation of tlu* starch, and we
think the evidence in favour of this is almost conclusive ; then, no
matter what view we may take of the actual manner in which this
degradation takes place, we cannot escape from the conclusion that #he
molecule of stable dextrin of the abeve equation is one-fifth of the size of the
soluble starch molecule f}‘mh‘ wwhlich if fas been devived)

Brown and Heron determined |J:,' Raoult’s method the molecular
weight of this dextrin, and thus indirectly that of starch.  In the next
place they proceeded to consider whether Raoult’s method was capable
of throwing any light on the relations of the dextrins to each other, it
being a matter of the highest theoretical importance to determine
whether these bodies constitute a series of polymers, or whether they
stand merely in metameric relation to each other.  Accordingly some
of the so-called higher dextrins were preparved ; that is, those which
result from starch ]n{l]ul".wi*-‘ arrested at its earhier stages, A com-
parison of the results thus “obtained afforded no evidence of there being
any difference in the molecular weights of the higher and lower dextrins,
Brown and Morris summarise their conclusions by saying that therve
being no differences in the various dextrins when treated |H.' Raoult's
method, * goes, in our opinion, a long way towards proving that, after
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all, the dextrins are metameric, and not polymerie.  If this is admitted
as even probably correct, it becomes necessary to consider how far our
previous views on the breaking-down of the starch molecule must he
moditied in order to include the new facts” DBrown and Morris
enunciate the following hypothesis as being more in accord with the
facts :—

“ We may picture the starch-molecule as consisting of four mm]'rh-x
amylin- “’II_IU.]H arranged round a fifth similar 1r1m||n constituting a
mulw_ul.u nucleus.

‘The first action of hydrolysis by diastase is to break up this complex
ll]t:ll.‘l..'l.llt‘, and to liberate all the five amylin-groups.  Four of these groups
when liberated are capable, by suceessive hydrolysations through malto-
dextrins, of being rapidly and completely converted into maltose, whilst
the central amylin nucleus, by a closing up of the molecule, withstands
the influence of hydrolysing agents, and constitutes the stable dextrin
of the low equation, which, as we know, is so slowly acted upon by
subsequent treatment with diastase. The four readily hydrolysable
amylin-groups we look upon as of equal value, and in their original
state these constitute the so-called high dextrins, which can never be
separated completely from the low dextrin by any ordinary means of
fractionation.

“This hypothesis provides for intermediate maltodextrins or amylo-
dextrins, whose number is only limited by the size of the original
amylin-group,

“ Each amylin-group of the five has a formula of (C,H,, 0,0, and a
molecular weight of 6480 ; so that the entire starch-molecule, or, more
tut'l'lictl:g' :'-.'.lu':t]{illj_{, that of =oluble starch, is |'l_',ll|'l,‘t-,'l']lt{"{] IIJ.' :'{Um]"lm“m)m
having a molecular weight of 32,400,

In their Text Book of the Science of Brewing, published in 1891,
Moritz and Morris further explain that probably the outer .ulnlm-
groups cannot exist as such, but immediately on separation from the
central nueleus are parti llh' Inflmln-.n-nl w.|(-1ulmg .mn.]nlm of pmallnlv
the very highest type. These fumlmux are gradually hydrolysed, being

split up into smaller agaregations, which constitute the various malto-
dextrins.

234. Effect of Heat on Diastasige.-The rapidity of diastasie
action 1s consider Wbly influenced by variations of temperature ; extreme
cold practically inhibits it. Starting from ordinary temperatures,
(liastasis :.1|rt|]]1n. inereases as the te mperature rises, untll, according lﬂ
Kjeldahl, 54" C. (129" I.) is reached—from that temperature until 63
C. ” 45° F. ;I 1t remains fair |1. constant, and then I.-i.I]i{”‘l. decreases with
any further rise in t ‘mperature, heing o nl_uv]v {Ifﬂ-.l]{nl'ﬂ at 80—381° C
(176—177-8° F. ). Lintner, working with soluble starch, places the
optimum temperature at H0—55° C. (122 —131° F.).

Lintner earefully investigated the effect of heat on diastase itself by
dissolving similar quantities of diastase in water, and then heating the
various -,u]lnmw-. to 55° C. (131° F.) for varying |u||ml‘- of time, and
then de termiming the quantity of ench solution 1H|l.tl-ll1' to convert the
same amount of H[.llll], He obtained the following results
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i."}t the 11|1t11~.1lm1 solution 0°35 c.e. was required.
After heating 20 minutes at 55° C,, 1'10 c.c. of solution was requisite,
F 40 i 5 175 e.c. iy
- GO - . 9432 ¢.c. g "

By ]hm]un“l'rl subjection to this temperature the diastase was much
weakened ; mt, where stareh and its transformation products are pre
sent, the diastase does not suffer to a like extent on subjection to this
tf"tll]r['lrlllll'(-‘ the strength heing reduced by about only half the amount
when heated in water alone. These results should e compared witl
those of Brown and Heron, quoted in paragraph 225, on Nature of
Inastase,

235. Effect of Time and Concentration on Diastasis.
Other conditions being the same, the time oceupied in producing a given
amount of reaction de p[~1111~ on the quantity of diastase present.  Con-
centration within wide limits has little effect on the rapidity of diastasic
action ; Kjeldahl states that equal quantities of diastase, acting at the
same temperature and for the same period of time, effect the same
amount of conversion in solutions llilﬁ*rin; widely in degree of coneen
tration.

236. Other Conditions favourable and Inimical to
Diastasis,—Kjeldahl states that very minute s antities of wulplunh
hydrochlorie, and organic acids acce Jerate diastasis, but large quantities
retard it. Lintner states that sulphuric acid, to the extent of 0002
per cent., very :-.]I"'lﬂl".‘ increases the activ Il'v of diastase ; that 0-01 per
cent. retards it, nn:'[ 0-10 per cent. exercises a destructive action.  He
also finds that 0001 per eent. of ammonin retards diastasis, 0-005 per
cent. almost, and 0-2 per cent. entirely stops the reaction.  The influence,
not -:]n]}' of these, bhut, of course, ot her substances, :|i~|‘n~l1{]ﬁ on their degrec
of concentration. Speaking generally, acetic and hydroeyanic acids,
strychnine, quinine, and the salts of these bases, very slighty vetard the
action of dinstase.  Alkaline earbonates, dilute caustie alkalies, ammonia,
arsenious acid, and magnesia, exercise a somewhat greater retarding
influence, i'l.']u*tulin;_f on the amount of these bodies added.,  The follow
ing hodies 1_-n|nl:||*1,l-|}' ]rr{-\'vllt the action of diastase upHon starch—nitrie,
s-;'||||r'i:|l'|l'ir‘ 'I'hhllhlllllll'il.'.. ]'l}'t|!'t:u'||lﬂl'i1', oxalie, tartarie, citrie, and hiLtiL'_‘h']ii.'
acids ; eaustic potash, gsoda, and lime : copper sulphate and acetate :
mercury chloride, silver nitrate, iron persulphate, alum, and borax,  On
the ul]wt hand -—aleohol, ether, chloroform, th_\.mlll, creosote, essence
of turpentine, cloves, lemon, mustard, &c., exert no retarding influence

In cases where it is desired to HIHI:II'!I:L\.‘ arrest the action of diastase
in chemieal changes, salievlic acid forms a convenient agent.  In 100

of solution, O tHI! aran: of saliey lie acid almost de Stroys the activ Lt'l.
nt llu' dinstase in 5 e.c. of 10 per cent. n alt extract solution, while 0 050
aram completely arvests all action.  In any material containing dinstase
and st wrrel, treatment with boiling SO per H‘ISII. aleohol completely para-
lyses any —411m-||11+ nt action of the |[1.|~I e without we E1[IIII‘~I|1“'|]III"~[ arch.

Where it is wished to prevent fermentation or putrefaction without
retarding diastasis, the addition of small quantities of chloroform ov
lJ!I\ ol l,“"[“; s thie desired effect. Chloroform s conve 1IiL'H|]‘|. usidd in
the form of chloroform water, ¢ ontaining 5 e, of chloroform to ‘the litre.
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237. Ptyalin and Amylopsm —Ptyalin is found in human
saliva, and at an optimum temperature of 35° C. converts starch paste
into dextrin and maltose ; the reaction being identical with that pro-
duced by diastase. Ptyalin acts best in a neutral mediom, but is but
little affected by small amounts of alkali; a very small quantity of acid,
however, arrests its activity, consequently the diastasic action of ptyalin
is d-stroved on the mixture of food and saliva encountering the acid

aastric juice of the stomach.  Ptyalin is without effect on cellulose, and
hpmu intact starch granules are not digested by its action.

Amylopsin is an enzyme, very similar to ptyalin, found in the pan-
ereatic juice, where it performs important digestive funetions on starchy
foods.

238. Raw Grain Diastases.—Earlier observers have pointed
out that barley contains more coagulable proteids than does malt, yet
fresh barley extract exerts but little diastasic action. Experiments,
on which these observations were based, were made with starch-paste,
but more recent investigations in which soluble starch is employed
show that in some ecases raw barley is more actively diastasic than is
the zreen malt prepared from it. Both from barley and wheat a
diastaze may be obtained by the same methods as is f-mlaluwr] for its
extraction from malt, that is, by treatment with 20 per cent. al]l.llhlﬂ
subsequent precipitation of the filtered alcoholic extract with absolute
aleohol, and drying in vacuo over sulphurie acid.  Lintner and Eckhardt
have examined this enzyme in order to determine whether or not it is
identical with malt diastase. For this purpose they took quantities of
malt and barley extracts respectively, having the same diastasic value
as determined by Lintner's method, and -,uhw{lt*:l soluble starch to
their action at varying tPiIlIJUhLl’IlIPw They found that malt diastase
had the greatest .I.cl.nlt“f at H0° C., and the most favourable ln-llm! nt
50—55". Raw arain diastase, on Hu-. other hand, showed the sreatest
activity at 50, and the most favourable period at 45-—-50°. At 4°
the raw grain diastase had as high a reducing power as was possessed by
that of malt at 14:53". The conelusion is that the two forms of diastase
are distinet from each other,

A more marked and !IJ||mrT.lnI_ distinction between these two ENZymes
is the I!Mlll[l[\ of that from raw arain to effect Iu]l_wfl_u_hnn of starch-
paste, while if by some other means such liquefaction is effected, raw
grain diastase energetically converts the soluble-starch into dextrin and
maltose.  DBrown and Morris notice that the power to liquefy starch-
paste and to erode the starch-cranule «o hand in hand : the observed
presence or absence of either property attords safe ground for predieting
the presence or absence of the other of the two,  The raw grain diastase
is probably an unused residue of an enzyme produced during the pre-
vious history of the plant.

239. *“ Artificial Diastase” of Reychler.—This worker di-
gested freshly prepared wheat sluten at 30—40° for a few hours
with very dilute acids, and thus formed an opalescent solution eontain-
ing considerable f|11*mlllu“-. of ]rHJit'll:lH The solution is not coagulated
by boiling ; it gives a precipitate with a few drops of very dilute



136 THE SCIENCE AND ART OF BREAD-MAKING,

potash, soluble in excess.  Tineture of guaincum and hydrogen peroxide
produce an intense blue colouration, but not if the solution has been
]I'[‘t"'l.'i{]li_‘ih' boiled or treated with tun much acid. A solution of the
gluten from 10 grams of wheat flour in 50 c.e. of dilute acetic acid (1

in 10,000) gives this reaction, which -wmnhn" to Lintner is character-
istic of diastase most distinetly, ]{E".thu-l finds such solutions to
possess a similar hydrolytic action to that possessed by diastase, and
states that they saccharify starch-pasfe.  Reychler finds also that the
soluble Iunlt-ltlh of wheaten flour give Lintner's diastase reaction and
hydrolyse starch.

Brown and Morris refer to Reychler’s researches on artificial diastase,
but point out that the starch transforming powers of the product are
essentially different from those of malt diastase.  Lintner and Eckhardt
doubt the existence of Reyehler's “ artificial diastase,” and consider it
pm‘h.:.lnl;«r identical with the enzyme of ulwn-nmrm.h--:l orain, and not a
conversion-product of the gluten. This view is based on the fact of a
close examination by them of the product of the action of dilute acid
upon the gluten of wheat. They found the gluten itself to possess
diastasic power, which power was greatly increased by the action of
acids, the resultant enzyme closely agreeing with raw grain diastase in its
optimum temperature of activity and general character.  They conclude
that gluten contains a symogen (enzyme generating substance), from
which the artificial diastase is produced h‘l.' the action of the dilute
acid.  Egoroff experimented by dissolving gluten in 01 per cent. acetic
acid, but found no fresh diastase to be tmnn-tl and enunciated the
opinion that the greater power possessed by Illf“-m and aqueons solu-
tions of converting starch into maltose is probably due to the de-
velopment of a bacterium capable of effecting this transformation.
Moritz and Morris practically endorse Lintner’s view on this matter,
and sugwest the identity of “artificial diastase " with that of raw grain.
There are two points of diserepancy here: first, the enzyme of un-
agerminated grain is soluble in water, and must be entirely washed
away in the preparation of gluten ; wunul Reychler {intlmth states
that his artificial diastase acts upon starel \-pusie, “and describes how he
prepares the same, namely, by making 2 grams of starch into a © paste ™
with 250 c.c. of water.

It is interesting to note that as early as 1379, Brown and Heron
Im1.1:|l_{-:| out that the Lulnlm.].lll'l.l'l'!.' inactive [:llnll’lti-w uf h.l,llt*‘l.. and also
wheat, may be rendered more efficient as diastasic bodies, after heing
obtained in solution ; and, consequently, independently of germination.
If cold aqueouns infusions of barley and wheaten flours, respectively,
have a little compressed yeast added to them, and then are allowed to
stand for a few hours at 307 C. 'y the solution in each case will be found
to have considerably inereased in dinstasic power. A mixture of yeast
and cane sugar, under the same conditions, has no action whatever on
starch : therefore, growing yveast must be considered as capable of pro-
ducing certain changes in the inactive proteids of wheat and barley,
by means of which they are enabled to act on starch.  Such ulinlt o1
starch 15, however, ciused by the atllected ]Huii*l:h, and not by the
yeast itself. "-Thilt- _Hr“,f'};:,u:.f.!.rj;u act thus on wheat ]htutt"lil'ﬁ the
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schizomycefes not merely confer no diastasic power, but vapidly destroy
that which the solutions may have originally possessed. It is possible
that the action here ascribed to veast may he due to acidity formed hy
its action.

The following experiments were undertaken by the author with the
view of further elucidating the problem of artificial dinstase. A filtered
extract of flour was prepared by taking 50 grams of high-class English
tflour of medinm strength, and h‘l’li!.kill}_f up with 500 e.c. distilled water, in
which had been dissolved 25 c.c. of chloroform. (The object of the
addition of chloroform was the inhibition of any baeterial action, without
hindering in any way the efleets of dinstase.) This solution was allowed
to stand for half-anhour, filtered and divided into two portions —A
and B.

A.—To portion A, an equal volume of chloroform water was added,
and the diastasic value on soluble starch by Lintner’s seale determined
immediately in a part of the solution, according to the method described
in the analyvtic section of this work. Amnother portion of this diluted
solution was treated precisely similarly, except that freshly prepared
starch paste was substituted for Lmtn:-rz, soluble starch.

Al.—The diastasic action reckoned on the flour was—-

With soluble starch, 9-4° Lintner.
With starch paste, T |

B.—To portion B, an equal volume of 0-2 per cent. hydrochlorie acid
in chloroform water was added, and another pair of similar determina-
tions to those preceding made immediately, with the following results:—

B1.—The diastasic action reckoned on the flour was—

With soluble starch,) less than 2°5° Lintuer, there being
With starch paste, | practically no sm,tmn whatever.

The plain 5 per cent. bllhltiﬂll A, and the 5 per cent. solution in 0-1
per cent. hydrochlorie aecid, were then digested twenty hours at
30—35" C., and the <1l.htu=-,|<, ¢ ipacity again measured with results as
follows :—

A2 with soluble starch, ... 143" Lintner,
»  With starch paste, 4 -"J" 2

1‘;.}, with Hﬂlll]lll' star Lh,] less than 257 2 ]}:'."u;til_':[”br Ty
y»  Wwith starch paste, | action,

In the next ]"Llf.i', 25 graims of Hour were taken with 250 c.e. chloro-
form water, shaken and digested together for twenty hours at 30—35"
C., giving preparation C. Another 25 grams were similarly treated
with 250 c.e. of 01 per cent. hyvdrochlorie aecid in chloroform water,
and digested, being preparation D, After digestion, diastasic measure-
ments were nade in the elear filtrate, with the following resulis

C, with soluble stareh, 10-0° Lintner.

« with starch paste, t-0° ¥

D, with soluble starch,}, 9.mo

» Wwith starch paste, | less than 2-5 “*

Digestion with 0-1 per cent. ]l\'i]n:rh]nritr acid not nll]}' does not
confer additional diastasic capacity, but practically inhibits any such
power the flour naturally possessed.
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A series of experiments was next made, in which 0-01 per cent. acetic
acid was substituted for the hydrochlovie acid,  As |rt{=uuu~.]1h all
solutions were treated with l.lj]illutu'rlll to prevent any action of hacteria,
Of the same flour as before, 25 grams were taken, shaken up with 250
e.c. of water, and filteved after half-an-hour standing.  An equal volume
of 0-02 per cent. acetic acid was added, making a 0-01 per cent. acetic
acid solution, ealled E.  Preparation F {_'-r}'lkhl‘-u"t"fl_ of 25 grams of flour
with 250 c.e. of 0-01 per cent. acetic acid, shaken up and not filterved.
These were digested for twenty hours at 30—35" €., and the mixture
F filtered. In each, diastase determinations were then made, both
with soluble staveh and starch paste.

2, with soluble stareh, 26-3" Lintner.
s with starch paste, 15-:1° i
F, with soluble starch, 29-4° -
., with starch paste, 166 =

These experiments show that very dilute acid (001 per cent. acetic)
considerably increases dinstasic activity, even when any possible bacterinl
action is prevented, by the presence of chloroform, throughout the whole
course of the experiment.  Comparing A2, which was a plain solution of
the flour, digested for twenty hours affer filtration, with K, which was a
solution of the samne strength, acidulated to the extent of 0-01 per cent.
with acetic acid, afrer filteation but hefore digestion, there is an increase
in diastasic capacity from 143" to 26-3° Lintner on soluble starch, and
from 45" to 1517 on starch paste. T he diastasic activity of the proteids
actually in solution has been definitely increased by this treatment. It
should be noticed also that the ]h‘!..l'ti:'tl]il!' dinstase present 15 not nlll}'
capable of converting soluble stareh, but also hydralvses starch paste.

[n Cand F, the whole flour and water, and dilute acid re spe -etively,
were divested tozether defore filtration.  Again there 18 an inerease in
diastasic |]: ne ;t1, From a 1_'1|||11|f1|1h:ir| of I.. anl }', it would seem that
very little of the inereased dinstasic action is due to any change in the
insoluble proteid of the flour, as the F results ave only :«1|l;_',‘]ll‘|} 11 EXCess
of those in K. 1t is curious to note that in A2 and C, hoth experiments
with plain water, digestion after filtration vields a more active product
than digestion defore tiltration.

240. Invertase or Zymase.— Although diastase is unable to
carry the hvdrolysis of stareh further than into maltose, yet, as alrendy
stated, there is evidence of malt extract containing an enzyme eapable
uI" |;rj||'l[|-|'[]|1rr LT ST Hllu "]“I'Il"‘-:"l This eIy Ine I]Jl*-'- Laseny Tl'l'll'l.i'{i
zymase, but is now known more commonly as invertase,  For ]ihlltilrll
purposes the principal souree of invertass is beer-yeast, from which i
may be separated in a fairly concentrated form.  O'Sullivan .uul
]umpum recommend for this purpose that sound hrewers’ veast ITE
pressed, and then kept at the ordinary temperature for a month or

' Brown amd Heron adduee ux;unrm ntal proof of this point in a contribution to
the Jonrnal of the Chemieal Society, Vol NXXV, 18749, page G0 ; they show that
a canc-suear solution, after being dizested for 16 hnm':i. at 55° . with cold water
exteact of malt, eontained 20 prer cent, of vlneose, 1, on the other hand, the malt
extrach were Erl'x'*-ll'lll'"lj' bausiled for 15 minutes, the percentare of nvert suear was re-
iluced to 0°2 per cent,
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two, during which time it does not undergo putrefaction, hut changes
into a heavy yellow liquid.  On filtering, this yields a clear solution of
high |n:|m|xnc power, containing all the invertase of the yeast in
solution. This liquid has a specific gravity of about 1080, and is
termed “ yeast liquor ™ by O'Sullivan and Jmnpmn. This |I1'|111Z}I re-
mains for a long time unaltered, except for a darkening of colour. On
adding spirit to yeast liquor till it contains 47 per cent., of aleohol,
the invertase is precipitated, and may be washed with spirit of the
same strength and dried in vacuo, or preserved as a solution by ex-
tracting the precipitate with 20 per cent. aleohol, and filtering, when
the filtrate contains the invertase,

Invertase acts rapidly on cane-sugar according to the equation :—

CHx0y,, = GCHO0, + C.H 12“5-
Cave-Surar, Dhex trose, Lievulose,

This speed of inversion increases rapidly with the temperature until
55 - G0 1s reached. At 657 invertase 1s slowly, and at 757 immedintely
destroved.  Minute quantities of sulphurie acid are exceedingly favour-
able to the nction, hut a slight increase of acidity beyond the favourable
point is very detrimental. A sample of inv ertase which had |1mr1um-r|
inversion of 100,000 times its own weight of cane-sugar was still active ;
and further, invertase itself is not injured or destroyed by its action
on cane-sugar.  There is evidently no limit, therefore, to the amount
of sugar which can be hydrolysed by a given amount of invertase.
The caustic alkalies, even in very small proportions, are instantly and
irretrievably destructive of invertase. Invertase is without action on
starch, dextrin, maltose, dextrose, lmvulose, and sum.

241. Intestinal Invertase.— The secretions of the small in-
testines contain an enzyme allied to the invertase of heer yeast,
inasmuch as it inverts cane-sugar into dextrose and levulose ; it also
inverts maltose into Iill"(t'!'i]HE‘ I_||u~:. dittert ing from the invertase ui‘ yeast,
which has no action on iu.:ltnm-, Brown and Heron state that it acts
on starch, but Halliburton is of opinion that the bulk of evidence is
against the presence of any such diastasic action,

242. Pepsin and Trypsin.—Collectively, the fluids of the
stomach are known as aastric Juice, and eontain an active qulu}]\'llt
enzyme termed pepsin, - Pepsin may be obtained from the mucous
membrane of the stomach by extraction with glycerin, in which pepsin
18 soluble.  The I;l’l:*—clll is precipitated from its glycerin solution by
aleohol, dissolved in water and freed from salts and peptones ]:\. lllrl.l‘.. g5,
Pepsin is soluble in water to a mucous liquid, but is insoluble aleohol
or ether,  Pepsin is either a proteid or proteid-like substance, and in
the presence of an acid, prefe rably hydrochlorie, attacks and rapidly
dissolves insoluble ]m:tnul substances, as the white of hard-hoiled eges
or lean ]J":'E'F, COnye ItIIIU' them into peptones, Pe Imm 1% most netive at
about 40° C ., and loses its power on :\:]m-qnﬂ to 57-—n%°. The acid
condition is necessary to its action, and is supj plied in the sastrie juice
by the presence of ]mllmlllmu acid, which in the gastrie juice obtained
from the human stomach amounts to 0-02 per cent., and in that of the
ilﬂ“‘ to O30 per cent. The energy of G f”“'“ 18 |m1-.,z||w|, and at last
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arrested by the peptones produced.  Dried |u-1:~1111 may now he obtained
as an article of commerce, being prepared by drying under 100" F. the
fresh mucous lining of i]u- stomach of the Mg, H]Illl‘-l or calf. In
accordance with lIH' scheme of nomenclature in which the names of the
enzymes end in ase, the name of this body is frequently written peptase.

ln]rhm oceurs in the pancreatic juice, and is allied in its general
behavieur to pepsin, possessing like it the power of converting proteids
into peptones. It differs, however, in the fact that it acts only in an
alkaline medium, and is destroyed by the presence of hydrochloric acid.

243. Proteolytic Enzyme of Resting and Germinating
Seeds.—Seeds generally appear to contain a proteolytic enzyme in
the form of a zymogen, which during the act of germination becomes
active, probably through the agency of a small amount of acid pro-
dueced while the seed is germinating.  This body converts the proteids
of the seed into peptones, leucin, and tyrosin.  Very little is at present
known as to its action, nor has it as yet been isolated, Malt extract
and diastase in its various forms exert a marked physical effect on the
proteids of Hlour during bread fermentation.

244 Other EﬂZjFIIlEE.—-;‘unm\;_{ other enzymes mentioned in the
classified list previously given, a word should be said about those
included in the group of coagulative enzyvmes. The coagulation of blood
on leaving the body is due to an enzyme : so also is that of muscle at
death, in the case of the stiffening termed rigor mortis, known in this
instance as the myosinferment or enzyvme, ]utvnmt .ttt.u,hf--. to this,
as the animal analogue of W evl and Bischoft’s myosin, to which they
aseribe the formation of ;_:Iutun in the doughing of wheaten flour.

Space does not permit any forther reference to the emulsive and
steatolytic enzymes,

DETAILS OF APPLIED HYDROLYSIS,
245. Empirical Statement of Hydrolysis of Starch.- It

will he seen that these formule, representing the probable constitution
of the molecule, are much more complex than the empirical formula
respectively of starch and dextrin, The following empirieal equation
represents in the Hill]llll"Ht Iumh‘illh! manner the above reaction ; it wust
not, however, be viewed as i't'];11'|-:-xlélltitlg the true nature of the mole-
cular change involved :—

(CeH Oy + 2H,0 = CH,O, + 2CH,0,,

Solubile Starch, Water. “L strin. Maltose,

246, E}fdrﬂ]jrsig of Cane S[Igﬂ.l"--- This operation is slowly
effected by the action of malt extract, or even by prolonged hmluw
with water, which effects the sane change more or Joss completely, At
ordinary temperatures, dilute su! 1:|111|1-;' and  hydrochlorie acids are
cupible of slowly inverting cane sugar ; at te I[!]:I'lT-I.t'L'IIE": of from 657 to
707 €. the hydrolysis occurs with extreme rapidity.  For laboratory
purposes, I.IHItIEllI'Ii' inversion is effected by adding to the ulml:'lrlll'h
strons suonr solution one-tenth its volume ni H’(IHII"' |l\=|lm} lorie Lll.'lll
and then heating the mixture in a water-bath until the temperature
reaches about 68° O, The change consists of the cane sugar molecule
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splitting up into two molecules of glucose, the one being dextro-, and
the other levo-rotary—

C,H0, + HO = CH. O, + CH,0O,

Cane Sugar, Water. Dextro-glucose, Lievo-glucose,

Invertase also effects this change, and apparently is likely to be
employed commercially for the purpose O'Sullivan recommends its
l_*mplunnu-nl_ in the laboratory for the h‘r:hiﬂ:, sis of cane sugar as a step
towards its analytic estimation,

247. HF’dI‘DlFEiE of Dextrin. By the action of acids, and also
of malt extract, this body may be L-ntm-h' converted into maltose : the
nature of the chemical change has been described when tre ating of the
hydrolysis of starch. LS Ilt|i'l‘ ordinary eonditions, neither invertase nor
yeast itself is capable of effecting the hydrolysis uf dextrin,

248. Hydrolysis of Maltodextrin.—This change is readily effect-

ed by the action of malt extraet, but not by either invertase or yeast.

249. Hydrolysis of Maltose.—Maltose is a more stable sugar
than is cane sugar: dilute acids effect its conversion with slowness ;
thus a maltose solution may be boiled for some minutes with dilute
sulphuric acid without undergoing change, Complete inversion results
from keeping the solution at a temperature of 100" C. for some six or
eight hours. The principal product of inversion is probably either
dextrose, or one or more closely allied dextro-glucoses.  As has been
previously stated, malt extract has no hydrolysing action on maltose.
Invertase also is without action on maltose.

2560. Composition of Malt.—Prior to dealing with the sacchari-
fication of malt, some information should be given of its composition.
Treatment of the general questions of the transformation of barley into
malt must be postponed until the subject of the physiology of grain life
is being discussed. Malts differ from ]J:ll‘li':,." in that the prut(‘-iil Coll-
stituents show proofs of considerable degradation.  Hilger and Van der
Becke have examined barley, barley softened by steeping in water, fresh
or green malt (unkilned), and kiln-dried malt. The following table
gives the percentage of nitrogen, and of the various nitrogenous con-
stituents :

NITROGENOUS CONSTITUENTS OF BARLEY AND MALT.

| Hoftemed |

i Barley. Barley Fresh Malt,  Diried Malt, I
Sy __| | e = !
" Total Ni itrogen, ... o | 1801 | 1-750 1-751 | -5 2
Nitrogen of I.]I.HI:J-]I.IIJIE" coll- ) |
gl = =y E W o
‘!l.”i“'ll.th N - | ]. l}l I‘_'f'q.} | I l.:lh-h]' I. il S ‘ I I.“-F
Nitrogen as albumin {mmmv; 00600 | 00354 | 0-1571 = 01194
=5 s lﬁi'lillllll' e} 00046 | 0-0009 U058 (-02353
. s As Ammonium *-.rxltw-. 0-0169 | 0-0290 | 00057
: " as amido-acids, ... 00417 | 00294 | 0-1417 | 0-2257

. as amides, N 005040 | 00023
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It will be seen that the insoluble proteids have diminished in quantity,
while the albumin has inereased ; so also have the products of further
degradation, peptone, amido-neids, and amides.

The stavch in barley also suffers considerable diminution ; Brown and
Morvris found the quantities of starch in barley before and after ger-
wination to amount to -

srarcit 1x 1000 corxs.
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Taking the mean of the two experiments, 223 per cent. of the starch
has lilfvl.I'rl'li"l.'t"E‘i].. A portion of this has hm-.n dissipated as carbon
dioxide was, a portion will have constituted the material from which
the new parts of the plant have been formed, while a thivd portion
will have been changed into sugars, which remain in the malt at the
end of its manufacture. The inerease of sugars is well shown in the
following table, which gives in percentages the results of analyses of
barley Lefore and after germination, hy O'Sullivan.

SUGARS IN BARLEY BEFORE AND AFTER GERMINATION.

No, 1 BARLEY. | No. 2 TARLEY.

R ]'ivl'ul_'l' -, .-"l.l'l!;rr- : | Before l UELI_ _-
Crerninatfon, Hﬂ'mih:itiull.u Germination | Germination.
l
Sucrose (Cane-Sugar), 0-9 45 I 1:39 4:5
Maltose, il | ]1-2 | i |‘j:~
Dextrose, ... 1-1 < 31 | < T2hj
lavevulose ... 'F l Q-2 | l 07l

It will be seen that cane-sugar forms a very notable constituent of
malt, and also that the other sugars are present in large quantity.

The percentage of acid considerably increases in grain during malt-
ing : assuming acidity to be due to lactic acid, Belohoubek gives the
following :—

Barlev, ... R T per cent. as laetie acid.
Grreer Malt, U-a4d0 = &
Iilned Malt, 0942 i s

[u English malts, however, the lu-tu-ntl-rv of acid is considerably
less 1]1,[“ this, |u-||uf 1_|-.1l.llh about 02 per cent ; so much as 04 per
cent, is viewed as an indication of unsoundness.

The following table gives the approximate composition of malt, based
principally on analyses by O'Sullivan :—
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APPROXIMATE COMPOSITION OF MALT.

Per Cent, I'er Cent.
Starch, n e 4400 to 5000
Sugars, B A eee 900, 1600
.. These include, Sucrose, from 450
S Maltose, , 1:20: 1 :
;1, Dextrose, ., 11 7 5 16-00
i Liwevulose, ,, 0-20

Unfermentable Carbohydrates, not
Dextrin, e 900 700

Cellular Matter (Cellulose), e 10Q0 ,, 1200
Proteids, soluble in cold water, RTT | 1.50

= insoluble i e 800 o, 10:00
Fat. .. S || 200
Ash, ... e S 260
Water, - < 11 S 7-00
Acid reckoned as Lactic Acid, e 20 ., 040

251. Saccharification of Malt during the Mashing Pro-
cess.—This process is of interest both from the technieal point of view,
as being largely used by the haker, and also scientifically, as representing
an important example of hydrolysis by malt extract. Malt contains
the active hydrolysing principle, diastase, and also from 44 to 50 per
cent. of starch. In the operation of walting, the walls of the starch
granules get more or less ruptured and fissured ; hence the interior
granulose is at the outset somewhat exposed to the action of the diastase,
As a first step toward the preparation of beer, the brewer treats his
ground malt with water at a temperature of from 65-5° C, (150° F ) to
7117 C. (160" F.). This results in the conversion of the starch present
into dextrin and maltose. This operation he terms “ mashing.” The
first change is that the starch becomes gelatinised, and is then freely
susceptible to the action of diastase. At temperatures below the
gelatinising point of starch, diastasis also proceeds, but somewhat more
slowly (comp. Lintuer's table, par. 229). At a tewperature of about
60" C. (140" F.) almost all the starch, and also the amyloins, will have
disappeared in about twenty minutes; this point may be ascertained
by taking out a drop of the liquid and testing it with iodine, An
inerease of temperature weakens the action of the diastase ; hence a
mashing made at G0° C, (140" F.) yields in two hours, for the same malt,
about 7 per cent. more dextrin and maltose than when mashed at 76-6°
C. (170° I"-,'I'- Fl.ll‘l.lll.'.l'_. as micht be l_‘._'n:ll:l“{_!!_-l!"li from the resvlts :I.II'['ILII*'I.‘
mentioned, the proportion of dextrin is much greater in the mashing
made at 76:6" C. than at 60° C. The duration of the mashing operation
has also an influence on the mmount of dextrin and maltose produced,
With a temperature of 627 C. {l-ifl' F.} most of the starch is converted
into dextrin and maltose within thirty minutes, but for some time after,
the _}'in]ﬂ of these continues 8] :-'ullt;_:ht]_‘!.' increase, The }1I'n|lnl'liull of
maltose to dextrin also becomes higher with a longer mashing. The
following is the result of an experiment by Graham :—
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Total percentage

Length of Percentaze of Percentage of of REatio of Maltose
Maszhing. Maltose, Irextrin. Maltose & Dextrin, to Dextrin.

1 hour, 4560 1461 6G3-21 3:3:1
1., 52-35 12-26 G461 4-3:1

2 hours. 5356 11:39 G4:95 47:1
3, 5460 11-05 6465 £9:1

T i G147 3:53 6:3-00 17-4:1

It will be seen that by far the greatest proportion of the transfor-
mation is effected within the half |1-:1n|||1 while for all practieal purposes
the hydrolysis is completed within two hours at the furthest.

252. Mashing Malt together with Unmalted Grain.—The
diastase of good malt is not merely capable of saccharifying its own
starch, but is competent also to hydrolyse in addition considerable
quantities of starch from other sources : hence, in brewing operations,
malt is frequently mixed with flour from other cereals, either rice or
maize being commonly chosen.  The diastase of the malt saccharifies
the whole of the starch present ; but with the proportion of malt unduly
low, the ratio of maltose to dextrin produced is comparatively small.

EXPERIMENTAL WORK.
253. Hydrolysis of Starch.—Mix 10 grams of starch with 200

c.e. of water, and gelatinise ]l}' ll]u'i'n;_f in the hot water-bath. Take
50 c.e, of this solution and add to them 10 c.e. of tive per cent. sulphuric
acid.  Maintain at a temperature of 100° C. until a few drops, taken
out with a glass rod or tube, anil pl.-m*ti on a poreelain tile, give no blue
colouration on addition of iodine. To the solution add precipitated
ealcium earbonate, or powdered marble, until it eceases to produce
eflervescence.  Allow the precipitate to subside, and filter : taste the
clear solution, notice its sweetness. Test a portion of this filtered
solution with Fehling's solution, a red precipitate is produced, showing
that either maltose or glucose is present.

To a test tube, containing another portion of the original starch solu-
tion, add some saliva, and atand it in a water-bath at a temperature of
about 40° C. for some time: notice that the solution becomes more limpid,
and ultimately that it gives no starch reaction, on a few drops being
taken out and treated with iodine.  Test now for maltose, by means of
Fehling's solution ; a red precipitate is produced.  As a complement to
this experiment, boil some corn-tlour and water, allow the paste to cool,
place a al:iilillftll in the mouth, retaining it II'Ii"I;"l" for some fifty or sixty
seconds, and mixing it with saliva by means of the tongue : notice that
the paste becomes limpi i, and acquires a sweet taste,

Take some fresh o nmpu-aw{l veast, mix a little with some of the starch
solution and place in the water-bath at 407 (. Notice that after several
hours the starch remains unaltered, giving a blue colouration with
iodine, and little or no reaction with Fehling's solution.  Prepare some
“yeast-water ™ by shaking up about M crams of the u:ll‘:|=|='-‘-t'l] veast
with 150 c.e. of cold water ; let this stand for from four to six |t1.=l.ll‘-
shaking oceasionally, then ltllm'. to sudside and filter the supernatant
liquid. Treat some starch solution with this yeast-water in the same
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way as with the yeast itself : notice that this also causes no alteration
in the starch.

Make an aqueous extract of malt, as described in paragraph 227,
Take some sound wheat starch, examine it under the microscope, to see
that none of the granules are fissured or eracked.  Add some of the
malt extract to a portion of this starch, and allow it to remain for some
hours at a temperature of 20° C.  Maintain another similarly prepared
::Hln]‘rlf' at a tempevature of 40° C. for from six to twelve hours, At
intervals from the time of starting the experiment, and at the end of
the time, examine the stareh in each case carefully under the microscope,
in order to see whether any of the g!.llm]lh h]lll‘.'l. :-\I;_ftl.‘» of crac t‘.“'l_'__f ar
pitting. Make a comparative series of experiments on potato stavch,
In every experiment, at the end test the starch granules with iodine,
in order to see whether they still give the starch reaction.

Shake up some starch with water, and filter: notice that the clear
filtrate zives no reaction with iedine. Rub a little of the starch in a
mortar with powdered glass; this cuts the cellulose envelopes.  Shake
up with water, and filter; to the clear filtrate add iodine solution: a blue
colouration shows the presence of soluble starch.  To some of the bruised
starch add malt extract, and allow to stand for twenty-four hours at 20°
or 25° (., examine under the microscope, and notice that much of the
interior of the cells is dissolved away. Treat a little with iodine, and
examine under the microscope in order to determine how much unaltered
starch remains, Make some starch paste, as deseribed in paragraph
331 ; treat it with malt extract as there mentioned, and at intervals of
a minute take out a drop of the solution by means of a glass rod, and
test with jodine on a porcelain tile. Note the time when the starch
and the amyloins disappear. Make a series of similar experiments
with varying temperatures, rising by 10° C. at a time, from 15" C.
to the point at which diastasis ceases. The quantities of solution should
be measured ; and in each case, both the starch and the malt extract
solutions should be allowed to stand in the water-bath, regulated to the
desired temwperature, until both have Hl.‘llllil‘l':t that temperature, fer
mix the two and note the time.  If desired, the bath may he vegulated
for this experiment by means of the vegulator descrilied and figured in
Chapter X1.; in that case it is not absolutely necessary to get the
temperature nearer than a degree, but the exact temperature, as read
by a thermometer, should he noted.

1‘{“]’\.1’ b | 1:.{:']'.' rl.lilll_'f_'lu‘:. Illfﬁ_lhlllll Ll-t I_l‘].lil oar IIIII I,III 'HI ']H_" S W Jl\ il=
described for malt, and treat starch solution with it, as was done with
the malt extract, hc:ll.ik in the cold and at higher temperatures.  If
SE]Jill'-'lli*d wheat Zerm l‘-a uhtrlill.'lh]u. jnuh{- a similar series of L L ITeTts
with that substance,

¢54. HFdrﬂl_?EIE of Cane Eugar Mix cane sugar solution
with strong hydrochlorie acid, and heat to 68 or 70° C., as deseribed in
paragraph 946, After hydrolysis, test for reducing sugars by Fehling's
solution.  To another portion of the cane sugar solution add some
yeast-water, and maintain for three or four hours at 407 C.) after which
test for maltose or glucose by means of Fehling's solution.

L
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255. Mashing of Malt.- Take 100 grams of ground malt, and
mix with 500 c.e. of water at 60° C. in a large bheaker : ur-wh the
heaker and its mnhnh and place it in a water-bath at 60° C. Stir
oceasionally, and from time to time take out small quantities of the well-
stirved liquid, and test for starch by iodine solution. Note how long it
is before the stawrch disappears ; as soon as iodine produces no blue
reaction, wipe the outside of the beaker, place it in the balance, and add
distilled water until that lost by evaporation has been replaced : when
this lhlll]l 15 reached the ]:L'LLI.*I uvill‘ih |ul-l, the same as before bei ng
placed in the bath. Then filter the ¢ Jear solution, cool rapidly to 15° U
and take the density by means of a hydrometer.  The method of using
the hydrometer, and the conmclusions to be deawn from the density of”
the wort, are described in the paragraph on “ Specific Gravity of Worts ”
in Chapter XII. Make similar inashings at ll](‘tl“lllpi_‘lqltul'(‘h respectively
of 50° and 70° C.: note in each case tlw time requisite for saccharifi-
cation, and the density of the wort.  For the different experiments both
the mashing liquor and the hath must be regulated to the temperature
desived.

266. Substances inimical to Diastasis.—Prepare some
starch solution and malt extract as in paragraph 233, To a portion of
the malt extract add a small :ll1:'lrlfitj.' of caunstic [‘Int:l:-'-]!‘l, and note the
time it takes to saccharify the starch, hoth starch and malt being used
in the same proportions as before.  Make similar tests with solutions of
sulphurie, tartavie, and salieylic acids: lime, copper, sulphate, alum,
borax, alcohol, and essence of turpentine,
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CHAPTER IX,
FERMENTATION,

9257. Origin of Term. —When a little of the substance called
veast is added to some wort (Ze., the sweet liquid produced by the in-
fusion of malt with warm water), at a temperature of about 158° C., it
induces a most remarkable change. The quiescent liquid after a time
hecomes filled with bubbles ; these rise to the surface and form a scum
there ; as the action proeceeds these hubbles are produced with inereased
rapidity.  Their continuous ascension gives the liquid a seething or
hoiling appearance, and from this has arisen the application of the term
“ fermentation ” to this pmulim phenomenon ; that word being derived
from the Latin, * ferpen,” I boil.  Fermentation results in a disappear-
ance of the maltose present in the wort, together with the production
of alecohol and carbon dioxide gas. The former remains in the liguid ;
the latter rises to the surface and eauses the before-mentioned boiling
appearance. The earbon dioxide bubbles carryv with them to the sur-
face a peculiar sticky “ secum ;7 this substance has received the name
of “ Yeast,” and on heing added to a fresh quantity of wort, is capable
of setting up fermentation thewin During the fermentation of wort,
the quantity of this “scum ” produced is many times in excess of tlml
in the first place added to the wort.

258. History of the Views held of the Nature of Fer-
mentation.—The earlier researches and Imhlir-;ln-{l articles on fermen-
tation regard that change as one of spontaneous decay. Yeast, with
which fermentation is -ih‘-ﬂLl-l-tl"(] was viewed as a peculiar cmnhhun
which nitrogenous matter assumed during one of the phases of its de-
composition. That in this state it was able to set up fermentation in a
liquid, which was not at the time fermenting, was noticed as a remark-
able property of yeast, which nevertheless was still considered as only
nitrogenous matter in a particular stage of chemical change. One of
fllt‘rﬂ'- earlier views aseribed aleoholic tunm-ntfn,tmrl to a vegeto-animal
Euljﬁhl"l"_‘ \Til-iull 1"'-‘-‘:.i.l't|.*l| i“ ;_fl'-'l.-lll"."'i H B 1\'!"” H R i]l cor, 1\‘:]“"'1 t.h['. :_l;l'u'l'll"‘!‘i
were crushed, and the flour moistened, this fermentative agent com-
menced to produce active change, J}u- body thus capable of inducing
fermentation was termed a ¢ ferment.”  The next step in investigation
of this matter was that of Thénard, who observed that the fe |||1Pm COTL-
tained nitrogen, and that in {lntﬂhltmn ammonia was yielded ; he there-
fore ascribe 1I an animal nature to the ferment. (It should hv: :x plained
that the older chemists were in the habit of looking on nitrogenous

organic matter as animal, and the non-nitrogenous as vege l.lllll!; no
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reference is intended to the peculiar organie structure of the ferment. )
Opinion had settled down to the view that yeast was an immediate
principle of plants, when the microscope, which had become such an
important factor in scientific research, was brought to bear on the con-
struction of yeast. Leuwenhoeck had, as early as 1680, discovered that

veast consisted of minute granules ; but it was only in 18336 that
de Latour again called attention to its microscopic structure, It was
observed by him that yeast was a mass of little cells, and, tu:tlu-l that
these were capable of reproduction by a process of hu{hhurf ‘1 east,
therefore,” said the discoverer, “must he an organism v.Imh ]H:'n],}..l,i]l_"H
by some effect of its growth, l‘ﬂ!'(.l": the ni(*:*rrrnlumtmtl of sugar into
aleohol and earbon =|m'~.|:|l. This newly discovered form of life was,
after some discussion, placed among the fungi, a new genus being
created for it by Meyen, to which was given the name of Saccharomyces.

This view attracted considerable attention from scientists, and
although the basis of that now almost universally accepted, encountered
most. um-n.uJprmuiﬂ,iu--' opposition.  Prominent among its antagonists
was Liebig, who in 1839 argued veast to be a lifeless .l]l:u|mnm1~. suli-
stance, d.ll(l held that the cause of fermentation is the internal molecular
motion which a body, in the course of decomposition, communicates to
other matter in which the elements are connected by a very feeble
aftinity. Said Liebig, “ veast, and in general all animal and vewetable
matter in a state of llul:rvtm.tmn, will communicate to other hodies the
condition of decomposition in which they are themselves placed ; the
motion which is given to their own elements by the disturbance of
equilibrium is also communicated to the elements of the bodies which
come in contact with them.” Amplifying this theory, Liebig asserted
that the proteid bodies decomposed spontaneously, and the molecular
disturbance resulting from this decomposition effected also the decow-
position of such bodies as sugar, when placed in contact with the
decomposing proteids,

For some yvears, de Latowr’s, or the vital hyvpothesis, Liebig's, or the
mechanical hypothesis, and other views based on catalytic action, were
three contending theories of fermentation.

The next great step was that the whole problem of fermentation
received a most careful and exhaustive examination at the hands of
Pasteur, who in 1857 gave as his “most decided opinion ” that “the
chemical action of fermentation is essentially a correlative
phenomenon of a vital act, beginning and ending with it. I
think that there is never any alcoholic fermentation without
there being at the same time organization, development, mul-
tiplication of globules, or the continued consecutive life of
glohules already formed.”

In 1870, Liebiz published a long memoir on fermentation, in which
he admitted that yeast was a ].HFIII"’ organisi, but still maintained that
fermentation was a mechanical act, pointing out that the quantity of
sugar (h-:_-umr.n:-.ur] |::,.-' :,'um-il_ was out of all ]n'u'nu'tinrl to the amount of
carbohiydrate (cellulose) which the yeast had assimilated.  To quote his
own words—* Yeast consists of vegetable cells which develop and
multiply in a solution containing sugar, and an albuminate, or a substance
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resulting from an albuminate . . . . It is ]1(}:-;!-‘.ilh|l" that the inh_‘i,.‘.«;iﬂlngiu.'l,[
process stands in no other relation to the process of fermentation than
that by means of it a substance is formed in the living cell, which, by
an action peculiar to itself —resembling that of emulsin on salicin or
amygdalin {:'llnlnv) —determines the []r'u.ll]}l'lﬂ‘-ull'lﬂl‘l of sugar and other
organic molecules.” The admission of the physiological action of yeast
h[—‘]'ll;_{' even indirectly associated with the decomposition of sugars during
fermentation was an enormous concession by Liebig. A study of the
action of enzymes shows that Liebig's position is partly justified : inver-
tase can be separnted from wyeast, and afterwards is fully capable
of performing its functions of inverting cane sugar, but such study
does not lead us to observe a sufficiently close relationship between
enzymic action and aleoholic fermentation as to prove their identity.
Still in many respects there is great similarity. At present there is
the marked distinction that 'Llcnhullc fermentation is ||1r-.n-|1,u,1h1¢- from
life, while enzymosis oceurs in the absolute absence of living organisms.
As a result of prolonged research and investigation, the
vitalistic theory of fermentation is now practically universally
accepted.

A careful study of the preceding sentence shows, however, that the
statement of fermentation being a vitalistie act is not an f'-h]ﬂa.rm.lmn of
fermentation. Granted that fl-lnwnhtmn is a concomitant of vitality
(f.e., is due in some way to life), there must be some agent through
“hwh life acts in producing the chemical change of sugar into fi,h,nhﬂl
and carbon dioxide. In itself, this change is no more striking than the
change of starch, by diastase, into dextrin and maltose ; yet we know
that diastase, although a divect product of life, is a soluble and absolutely
unorganised body. Is there any such unorganised hody through which
yeast acts when t*ﬂu.lm“ the [|['L1’.H|:‘|Inﬁltll;}tl of sugar!? The answer is—
no such substance has as vet been detected, to say nothing of its
isolation.

Hoppe-Seyler and Halliburton incline to the hypothesis that the
difference between organised ferment action and that of enzymes S
this: an organised ferment is one which does not leave the living r.,e].]
during the progress of the fermentation: an unorzanised ferme nt
enzyme, is one which is shed out from the cells, and then exe rts 1th
activity, Probably the chemical nature of the ferment is in the two
cases the same, or nmlh the same.

So far as we are acquainted with the nature of enzymes, they are
either identical with, or closely allied to, the proteids. If fermentation
be due to an enzyme-like body within the living cell, that body is of
the nature of I]\IIJ"' proteids like other I‘.IIIII["H!H tlu'\. are indiffusible,
and consequently are not discoverable outside the cell wall. ¢ Like all
living llllﬂ"“w their pr u]n*ltl:'% Iimmrr life are different from those after
death ; this re ulily accounts for the fact that, with a few exceptions,
they are not discoverable inside the cell wall after the cell has been
]\Iui.‘fI II} .1|u;lm]_ Flu- few {!::\_{,{"II-TH}IIH anre qu]mh]} those w |II&]1 LI
more robust, and withstand the action of aleohol better,”  In this way
does Hallilburton endeavour to e xplain the difference hetween organised
ferments and enzymes,  The explanation, unfortunately, does not cover
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the whaole ]u'nhln m. Even the more robust * ferments ¥ cannot he said
to have life in the qullLlH sense of the term when extracted }n. dilute
alecohol, and obtained in a state of perfect solution. Tmh]umlvnth of
any If"l".Hlf'-fm the enzymes are able to prosecute their funetions © hut
rt|lu'E1u|i{ fermentation cannot be induced by any substance contained
by the yeast cell, unless that cell be living., TIf the protoplasm of yeast,
be liberated by crushing the cells, such extracted protoplasm does not
cause fermentation. There is little doubt that fermentation does take
[I|=1.L[ within the cell, and is in some way caused by some property of
living proteid, dut it is an essential that the proteid be alive, and a part
of a J’IEHN orgamisy.  This much may be conceded, that probably the
living pmtt-nl acts in o more or less similar manner to an enzyime. In
view of this it is Illli"ll‘-u'[l'llf_',' to note the asreement vather than the
differences between the views promulgated by the illustrious sezants
Liebig and Pasteur ; but, after all, there is the broad line of demarea
tion—enzymosis is independent of living organisms, while “ fermentation
is essentially a corvelative phmmnwnun of a nml act, beginning and
ending with it.” The discussion of the nature of the vital act pro-
llu{'il‘lg fermentation does not l:li.‘-'ul:lﬂ.‘-il‘ of the fact of its l"'i”i-_'-' vital,

259. Definition of Fermentation. The particular action
produced by yeast on wort, and also on the sweet * must,” or expressed
Juice of the grape, was found on investigation to be but one of many
chemical actions which are associated with the life, growth, and
(l(".*vlnplnvnl_ of microscopic organisms.  Among these may he ¢1tw| the
souring of milk, also of wine into vinegar, and likewise the changes
occurring {Ill.l'lllr;_; putrefaction. Consequently the term fermentation is
no longer used in its original sense, as signifying a condition resulting
in a peculiar seething or hoiling appearance, but is applied to that
group of chemical changes which are, in Pasteur’s words, “ correlative
phenomena of vital acts beginning and ending with them.” Used in its
extended sense, fermentation may be deflned as a generic term
applied to that group of chemical changes which are con-
sequent on, and inseparable from, the life and development of
certain minute microscopic organisms.

In the chapter on the proteids, it was stated that putrefaction is
regarded as a species of fermentation : equaily, with the conversion of
maltose into aleohol by yeast, it is a change inseparable from living
orcanisms,  This of itself is a conclusive answer to Liebig's earlier
I}D-‘*iliﬁtl, that fermentation is a fh':'f}llzhl'l}' result of the spontaneous
decomposition of proteids, inasmuch as that, in the absence of minute
organisms, the decomposition of proteids does not occur: it is con
sequently not spontaneous, and therefore fermentation eannot be con-
sidered as a process dependent on spontaneous decomposition.

260. Modern Theory of Fermentation.—The following is a
short statement of this theory. Maltose, proteids, and other ferment-
able substances do not rh-mtupnm of themselves, even when subjected
to favourable conditions of moisture, warmth, &ec., provided that
fermenting organisms are rigorously excluded. These, on their intro-
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duction, thrive and multiply ; taking the nourishment rvequisite for
their development from the substance which is fermented

A special feature characteristic of fermentation is that the amount
of matter consumed and changed into other compounds is excessively
great, compared with the size and weight of the consuming organisms :
consequently a very few yeast globules decompose very many times their
weight of sugar, and produce a relatively large guantity of alcohol and
carbon dioxide. No very clear reason has as yet been given for this
characteristic of fermentation, Imt the most feasible and proballe
explanation is that the decomposition of sugar furnishes not only
material for the growth and development of cells, but also the heat
necessary for the continuance of yeast life. It is this double function
of sugar in fermentation which eauses the enormous consuimption of
that compound. Fermentation is thus seen to be like enzymosis in that
a small quantity of the active agent induces cheinical change in much
larger quantities of material ; but fermentation goes further, inasmuch
as the quantity of fermenting agent itself also increases during its
continuance,

In aleoholic fermentation then, yeast, in order to obtain heat and
nourishment, attacks glucose or maltose, and exeretes or voids carbon di-
oxide gas, alcohol, and small quantities of other bodies. The assimilative
power of yeast is limited to converting the sngar into these substances,
which then become, so far as it is coneerned, waste products. Other
organisms attack the proteids and produee butyrie acid and other com-
pounds. Each particular organism has its special products of fermentation.

261. Experimental Basis of Modern Theory. - It is scarcely
within the scope of the present work to trace step by step the nature of
the various researches which have led to the adoption of the theory just
explained.  Briefly stated, the first and most important point is that a
liquid free from ferment organisms or their germs does not underzo
fermentation. In proof of this point, liquids were placed in flasks or
tubes, the necks of which were tightly plugged with cotton wool.  The
liquids were then boiled for some time; the heat destroyed any organisms
that might have been present in the liquids or the wool.  As the flasks
cooled, the contained steam condensed ; ad air foreed its way through
the cotton wool, which acted as a filter and stopped off any germs that
might have been floating in the air. Hay and bLeef infusions, must,
wort, urine, and other liquids, on being treated in this manner, may be
kept for any length of time without undergoing fermentation or putre-
faction. That the resistance to fermentation is due to the absence of
fermenting organisis, and not to the liquids having been so changed by
boiling as to be untit for fermentation to proceed, is proved Ly adding
a small quantity of yeast or other ferment to the sterile liguid, when
fermentation sets in and proceeds vigorously. The chemical changes
that are produced depend on the nature of the ferment that has been
added. Yeast effects tlll’{Il'l'l:llllljtjﬁiliﬂll of sugar into alecohaol and carbon
(liﬂxidv, nth{.‘l' f{*I'HH.‘IltH DEH R T puirvffu-tiun, .'u||:1 r:-:'-u]l, in the t}'!rit'ilr
bodies characteristic of that change. While these actions are progressing,
the ferment is found to be developing and multiplying.  Further, if the
ferment used he pure, one :,.lwq_-iw,-; u:ml:,‘ of url-__::utiﬂju is found in the



152 THE SCIEXCE AXD ART OF BREAD-MAKINCG.

lquid,  Within any possible limits of observation no transformation
of one ferment into another oceurs: each belongs to a distinet and
separate race of vrganisms,  This statement does m:t deny the possibility
of the modification of species by means of a natural process of evolution.
There is, on the contrary, strong evidence in favour of the gradual
evolution of species in course of time.

262. Varieties of Fermentation. —Among the many changes
included under this term, the following are of importance in the eon-
sideration of our present subject :— Alecholie fermentation, resulting in
the production of aleohol and carbon dioxide ; lactie fermentation, in
which suFar is converted into lactic acid: acetous fermentation, in which
aleohol is transformed into acetic acid ; viscous or ropy. fermentation,
resulting in the production of mannite and different viscous bodies ;
and putrefactive fermentation, in which butyrie acid and a variety ﬂf
offensive products are formed.

ALCOIIOLIC FERMENTATION AND YEAST.

263. The nature of aleoholic fermentation has already been described.
FFor the sake of exactness, Pasteur’s definition of it is appended. * Al-
eoholie fermentation is that which sugar undergoes under the influence
of the ferment which bears the name of yeast or barm.” When the
word “fermentation” is employed without any qualifyving adjective,
aleoholic fermentation is always understood,

264. Substances susceptible of Alcoholic Fermentation.

Pre-eminent among these are the glucoses, which are directly split
up into aleohol and carbon dioxide, Most other sugars may also be
fermented ; bhut usually, as in the case of cane sugar, require first to be
hvdrolysed to glucose.  As already explained, this change is effected,
when yeast is added direct to ecane sugar. by the enzyme, invertase ;
which latter functions m:le-|wmlenth' of the cell itself, and therefore
the inversion of the sugar is separate and distinet from fermentation
proper.  Both diastase and invertase are without action u upon maltose ;
and, unlike cane sogar, maltose apparently undergoes no inversion
hefore fermentation, all the evidence pointing to the direct and complete
fermentability of this sugar.

Pure veast is incapable of producing fermentation in either starch
paste or dextrin ; neither ean albuminous ]Ii!d'i:i'ﬂJ whether of ‘I.'l.';_':i.‘t:lll]r-'.
or animal origin, be fermented.

265. Fermentation viewed as a Chemical Change.—The
conversion of glucose into aleohol and earbon dioxide may be repre-
sented very simply by the equation—

CH,. O, = 2CHHO + 32C0.
Giliieose, Aleohol, Carbon Dioxide,

In the case of the direct fermentation of maltose, the reaction is
somewhat more complicated, as simultaneously with the production of
aleohol and earbon dioxide, the yeast must induce the introduction of
the elements of a molecule of water, thus—

C.H0, + HO = 4CHHO + 2C0.,,

.‘LI';ult-J.-..;:, Water, Aleohol, Carbon IH{-'IEitll.',
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Taking the action on the glucose as the more simple of the two, the
equation given above does not, however, represent the whole of the
change, for 100 parts of =quan then would yield—

Aleohol, 51-11
Carbon Dioxide, 48-29
100-00

Pasteur cavefully ecollected the whole of the aleohol and earbon
dioxide produced h'.. fermentation of a definite weight of glucose, and
found that he only obtained—

Aleohol, 43-531 per cent,
Carbon Dioxide, 46-40 -
100 - 9491 = 509 parts of

elucose not transformed into aleohol and carbon dioxide.

The following hodies oceur as subsidiary products—glycerin, suecinic
acid ; propyl, ]JI]L_‘;-l and amyl alcohols ; acetic and butyric acids.  Of
Lh!::si-, the amount of glycerin and succinie acid produced have been
found to he—

Glyecerin, 300 per cent.
Succinic Acid, ... 1-13 =
4-13

This, therefore, leaves but 096 per cent. for the various higher
-limlmlw and the acetic and butyric acids ; and also for that p-urtmll of
the sugar that goes to help to Luild up fresh yeast cells,

Monoyer proposes the following equation as showing the production
of glycerin and succinic acid from glucose——

4CH.05 + 3HO = H,CHO, + 6CH,(HO), + 2C0, + O.

Glucose. Water, Buecinic Acid, Glyeerin. Carlwm Oxygen.
Dioxide

No free oxygen is, however, detected in fermentation ; any that may
be produced during tlm rif;*mnnpusltlun is probably used up by the yeast
cells for purposes uf respiration.

Pasteur claims that the glycerin and succinie acid, as well as the
alcohol and earbon dioxide, ave normal produects of aleoholic fermenta-
tion ; and further, that these bodies are produced from the sugar, and
not from the ferment. He also shows that a portion of the sugar goes
to help to build up the yeast globules. The quantities of "'I_‘!,H"'lll‘l ‘and
suceinic acid produced are not constant, but vary with the conditions
under which fermentation proceeds ; when the action is slow the pro-
portion of glycerin and suceinic acid to aleohol is higher than with
brisk and active fermentation.

srefeld, however, argues that glyeerin and suecinic acid are not pro-
ducts of alcoholic fermentation proper, but rather are pn,tlmlwrlm]
products arising out of the death of the yeast cells. The same view is
advanced in a more modernly expressed opinion that these bodies arve
due to the destructive metabolism ! of the cells.

! For an explanation of metabolism refer to Chapter X111, par 355.
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A small proportion of the carbohydrate, amounting to about | per
cent,, it assimilated by the veast and employed in its constructive
wetabolizm, being transformed into cellulose and fats

266 Chemical Composition of Yeast. When yeast has
beonn washed carefully o as to free it as far as possihle from foreign
watters, and then dried, it = found o have, acconding to Schivesbernger,
the following composition

Sartww  Selimestary

\ Newst. Nonsd.
Carbon, 35 464
Hydrogen, ... - " o4 82
Ntrogens, ... e 1§ 8- 5
Oxygen, .. e - o 307 34D
Ash (wmineral matter), i 5 24 34

HL ey 100
In addition to the above & number of other analyses might be gquoted,
showing that veast iz a body of somewhat vartable composition | mean-
while attention iz divected to the fact that yeast collected from the
bottean of the fermenting Hgaid contains less nitrogen and carbon than
does surface yeast.

Vartous attempts have beent mady 10 SOPATATe Yeast into its proximate
principles, and eetimate these : asa resalt 1t may be stated hat yeast
containg oue or wore bodies of the proteid type.  There are in addr
tion, also precent, cellulose and Satty matters  Payen gives the Rllow-
ing as the result of an analysiz of wodsture-free yeast =

Nitrogenous matter, ... 33
Qellulose (envelopesk ... e - +*DIT
Fatty matters, .. = >0
Mineral ., : 3R
Neugeli states that the proximate constitueats of & suuphe of yeast
examinad by him weee as follows The weast was & sedimestary ooe,
ccataining 3 per cent. of nitrogen —
Qelluloss, gum, snd oell wembraze, s 37 pee cent.
Peptones, ... : -
Extractives  (leuciuwe, cholesterin, dextrs,
glyverin, swovieic achdl ... S
4&&‘ - - - &

A sumple of distiller’s compressed yeust secendly examimad b
avthor gave the following resuits oo asalyss —

Progeads, o : . | 59
Fas, o . ! o o -2
Mimeral master, o . G
Water, ... 5 ! . 330
Qellulvee, &v. by difervnce, . i g 3

e
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The mineral matter of yveast is of great importance, and has been
made the subject of eareful analysis by Mitscherlich and others.  The
following table gives the composition of the ash of surface and sedi-
mentary yeasts by Mitscherlich, and of the surface yeast of pale ale by

Bull—

Burface Y. Bedimentary ¥,

b .. < Surface Y, of
Mitscherlieh. Pale Ale,
Phosphorie acid, P,O,, ... SRR 594 54T
Potash, K,0, 39-8 28-3 352
Soda, Na0, - - — 05
Magnesia, MgO, ... G-} 81 41
Lime, CaO, 1-0 4-3 45
Silica, 810, traces el
Iron Oxide, Fe,O,, - 0-6
Sulphuric acid, SO,, - —
Hydrochlorie acid, HCI, ... - — 0-1

Yeast ash is therefore composed principally of phosphorie acid and
potash : attention is directed to the similarity in composition between
the ash of yeast and that of wheat. The above acids and bases l:rl_ﬂ mlrl}'
exist in combination as the following salts 1 —

surl, Y, Bed, Y.
Potassium phosphates, 816 678
Magnesium phosphate, Mg (PO,)., 16-8 23-6
Calcium phosphate, Cay,(PO,),, 2 4 07

The potassium phosphate must be looked on as a mixture of the dihydric
phosphate, KH, PO, and the monohydric phesphate, K,HPO, The
f-:lr_mlrr of these phosphates contains 94 by weight of K,O to 142 of
P,0,; the latter contains 188 of K.O to 142 of P,0O,, The weight of
K,0O in the surface yeast ash is between that required to produce either
of these two potassium phosphates.  The composition of the potassium
phosphate of the r-;w.iixm-utm'}' yeast ash nearly agrees with the formula,

KH,PO,

267. Yeast as an Orga.nism.- -Viewed as an organism, yeast
may be said to be a plant of an exceedingly elementary structure ; it is
in fact one of the simplest plants known. In very minute forms of
life it is difficult to distinguish animals and vegetables from each other,
for with almost any definition that may be selected, one or two species
wander over the border line. One of the most marked differences
between the higher plants and animals is, that the former are able to
IlFl'i‘.'ﬂ tl](*il' sustenance f't“ulu E]!Inr;_{:u]ic wn]'nlju:r1_|::||:|.~-iF thl-il‘ carbon from
carbon dioxide, and their nitrogen from ammonia.  Animals, on the
contrary, can make no use of carbon or nitrogen for the purpose of
building up their tissues, unless these hodies are presented to them in
the form of organic compounds. Hence, in the economy of nature, it
will be found that while plants live and develop, as before stated, by
the assimilation of thé elements of carbon dioxide and amnnonia, animals
subsist either on veretable substances, or on the hodies of other animals,
Yeast is unable to assimilate carbon from inoreanic sources, but being
able to derive its nitrogenous nutriment from inorganic bodies, is placed
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in the vegetable kingdom. The chemieal changes produced during the
arowth of the higher plants vesult in the building up of complex com-
pounds from very simple ones: in the animal, complex bodies are
required as nourishment, and arve hroken down into simpler bodies, The
complexity herve rveferred to is that which may be measured Ly the
nuinber of atoms in the molecule of the ||mI:,': thus, water 15 a Very
simple compound, while starch has a most complex molecular strueture,
The chemical operations of plant-life may be summed up as consisting
of synthesis ; those of animal existence as analysis.  Tn order to eflect
the synthesis of plant compounds from the substances at the disposal of
vegetables, foree is required ; this they usually obtain in the form of
heat from the sun. The act of growth of a plant means, therefore, a
continual absorption of heat. On the other hand, animals, in taking
complex bodies and breaking them down into simpler ones, liberate
heat ; consequently, one result of animal life is that heat is continuously
being evolved.  Yeast, in this particular, partakes bhoth of the nature
of an animal as well as a plant. 1ts nitrogen may be obtained from
inorganic sources, but is more usually derived from suitable proteid
matter, such as peptones. On the other hand, the earbon of yveast is
taken from sugar with the breaking down of that hody into Hll'll]l].{"l
compounds, and the consequent Illwl ation of heat: therefore during
fermentation the temperature of the I|1|u1¢I rises considerably.  From a
chemical standpoint, yeast combines in itself the vegetable functions of
synthesis with the animal functions of analysis,

268. Botanic Position of Yeast. This organism belongs to
the family of Fungi.

Fungi.—The fungi are those plants which are destitute of chlorophyll
(the ordinary green colouring matter of grass, &c.). They reproduce
by buds and spores,

Spores.—Spores ave a variety of cell, and in all fungi the spores are
similar in essential |m1t|lf-. to the yeast ecell ; 1|nt~.1.|l]|~.lr|.1|:|n|1r that they
may vary considerably in appearance and lll" ails of structure.

f{t,‘rﬁm.— The spore, on heing sown in a suitable wedivm for its
crowth, throws out a long delicate stem of tubular structure, termed
a “hypha.” A group of these hyphwe constitute the fungus.

Myeeliwm.—One of the best typical examples nf a fungus is the
common green mould found on old hoots, bread, .un, &e.  This has
received the name Penicrllinm glawcwm.  On EMI.IJ'IUHH"" i t-.p:-q,mwn of
such mould from the top of a l"“ of jum for instance, its base is found
to consist of an interlaced 'fnr'l.‘.lh of ||:|.||]|,|- fﬂllnll];’ a more or less
compact web or skin on the jam. This layer of intermingled hyphae is
termed the “mycelium.” From its upper surface a number of hyphw
project into the air, each bearing a quantity of very fine green powder,
these are termed “ werial |l_‘l.|l|l.h‘ " On the lower surface again, other
hypha grow down root-like into the liquid, which supports the mould ;
these are the “submerged hyphae.”

Conidia.—Some of the wrial hyph:e terminate in short branches, each
of which is divided into a series of rounded spores which are only loosely
attached to the hypha, and so may easily be shaken off'; these spoves
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are termed *conidia.”  Each separate conidium, if sown in a suitable
liquid, develops a young fungus, which in its turn rapidly multiplies,

Sporangia.—Some of the fungi, as for instance that known as Muwcor
mucedo, have their hypha terminated in rounded heads ; each of these
is called a * sporangium.”

269. Varieties of Yeast. —The yeast fungi constitute the genus
Saccharomyces; they ave so named because they mostly live in saccharine
solutions, converting the sugar present into alecohol.  The saccharomyees
have no myeelium, and in common with the other fungi reproduce by
buds and spores. The genus saccharomyces comprises several species, a
detailed description of which will subsequently be given.

270. Nature of Yeast Cells.—The yveast organism consists of
cells, mostly round, or slightly oval, from 3 to 9 p in diameter ; the
cells may occur either singly or grouped together as colonies. It is
impossible to obtain any real knowledge of the physical structure of
yeast without a careful and systematic personal examination by the
microscope : it has been thought well, therefore, to arrange the following
¢ deseription iu such a form as to constitute a guide to actual yeast
examination.

FIGURE 8.-—Saccharomyces Cerevisia.

a, a bud-colony ; b, two spore-forming cetls (after Litrssen),

1. Take either a little brewers yeast, or bakers” compressed distillers’
yeast, and mix with some water until a milky tluid is produeed. By
means of a pointed glass vod, take a small drop of this Huid and place
1t on a clean microscopic slide, and gently cover with a cover glass,
Arrange the microscope in a vertical position, and proceed to examine
the yeast by means of a fairly high power (3 objective).  Notice that
the yeast consists of cells, of which measure a few by means of the eye-
piece micrometer, and observe that their dimensions agree with those
Just given. Each cell consists of a distinet wall or envelope, containing,
within, a mass of more or less selatinous matter devoid of organic
structure. The interior substance is named “protoplasm ;7 this term
l;reiug :Llrl:llii'lil to that ultimate form of organic matter of which the cells
"?f animals and Iilillll:‘-'- ire UUIII]I(}IH{:"IL The Ell'ill“llfil.‘illl of the yeast cell
15 not ]lumugt-n{-nu:i, but is always more or less distinetly granular,
Run in magenta solution under the cover-class, (This is readily done
by placing a drop of the solution in contact with one side of the cover
glass, and placing a strip of blotting paper on the other.)  Notice that
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the sac or envelope remains uncoloured, while the protoplasm stains com-
paratively deeply ; the vacuoles are unstained. One or more ecireular
spots ean usually be seen in yeast cells as obtained from a brewery ;
these are caused by the gelatinous matter moving toward the sides of
the cell, and leaving a l‘ﬂli]ll:ll':lii\'r]y empty space, containing nnl}'
watery cell-sap ; hence these spots are termed vacuoles, A specimen
of yeast is shown in Figure &

2. Remove the slide from the microscope, and burst a few of the cells
by placing a few folds of blotting paper on the cover-glass, and then
pressing sharply with the end of a pencil or rounded glass rod.  Again
examine under the microscope, note the empty sacs and the extruded
protoplasm, which does not readily mix with the water,

If practicable, try this experiment with yeast of various ages; very
old yeast cells break more ensily, and the protoplasm is more fluid, and
takes the colour more readily. By using the magenta stain in a dilute
form, old and dead cells may be differentiated from those which arve
healthy and vigorous—the latter remain unstained, or take up the stain
very slightly, while dead cells readily and quickly acquire a magenta
hue.

3. Take six clean cover-glasses and coat one side of each with a thin
layver of yveast, by painting on the mixture of yeast and water by means
of a camel’s hair brush, and set aside until thoroughly dry. The yeast
adheres firmly to the glass, showing that the outside of the cell-walls is
mucilaginous in character.

L Add a drvop of solution of iodine in potassium iodide to one of
these covers, let it stand five minutes, and then wash slightly in water,
and mount the cover-glass, yeast side downward, on a glass slide.  The
cell-wall stains slightly, and the protoplasm becomes dark brown; but
no blue colour is produced ; starch therefore is absent. As the cell
envelope is continuous, containing no apertures, the lodine solution
must have passed through its substance.

5. Similarly treat another cover preparation with iodine, and then,
without washing, add one or two drops of 70 per cent. sulphuric acid.
The cell-contents aequire a deeper brown stain, and the cell-walls become
brownish vellow, but do not show any blue colouration.

The cellulose of the walls of the cells of most higher plants acquire a
hlue colour with this treatment, showing the presence of a cellulose
allied to that of starch, but the cellulose of yeast, and of fungi generally,
is devoid of this property.

6. Treat the yeast on another cover-glass with solution of potash. The
protoplasm is dissolved, leaving nothing to he seen but empty cell-walls,

7. Treat another cover-glass preparation with a solution of osmic
acid.  Note that small, sharply defined, dark coloured bodies are seen.
Jorgensen regards these as cell-nuclei of the same nature as those
cenerally observed in the majority of plants without this treatment,
© 2. Break down a little yeast with water, and focus under the miecro-
scope, 50 as to observe distinetly the small ‘!J!"i};'ht-‘;{l'ihllllll.’ﬁ of fat within
the protoplasm of the cells.  Put a piece of blotting paper on one side
of the cover-glass, and run in at the other a few drops of ether from a
fine pipette—the fat granules dissolve and disappear.
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271, Life Histﬂl‘j?,—ﬂu examining under a mi:-r:munpu a sample
of skimmed yeast, as obtained from the brewer, it is found to consist
either of single cells, or cells joined together in pairs. Such yeast
having usually remained quiescent for some time, the cells rarvely occur
in large groups, because, with standing, they tend to separate from
each other. The granulations in the protoplasm, and also the vacuoles,
should be visible. On placing a very small quantity of this yeast in a
suitable liquid for its growth, as malt wort, at a temperature of about
30° C. (R6” F.), the cells, which at first were somewhat shrunken and
filled throughout with granular matter, increase in size from absorption
of the liquid in which they are placed. At the same time the granula-
tions becomes less distinet, and the whole cell assumes a more transparent
and distended appearance.

To observe this effect, mount a few cells on a microscopic slide with
warm malt wort, and keep under observation with the mMicroscope,
After a time the round yeast cells become slightly clongated through the
formation of a small protuberance at one end ; this grows more marked,
until shortly a neck is formed by a contraction of the cell wall. But
still, careful examination shows that there is a distinet opening through
this neck, the contents of the smaller portion being continuous with
those of the cell. As the growth continues, the strangulation at the
neck proceeds until the cell wall completely shuts off’ the protuberance,
which then constitutes a new or daughter cell, attached to the parent.
This operation is known as * budding.” The one parent cell is capable
of giving off several buds in sucecession ; but after a time its reproductive
energy is exhausted, and the cell breaks up. These daughter cells in
their turn give rise to other cells, and so the multiplication of yeast
globules proceeds with remarkable rapidity.

FIGURE Q. —Saccharomyces Cerevisie.

«t, High Yeast, at rest ; L, High ‘!'v::sh :nqu:il'l_-l_l.' bdding ; ¢, Low Yenst, at rest ;
d, Low Yeast, actively badding.
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Pasteur states that on one occasion he watched two cells for two
hours ; during that time they had wultiplied by budding into eight, in-
cluding the original pair of cells. At this stage, buds of every size may
be seen attached to the parent cells ; some are so small as to he scarcely
visible, while others are nearly as large as the parents.

With the progress of this "‘Ilml]h and development, sugar is being
decomposed, the liquid hecomes aleoholie, and its specitic ;.:lrult}

diminishes.  The brewer terms this t'lml]{__;t- “attenuation,” or a becom-
ing thinner.  Another reason for the use of this nameis that the liguid

becomes less viscous, from the conversion of the sirupy solution of mal-
tose into the highly mobile liquid, aleohol, Simultaneously with the
production of alcohol, carbon dioxide gas is evolved ; this rapidly rises to
the surface, and carries up with it the yeast cells, which float on the top
of the f:_-rtm:-*utlll;_; wort. Yeast now skimmed uﬂ is found to consist of
colonies of some scores of cells linked together ; the majority of these
are clear and almost transparent. Usually in the middle of each such
group, the old or parent cell can be recognised by its darker contour
and comparatively exhausted appearance.  As the quantity of sugar in
the liquid becomes less, the fermentation slackens, and finally ceases,
If the cells then be again examined under the microscope, llnj will
be found to have a firmer outline, and their contents will be more
granular.  In what may be termed old age of the yeast cell, the walls
}H:uun{- abnormally thick, and the ”I-tlLuLLtIOh'« very dense, T}H: yeast,
on being removed from the Fl'lnu:ntm” tun, is lhtmlh‘ set aside in store
vats ; on standing, it gradually assume atlu-appvm*mw deseribed on that
of the yeast used fur g plt:hn;rr " or starting the fermentation. The
quantity of yeast thus obtained is considerably in excess of that first
added to the malt wort.

In the moist state, yeast decomposes quickly ; hence if the store be
kept for any length uf titne, the cells I":’L]lll”:, alter in character. The
walls become l-.n’lt thin, and weak, and the interior protoplasm changes
from its normal gl.mu].u velatinous condition to a watery consistency.
After a time, if viewed with a high power, a distinct “ Brownian ”
movement is seen of particles suspended in the contents of the cell.
The particles may very possibly consist of minute fragments of cellulose
from the l"l].‘l.ill:h]]f"H After a time the walls also break down and all
traces of the yeast organism disappear. The normal bodies produced
by the decomposition of nitrogenous and proteid bodies may now b
detected in the liquid : putrefaction rapidly follows, with the production
of a most offensive odour.  Such is in broad outlines the life history of
a veast cell, when sown under normal conditions in malt wort.

Distillers’ }'vu!st putrefics much more readily than does that of the
heer brewer @ the hops used in the latter act as an antiseptic, and the
yenst I-utu-hf“-. much less readily.  Evidence of this is afforded in the
method employed for the preparation of invertase from brewers’ yeast.

High yeast produces a beer having a special and characteristic
fAavour, which distinguishes it at once from beer brewed with low yeast.

272. Influence of Temperature on Yeast Growth.  The
te m]n-mtun- most favourable to the Hmuih of yeast is from 25° C. to

30°C. (77 and 95" F.) Between l].ll“\t‘]l-ullllh veast lourishes and grows
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well ; at temperatures lower than 25° growth proceeds, but not so
apidly. At a temperaturve of about 9 C. (49-6° F.), the action of yeast
is arrested ; the vitality, however, of the cell is only suspended, not
destroyed, for with a higher temperature it again acquires the power of
inducing fermentation. Actual freezing does not destroy yeast, pro-
vided the cells do not get Invuh.unmlh ruptured or injured. Above
35° (., the effect of Ilt-.tt is to weaken the action of yeast, until at a
temperature of about 60° C. (140" F.), being that at which pro-
teid principles begin to coagulate, the yeast is th"-,’tln‘lrf'!i This applies
to moist yeast. When dry, the cells are able to stand higher tempera-
tures than when suffused with water ; thus, dried yeast has been heated
to 100" C. without destroying its vitality.

Although a temperature of from 25° to 35° C. conduces to the rapid
growth of yeast, yet there are other circumstances which render it
advizable to l_,ﬂl'lf:l'l.li_.t- actual brewing operations at a much lower tem-
perature.  In English breweries, a plt{,hln:r temperature of about from
18° to 19° C. (65" F.) is commonly vmpim ed : during the fermentation
the heat rises to from 21° to 22° C. (72" F.).

Faulkner states that a tun of pale ale, containing 200 barrels of 36
gallong, on being pitched with 600 1bs. of yeast at 14-5° C. (5817 F.) had
sufficiently attenuated in 46 hours, during which time the temperature
had risen to 22-2° C, (72° F.).

273. Substances Requisite for the Nutriment of Yeast.--
It has several times heen stated that sugar is required by yeast during
its growth : as veast cells likewise contain nitrogenous matter, and also
certain inorganic constituents, it is evident that nitrogen in some form,
and also the requisite mineral salts, must be supplied to the growing
yeast. Summing these up, yeast requires for its growth, sugar, nitro-
genous compounds, and appropriate inorganic matter,

274. Saccharine Matters. - These occupy the first and paramount
position, as being absolutely necessary for the production of alcoholic
fermentation. Pure yeast sown in a pure sugar solution causes it to
ferment ; but without the sugar neither aleohol is produced, nor carbon
dioxide evolved.  Malt wort, grape juice or “must,” and dough, all fer-
ment on the addition of yeast, because they all contain sugar. “It is
necessary indeed that sugar be present ; for, if we abstracted
by some means or other from the must or dough all the sugar
contained in it '[and also all substances capable, by the
addition of yeast to flour, of being converted into sugar],
without touching the other constituents, the addition of yeast
would produce no gas. Everything would remain quiet until
the moment when signs of a more or less advanced putrefac-
tion showed themselves.” (Pasteur). It should be mentioned
that yeast is also capable of inducing definite chemical changes in a few
other bodies: among these is malic aecid, which is broken up into
succinic and acetic ac ids, carbon dioxide, and water, 1t s nlso stated
that yeast decomposes glycerin into l:mp:mm and acetic acids; this

¥ The clause in brackets, [ |, 15 1nserted h:,' the anthor,
1)
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change has been denied by Roos and Brown.  As neither malic acid
nor glyeerin (in the free state) occur as constituents of flour, their
fermentation lies altogether outside the sCope of the present work.

Maltose and the glucoses, or sugars of the C.H 0, group, are the
only sugars capable of direet fermentation ; of these, dextrose is more
I‘t‘l{l]]\. decomposed by veast than is lievulose. The two being together
in the same solution, it is stated that the lievulose remains 111|ru,l,vd on
until the lllh-llll.ll"-ll:LllLE‘- of the whole of the dextrose. Certain other
sugars are capable of indirect fermentation by yeast ; among these are
cane sugar, which first, however, requires to be intlr‘nlnn-{l to glucose
by the action of the invertase or soluble diastasic ]_HH].'I.- \vuft,fﬂl ]H.' the
veast cell.  As already vx]rhum-d this preliminary diastasis can he
effected by veast water, that is, water with which yeast has been shaken
up, and then filtered in order to remove the whole of the yeast cells ;
such yeast water is, of course, totally incapable of setting up alcoholic
fermentation.

Yeast causes certain effeets, of which it is difficult to say whether
they are absolutely correlatives of vital acts, as on organism, or merely
results of diastasis. For practical purposes, it matters little to which
of these two classes of chemical action any specifie change produced by
yveast belongs; in such cases it is the action of yeast, as a whole, that
is of nnpml:mu&

sugar of milk is incapable of fermentation by yveast. Yeast alone is
also unable to ferment either starch paste or dextrin: these bodies
require some more powerful agent for their diastasis, such as malt
extract.  As mentioned in Chapter VI1IIL., veast, indirectly through its
action on the proteids of barley or wheaten flour, transforms starch
paste into dextrin and maltose, after which the yeast induces fermenta-
tion. ['lhTI‘-jt'illlt‘llllﬁ.' the two, veast and ]ll“llll."il;]‘-‘u in conjunction, are

capable of effecting changes w hich neither can separately produce.

[t almost goes without sayving that water is necessary for the develop-
ment of yeast, so I|-||1,IEF-'|tu is it that saccharine solutions containing over
35 per cent, of sugar are incapable of fermentation. Such a solution,
by outward osmose through the cell wall, deprives the yeast of its
normal proportion of water as a constituent.

9275. Nitrogenous Nutriment.-Yeast is capable of utilising,
during its growth, the nitrogen of ammoniacal salts (but not that of the
acid radical of nitrates); thus, a solution of pure sugar, mixed with
|-il_]||. * ammonium tartrate or nitrate, and certain non-nitrogenous
:mu_[.um_ ‘-,.I_ll_\-. 1ut|]|1t-. i }|l=.l|lin lit“ﬁt'll]llllll'lll of yeast. With the
tnu]i:plurmun of the yeast cells, the amount of prote id matters present
inereases ; therefore, In, the action of yeast, the ammonium compounds
are transformed into ]unie-ul bodies. -"'Litlmng_fh yeast thus acts on
ammoniom salts, organic nitrogenous compounds form a more suitable
nutriment ; among such substances, the soluble proteids of yeast itself
are especially se mwl on by yeast. Consequently, always supposing the
presence of the inorganic sults It'[illl!tl] by yveast, yeast water and sugar
form an admirable medium for its "lu“th anil lll""u.llil]:'llll.{'tll &0, oo
do natural saccharine juices, as “ must,” the juice of apples, pears, &e.
In addition to these, malt infusion must be mentioned.
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Albumin, whether from the white of eze or vegetable albumin, is
entirely untit for the nourishment of yeast. This fact is stated with
force by Pasteur, whose opinion is confirmed by that of Mayer, who
ascribes the inactivity of albumin, easein, and other similar Lodies, to
their highly colloid nature. The solution molecules of soluble proteids
of malt have such an appreciable volume, that filtration of the solution
through a thin porous earthenware diaphragm under slight pressure is
suflicient to prevent these hodies from ll;LE\'L-'."lll;_',' through into the filtrate
(Brown and Heron). It may then be readily understood that yeast
cell walls are impermeable to proteid bodies.  The compounds produced
by digestion of albumin and its congeners, the peptones, are much
more diffusible, and are eminently suited for affording the requisite
nitrogenous nutriment to yeast. Pepsin itself forms an admirable yeast
food.  Schiitzenberger considers it probable that must, malt wort, and
yeast water owe their power of nourishing the cells of yeast, not to the
proteid bodies, but to certain of their constituents that are analogous
to the peptones, and which have the property by osmose of passing
through the cell walls.

276. Mineral Matters necessary for the Growth of
Yeast.—For his experiments on yeast, Pasteur used yeast ash as the
source of his mineral matter. It is obvious that this substance may be
replaced by an artificial mixture of the salts contained therein. A
reference to Mitscherlich’s analyses of veast ash shows that the prin-
cipal ingredient is potassium phosphate ; together with this, there is
magnesium phosphate and small quantities of phosphate of caleium
Pasteur finds, when an unweighable quantity of yveast is sown in a solu-
tion of pure sugar and ammonium tartrate, that development of cells
and fermentation do not take place; the addition of yeast ash enables
both to oceur, Mayer endeavoured further to ascertain what salts are,
in particular, necessary among those present in the ash. Potassium
phosphate is absolutely indispensable ; neither sodium nor caleium phos-
phates are competent to replace it.  Magnesia is also of great value, if
not indispensable, to the development of yeast ; this base may be sup-
plied either as sulphate or phosphate.  Lime seems not to be absolutely
necessary to yeast growth,

277. Insufficiency of either Sugar or Nitrogenous Matter
only for the nutriment of Yeast.— Yeast is incapable of healthy
development in solutions of sugar alone. A limited growth occurs
when the quantity of yeast added is considerable, because, by a species
of cannibalism, the healthier and stronger cells survive and develop to
some extent by feeding on the nitrogenous and mineral matters obtained
from the others. ?\'t-m-r-:r-'.:lrif}', such growth must soon stop.  Yeast was
stated by Pasteur to multiply in a nitrogenous liquid, such as yeast
water, ©even when there was not a trace of sugar present, provided
always that atmoespherie oxygen is present in large quantities.”  Yeast
i:-”l-‘lh air to be under these conditions an absolute necessity,  Without
It no =|i"-'i*lulit|wI1L |rl'{JL'{'t-:|H, nor is there iwny but the .-L|jg_-;hl_|*5-;1 trace of
aleohol found ; carbon dioxide gas is evolved, being formed by direct
carbonisation of oxygen derived from the air.  But, for this change, it
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must be remembered that air is a necessity.  Assuming the correctness
of Pastewr’s views as to the growth of yeast hy the assimilation of
atmospheric oxygen, and Pﬂ]lh*.l.tiﬁn of earbon dioxide, it is necessary
to remember that the conversion of oxvgen into carbon dioxide cas
results in no change of volume ; this is clearly seen by reference to the
molecular equation—
0 & 0 = B0

Carlsm, Oxyoen, Carhon Dioxide.
Under ul'[]itlill‘}' conditions of fl*rl]_utul;ﬁ,tiu::, albumin does not evolve
aleohol or carbon dioxide gas,  Neither does pepsin when similarly
treated, although this body is well adapted as a nitrogenous food for
yeast.  Albumnin is also unacted on when its solution is first of all
mixed with a 21 per cent. solution of sodium chloride,

278. Behaviour of Free Oxygen on Yeast. As stated in
the preceding paragraph, Pasteur regarded atmospheric oxygen as
capable of acting as a substitute for sugar in the nutriment of yeast,
and accordingly he examined very L'ru'vtulh the general behaviour of
free oxygen and yeast to each other. In consequence, he developed
the following theory of fermentation, which until comparatively re-
l.:l’ill!:,’ has been ”NH-I‘.:,“:,' .u‘u-pti-nl

Pasteur states, as a vesult of experiment, that yeast grows hetter i
shallow than in deep vessels. As a result of some tli"lL"l]Il[]hLlllHIH
made, in which one sample of veast and a saccharine solution were
kept in an airfree flask, and another in a shallow vessel, by which
it was fr{_*lrl}f E","ﬁ.',ill_lﬁl‘[] to the Eltl]‘l{]ﬁ}‘l]lf'!'i'___ he tinds that the I‘ul'n]ml'timl of
yeast produced to the sugar consumed was much greater in the latter
than in the former instance. By dint of most careful experiment he
further finds, while a fermentable I|quut may be made to ferment out of
contact with air, yet in order that it shall do so it is essential that
yvoung and vigorous yeast cells shall he employed.  With older yeast the
fermentation proceeds more slowly, and with the ]ll:"ul].lltllﬂll of mal-
shaped cells, while a yeast still older is absolute ly incapable of repro-
duction in a liquid containing no free oxygen.  This is not due to the
yeast being dead, for on wrating the ]lflllll'L either with atmospheric air
Or OXYZen, h‘mwnl wtion pmu-s-qh apace.  Pasteur thervefore concluded
that under favourable circumstances yeast funections as a fungus ; that
is, it lives by direct absorption of oxyzen from the air, and the return
of earbon dioxide gas.  He consequently assumed the following relation-
ship between its life in free oxygen .uHE its life when submerged in a sugar
solution — Let some yeast be sown in a sample of malt wort, containing as
much oxygen as it can possibly dissolve | the yeast starts active grow vth,
and |,|,||.|,:H\, removes all the free oxygen from the i|1|l.11{i, afler which it
commences to attack the sugar, Duri ing this time, yeast will be living
not as a ferment but as a fungus, namely, by direct -l]hﬂli:llﬂll of oxygen,
Could each yeast ce 1 be aupplw:l with all the oxygen it requires in ‘the
free form, it is probable that it would not exert the slightest fermenta-
tive action ; it would, at the same time, zrow and t‘t}llnthln* active
healthy cells with great rapidity.  As soon as the whole of the air is
exhausted, the yeast attacks the sugar, and obtains its oxygen by the




FERMENTATION. 165

decomposition of that compound, and ordinary fermentation proceeds.
Consequently, yeast must be viewed as being capable of two distinet
wodes of existence, in free oxygen as a fungus ; when submerged in a
saccharine solution, as a ferment. Of the two the fungus life is the
easiest ; that is, yeast can perform its vital functions more readily
when it obtains its oxygen in the free state than when it has for that
purpose to effect the decomposition of large quantities of sugar. If
yeast be grown continuously in saccharine solutions, under conditions
which result in the rigid exclusion of air, fermentation becomes more
and more sluggish : the conditions of life are in fact more severe than
the yeast can stand, the struggle for existence is too acute, and its
vitality succumbs,  But if a sample of fermenting wort be taken at a
time when, although the sugar is far from exhausted, the fermentation
has become sluggish, and then thoroughly wrated by some means
which shall bring it into full contact with air, a remarkable change
ensues. At first the fermentation slackens, but the rate of growth of
yeast increases ; this is due to its living as a fungus on the dissolved
free oxygen. During this time it exerts little action as a ferment, hut
grows and accumulates vital energy.  After a while, the fermentation
proceeds much more vigorously than hefore the wration ; this is a neces-
sary result of the renewed energy and vitality of the yeast cells,

That oxygen is eapable of acting in some way as a stimulant to
fermentation was known to brewers long bLefore the announcement of
this theory by Pasteur, as they had found that by “ rousing ” (stirring)
tuns of wort that were fermenting sluggishly, the fermentation was in-
vigorated, The agitation following from this rousing wrated the wort,

To borrow his own words, Pasteur summed up his theory of fer-
mentation in the following terms :—* Fermentation by yeast is the
direct consequence of the processes of nutrition, assimilation, and life,
when these are carried on without the agency of free oxygen. |
Fermentation by means of yeast appears, therefore, to be essentially
connected with the property possessed by this minute cellular plant of
performing its respiratory functions, somehow or other, with oxygen
| existing combined in sugar, Tts fermentative power varies considerably

between two limits, fixed by the greatest and least possible access to
fres oxyzen which the plant has in the process of nutrition  If we
Supply it with a sufficient quantity of free oxygen for the necessities of
!lfr, nutrition, and respiratory combustions, in other words, if we cause
1% to live after the manner of a mould, properly so called, it ceases to
be a ferment: that 15, the ratio between the weight of the plant
1]{1\'vin]r(~:1 and that of the sugar decomposed, which forms its principal
food, is similar in amount to that in the case of fungi. On the other
hand, if we deprive the yeast of air entirely, or cause it to develop in a
ﬁr'_ltuhrl:'inl- medinm deprived of free oxyveen, it will multiply just as if
AUr were present, although with less activity, and under these cireum-
stances its fermentative character will be most marked ; under these
fircumstances, moreover, we shall find the greatest disproportion, all
other conditions being the same, bhetween the weight of yeast formed
and rl|u-. weight of sugar decomposed.  Lastly, if free nx_w."gvn oceur in
varymg quantities, the ferment power of the yeast may pass through all
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the degrees comprehended between the two extrene limits of which we
have spoken.”  According to this view, fermentation is a starvation
phenomenon, brounght aliout by the want of free oxygen during the life
o yeast u*"l-. 1m i’t*llm'ntrlhlt- ILI:|IIIII

279. Brown on Influence of Cxygen on Fermentation.
—In 1892, Adrian J. Brown contributed an important paper on this

Huh_j{u;'l to the Journal of the Chemical Hnrii"["'.‘, which paper necessitates
2 re-consideration of the theory of fermentation. In his experiments,
Brown employed the method of cownting the yeast cells in his various
solutions, Ir:,' means of the hwmatimeter, instead of geerfgfing the yeast,
15 had been done by Pasteur in his various researches.  This method
of working has the advantage that the results are capable of being
referred to the amount of eftect being produced by the action of an
unit cell.

srown’s first conelusions were that * when any fermentable nutritive
solution, such as malt wort, or a solution of dextrose in yeast water, is
inoculated with a hizh fermentation veast, and kept at a te I]Ill].ltltlt
favourable to veast growth, the cells reproduce themselves rapidly for
a time, and l_}u-u their re pifllhltilﬂil ceases, and that the fermentation
of the solution may still be carrvied on by the continued life of the cells
already formed.” Further, he found that with the same liquid, under
the smme conditions, the cells inerease to about the same maximum, no
matter how the nuwmber of cells intraduced to start the fermentation
may vary. In support of this view, the following experiment is quoted
—Two flasks, A and B, were taken, and in each 150 c.c. of the same
malt wort was placed, and then a different amount of the same yeast
added to each. The contents of the flasks were thoronghly :‘!Lr]tdh-ﬂ
and the cells counted by the hwmatimeter.  (The standard volume of
the instrument employed was | o of a cubic millimetre, ealled hereafter
“oEtandard 1;““”“.._-"} The Hasks A and B contamed respectively
093 and 744 cells per standard volume.  The flasks were kept at 25
C. until fermentation had completely ceased, when the cells were again
counted.  In flask A the number of cells per standard volume had
increased from 095 to 2524 : whereas 1n Hask B the increase was
from T-44 to 2708, The rate of increase differed widely, Lut the
ultimate number of cells produced was approximately the same,  From
these and a number of other similar experiments, the conclusion is
drawn that in such fermentations the number of veast cells increases
to some fixed maximum, irvespective of the number originally added to
induce fermentation.

The next point was to experiment hy adding more cells than this
maximum number, two similar flasks of malt wort were respectively
seeded with 6:0 and 708 cells of veast per standard volume.,  Fermenta-
tion was allowed to ]_.I]'qu-n-w'L and, at 1its close, 1n No. 1 Hask the cells
had inereased from 60 to 249, while in No. 2 they had decreased
from T0-8 to 632 cells.  In this experiment 240 cells may be regarded
as the maximum nwmber that the wort used would grow, consequently
with No 2 flask there 1s no inerease.  Brown regards the actual diminu
tion as duoe to the death and rlfr-iiI]lL':'_{l';ilinll of some of the eells, I
the second flask as well as the fivst, fermentation proceeded with great
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rapidity. Other experiments made yielded the same vesults ; therefore,
if a nutritive liquid be seeded with a considerably larger number of
yeast cells than the maximum number it is eapable of producing by
reproduction, fermentation proceeds, and a method is afforded of
studying fermentation without multiplication of yeast cells, Having,
throughout the experiment, the yeast a constant quantity evidently
eliminates many disturbing factors present when the quantity of yeast
1s variable,

Brown in the first place applied this method to the investication of
the action of oxygen on yeast. A malt wort of 1065 sp. gr. was taken,
and veast added to the extent of 85 eells per standard volume. 120
c.c. of this solution were poured into a flask, A, so as to nearly fill it ;
its mouth was then stopped in such a manner as to permit the escape
of earbon dioxide gas, but to prevent air gaining access to the solution.
120 c.e. of the same solution were also placed in another flask, B, of
about 1500 c.c. capacity, so that it simply formed a thin laver on the
bottom ; this flask was so arranged as to permit a eurrent of air being
drawn through the liquid. Both flasks were thus similar, except that
from the one air was excluded, while the contents of the other were
subjected to abundant wration. The fermentation was conducted at
19°, and, after the end of three hours, arrested by the addition of
salicylic acid.  The liquids were distilled, and the amount of alcohol
produced estimated from the specific gravity of the distillate. In A,
flask, without weration, 3:35 grams of aleohol had been formed : while in
B, through which a continuous eurrvent of air had been drawn, the aleohol
amounted to 3-56 grams. The number of yeast cells remained unaltered
at the close of the experiment, but slight attempts at abortive budding
were observable, particularly in the wrated flask.  Another experiment
was tried, in which the fermentable medium was a solution of dextrose
in yeast-water, which was seeded with 90 cells per standard volume.
At the end of three hours, fermentation was arrested, and the residnal
sugar in the solutions determined polarimetrieally. In A (unmrated)
196 grams of dextrose had been fermented : while in B (wrated) the
quantity of fermented dextrose was 2-32 erams,  In neither case was
there any sign of budding or enlargement of the cells,

In order to meet the objection that the mechanical effect of mration
might stimulate the action of the cells in the B flasks, the following
pairs of experiments were made in which the A flasks were subjected
to the action of currents of earbon choxide and !I}'th'ﬁ;_l;t'll t'E'Hi!l’{'TiTt'I}',
and at about the same rates as the air through the B Hasks., The
tollowing were the results :

“AY flask, with earbon dioxide passed, 3-09 grams of dextrose fermented,
Companion B flask, with aiv passed,  4-28

1! L]
AT flask, with hydrogen passied, 296 i -
Companion B flask, with air passed, 245 . .

In every case the most work is done in the presence of oxygen.

In all the ||!'{‘L'l'vr|i||;_;' l‘xI:r'T'iln-r-'ul:-'-, ns the COonsequence of the 1'Iri'|.'|]ﬁ:|.'-
ment of large quantities of veast, fermentation proceeded very rapidly ;
in order to wateh the results under slower conditions, experiments were
made with fermentation at a low temperature, 7° C. (44-6" 1), and



168 THE SCIENCE AND ART OF BREAD-MAKING.

were continued for 24 hours. Through A flask hydrogen had been
passed, and 4882 grams of dextrose had been fermented ; while in B
fHask, through which aiv had been passed, the quantity was 5289 grams.
During the 24 hours 190 litres of air had been passed through B flask.
In none of the preceding experiments was there any multiplication of
yeast.

These results are in striking contradiction to the views of Pasteur,
who affirms that in the presence of excess of oxvgen fermentation
practically ceases. Brown, on the contrary, finds uniformly that
in the presence of oxygen fermentation is more vigorous than
in its absence.

As Pasteur’s results were obtained by weighing yeast, Brown in one
experiment weighed as well as counted his yeast. At the commencement
there were in each flask 876 eells per standard volume, and in 100 c.c.
1-:303 grams of filtered, washed, and dried yeast.  Fermentation resulted
in the destruction of {J 20 grams of dextrose in the hydrogen flask, and
T-38 grams in the air flask, No increase in the numlwt* of -:-v]la had
m,uuw-_l, but the weights of yeast, treated as before, were respectively
from hydrogen tlask 2-130 grams, and air flask 2060 grams. In both
cases there is a slight inerease in weight, due probably to assimilation
by each individual cell, but in both cases at the finish of the fermenta-
tion we have almost exactly the same wweight of yeast, as well as the same
number of cells. Hence equal amounts of yeast, whether determined
by weighing or counting, ferment rather more sugar when supplied with
air than when deprived of it

Another important experiment proceeded on different lines. The
objeet was to determine the rate of multiplication of cells, and, at the
same time, the rapidity of fermentation. Six similar flasks of dextrose
in yeast-water were taken, and each seeded with (65 yeast cells per
standard volume.  All were allowed to ferment under similar conditions,
At intervals, one of the flasks was taken and the number of yeast cells
found, and the quantity of alcohol produced determined, with the
following results :—

o », . 7 s i, I
\ ¥ o' | D iz | B
| | |
Total | Grams of | Proportion
Time of commence ; Mean grams of | aleohol | of grams | |
ment of experiment, Number  number of t|UI-||II-| fonmd in | of aleolud Interval
and subsequent of vells cells found in | each per 1M c.e,| of time in |
determinations in fonnd in present | ) interval of ton | each
sepatite lasks, cach during |, qnlllmhl time in | single cell, experiment
eaperi- _each in 100 e, | 100 e, of | ineach in hours,
ek, interval | of the | the interval of
of time. | liguid, | liguid. time.
|IJ.-m. 9. 11 B 065 R (e |
o 10, 11 am. 487 276 | 0654 | 0654 | 0-237 12
o 10, 11 pou: | 12009 845 | 1933 | 1279 | U151 12 |
o 11, 11 A, | 1538 | 1370 | 2975 | 1042 | 0-076 12 |
w 12,11 am. | 15°88 | 1563 | 4237 | 1-262 | 0080 | 24 |
. 13,11 am | 15:80 | 1580 | 6-187 | 1-950 [ 0123 | 24 |
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It will be noticed that the number of cells increases rapidly in the
earlier stages of fermentation, and that also the proportion of aleohol
produced by each single cell is greatest during the first twelve hours,
This is contrary to general views that fermentation is slower during
the more rapid multiplication stage of the development of yeast,
an effect which was supposed to be a result of oxygen in the liquid,
which, while aiding the veproduction of the cells, at the same time
limited their fermentative power. Brown's experiments contradict this
theory.

In a further paper communicated to the Chemical Society in 1894,
A. J. Brown devotes himself to a eritical examination of Pasteur’s
theory ; of which criticism the following is a hrief outline :—Pasteur,
as previously explained, compared the fermentative power of yeast cells
under varying conditions of wration, and arrived at the conclusion that
when wration is perfect, fermentative power ceases, and when wration
is reduced, fermentative power increases. The type of experiment
used for this purpose was that of determining, under varying conditions
of wration, the proportion of the weight of the yeast formed to the
weight of sugar fermented. This ratio of yeast to sugar is, Pasteur
considers, an expression of fermentative power. 1f, as Pasteur argued,
the amount of yeast formed during fermentation were in direct pro-
portion to the sugar fermented, the ratio of yeast to sugar would re-
main constant, however much or little sugar were available, Brown
contends that his experiments show conclusively that such is not the
case, there heing no direct proportion between weight of yveast formed
and sugar fermented. In order to show that the total fermentative
power of yeast has not been measured in Pasteur's experiments, a
fermentation was carried on under wrobic conditions until the sugar
originally present was decomposed.  Afterwards, using the principle of
overcrowding as a means of preventing reproduction, the ecrowded cells
were fed with more sugar. Feeding was carried on at intervals until
three times the original weight of sugar had been thus fermented. but
no increase in the weight of yeast had occurred. In Brown's opinion,
Pasteur’s apparent deficiency in fermentative power was due to the
employment of a limited amount of sugar in the experiment.  Drown
objects to Pasteur’s wrobic experiments in shallow dishes, because they
were allowed to continue but a limited time, and therefore a #me
factor is introduced : further, cane-sugar was used as the fermentable
material, and consequently the results were complicated by the hydro-
lytic functions of the yeast having to precede fermentation,  Pasteur's
measure of fermentative power in the experiments referved to is an
expression of the action of the inversion and fermentative functions in
a limited #me. Brown concludes by submitting, in place of Pasteur’s
theory that fermentation is * life without air,” the hypothesis that
“yeast cells can use oxygen in the manner of ordinary
#robic fungi, and probably require it for the full completion
of their life-history ; but the exhibition of their fermentative
functions is independent of their environment with regard
to free oxygen.” Nothing in the results of any of Pasteur's experi-
ments are contradictory to such an hypothesis,
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230. Mal-Nutrition of Yeast. When yeast is deprived of a
normal proportion of each of the necessary constituents for its healthy
life, the vitality of the eells is thereby lessened.  One result of this is
that the cells tend to assume abnormal forms. Thus, when grown
without acceess of free oxXygen, 1|.'|-1.|.~4.I cells l-]u||1r,|,l_d-, and at times are
ohserved to he several times as long as broad (saus: e "']MI"'('!I} The
same peculiarity of outline may be noticed in veast that has been CIOWI
in sweetened water.  The reason may be that, with a defieient supply of
nutriment, each cell stretehes itself out, as it were, in order to expose
as great a surface as possible to the medium. It is well known that the
area of surface of a sphere 1s less in proportion to its eubical contents
than is that of a eylinder or of any other solid body., By offering a
areater surface to the liquid in which it is growing, the veast cell pre-
sumably 1s enabled to absorb a greater amount of nutriment. In
breweries where sugar is largely used as a substitute for malt the yeast
suffers from the low percentage of nitrogenous matters contained in the
wort : the result is that such yeast has little vitality and is soon ex-
hausted.

]_...l,.rfrl- lillri.'!l'l]"],f“-l of mineral salts al=o affect the HII'I.I]P of the yeasi
cell ; thus, the veast of Burton ale is oval (egg-shaped) in outline : the
Burton water is extremely hard, containing ealeium sulphate in large
quantities.

Badly nourished yeast, on examination, is usually found to have
abmormally thin and fragile cell walls, these being hroken by the
slightest pressure ; the contents of the cells are also thin and watery,
instead of full of healthy granulations of gelatinous protoplasm.

281. Sporular Reproduction of Yeast.—-In addition to the
budding process already deseribed, yeast also reproduces, when deprived
of all Ilnllt'j-'-hllli']‘lt In' the formation of *-'Emn"-'- within the cell. To
ohserve this effect, prepare tirst a hlock of |li1-|lt'l of Paris ]n tl.]-.ltl*"
some of the |mmh rapidly making 1t to a thin paste, and then
pouring same into a cardboard mould. Let it set, and then strip away
the eardboard,  Smear on the thin surface of the plaster a little prv:-aa-;wi
veast which has been previously washed in distilled water.  Place the
Woek with veast face upwards in a shallow dish, and pour in water
until its surface Ih_]llht a little helow that of the veast. Cover 1t over
with o glass shade to keep out dust, &c,, and stand in a warm place
(about 20--25° ().  Each day remove a little and examine under the
I.lllh.i‘l'i"'?l"il"" . .'1_t'[:-|' i f{'“' 1I;|.}':-i Seapnee 1If T.Ill" l'!'”"\-‘- “']'H hll.n\"-" lil‘]l.“'-i’l' TSRS ES
of protoplasm ageregated around from two to four ]minlﬂ These
eradually grow, and nt last oceupy the whole of the interior of the cell.
|||:-'|r hwnnn conted with eell e 'rnt-ln'[u e, and then constitute ASCOSPOTES,
The walls of the ascus or mother-cell after a time '|i!'~4l|'|“‘-l|, and the
]]]jm‘u,tqlll spores !rl'l‘fn]'lll the functions of _'l..‘l":l.'it, i!liltll'ih:_'{ fermentation,
anil |"‘§:'|""|'-|"i||_ﬂ '||1,, t||,|-;1|-di|1.-|'|'.\,' mode of buddine.  Amonge the con-
ditions necessary for spore formation are young and vigorous ciells,
t*:llll|rrLI-LlI\l albsence of nuatriment, anid a f;lil'l‘l.' warm  temperatare
The speed of spore formation is areatly influenced by the latter con-
dition: within certain limits increase of temperature qllhlu'ln the forma-
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tion of SPOTes. This is also termed llllliii}ilit'iltifrrl by endogenons divi-
sion.  Cells containing ascospores
are shown in Figure 10, which re-
presents the first stages of develop-
ment of the spores of S. Cererisice
I., after Hansen: a, &, ¢, &, ¢ con-
tain rudiments of spores, with the
walls not yet distinet ; £, ¢, 4, f are
completely developed spores with
distinet walls,

FIGURE I0.——ASCOSPIORLES.

282. Substances inimical to Alcoholic Fermentation.—
Dumas has earefully investigated the action of foreign substances on
aleoholic fermentation ; Schutzenberger quotes largely from his results ;
the following data obtained by Dumas are taken from the English trans
lation of Schutzenberger’s work. In the first place, a series may be
aiven of those bodies which retard, and when in suflicient quantity
absolutely arrest, fermentation. These include the mineral acids and
alkalies (phosphoric acid excepted), soluble silver, iron, copper, and
lead salts; free chlorine, bromine and iodine, alkaline sulphites, and
bisulphites of the alkaline earths, manganese peroxide; essences of
mustard, lemon, and turpentine ; tannin, carbolie acid (phenol), ereasote,
salicylic acid ; sugar in excess, aleohol when its strength is over 20 per
cent. ; and hydroeyanic and oxalic acids, even in small quantities.
Phosphorie and arsenious acids are inactive.  Sulphur has no effect on
ﬁ*l‘llwntnliuu, but the earbon dioxide JLH B evolved contains from one to
two per cent. of sulphuretted hydrogen.

As may be gathered from the statement of the chemical changes
produced by yeast, that substance gives always a more or less acid
reaction.  Dumas states that this acidity requirves, for its neatralisation,
alkali, equivalent to 0-003 grams of normal sulphurie aecid per gram of
veast. In his experiments he added various acids to yeast in proportions
of from one to a hundred times the normal acid of the yeast. In this
manner were determined the retarding or other action of the various
acids on fermentation.  Similar experiments were made with bases, and
also salts ; with the latter, saturated solutions were first made ; the yveast
was allowed to soak in these for three days, and then its fermenting
power tested h_\.' its action on pure sugar.  Dumas divided the salts into
four groups. First, those under whose influence the fermentation of
the sugar is entire, and more or less rapid ; second, those which permit
partial but more or less retarded fermentation ; third, those which per-
mit the sucar to be more or less changed, but without fermentation ;
fourth, those that prevent both change and fermentation.  Alun is
placed in the first of these classes, horax in the second, and sodinm
chlorvide (=alt) in the third. H1]':.'1']|]'|i!]d‘ has no effect on the ]Il'HtH'I‘til':—k
of Yeast. For a detailed account of Dumas’ rvesults the student is
referred to Schitzenberger's work.

283. Isclation of Yeast and other Organisms. — Asa pre
]-i'llil'lilt‘_‘n' to the Hh]ll_".‘ of varieties of yeast, it 1% :|||.<-:n|||h'f_'l.' necessary to
Just have some means of separating and  growing each variety in a
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state of absolute purity, Pasteur did an enormous amount of work in
this direction ; but the crucial point in all such investigations as these
is the purity or otherwise of the veast used to commence the experi-
went : in all Pasteur's researches he used an
apparatus which afforded most excellent means
for the prevention of the incursion of foreign
verms during his growth ; but he does not
sive us an absolutely certain method of ob-
taining a perfectly pure yeast to start with,
In Hasks of special construction, well known
as * Pasteur’s Flasks” (Figure 11), Pas-
teur introduces wort, then sterilises the same
by loeiling it, and afterwards sows therein
a small quantity of the veast he wishes to
cultivate in the pure state. The Pasteur's
Flasks have a long narrow neck, which, as
shown in the illustration, i1s bent twice on it-
self, the end being stopped with a plug of
FIG. 11 " rasTEUR’s  cotton wool. In 'uhhtmn there is a side
PR tubulure, stopped with india rubber tubing
and a glass plug.,  The wort is introduced through the side tube, and
when boiled the stenan eseapes 1|1|‘n|_|;,;}'| the bent tube, On rnﬁlill:‘,
the air which enters is sterilised by filtration through the cotton wool.
The yeast is sown during a momentary removal of the glass plug. On
the I.‘UII]l.Ill tion of this fe ‘mentation, a little of the new growth of yeast
is taken and transferred with all due precautions to a second Pasteur’s
Flask of sterilised wort, and there again fermented. The yeast was
grown in this way again and again, until the experimenter was of opinion
that the preponderating growth of the yeast would have crowded out of
existence any foreign germs.  To further aid in accomplishing this ohject,
Pasteur also introduced in his growth-tlasks some substances inimieal to
the organisms he wished to exclude, or else worked at a temperature
specially favourable to the ]n.util_uLu organism whose growth he desired
to favour. The yveast obtained in this manner he terms pure yeast ;
undoubtedly this may he possible, and in many experiments was 11:1-11111}11.'
the case ; but it is nevertheless only a pnhwllll]lh we have to deal with,
for the germs of foreign organisms may not be rveally dead, but only
present in smaller :il,:lulllit_}' and in o weaker condition.  More recent
investigators have deseribed methods by which it 1s possible to cultivate
and develop the growth of veast from one single isolated cell ; in this
manner giving the surest guarantee of the actual purity of the yeast
IrHJlIlIH'iI
A first step in this divection is the adoption of what is known as
“ Niweweli's Dilution Method,” which is based on diluting down the huluul
under examination until a single drop will, on the average, contain but
e ut“',|_||i=~.|r| This miay s v trlll!rllh}ll «l in the case of Vst 11\. llhltl"'
a drop of the mixture of yeast and water, diluting it down conside l.lllh
with water previously sterilised | y boiling, lltllli the number of cells
present in a q]n.'n can be counted under the wmier oscope.  1f these arve
estimated, for instance, to be about one hundred, then this liquid is
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further diluted to a hundred times its volume. Every precaution must
be taken to sterilise all vessels and liquids used in the operation. Each
drop of this ultimate dilution of yeast should contain one cell only.
Ten drops ave then placed in 20 c.e. of sterilised water, and thoroughly
agitated.  One e.c. is then placed in each of 20 separate flasks containing
culture fluid, which may, for example, be sterilised wort, The proba-
bility is that ten out of the twenty flasks will contain but one organism
only, the others remaining unimpregnated. But here again it is only
a balance of probabilities, and no certain inferences may be drawn.
Hansen proceeded a step further by showing that, if the inoculated
flasks are vigorously shaken, and then allowed to stand, the yeast cells
will sink to the bottom and attach themselves to the sides of the flask.
If more than one cell be present, the probabilities are that they will lie
on the bottom some distance apart.  After some days the flask is raised
carefully, and each yeast cell will be the centre of a small white speck
visible to the naked eye, and consisting of a colony of yeast. If only
one such speck be found, the flask contains a pure culture
from one cell only. Subsequent cultivation may proceed on the lines
laid down by Pasteur,

Koch, in his experiments on Pacteria (certain minute organisms to
be hereafter described), used specially prepared gelatin as a cultivating
medium. The material was mixed with water until it acquired such a
consistency as to set, when cold, into a jelly, which became fluid at a
temperature of 35° C.  Fora cultivation experiment some of the velatin
is melted, a few of the dacteria are taken out on the point of a needle
and added to the gelatin, They are then diffused by shaking up the
mixture, which is next poured out upon a flat surface properly protected.
After some hours, a separate and pure eulture is obtained from each
single daclerium present.  On taking a minute particle from one of these
little culture spots, and again sowing it in welating a single species of
bacterium was obtained, It was by experiments based on this principle,
but carried out with most specinl precantions, that Koch isolated and
exhaustively studied the *“ Comma Bacilins” of cholera, so inseparably
associated with his name.

Hansen modified this method for yeast culture, using, instead of
Koch’s nutrient gelatin (which consisted usually of meat broth and
gelatin), a mixture of hopped wort and gelatin. In a bright hopped
wort of about 1058 gravity is dissolved from 5—10 per eent. of gelatin,
the quantity being regulated so as to cause the mixture to “set” at
A0—35" C., being solid below, and liquid above those temperatures,
This mixture must, of course, he thoroughly sterilised.  Some of the
yeast which it is desired to cultivate is first diluted down by the
Nwegeli method until of a convenient degree of dilution,  This must be
ascertained by experience: a drop of this solution is next taken Ly
means of a sterilised piece of platinum wire, and transferred, wire and
all, to a flask containing some of the treated gelatin preparation.  This
is agitated, so as to to secure thorough mixture, but at the same time
the production of froth must be avoided. A drop of this gelatin is
taken out and examined microscopically to determine whether a sutlicient
number of yeast cells are present.  Should they be too erowded, the
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contents of the flask are diluted with more gelating if too few are
present, some more I1111==I‘ be taken from the H.Httullt.llljlurf tlask by
means of another piece of platinum wire, To cultivate l,}lf' yeast, a
modification of Koch's glass-plate, known as Bottcher's moist chamber,
is employed.

|

FIGURE [2Z —ROTITCHER'S MOIST CHAMBER,
a, Thin Cover.ghiss ; &, Layer of Nutritive Material ; e, Glass Ring ; o, Layver of Sterilised Water,

The chamber consists of a microscope slide, on which is cemented
the glass ring, ¢ the upper surface of which is ground flat. In use, a
small quantity of the gelatin and yeast, as pn-lmu-ll above, is placed on
the under side of the cover-glass.  The upper edge of the- glass ring is
smeared with vaseline, and a few drops of water placed in the bottom
of the chamber. The cover-glass and gelatin is placed on the ring and
gently pressed down, when the v lwll]u- makes a tight joint |ut'ﬁe-1l1
it and the chamber.  Each veast cell embedded in the zelatin can now
he subjected to microscopic exmmination, and any particular one kept
under observation. To do this, any of the devices in common use as
finders for any par ticular part of 4 microsc n]JIL Hllll'll. may L e Illll}f]‘ql'tl
but a very convenient one is Klonne and Miiller's marker, which
consists of an .Llr]-h.um- that can be screwed concentrically into the
screw of the microscope which carries the ohjective. The desired cell
15 hl‘ﬂll”"]‘ll imto the centre of the field : the objective is removed and
the marker substituted for it. By means of the focussing screw it is
lowered gently on to the cover, on which it marks a small ring encireling
the cell required to be kept under observation.  The cell is allowed to
develop until a visible colony is formed. DBy means of a sterilised piece
of platinum wire it is now picked off, and used to seed a prepared
culture solution in a Pasteur’s or other flask.  This operation of trans-
ference may be conducted in a dust free room in the open air, but
preferably in a small eupboard kept for the p urpose, the walls of which
have been moistened with glycering so as to maintain the interior as a
cerm-free space.  The apparatus, and the hands of the operator, are
introduced through a door just sufliciently large to provide for their
admission.  Large cultures are made, as ]H'hlll' by successive trans-
ferences to lareer flasks,

Hansen's exper iments on the effect on brewing, of spectlic var ieties of
yeast, were made with cultures obtained in this manner from sin ole cells.

284. (Classification of Yeasts.-— In classifying veasts as a
wenus of the fungi, they have received the following detinition, based
Upot that of Rees.

CLASSIFICATION OF THE GENUS SACCHAROMYCES.

Budding Fungt, mostly without a myce Jiwm, the individual --|wu: g of

which occeur w |l|1 cells of different form and size.  Under certain treat-
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ment, and sometimes alsy without any previous treatment, cell-nuelei
are seen.  Under certain conditions the cells develop endogenons spores ;
the germinating spores of most species grow to budding cells : in exece -
tional cases a }umu}'wl:um is first formed,  Number of spores 1 to 10,
most frequently 1 to 4. Under favourable conditions the cells secrete
a gelatinous network, in which they lie embedded.

The greater number of the species induce fermentation.

The following is a list of the more important species : —
{ ]llf:h Yeast.

Saccharomyces Cerepisie &
S e 4 Low Yeast.

4 Minor, ... Ferment of Leaven,
F L llipsotdeus, Ferment of Wine.
i LPastorianus.

285. Saccharomyces Cerevisiee, or Ordinary Yeast.— At
least two distinet varieties of ordin: ary yeast are known, to which the
names of “ High " and “ Low " yeast have been given, I'lln‘ former of
these is the common yeast of Llwlwh ale fermentation ; the other, that
of the well known “lager " beer of continental pmdmtum Strccharo-
myces niinor, a species of yeast found in leaven, is also possibly a sub-

variety of .. cerevisic, so, too, is the distillers’ yeast imported so largely
in this country from France, Holland, and Ger many, and sold as com-
pressed yeast.

2886, ngh Yeast, —This varie ty 1s so called because of 1ts ascend-
g to the top of the fermenting liquid during fermentation. It consists
of cells mostly round or hll"’]lth oval, from 8 to 9 pin diameter, and
answering ge m*huh to the ul{ﬂ-.ul]itmn of veast given in paragraphs
270 and 271.  Illustrations of Brewers' High ‘tf-rv-.i Distillers” Yeast,
and Bakers’ Patent Yeasts arve given in Plate 11, to which reference is
also made in Chapter XII.

287 LDW Yeaﬁt ""*NLiillll'nt-ll‘. yeast, or the “low ™ .1|1{tv af
saccharomyces cerevisie, is that used in the manufacture of lager beer.
In general properties it much resembles the high veast which Imh already
been studied. In form the cells are somewhat smaller: r, and also rather
more oval than those of normal high yeast; but differ very little in
‘i}ldlrr‘ from high yveast when grown, as at J_-mt:m in very hard waters.
Fizure &, IJ-lIrL“’l-L"']I 221, gives illustrations of low yeast,

288. Distinctions between High and Low Yeast. —Whereas
hl"} yeast rises to the surface of the liquid during fermentation, < low ”
yeast always falls to the hnlhun,:uni forms a sediment there ; }u ‘nee the
name “ sedimentar v & yeast, Brewing with low yieast 15 pe rformed at
much lower temperatures than with high ; thus, whereas with the latter
pitching temperatures of 20° or 21° C. (68° or T0° I .} are employed, the
lager beer brewer starts his fermentation at as low as 8° C, (477 F.), or
even 6° C. (43° F.) Working with this low te mperature, fermentation
proceeds much less rapidly than with high yeast ; growth and reproduc-
tion proceed more slowly, and the budding gives rise to less extensive
colonies of cells. As Pasteur .t|||t]'|,. deseribes it, low yveast when grow-
ing has a wmuch less ramified appearance.  (See Figure 9.) 1t is doubt-
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ful whether the term “low,” as applied to this yeast, has been given
from the lowness of the temperature emploved for fl'lll]FTl'F.-lt]HIl or
beeanse the veast always rIru|n-. to the bottom of the fermenting vat ;
hoth are characteristics of this v: n*h-tl} This yeast is further distin-
guished by its produecing an inferior variety of heer to the celebrated
product by high fermentation of English and Scotch breweries,

[t may be well to mention that ‘the low veast of lager bheer is wof
that which is being imported from the continent, and sold so largely
for bread-making purposes. As a matter of fact, low yveast is very
hadly suited for the fermentation of bread ; its action is extremely
slow, and results in the production of a heavy, sodden, and frequently
sour, loat.

289. Convertibility of High and Low Yeasts.—This has
been for many years a much-discussed problem both by brewers and
scientists, and 1s typical of the diseussions which arise on the general
question of the immutability or otherwise of the different yeast species
and varieties.  Students who appreach this subject with a previous
kl]uw]i-fi_t_fi' of the laws of the nl‘l'"'ih of '-‘-l'"'{'it"-‘. as a result of Lx-nlutirm, as
enunciated and demonstrated h‘-. Darwin, will be prepared to expect
from the general evidence of Irmlngv that not only high and low yeasts,
but also all forms and hp:mu-a of umfmmmms have had one common
origin, their diversities having heen produced by differences in environ-
ment extending over numberless generations.  When discussing, how-
ever, whether or not low and high yeast are convertible, and really
therefore of the same species, it is understood that the question refers
to convertibility during small amounts of time, not such lengthy periods
as are requisite for an actual evolution of distinet species.  Pasteur, at
an earlier period of his researches, considered the two yeasts to be con-
vertible, but as the result of later investigations, affirmed the two yeasts
to be distinet.  This belief is founded on experiments in which high
yeast was grown repeatedly at the lowest possible temperature, and ]nu
Tpd-,l_ at the temperature employed for high fermentation.  Supposing
the veasts to be pure at the comimencement of such an experiment, he
asserts that no transformation of the one variety into the other is
effected.  In this opinion he differs from many brewers, who state that
under such conditions the one veast is converted into the other.
Pasteur vives the following :-w]rLumtinu of the observed change : if the
high yveast had in it a few cells of low yeast as impurity, on being sown
and eaused to reproduce at a low temperature, the low yeast cells pre-
sent would thrive well, while the high yeast would languish. The
minute quantity of low yeast cells, nmlm--' the conditions tl".!llll:l.h].t" to
their crowth, develop ; and the others, through the conditions being
unfavourable, are after a time outnumbered and disappear.  The ¢ Imwft-
of low into h.-rl. yeast 1= f1~.|r1.11m:| as heing Just the converse of that
now deseribed.  The latest authoritative Hu tum on this subject is that
of Jurgensen, who, in 1515, asserts that, *“in \}uh- of many assertions
to the contrary, it has not hitherto been possible to bring about an
actual conversion of l,l;h'[1".{‘.l.‘-l into bottom 'H*I.'HT or ce persd. The
investigations of Hausen and Kihle show that it is certainly possible
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for a hottom fermentation yeast to produce transitory tap Sevmientation
p]u-nulm\ml: these, however, rlui.«-]..;ly fffﬁ?l[*]lt':u' with the progressive
development of the yeast.”

290. Distillers’ Yeast.—The yeasts employed Ly distillers for
the purpose of fermenting their worts ditfer in some most important
characteristics from ordinary brewers’ yeast. They ave, in the first place,
grown in un-hopped worts, as against the hopped worts of the hrewer,
In appearance they resemble low yeast more closely than the normal
brewers” high yeast, averaging slightly smaller in size, and forming less
extensive colonies. The yeast is less mueilaginous than that of the
brewer, and so does not form so sticky a mass. ‘The distillers’ yeasts
are invariably high yeasts, but are sharply separated from the brewers'
yeast by their eapacity for inducing a vigorous fermentation in dilute
mixtures of flour and water. If equal weights of brewers' and distillers’
yeast be sown in a solution of sugar in water, and fermented under the
sawe conditions, the brewers’ yeast will usually cause a slightly more
apid evolution of gas; but if, instead, a mixture of flour and water be
used, the distillers’ yeast will cause many times more gas to he evolved
than does that from the brewer. This difference does not seem to be
owing to the absence of sugar, for if to the flour and water sugar be
added in the same proportion as in the pure sugar solution, there is still
little or no more fermentation caused by the hrewers’ yeast. The prob-
able reason is the physical difference caused in the flour mixture by
the presence of the inert constituents of the tlour.

Jorgensen states that distillery yeasts exhibit marked differences in
their sedimentary forms, and in ascospore formation, to brewers’ yeasts,
Microscopic examination of compressed yeast, according to Bélohoubek,
indicates, in the following manner, alterations in the appearance of the
cells.  As decomposition sets in, the protoplasm becomes darker in
colour and more liquid ; the vacuoles hecome larger, and the sharp out.
line between them and the plasma gradually disappears: the plasma
shrinks from the cell-wall, and finally collects in irregular masses in the
cell-fluid. At times cells appear in pressed yeast, which suddenly
develop a number of small vacuoles; these abnormal vacuolar cells
-E-pEl‘[Ii]_}' lJl*I‘i:-;}j,

291. Saccharomyces Minor. This isa form of yeast deseribed
by Engel as being ohtained by him from leaven (a name given to old
dough). To obtain the ferment he washes a piece of leaven in the same
way as deseribed in a previous chapter for the separation of the gluten
of flour from its starch. The yveast cells pass through, and may  be
detected by microscopic examination of the liquid after the larger starch
cells have settled to the bottom. The cells of Saccharomyces minor ave
globular, occurring either isolated or in pairs or groups of three,  They
are about 6 mkms. in diameter and have an indistinet vacuole, In
Pasteur's fluid they reproduce but slowly, and form new cells of the
same dimensions as were the original.  They easily reproduce by sporu-
lation, the spores being about 3 mkwms, in diameter, and are united in
twos or threes.  They, on the whole, closely resemble the yeast of heer,
Although Engel treats saccharomyces minor as a distinet variety, the

N
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balance of evidence is in favour of its identity with S cerevdsie. Grove
considlers it to be but a form of that ferment. The lesser size and
activity may be attributed to its having Lunrmu.lll_y reproduced itself
in an unfavourable medium, such as tluu"h hence its stunted appear-
ance and slow growth, as compared with the more favou rably environed
yeast of beer.

Engel views this form of yeast as being the active ferment in the
fermentation of bread.  In this, of course, he is referring to continental
black bread, in the fermentation of which leaven is employed, this being
made by kneading together flour, bran, and water, and allowing the
mass to undergo spontaneous fermentation.

White bread fermented with either brewers’ or distillers’ yeast he-
longs to a totally different category.

-.u.hmm'm.'{'irw minor and other yeast varieties are illustrated in
P},I,trz iII.  The numbers following the multiplying sign give the
magnification in diameters.

292. Saccharomyces Ellipsoideus.—This is the unlin:u-y fer-

ment of vinous fermentation, that is, that by which *must,” or the
expressed juice of the grape, 1s mmnlwl into wine, The cells of this
variety of yeast are um,l, and about 6 mkms, long ; they reproduce both
by budding and spores. When grown in malt wort, they produce a
heer of a decided vinous flavour, which is sometimes made and sold as
“ barley wine."

293. Saccharomyces Pastorianus.—The cells of this variety
of yeast vary considerably in size ; they are eylindrical in ﬂlmpo with
oval ends, and appear when seen in colonies somewhat like strings of
sausages.  Budding oceurs at the joints, where groups of smaller :Lm”htv
cells may IJ('{Jllh{?‘HEil. these are first either round or slightly oval. The
|Im|fruu-11 cells are from 18 to 22 mkms long, and about 4 mkms. in
I|I.L'llll[‘tl'l the daughter cells are about 5 to 6 mkms. in length.
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FIGURE 13 —Saccharomyces Pasterianus.
t, The same more highly magnified (after asteur),
5. Pastorianus oceurs in the after-fermentation of wine and beer, and
also in bakers’ “ patent” yeasts, As it is found in English beers which
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have been keep for some time in store, cells of it ape pt‘nl::;hl_v more or
less present in all commercial English yeasts, DBeing a less active
variety than S. cerevisiee, it remains dormant while the first or principal
fermentation proceeds ; hut when the most of the sugar has disappenred,
the 5. pastortanus, being able to live and develop in a less nutritious
medium, grows and reproduces,  Brown and Morris point out that the
amyloins cannot be either fermented or |1}'||ru|}'.~=ml by ordinary yeast ;
but that S. pastorianus is capable of hydrolysing maltodextrin for itself,
thus giving rise to an apparent divect fermentation of that body.  This
will explain how this latter ferment thrives and reproduces in o
medium so deficient of sugar as not to permit the growth of Saclaromyces
cerevisice,

294. Saccharomyces Mycodarma, or Mycoderma, Vini.
Closely allied to the saccharomyces already described under the name
of yeast is this species, which belongs to the fungus family proper.
Saccharomyces mycoderma vequires for its growth and development free
oxygen, and belongs to Pasteur’s division of “wrobian ” plants.  Al-
though the fungi proper luxuriate rapidly when growing with free
access to air, yet they are speedily destroyed by enforced submergence
below the surface of a liquid. Sacckarontyees mycoderma oceurs on the
surface of wine, beer, and bakers’ yeasts, on their being exposed for
some days to the air, forming after a time a thick wrinkled skin or
mycelium ; in which state it is said to be mothery.”  The mycoderma
is known as that of wine (vini), or of beer (cerevisiw), according to the
liquid on which it appears. Viewed under the microscope, the myeelium
is found to consist of extending branches of elongated cells closely felted
or intertwined together. See
illustration on Plate 111, and
Figure 14 of Myeoderma  Cere-
@iste.  The individual cells are
either oval or eylindrical, with
rounded ends. They are about
6-7 mkms. long, and 2-3 mkms.
i diameter, The mycoderma ving
reproduces either hy budding or
by spores. The spore forming
cells attain a length of as much
< a8 20 mkms.  Home made or fer-
mented  ginger-beer readily per-

FIG, 14— Mycoderma Cerevisic. mits the growth of this particular

From Copenhiagen Breweries, II]{}HI:I; the so-called gill;_"‘l,‘i'-]ll'l'l'

plant being largely composed of Saccharomyces myeoderma. "articularly
In summer time, the growth of this fungus proceeds with extreme
celerity, the mycelium first formed being thrown into folds by its rapid
development ; at the same time considerable heat is produced.  Micro-
scopic examination shows that Mycoderma vini is very like yeast in
appearance ; for a long time it was supposed that the two were identical,
and that the mouldiness of beer was produced by the yeast cells ascend-
ing to the surface, and there developing as a fungoid growth., The two
organisms are, however, distinet species, and have not been transformed
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one into the other.  Mycoderma vini during its growth seizes ovygen
with great avidity, entirely preventing, during the period of its actual
life, the development of other organisms also requiring oxyeen, but en-
dowed with less vital energy. Pasteur states that on submerging this
mould during its actual growth into malt wort, or other saccharine
liquid, it for a short time causes fermentation, with the production of
small quantities of aleohol ; hut this action soon ceases with the early
death of the fungus. In addition to this limited fermentative action,
mycoderma vint acts on wines and beers as a somewhat powerful
oxidising agent ; it conveys the oxyzen of the air to the aleohol of the
liquid, causing its complete slow combustion into carbon dioxide and
water, and consequently rapidly lessening the aleoholie strength of the
medium.  Although wines and beers hecome sour simultaneously with
the development of mycoderma wing, the souring is not duoe to this
organism, but to another distinet growth,

The limited aleoholie fermentation produced by myeoderma vind leads
to its being classed among the saccharomyces.

205. Hansen on Analysis of Yeasts.- It is principally due
to the researches of Hansen that we arve able to classify yeasts into
species and races with such accuracy as is now possible.  The results
of his work have had such important effects on the brewing induostry,
and indivectly on that of bread-making, that the present work would
not be complete without some reference to these latest classical in-
vestigations.

Hansen's fundamental idea was that the shape, relative size, and
appearance of yeast cells, taken by themselves, were not sufficient to
characterise a species, since the same species under different external
conditions could assume very different forms.  Further, although, for
example, a microscopic tield of pure S. cererisie could be distinguished
by its appearance from pure S. pasforianes, yet in a-mixture of the two
it is not possible to distinguish individual ce ls of the one from those of
the other. 5. cerervsie forms at times sausage-shaped eells, while S,
pasfortanics oceurs to a certain extent as round or oval cells, Sowe
other method, then, than microscopic examination is necessary for their
differentiation.

296. Formation of Ascospores.—DBy investization of the
conditions under which different races of veast formed ascospores,
Hansen was enabled to arrive at a mode of analysis of yveasts. A de
500" 1||Im|t of the mode of proce dure by w hich ase OSPOTes are obtained
has already been given, but Hansen ascertained with more exactitude
the precise conditions necessary, and thus sums up his conclusions :—
The cells must be kept moist and we a plentiful supply of air; further,
to form spores they must be young and vigorous,  For most species a
temperature of 25° C. is the mes? favourable ; for all species this tem-
pe srature favours their deve |tr}|1|h nt. )

JI ilisen ti]l”lll tl]i ]”““4..\., of h}n!ll' formation to vary i1 liIH:I"I'l'!IH
,\-;III'L'i_l'H, .\‘31'\ :':.F:"'.H!.rf, J,-"J'F_'u"'i!.ﬂ .e'rH."H.h iJ'H.l" {-I'F.I'Ird'.'ﬁ'liijffir'l '-'l‘ll.llllhll'l Eltt“
spores in essentially the samme way. S, dedwwigir and S. anomalus have
each o separate and distinet mode of spore grow th.
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While all species form spores at 257, Hansen set himself to deter-
mine whether with different 511('(:';1'.'4 there was any iliterence in their
behaviour under varying conditions of temperature. In making ob-
servations, he registered the time when the cells first showed distinet
indications of spore formation. The limits of temperature for all species
are between from 05 to 3° C. and 375" C. At the highest temperature
all species develop first indieations in about 30 hours, and show very
little diference in time at 253" C. ; but with lower tf‘ll][ll ratures very
evident differences occurred. Hansen also found that there were
differences in anatomical structure of spores that could be utilised for
analytic purposes. In the so-called cultivated yeasts, S. cerevisice, em-
ploved for brewing, the spores have a distinet membrane, with non-
homogeneous granular contents and a definite vacuole.  In the case of
the so-called wild yeasts, the spore wall is frequently indistinet, the cell
contents homogeneous, and the vacuole absent.

Hansen II'.l‘nlI'HTI"'-ltE'li very closely the following six species of yeast,
particulars of which are furnished.

Hlustrations of the formation of ascospores are given in Plate 1V.

Saccharomyees cerevisie £, English top-fermentation yeast.  Ferments
dextrose and maltose very vigorously. Spores strongly refractive to
light, walls very distinct ; size, 2:5—6 p.

S. rastorianus 1., Bottom-fermentation yveast ; frequently oceurs in
the air of fi‘lllll‘]ltlll“' rooms ; imparts to heer a chuwl eeable bitter taste
and unpleasant urluur; can also produce turbidity and interfere with
clarification in fermenting vat.  Size of spores, 1:5—5 .

S. pastorianus 1. Feeble top-fermentation yeast; found in air of
I]tt‘“ eries ; apparently does not cause diseases in l_wm Size of spores,

lI'J‘.

.‘-. y.:ﬂmfmm; L11, Topfermentation yeast, one of the species which
produce 1east-furbidify in beer ; but in certain cases clarify opalescent
worts,  Size of spores, 2—5 p.

8. edlipsoidens 1., Bottom-fermentation yeast ; oceurs on #ife grapes.
Size of spores, 2—1 .

S, ellipsoidens 11, Usually hottom-fermentation yeast ; causes yeast
furbedity, more dangervous than S. rastorianus J71. ; also imparts a
sweetish, disagrecable, arcmatic taste to beer, and a bitter, astringent
afler-tas'e.  Size of spores, 25 p.

It will be noticed that Hansen sub-divides hoth S. pastorianis and
ellipsordens. He also sub-divides other ‘-.'lu'tll.“a into different races or
varieties., The leading ]mlllt-. of connection between temperaiture and
spore formation are given in the following table :—
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TEMPERATURE AND SPORE-FORMATION OF YEASTS.

| ZRaceh, Rnoeh, | Snech,

Most rapidd  develop-
ment. Tmulwrnmrv
of ... t S0 a7ThT | 26% | 25 | 25 29°

Most  rapid tlr-winp-'
ment. Time,inhours, |
of appearance of first

Sacch, Baech. t’ Bacch,

Cerev, I, | FPast. I. | Fast I1. | Past. I11.| Ellip. L |I-III!:;||_ I1.
- . a . I | | I -
Highest limit of de- | ! ' : f
velopment.  Tempe- | I |
rature of ... cew 310" 315°| 29° 29° | 325 35" |
' b
[

S — g g

indication of spores, | 20 24 | 25 28 2] 23 |

Time, in hours, of ap- | ' '

| pearance of first in- | - : :

dications at 15° C., | 110 | 50 | 48 48 | 45 62 |

] Lowest limitof develop- | 5 | {

ment, Tmnppr:u'm':- - | {

| ofven e cws | B ) B |05 | & b |
I .

- e —— — ——— - e ——

It will be seen that considerable differences exist between the various
yeasts in the particulars given. In addition, Hansen has also investi-
gated the conditions of filin formation and other properties which aid
in the task of yeast.differentiation.

297. Detection of * Wild " Yeasts.—In utilising spore forma-
tion, cultures are made at temperatures of 25 and 15° uwluvhwh the
Jatter being examined after three days—72 hours.  All the wild yeasts
will have commenzed to show indieations, while the eultivated yeast
will be free from them. When used practically for technical purposes,
this method is capable of detecting with certainty an adwmixture of 0-5
per cent. of a wilid yeast in an utlunnw pure culture.  For this and
other tests applied to yveast by Hansen's methods, it is essential that the
l"'“l'"”"*”"‘ trials of t}n- v 15t be LIIIITUI*IH s0 as to make the tests

comparat Ve,
298. Varieties of Cultivated Yeast.—Not only have distine

tions been drawn between eultivated and wild 'I..lﬂlhfh |n the methods
just deseribed, but also well-marked and distinet varie ties of cultivated
yeast have been grown.  Each of these possesses distinet characteristics,
and is valued for certain kinds of beer. Thus, Jorgensen, for practical
purposes, classifies dilferent races of yeast prepaved by pure culture
methods in his laboratory into the nllrmm-- Sroups :

A, —BOTTOM - FERMENTATION SPECIES.

I. Species which clarify very quickly and give a feeble ferment: Illllll
in the fermenting vessel ; the beer holds a strong head.  The beer,
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kept long, is liable to yeast-turbidity. Such yeasts are only suitable for
draught-beer.

2. Species which clarify fairly quickly and do not give a vigorous
fermentation ; the beer holds a strong head ; high foam ; yeast settles
to a firm layer in the fermenting vessel. va‘ not, ]m'ztmulmh stable
as regards yeast-turbidity, Yeasts are Hlut”lhle for draught-bheer, and
partly for L'wm* heer,

3. Species which clarify slowly and attenuate more strongly ; the
beer has a good taste and odour ; the yeast deposit is less firm in the
fermenting vessel.  Beer is very stable against yeast-turbidity. These
yeasts are suitable for lager beer, and Ls.pvum.ll_jr for export beers which
are not pasteurised or tIElt{‘ri. with antisepties.

B.——ToOP-FERMEXTATION SPECIES.

1. SBpecies which attenuate slightly and clarify quickly. The beer
has a sweet taste.

2. Species which attenuate strongly and eclarify quickly. Taste of
beer more pronounced.

3. Species which attenuate strongly, clarify slowly, and grive a normal
after-fermentation. The beer is stable against yeast-turbidity.

Hansen has isolated two yeast races from ordinary yeast, hoth of
which are employed in the Carlsherg breweries ; these are known as
Carlsberg No. I. and Carlsherg No. IT. Each has distinet mnpertlea
of its own ; thus, No. L. gives a , beer well adapted fm‘lmttlm_u[ containing
less carbon dioxide than No. IT., and possessing a lower degree of
attenuation ; well adapted for Immv use, No. 11, is principally culti-
vated for export, giving a good draught-beer containing more carbon
dioxide,

Passing for a moment the work of different investigators in review,
Pasteur freed yeasts from weeds or foreign vegetable growths of the
bacteria group. Hansen first eliminated wild yeasts as a fruit grower
might eliminate crab-apples and other wild fruits from his orchard.
],.},Hl.]:._r he has devoted his attention to the CrOw th of distinet breeds of
cultivated veast, each specialised for a particular type of beer.

In a less prominent degree much the same is being done for the
bakers. Yeasts are selected for their vigour and eapacity for fermenta-

tion, and these are cultivated to the exclusion of types ineapable of
yielding such excellent results.

EXPERIMENTAL WOLRK.

299. Substances produced by Alcoholic Fermentation.—
Prepare some ten or twelve ounces of malt wort, by mashing ground
malt in five times its weight in water ; and take its density |r:,' i h:l.‘fh'ﬂ-
meter,  To the wort add a small quantity of either brewer's or com-
pressed yeast, place it in a flask arranged with a cork and leading tube,
and set it in a warm place (30-—-35" C.).  Attach the leading tube to a
flask ﬂml.umn-f lime-w ater, so that any gas evolved ln‘r the \.1=.ht has to
bublle lhrnl_ltrll the Iuil_l]{] Noatice l;hrl,l, after o time ferme Ilt.illml serls
in, and that the yeast rises to the top; gas bubbles through the lime-
water and turns it wilky, thus =-.|un-.||w that carbon dioxide is being
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evolved. When the liql]ill Lecomes ul_lil-ﬂu-ut l_hruuLJ] the cessation of
fermentation, again take its density with the hydrometer, notice that
it is less than before ; return the liquid to the flask, and connect to a
Liebig's condenser :1.|14| distil ; notice that the first 1||"|;:I}5-1 of the distillate
have the appearance of tears, as deseribed in paragraph 91, Chapter I11.
Cease distilling when about one-tenth of the liquid has distilled over ;
notice that the distillate has an alcoholic or spirituous odour.  Test it
for alcohol by the iodoform reaction,

300. Microscopic Study.- Preceed with this on the lines of
paragraph 270.

Mount a trace of the yeast in a little warm malt wort, and examine
carefully : notice alteration in appearance of the yeast cells as they set
up fermentation : keep the microscope with slide in foeus for some time
in a warm place, and observe from time to time the changes as they
proceed.  Wateh specially for the development of budding, :Lllf.l 15 s00n
as any signs are detected wateh the cell at short intervals until the bud
has become L*nmplvtvlv detached from the parent cell.

Now a little yeast in a beaker in a small quantity of wort ; take out
a little and examine under the microscope a few hours later : examine
again on each suceessive day until some three or four days hrﬂt-l*l:lph't"ﬂ
since the fermentation has ceased. Note during the height of the fer-
mentation the colonies of cells, sketeh some of these : observe the clear
Uutli]l'_'.‘i H,]I[I tl'El][Z‘lPiLI'l‘]‘It l]r'{}t‘if]]:tﬁ”l ‘.]f tl]‘" ew l.'I‘l”Hu H K L‘[l].llllfl,thf:"f:l '“-'ith
the shrunken appearance of the parent cells.  As time proceeds, notice
the gradual alteration in appearance of the yeast, until at last the new
cells are similar in appearance to those originally sown.

Study sporular reproduction as directed in paragraph 281,
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CHAPTER X.

BACTERIAL AND PUTREFACTIVE FERMENTATIONS,

MOULDS,

301. Schizomycetes.—Grove defines the Sckizomycetes ov * split-
ting fungi” (Spaltpiize) as being unicellular plants, which multiply by
repeated subdivision, and also frequently reproduce themselves by spores,
which are formed endogenously.  They live, either isolated or combined
in various ways, in fluids and in living or dead organisms, in which
they produce decompositions and fermentations, but never alcoholic
fermentation.

Among these organisms arve included dacleria, bacilli, vibrios, &e.,
but comparatively few of these have an immediate bearing on the pre-
sent subject, and so the great majority need not here he deseribed.

FlG. 15 —GROWTH-FORMS OF BACTERIA.

@, Cocei ; b, Diplococe]l amd Sareina ; e, Streptoeoced 3 d, Zooglea ; e, Bacteria and Bacilli @ £,
{Clostridium ; o, Psendo-filament, Leptothris, Cladothrix; b, Vibrio, Spirillum. Spirochote, and
fEpiraling : ¢, Involution-forms : &, Bacilli and Spirilla, with cilin or flagella ; {, sSpore-forming

Irl Bacteria ; w, Germination of the Spore,

L il = ww . T 4 " - 5

Che difficulty of classifying the Sckisomycetes inereases with a more
dmnate acquaintance with these organisms, as investigation shows that
one and the same organism oceurs in varying forins under different
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conditions,  Some of the various growth-forms are illustrated in Figure
5. If, on the other hand, ,_mup:-fl according to the ehemical changes
they produce, then in many instances more than one organism is found
eapable of inducing the same chemical reaction.  For llw purposes of
the present work, it will be more convenient to accept provisionally a
classification according to chemical effects produeed.

The Schizomycetes possess the property of surrounding themselves with
a gelatinous substance, in which large eolonies of them mayv he seen
imbedded.  They are then said to be in the * Zooglea ” stage.

302. Bacteria.—These organisms consist of small cells, commonly
eylindrical in shape ; they increase by transverse divisions of cells, and
reproduce by sporulation.  Sacferia have a spontaneous power of move-
ment.

ORGANISME OF PUTREFACTION.

303. Bacterium Termo.—This is essentially the ferment of
putrefaction. It is present in air, and also in waters contaminated
with sewage. Hay, meat, or flour infusions, malt wort and other
liquids, on being l“\]‘lu‘iﬂtl to the atmosphere, become turbid, and are then
found on nummmpm examination to be densely erowded with dacterra.
The cells are oval in shape and about 1+5 to 2 mkms. in length : they
are constricted in the middle, giving them a sort of hour ;_:Ll?-h appear-
ance : at each end is an t-xtn-nwl:,' fine filament, termed a “ Fagelium,”
and sometimes a “ afiwm.”  This is probably the organ by which the
bacteriiem exerts its motile or moving power. For illustrations of this
and other Forms of Bacteria see Plate V.

This definite movement of the dacferiesn must not be confounded
with the simple oscillatory movement of small particles of matter when
suspended in a fluid.  This latter may be cbserved by rubbing up a
little gamboge in water, and microscopically examining a drop of the
liquid : the small solid particles are seen to be in a continual state of
motion,  This latter is termed the * Brownian 7 movement.

The spores of the dacteria, in common with most other of those of the
schizomycetes, nre extremely tenacious of life. They may be dried up
and exist in o dormant state for an indefinite time w Itllnut losing their
vitality ; for immediately on being again moistened and placed in a
suitable medimmn, they commence an ac tive existence and cause puotre-
faction. The dry spores are not destroyed by even boiling them for so
long as a quarter of an hour ; they are also not affected by weak acids.

304. Bacilli.— The word baciliies ]Ili'hl“"‘. means a stick or rod, and
15 .|]:p|||-|i to the organisms of this ENIE beeanse of their rod-like *-:.]'mpl
The cells are long and eylindrical 'HuE ocenr attached to each other, thus
forming rod-like filaments of considerable length.  There 1s little or no
constriction at the |nn|h which with low Inluw-.u:im powers are scarce ly
observable,  They increase }n splitting transver l-».l'|'l. and It*lliﬂl!ult' |\
spores.  Hacterra and bacilli ave closely allied genera, some species of
l]]f' one close I‘; s H!il-hl'l'l' "-Ill (8 (s irf ”IL" other. In t|1{‘ ver "|." !'.II'Irf b & “"!-
of dacteria the transverse divisions may be detected, while in the eqr nally
long eells of Aacd/if no traces of division ean he seen.  Bactl{r are some-
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times motile, but after a time pass into a condition of rest, or zoovgloea
stage. The long threads of daci/ii often assume a zig-zag or bent form .
and unless sulijected to very carveful examination, appear to be continu-
ous. Pasteur's filaments of turned heer ** consist of dacr//i”

305. Bacillus Subtilis.—This organism is alzo termed  Fidro
subtiles,” and is largely present in air. Owing to its being the pre-
dominant organism produced when an aqueous infusion of hay is ex-
posed to the air, it is frequently referred to as the bacillus of hay.
The cells are eylindrical, and grow to about 6 mkms. in length, and are
provided with a flagellum at either end. They usually occur adherent
to each other, forming long filaments, as shown in Plate V.

The term © widrio,” applied to certain forms of sekizomyeetes, is derived
from their appearing to have a wriggling or undulatory motion ; this
effect is illusory, being actually caused by their rotating on their long
axis.

An enlarged illustration of 5. subtidis is given in the following
figure, 16.

ey ——
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FIG. 16.—Bacillns Subtilis x 4000 (after Dallinger).

e

They increase by transverse division, and reproduce by spores,  As
the spore formation of B swbfilis has heen most carefully oliserved, a
deseription of its mode of reproduction will be of service as a type of
that of the schizomycetes generally,  In spore formation the ]hrnf.npi;l,s:miv
eontents of the cell acenmulate at the one end, eausing an enlarcement
there ; the rest of the cell after a time drops off and dies ; the mature
spore may then live for even years without losing its vitality ; and being
of extreme minuteness, these spores permeate the atmosphere, and ave
ever ready to germinate on finding a suitable medium.  In the act of
germination the spore splits its membrane open, and a new rod grows
and projects through the opening. The dry spores are extremely
tenacious of life, and withstand boiling for an hour in water without
losing their vitality. Some three or four consecutive boilings in a flask
plugged with cotton wool, with a few hours’ interval between, are
necessary to ensure sterilisation from this organism.

Various writers impute different specific fermentative actions to 1.
subtilis, but it is doubtful whether the prmhn_-l_iun of any l!:l,l‘li{‘lj]:ll'
chemical compound should he associated with it. It is essentially the
organism of putrefaction, and effects the decomposition hoth of nitro-
genous and carbonaceous bodies with the evolution of mal-odorous
gases. Both it and B. fermo ave stated to possess the power of pep-
tonising proteids, this operation being a preliminary to their further
conversion into leucin, tyrosin, and allied bodies. ‘

306. Diastasic Action of Bacteria.—This latter action is a
consequence of the property possessed by the dacferia of attacking pro-



188 THE SCIENCE AND ART OF BREAD-MAKING.

teid bodies and converting them into peptones  Wortmann has devoted
considerable attention to the investigation of the problem whether or
not lacteria have any action on starch : whether or nat, 'I.}- the secre-
tion of a starch-transforming substance similar to diastase, or in any
other but not clearly defined way, they are capable of transforming
starch into soluble and diffusible compounds. In order if possible to
obtain a solution of this problem, Wortmann experimented in the
following manner :—-

To about 20 or 25 c.c. of water a mixture of inorganie salts (sodium
chloride, magnesium sulphate, potassinum nitrate, and acid ammonium
phosphate, in equal proportions) was added to the extent of 1 per cent.
The same quantity of solid wheat-starch was next added, and the liquid
then inoculated with one or two drops of a strongly bacterial solution ;
shaken, corked, and allowed to remain in a room at a temperature of
18" to 22° C. (¢ Bacterium termo was the predominating organism in
the inoculating fluids employed.)  In from live to seven days, the fivst
Ei;.':llﬁ ﬂf U‘i]‘ll"l{'l'l'ill:_‘: l""'r’ﬂ].ﬁiﬂﬂl l_!f tll{_,‘ !H'.l:ll'l_'l], ;{I'ELI][[}I"& ]11“’1 ]:H,"_"ll'“"," '\'ihil_}i".
the larger grains being first attacked, and mueh later, when these had
almost completely disappeared, those of lesser size,

In a second series of experiments, soluble starch was substituted for
the solid form, the progress of the reaction Leing watehed by the aid of
wodine.  Samples taken from time to time exhibited at fivst the blue
colour, then violet or dark red, passing to wine red, and finally, when
the starch had disappeared, underwent no change.

Wheat-starch grains are found to be by faur the most readily attacked
by dacteria when compared with other varieties, in several experiments
having even completely disappeared before other sorts of starch were
attacked.  Of a number of starches, that of potatoes alone entirely
resisted attack.  When wheat-starch in the solid state was mixed with
starch solution or with starch paste, the solution beeame entirely (and
the paste in greater part) changed hefore any action occurred on the
solid granules.

With regard to this unequal power of resistance shown by different
kinds of starch, Wortmann concludes from his further observations that
the difference of rapidity with which a given kind is attacked and dis-
solved by a ferment is inversely proportional to its density, provided
always that the granules in question are entire and uninjured by cracks
or fissures.  In the same way are explained the differences in point of
time in which granules of the same kind are sometimes observed to
undergo change accordingly as they are intact or otherwise.

The eaunse of ]H}t;l,l_n.;-.-.[u,r-;-}h or of bean-starch, and even under certain
conditions, wheaten starch, resisting attack, in Hliiit-l‘ of the abundant
presence of dacteria, is apparvently to be sought for in the fact that
other more casily aceessible sources of earbon nutriment were also pre-
sent, certain Im:i:-iul constituents of the pnlutn :-'-Ht't‘ﬂ_. or of the beans
emploved affording this more readily than the starch granules, just as
in the experiments above cited, with wheaten starch solution and solid
wheaten starch, the former was }:l'i-ﬂ*t'{*llli;l”}' attacked ; lil!l}' after all,
or at least the chief portion, of the proteids present had Leen used up,
was the starch in these eases attacked.
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Another point was also established in the course of these experiments

that if air is excluded, no appearance of corrosion or solution of the
starch granules are manifested,

That the starch in the process became changed in part to glucose was
easily ascertained by testing with Fehling's solution, and a detailed
series of experiments, made with a view to eliminating if possible the
ferment itself, vielded evidence showing that dacteria possess the re-
markable property of producing a starch transforming ferment, only
when no source of carbon other than starch is at their disposal, and
this ferment is ineapable of changing albumin into peptone, just as in
the case of diastase. The results of Wortmann's researches may be
briefly recapitulated—

1. Bacteria ave capable of acting on starch, whether in the solid state,
as paste, or in solution, in a manner analogous to diastase,

2. As in the case of diastase, ditferent kinds of starch are attacked
by dacteria with different degrees of rapidity.

3. The action of dacteria on starch is manifested only in the absence
of other sources of carbon nutriment, and when access of air is not pre
vented.

4. The action of bacteria on starch is effected by a substance secreted
by them, and which, like diastase, is soluble in water. but precipitable
]J}' aleohol.

5. This substance acts precisely as diastase in changing starch into
a sugar capable of reducing cupric oxide, but is not possessed of pep-

tonising properties.

These results of Wortmann's are quoted at some lenath because of
their bearing on the action of dacteria in dough.,  One most important
point is, that the diastasic action of dacteria. or their secretions, only

 occurs in the absence of proteid matter, which is the substance most
specially suited for the development of these Organisms ; consequently,
with the exception of the transformation of sugar more or less into
lactic acid, the carbohydrates are unattacked by the schizomyeetes during
| normal dough fermentation. The dacteria cause move or less change in
| proteids, but exert no diastasic action. These proteid changes are, by
| the way, unaccompanied by any appreciable evolution of s,

It will be noticed that Wortmann expressly states that the dacteria
have no peptonising action ; while it is also as expressly stated that
they readily attack the proteids. He does not state what substances
he finds produced by this action. The opinion is, nevertheless, very

generally held that peptones are produced during changes which oceunr
during the fermentation of dough, and it has been supposed that the
\bacteria were the active agents. Thus, Peters deseribes a bacillus
pwhich he found among the organisms of leaven which POSSEsSes a
| Peptonising power.
307. Putrefactive Fermentation.— Putrefaction is that change
by which most organic bodies eontaining nitrogen in a proteid form are
first resolved into substances having a most putrid odour, and ultimately
Hinto inorganic products of oxidation.  Bacterium termo and B, subtilis
thave alrendy been mentioned as the principal organisms of putrefaction.
tPasteur divides the act of putrefaction into two distinet stages, which
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it will be well here to deseribe.  On exposing a putrescible liquid to the
air, there forms on the surfac2 a film composed of bacteria, &c.; these
completely exclude any oxygen from the liquid, by themselves rapidly
absorbing that gas.  Beneath, other more active organisms, which

Yasteur groups together under the name of * gibros,” act as ferments
on the proteid matters of the liquid, and decompose them into simpler
products ; these simpler produets are in their turn oxidised still further
by the surface dacteria.  Pasteur practically defines putrefaction, or
putrid fermentation, as fermentation without oxygen.

308. Action of Oxygen on Bacterial and Putrefactive
Ferments. —Pasteur deaws a hard and fast line between certain bacferia
which he affirms live in oxygen, and absolutely require it, and others to
which oxygen acts as a lluisun : to which latter elass he states that the
pifrios belong.  This name is used by him seemingly to refer to those
micro-organisms which are in active motion. Of the dacferie of the
first type, he mentions that if a drop full of these organisms be placed
on a glass shide, and examined with a microscope, there is soon a cessa-
tion of motion in the centre of the drop, while those bacferia nearest
the edges of the cover glass remain in active movement in consequence
of the supply of air.  On the other hand, if a drop of liguid containing
the gedrivs of putrefactive fermentation be studied in a similar way,
motion at ouee ceases at the edge of the cover glass ; and, gradually, from
the circumference to the centre, the penetration of atmospheric oxygen
arrests the vitality of the gwbrios.  Pasteur thus divides the bacteria
into an erofian and an anarobian variety ; the former require oxygen,
the latter find it a poison, and live and thrive best in its total absence,
In proof of this view he deseribes esperiments of a most careful charac-
ter made by him.

309. Conditions Inimical to Putrefaction. —First and fore-
most among these is the keeping out of the germs of putrefactive
ferments from the substance.  Meat and proteid bodies, generally, have
come to be ordinarvily viewed as very changeable substances, whereas in
the absence of germ life they are very stable bodies. Putrefaction is
the concomitant, not of death Lut of life. If animal Auids are drawn
off into sterilised vessels without aceess of air, 1.!:1'1.' i{t*l'll for an indefinite
length of time., Or the cerms may be I:ll:'ht'l'i.}_‘i'l.‘il II:..' heat, when patre-
scible substances also remain unchanged. This latter is the basis of
Appert’s methods for the preservation of animal substances.  These
methods consist of exposing the substances to a sufficiently high tem-
perature in hermetically sealed vessels ; or they may be heated in vessels
so arranged that air may escape, but that any re-enterving shall be freed
from bacterial germs either by passing through a red-hot tube, or by
being filtered through a thick layer of cotton-wool.

Tinned meats, milk, &e., are preserved on this principle of Appert's.

Putrefaction may be arrested |;:,’ intense cold, although even treezing
bacteria does not destroy their power of inducing putrefaction when
again warmed.  As a consequence of this .'!u'tiuI] :uf cold, meat when
I_J'|L11'1_IIIH']|1_}' frozen may he ]l[‘l,'hl'l"'.':"ll almost llldvlltlltl-l}'. The absence
of water is another preventative of putrefaction,  Vegetables and meat,
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if thoroughly desiceated, show, on keeping, no signs of putrefying.  In
the same way, veast, although in the moist state one of the most putre-
scible substances known, may, by being cavefully dried. be kept for
months, not merely without putrefying, but also without destroying the
life of the cell.

310. Products of Putrefaction. —These are exceedingly numer-
ous and complex, among them may be found volatile fatty acids, butyrie,
and other of the series ; ammonia, and some of the compound or substi-
tution ammonias ; ethylamine, trimethylamine, propylamine, &e. ; carbon
dioxide, sulphuretted hydrogen. hydrogen, and nitrogen.

LACTIC AND OTHER FERMENTATIONS.

311. Lactic Fermentation.  This is primarily the fermenta-
tion by means of which milk becomes sour. The chemical change is a
very simple one.  Milk contains the variety of sugar known as lactose
or sugar of milk, C,,H,0,. By hydrolysis, this splits up into two
molecules of a glucose called lactose, galactose, or lacto-glucose,
CsH 30, When subjected to the influence of the lactic ferment, lacto-
glucose is decomposed according to the following equation ;—

CH,0, = 2HCHO.

Lacto Glucose, Lactie Acid.
Ordinary glucose, and also cane-sugar and maltose, are susceptible of
the same transformation. From numerous recent researches, there is
evidence of a number of organisms which possess the power of produce-
ing lactic acid by the conversion of glucose. One or wore of these is
always found present in greater or less quantity in commercial veasts,
also on the surface of malt; in the latter case it may be detected by
washing a few of the grains in water, and then examining the liquid

o under the microscope. Its shape,
= - OO Lo according to Lister, when devel-
G -'m 7 oped in wilk, is shown in the
f}'ﬂ . aE "w"’ accompanying illustration,  When

g -~ _ viewed with a lower power in a
L 2= -— field of yeast, the lactic ferment
- ———

appears as small elongated ecells
FIG. 17.— Bacterinm Lactis % 1140 somewhat constricted in the midd]le
(after Lister).

]
generally detached, but occurring
sometimes in twos and threes ; their length is about half that of an or-
dinary yeast cell. When single they exhibit the Brownian movement.
Lactic fermentation proceeds most favourably at a temperature of
about 35° C., and is retarded and practically arrested at a temperature
which still permits the growth and development of the yeast organisim,
and consequent alcoholic fermentation. For this reason brewers always
take care to ferment their worts at a low temperature, thus preventing
the lactic ferment, which is always more or less present, from any
rapid development. The other bucterial and alljed ferments are also
Caffected in a similar manner by temperature. Dilute solutions of
carbolic and salicylic acids (and also hydrofluorie acid) greatly retard
lactic fermentation, while in such very weak solutions they have but little
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action on the yeast organism ; hence yeast is sometimes purified by heing
repeatedly grown in worts, to which small quantities of these acids have
been added.  The most favourable medium for lactie fermentation is a
saccharine solution rather more dilute than that used for eultivating
yveast, and containing proteids in an incipient stage of decomposition.
The analogy between this fermentation and the aleoholic is close,
because the two may lun:lm{ side hy side in the same liquid. The
presence of acid is inimical to lactic fermentation ; hence the fermenta-
tion arrests itself after a time by the :luwiu]mwnt of lactic acid :

provided this is neutralised from time to time by the addition of
carbonate of lime or magnesia, the fermentation ]rrnui-tl--. until the
whole of the sugar has f![‘*rllhl'l[":'tlt‘{l In a slightly acid liquid, as for
instance the juice of the grape, aleoholie fermentation proceeds almost
alone ; but with wort, which is much more nearly neutral (if made with
wood malt), laectic fermentation sets in with readiness, and consequently
has to be specially guarded against.  Some varieties of the lactie acid
ferment require air for their growth and development, while others are
amnerobic in their character.

In addition to its specific action on glucose, converting it into lactic
acid, the lactic ferment has other functions of importance in commereial
operations : thus, the presence of lactic ferment germs on malt result in
the formation of a little lactic acid during the mashing ; in distillers’
mashes this is found to be somewhat valuable, and is encouraced, as it
apparently helps to effect a more complete saccharification of the malt,
and consequently inereases the yield of aleohol. It also peptonises the
proteids, bringing them into a condition more adapted for the nutrition
of veast, Distillers, therefore, frequently allow their malts to develop
considerable acidity before using them, and give new mash tuns o
coating of sour milk before bringing them into use.  In bread-making,
by the Scoteh system, the presence of the lactic ferment is deemed tu
make better bread : either the ferment, or the lactic acid produced,
softens and renders the gluten of the Hour more elastic.

Hansen's methods have recently been r’l_'ll-]'r]]l'll to the ]:H'pll.ltlnu of
pure cultivations of lactic ferments, with the view of securing a more
satisfactory ac dddifieation of cream preparatory to its being made into
Lutter. Two distinet species have been isolated, which give ]lq'l.lllf‘lﬂ wly
favourable results in butter-making ; one of these is stated by Storeh
to give a pure and mild slightly sour taste, imparting at the same time
a very pure aroma to the cream and butter made therefrom.  There
are other lactic acid-forming bacterin, which, on the contrary, produce
diseases in milk ; thus, one species eauses the milk to become viscous at
the same time as it undergoes lactic fermentation. Further, certain
hacteria |“||||“ n L |_'|]u'..'l. h]-._!' !ld'l.nl!l mn h'l.'ltll. '\nl HI!Il\. ]tll."'u we have
a fermentation produeing lactic acid as {I!‘alllut from other acids, but
also there are differentiations in the character of the secondary pro-
Jduets formed at the same time as the lactie acid, and which secondary
products affeet most vitally the success or m‘.lwt wise of the ]mtwulu
process from its manufacturing standpoint. . [t is more than possible
that these variations in the nature of lactic fermentation itself may
have a direct bearing on the success of hread-making operations.
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Even at the risk of tautology, it must again be stated that lactic
fermentation cannot proceed without the intervention of one of the
organisms known as lactic ferments, and that the yeast organism per se
never produces the least trace of lactic aeid.

312. Butyric Fermentation.-—At the close of the lactic fer-
mentation of milk, the lactic acid or lactic salts, as the case may be,
seem to be acted on by ferment organisms and converted into butyrie
acid with the evolution of earbon dioxide and hydrogen—

2HCHO, = HCHO, + 200, + 2H,
Laectic Acid Butyrie Acid, Carbon Dioxide. Hydrogen,

Several species of dacteria arve capable of induecing butyric acid fer-
mentation. The most carefully examined among these is Clostridium
butyricum, known also as Vibrio butyricus, which oceurs in the form of
short or long rods, and is in shape and general appearance very similar
to 5. subtelis, differing, however, from 1:|11,t organism in that it contains
starch. In breweries and pressed yeast factories, butyric fermentation
is often caused by organisms of a]i,u”t ther different type to C. dutyricum.
This particular organism is anmrobic in character, but others of the
species producing hutnm acid are distinetly tolerant of oxygen. The
general conditions of Imt_', ric fermentation are similar to those of lactic
fermentation. A temperature of about 40° C. (104" F.) is specially
suitable ; the presence of acids is to be avoided ; or where butyric
fermentation is not wished, its prevention is more or less attained by
working at a lower temperature and with a shghtly acid ]iquirl How-
ever, with the fully developed organism, a slight acidity is unable to
prevent butyrie fermentation, A]tlmuirh hut}n{, fermentation is
usually plvm-th-d by lactie fermentation, “the butyric ferment is also
mprthlv of acting tllu'ctl_',' on sugar lt‘il’lf and also on starch, dextrin,
and even cellulose.

Tannin has a markedly prejudicial effect on the growth and develop-
ment of bacterial life, hence the addition of this substance, or any com-
pound containing it, to a fermenting liquid, exercises great preventive
action on the development of lactic and butyric fermentation. Hops
contain tannin as one of their constituents, and also the bitter prin-
ciples of the hop cause a hopped wort to be much less liable to lactic
fermentation than one unhopped. For a similar reason, bakers add
hUp‘-: to their patent yeast worts,

313. Acetic Fermentation. —Certain organisms effect the change
of wine and beer into vinegar. The reaction is one of oxidation of the
alcohol present : in the first place, aldehyde is formed, and then this body
is oxidised into acetic acid, ac cording to the following equations :

ICHHO + 0, = 20,HO + 2H,0
Alcohol, Oxygen. Aldehyde. Water.
9CHO + 0, = 2HCH,0,
Aldehy -.Ii., Oxyen, Acetic Aeid.

Pasteur deseribed under the name of Myeoderma aceli an organism
through whose agency aleohol is oxidised into acetic acid.  Hansen has
detected two distinet species under this name, distingnished by the one
staining yellow, and the other blue, with iodine solution.  Both possess

(]
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the same chemical properties, and in order to develop vigorously require
a plentiful supply of oxygen. They are, in faet, strictly mrobie. A
temperature of about 33° C. is the most favourable to the production
of acetic fermentation,  Bacterium aceti also converts propyl aleohol
into propionic acid, but is without action on either butyl aleohol or the
amyl aleohol of fermentation.

Bacterivm acedi forms a mycelium on the surface of liguids, possess-
ing a certain amount of tenacity : viewed under the microscope, this
mycelium 1s seen to consist of chains of cells, as shown in Plate V.

[n the substance known as *“mother of vinegar” or the vinegar
plant, long supposed to be identical with 5. aceti, A. J. Brown dis-
covered a separate organism, which, in addition to producing acetic
acid, is also marked by the property of causing the formation of
cl']hl]uw ; to this he has given the name of Bacterisem xylinmien.

Peters has discovered in extremely old and sour leaven an acetic
acid bacterium, distinet from those just described. The individuals
are about 1-6 p long, and 0-8 p broad, truncated at one end, and taper-
ing at the other. Interest attaches to the isolation of this specifie
organism, inasmuch as a small proportion of the acidity of bread is due
to acetic acid.

A temperature below 18° C. is almost inhibitory to the action of the
acetic acid ferment, while most antiseptics, and especially sulphur
dioxide, are exceedingly inimical to acetous fermentation.

314. Viscous Fermentation.— Viscous fermentation is that
variety which causes * ropy heer.” Pasteur supposed this to be due to
an organism consisting of globular cells of from 1-2 to 14 p in diameter,
adhering together in long chains.  Moritz and Morris, who have de-
voted particular attention to this subject, disagree with Pasteur’s views,
and ascribe ropiness principally to a fmmmll known as FPediococcus
cerevisie.  This organism occurs either in pairs of cells or tetrads (f.e.,
four cells arranged in the corners of a square), diameter of each cell
being 0°9—1-0 p.  These organisms arve similar in appearance to those
marked #, Figure 15, Beer, after having undergone this fermentation,
runs from tl};:'. tﬂ.]_‘l ill H tlail:]{ stream : and in very lyavcd Cases, |i1tlf".
when placed between the fingers, pulls out into strings.

A somewhat similar condition sometimes holds in bread, which then
is termed ropy bread ; it is pu:-'.:-;iljl_}' due to the same cause.

3]5‘ Diﬂease Ferments. —The ferments of lactic, viscous, and
other th.m aleoholic fermentation, ave frequently called  disease fer-
ments,” from their producing Im]u althy or diseased fermentations in
beer,

316. Spontaneous Fermentation.—In this country, alcoholic
fermentation is usually started by the addition of more or less yeast
from a previous brewing ; it was formerly the custom to allow the fer-
mentation to start of itself.  This is said still to be 11|"I.L'li~il'l! I some
parts of Belgium in the manufacture of a variety of beer, known as
“ Faro” beer. In manufacturing such beers, the vats of wort are
allowed to remain exposed to the air, and fermentation is excited hy
any germs of yeast that may find their way therein. 1t 15 possible that
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under such circumstances a wort may only be impregnated by yeast
germs, in which case pure aleoholic fermentation alone will be set up.
It is far more likely, however, that germs of lactic ferment and other
organisms will also get into the wort : consequently the beer will be
hard or sour, and also likely to speedily become unsound.  On the other
hand, grape juice is always allowed to ferment spontaneously, but then
this liquid is always distinetly acid, through the presence of potassium
bitartrate ; and acidity retards or prevents bacterial fermentation,

Bakers’ barms or patent yeasts are at times allowed to ferment
spontaneously ; they are then found to contain a large proportion of
foreign organisms, principally the lactic ferment. Except where very
special precautions are adopted, they are liable to be uncertain in their
action, and often produce sour bread,

But in all cases of so-called * spontaneous ™ fermentation it must be
remembered that the fermentation is due to the presence in the wort of
yeast cells or spores that either have been introduced along with the
malt and hops without being destroyed, or else have found their way
mto the wort from some external source, such as germs Hoating in the
air. It is also frequently possible that a sufficient quantity of yeast
remains about the fermenting vessel from the last brewing to again
start fermentation.

MOULDS AND FUNGOID GROWTIIS.

217. The nature of these has been already referred to in Chapter
IX., and the mould of beer, Mycoderma cerevisice, described and its pro-
perties explained.  The moulds are all of them members of the fungus
fumily. A few other varieties, because of their having more or less
connection with the subject of this work, require description,

318. Penicillium Glaucum.- This is the ordinary green mould
of bread, jam, &e. The hase of this consists of a myecelinm bearing both
submerged and aerial hyphw. The upper ends of the aerial hyph:e
terminate in a string of conidia or spores, which break off on the slightest
touch ; these constitute the green powder which gives this mould its
characteristic appearance. One of these spores, on being sown in an
appropriate medium, as hay infusion or Pasteur’s fluid, germinates and
produces a young penictilium. The conidia retain their vitality for a
long time, and from their extreme minuteness are readily carried about
by the air ; hence substances that offer a suitable medium for the arowth
and development of moulds, become impregnated on being exposed to
the atmosphere.

Under favourable cireumstances peniciliiwm developes with extreme
l'Fl[J'i{Hl_‘}' ; some few years sinee the barrack bread at Paris was attacked
by this fungus, a few hours was sufficient for its development, and the
mould was in active growth almost hefore the bread was ecold. Tt is
stated that the spores of this species are capable of withstanding the
heat of boiling water, so that the act of baking an infested flour would
not necessarily destroy the spoves.

319. Aspergillus Glaucus.—This is another mould very similar
to penicillium in appearance and colour, hut having at the ends of its
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hyphiae small globose bodies containing the spores ; these bodies heing
termed sporangia.

320. Mucor Mucedo.- This mould develops well on the surface
of fresh horse dung ; this substance, if kept warm, will be found after
two or three days mm-u-rl with white filaments, t]u-w being the hyphae,
and termining in rounded heads or sporangia,  In fmm M. miucedo
somew hat If.“il'lllljll“i- A. glawaes, but is distinguished from it by having
a whitish aspect, 4. glawcus being of a greenish colour,

321. Micrococcus FI‘Gdlg’lﬂBﬂF, This organism consists of
round or oval cells, from 0-1 to 1 mkm. diameter. These are at first
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FIG. 18, —Micrococcis Prodigiosus, Cohn x 1200 (from nature).

colourless, but gradually assume a blood-red tint : they grow on wheat
bread, starch paste, &e. A prodigiosus i:f. the cause of the appearance
kunown as blood rain oce uinn.u]h‘ seen on bread @ at times the growths
proceed so far as to produce dripping blood-red patches on the bread.

322. Red Spﬂtﬂ in Bread.- A phenomenon sometimes confused
with the effect of M. prodigiosus, but nevertheless quite distinet there
from, is that of intensely red-coloured spots in freshly baked bread.
These are so bright as to lead to the suspicion that concentrated
tincture of vnu:'iuumi or other powerful dye had by aceident got on to
the dough and been baked with it.  Fortun Lh'|‘+ for the baker, the
oceurrence of these spots is rare, and l’.nl‘:hl*flﬂ["l!l]] there arve few oppor
tunities of minutely investigating them. So far as the author’s experience
goes, the spots oceur most frequently in bread made from flour of the
very highest class, sach as Hungavian patents : he has also seen them
in bread econtaining a large admixture of Orvegon flours.  The spots in
bread do not inerease in size as the bread grows old, nor arve they
.|.|r|r||:-.'|11.1} associated with any ¢]|.1I'|'f‘u in its constituents : there are
no siens, in fact, of the colonration In ing due to the presence of any
living and wultiplying organism. It is exceedingly difticult to obtain
specimens of the colour spots in unbaked ‘:Inu-flu and only on one
accasion has such a specimen come into the hands of the author. In
that ease a small pateh of dough was sent him while absent from home,
and was only examined by him on his return after two days.  The
douzh had then oot i ah--ln dry skin on, but there were no signs of
any -vnmlll Or spre: u||r:-r i the dhll"]l so far, therefore, as any con-
,_|Lh|”|| may be drawn from this, it is against l]u- source of colour heing
any organism developing in the dough.,  Careful mieroscopic examina-
tion of coloured portions of the bread show in the fainter spots that
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while the starch is uncoloured, there is a red dyeing of the gluten. In
the larger and darker spots there may be sometimes seen by the naked
eye a nueleus, which is so dark in colour as to be almost black. On
breaking down a little of this nucleus with water, and examining
microscopically, the author has invariably found fragments of the outer
integument of the grain.  Among these have been detected portions of
the outside layer of bran, showing its characteristic markings, and also
hairs of the beard of the wheat, all of which are intensely coloured.
In one sample, only cursorily examined some years ago, a number of
filaments somewhat similar to cotton wool were observed, but not
identitied ; these, too, were coloured a very deep red. No signs of
fungus spores or other special organisms were observable, but spores
might possibly be crushed in the breaking down with water. The lack
of material for purposes of further examination has prevented the
author from carrying these investigations beyond this point, and such
tests as are here recorded were made some two years ago. The most
probable cause of the colour is its deposit on the outside of the grain
after its removal from the husk and prior to its being milled. It is
suggested as its possible source either some insect of the cochineal
species, or an intensely coloured microscopic vegetable growth, such as
a mould. These minute particles of outer bran carrying the colour on
the surface are sufficiently fine to pass through the dressing silks, and
s0 get into the flour. They would be so small as to be perfectly in-
visible in any ordinary examination by the naked eye. On heing
wetted the colour spreads and stains the surrounding gluten, hence
the colour in the dough, which remains also and is seen most distinetly
in the baked bread.

323. Musty and Mouldy Bread.—Mouldiness may be very
often noticed in bread which has been kept for a few days : at times a
loaf of one day’s production will remain quite sound, while another will
rapidly become mouldy, The “ Analyst 7 of October, 1885, contains an
article by Percy Smith, giving an account of some experiments made by
him on musty bread. The bread when new had no disagreeable taste,
but on the second day had become uneatable.  Smith made a servies of
experiments, anong which were the following :—

(@) Musty bread, one day old, soaked in water, enclosed between

watch ;_{]:u-u-;v:-;_

(¢) Flour from which the bread was made, similarly treated,

In six days g had begun to turn yellow, emitted a disagreeable odour,
and began to assume a moist cheesy consistency and appearance,  This
portion was found to be swarming with dacterra.  On &, mucor mucedo
grew in abundance; the flour ultimately dried up without further
change.

(¢} Sweet bread similarly treated.

.‘.’,'rf'f's':,;r':’r':r: olavwcus appears, but no wmucor, neither does the bread
]H‘L'HIIH‘! l"ﬂ‘:'ﬁ_}“ nor evolve uil[:l_u' of ||]l_l:¢.[:|.' biresud. The fn”tJ“‘iH.L;' arg
Smith's eonclusions based on these and other experiments,

“ Ordinary bread turns mouldy owing to the growth of A. glewcus,
J'['U.!ﬁ-t}' bread, on the other ]m.m]F }'il'illr-i hoth 4. glancus and M. mucedo,
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and then undergoes putrefactive decomposition, becoming the home of
pibriones and bacteria.  These orzanisms, of course, ean have nothing to
do with the mustiness; they only flourish because there is a suitable
nidus for their growth. It is, however, curious that the musty bread
should decay while the sweet bread should not, whilst the only apparent
difference between them is in the erowth of If nitcedn.  The suspec ‘ted
Hour produces an abundant erop of mucor, but does not decay. This is
no doubt due to the fact that starch is not so suitable a nidus as is
dextrin for dacteria.  Perfectly pure flour failed to decompose when
kept between watch glasses, but when placed in a damp cellar readily
beeame musty, and produced a erop of M. muceds.” He further con-
cludes that this fungus is the eause of the mustiness in the cases cited,
although other speecies may possess similar properties.  Smith is of
nlmnun that of the musty hread and flour supplied to him the following
is the history :—* The flour was stored in a damp place, L.numughm_r_:mrl
growth : to avert decomposition, the flowr 1woas then baked.” (This idea
occurred through the flour having a dark colour, as though charved.)
When the bread was baked, the assimilation of moisture regenerated
the fungus, thus cansing the bread to become musty, for which result it
is not necessary for tlw plant to arrive at maturity ; the disagreeable
taste being llr-wllr]mtl as soon as flocel are visible unrhl the |I1|{‘I[}-.{'n|u.'
Mucor has apparently a specific chemical action on bread that is not
possessed by Aspergillus glavcus.

The h;LLmrr of the Iinlil' seems rather a pec culiar treatment, sinee any
h!_l-._mnr that “uu'[[l luudur*[- r:|.':|1;t|11n"' like charring in the flour ‘nmlli
v:mwlu destroy its gluten, and consequent |iull'rhln1" properties. It is
more ];:uimh]r “that the flour was ulmph of an ex mlmlll!rrh low crade.

Hebebrand has recently published the results of some investigations
on mouldy bread. He infected some samples of rye bread from mouldy
bread, the organisms being chiefly Peaicifiium glawcwm and Mucor
mucedo.  These were kept for periods of seven and fourteen days, and
similar r.llll]rl{"-. at once dried for smrlh sis, The resalts showed that the
mould caused a considerable loss of substance, carbohydrate heing con-
verted into water and earbon dioxide.  There was nnh a slicht loss of
prote qdds, but the loss of ear |'|1:||]'||.I|I:!.ll| s caused the peres I1Ll"‘l' of prote dels
to appear much higher in the lln substance of the mouldy bread.  The
decomposed proteid was converted into amides, The h-lhmm*' nm
bers show the pereentage ._u:ni:m:ltmll. (1) of dried fresh bread, and (2)
of the dried mouldy bread :—

XNo. L. Mo 2,

Proteid, Insoluble, ... 973 per cent. 977 per cent.
o Soluble, 192 - a1H -
Maltose, 1-54 5 050 -
Dextrin, : 802 i 11-56 -
Starch, ves 107D i 6352 s
Fat, ... e Brle £ 211 <
Ash, ... 144 & 2-41 s
Crude Filwe, ... o 005 o 247 -

394. Diseases of Cereals.  Certain digenses to which the ceveal
plants are subject are due to parasitic fungoid growths. Among these
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are mildew, smut, bunt, and ergot. Their nature may l.rif-lI:; be con-
sidered at this stage of our work.

325. Mildew.—To the farmer this blight is unhappily too familiar ;
if a wheat field be examined in May or June, a greater or less number
of the plants will appear as though some of the lower leaves had become
rusty ; at the same time the leaves are sickly and atrophied. Jm the
disease dev elops, the number of rusty leaves increases ; the ** rust ” itself
will be found on examination to consist of the spores of a fungus, known
as the Puccinia graminis or corn mildew. The mycelium pene t'!*.lfl"H the
tissues of the leaves, occupying the intercellular spaces, and thus gradu-
ally destroys them, with the effect of seriously injuring and reducing
the corn crop.

326. Smut.-—This disease is also know as “dust brand,” ¢ chimney
sweeper,” and by other names all referring to the black appearances of
ears of grain infested by it.  When the grain is nearly ripe, there will
be noticed here and there in a wheat field shrivelled looking ears, which
look as though covered with soot. Smut is due to a fungus w hich has
received the name of Ustilago segetum.  The fungus develops within the
seeds, destroying the contents of the grain, and replacing them by a
mass of spores which appear as a fine brownish black powder. Smut is
a very destructive parasite, and attacks barley, oats, and rye, and also,
although to a somewhat lesser extent, wheat. Viewed microscopically,
the spores of {7 segetouem are found to be spherical, and to have a diameter
of about 8 mkms. ; their appearance is shown in the following figure ;

FliG, 19.—a, SMUT, £, BUNT = 400 diameters.

327. Bunt or Stink_ing Rust.—Unlike smut, bunt produces no

texternal signs of its presence in a wheat field : there is no sooty appear-

jance of the ear, nor any rust ahove the leaves. It is not until the
' wheat is threshed from the straw that the bunted grains are discovered
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in the sample.  Externally, these grains are plumper than those which
are sound ; but on their being broken, the interior, instead of being
white and flourlike, is found to be filled with a black powder, having a
greasy feel when rubbed between the fingers, and a most fetid and
unpleasant odour. This dust consists of the spores of a fungus termed
Tilietea caries, mixed with portions of its mycelium. The spores are
much larger than those of smut, and, viewed under the microscope,
appear as shown in Fig. 19 : they are about 17 mkms. in diameter,

The presence of bunt is said not to affect the wholesomeness of lour ;
it is stated that bunted flour is at times made up into gingerbread ; the
other condiments used masking its colour and odour. With the ex-
treme care manifested in modern systems of milling, it is improbable
that bunt often finds its way into the flour.

328. Ergot.—This disease is almost exclusively confined to rye;
like bunt and smut, ergot is due to a fungus which develops within the
grain, filling its interior with a compact mass of mycelium and spores.
and altering the starch cells by replacing the amylose with a peculiar
oily matter. This fungus is termed Oidiwm abortifaciens. The ergo-
tised grains are violet-brown or black in colour, moderately brittle ; and
when in quantity evolve a peculiar nauseous I|~:~}n odour, due to the pres-
ence of tnmf-th} lamine. Ergot possesses powerful medicinal effects, and
when taken in anything over medicinal doses, acts as a violent poison,
The presence of ergot in flour is therefore extremely dangerous,

Chemieal tests for the detection of ergot and moulds will be given in
the analytic section of this work.

EXPERIMENTAL WORLK,

329. Prepare some malt wort ; filter and allow the liouid to remain
for some days in an open Hask. In about 24 hours the liquid becomes
turbid ; examine a drop under the microscope with the highest power at
disposal.  Pacteria will be seen in abundance ; notice that they have a
distinet migratory movement.  Examine a sample each day, and observe
that the Jdacferia grow less active, and ultimately become motionless ;
they have then assumed the zooglea stage, '['qui'tl.llh search the ]Il|'|.111|
for other organisms; dac//i should be detected, being recognised by
their filamentous appearance, Fitwios should also be observed ; t‘hp*
appear very hke Aaciis, except that tile_}' have bent joints.  When
actively moving they exhibit an undulatory movement, depending on
their rotation on their long axis,

Examine microscopically some of the sediment of * turned ™ beer;
large quantities of dacilli can usually be observed. These organisms
are also commonly found in bakers’ patent veasts,

Place some fresh clear wort in a flask and plug the neck moderately
tightly with cotton wool ; boil the liquid for 5 minutes and allow to
{_;1_1.4,11 :‘llnlit.'{* that the contents of the lask remain elear, At the end of
a wep I{ eIV e '[I]{" IlILI“' .-'LI'Hi X J,.'"Ii“l' il [1!"”1! llf l]ll:" l[[:l"ill 1.1|.||II"|' t-l“‘
microscope, dacteria and other organisms are absent. The wort is still
sweet and free from putrefactive odour.  Let the flask now stand freely
open to the atmosphere @ organic germs gain entrance, and putrefac tive
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or other changes rapidly occur.  On the next and suecceeding days, ex-
amine microscopically.

Procure a small quantity of milk and allow it to become sour; ex-
amine microscopically for dacteriwm lactis.  Also, wash a few grains of
malt in a very little water, and examine the "-hl.‘-;]llll"h for this -n{r.mmu

Prepare two samples of wort, strongly hop the one by adding hops in
the proportion of one-tenth the malt used : hoil the two a-;.unplw-;, filter
and set aside under precisely the same conditions,  Observe the relative
rate of growth and development of bacterial life in the two,
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CHAPTER XI.
TECHNICAL RESEARCHES ON FERMENTATION.

330.—In this chapter are contained the results of certain technieal
researches made by the author on matters having a more or less direct
bearing on bread-fermentation.  Some of these appeared in a previous
work of the author's, while others are now published for the first time.

331. Strength of Yeast.—To the haker, the first consideration
about yeast is its strength or gas-yie Jdding power : there are other effects

which it also produces, “but its all-round L{‘lnlh may be fairly measured
by the quantity of gas it evolves froin a suitable saccharine medium.
The term “strength 7 is therefore used in this sense ; it follows that the
strongest yeast will also raise bread better, beeause the rising of the dough
is {iu{* to the gas evolved by the veast from the sac .charine constituents
of the flonr, Different modes have heen adopted from time to time for
the purpose of testing the strength of yeast. The essential principle of
these has been to ferment a definite quantity of some saccharine fluid
with a constant weight of yeast, at a constant temperature, and to then
determine the volume of gas evolved in a given time. Meissl, of
Vienna, used the following process, which, like most others of its kind,
is h.lf-.n-cl on the principle that the strength of the yeast ean be judged
from the amount of carbon dioxide it ]n-nlluww from a certain quantity
of sugar, the other substances being in equal proportions,

[n order to carry out the f‘\]wll]lli'llt the following substances must
he prepared by rub bing them together: 400 grams of refined cane
sugar, 25 grams of lslzmlnh.m- of ammonium, and 25 grams of phosphate
of potassium. A small vessel should be ready af hand of 70 to 80 c.c.
capacity, and fitted with an india rubber stopper containing two holes,
in one of which should be placed a bent glass tube, the long end of
which should nearly reach the bottom of the vessel, and the top end,
li_u:'in;_f the fi.-r'uu-lll:llil.m, should be corked . The second hole serves
for the reception of a small chloride of ealeium tube,

The testing of the yeast may then be commenced in the following
manner: 45 grams of the above mixture should be stirred gently, and
dissolved in 50 c.e. of distilled water. In this liquid one gram of the
yeast on which the experiment is to be tried should he l."EIt"“I”'H stirred
and mixed until no lomps ave to be seen. The vessel with its contents
must be weighed and then placed in water at a temperature of 30" C,, and
left to remain during six hours. At the end of this time it must be taken
out and plunged inmediately into cold water in order to cool it as
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quickly as possible. The stopper is then taken out of the bent glass tube,
and the air allowed to enter during a minute or two, so as to drive out
the carbon dioxide. The vessel and its contents must then be weighed.
The loss of weight arises from the quantity of earbon dioxide which has
been thrown off during the process. By this method, the carbon dioxide
is estimated by weight : the chloride of calcium tube is affixed for the
purpose of retaining any traces of aqueous vapour which otherwise would
escape.

In many ways this apparatus and method were susceptible of improve-
ment, at least when used for technieal and commercial purposes.  In
the first place the actual weight of the flask with contents amounts to
some 20 or 90 grams, while the weight of carbon dioxide evolved varied,
in some experiments made by the author, from 0-291 to 1:237 grams.
To il,l‘_'l_'lll'zlll']}' measure these differences of '\'.'l'ill_"']'li' in an apparatus,
itself weighing so much, a very delicate balance is requisite, This
method is eapable, in competent hands, of yielding accurate results
but it is tedious, and does not give all the information that could be
wished.

Another mode of procedure is to eollect the gas in a jar over mereury
in a pneumatic trough : this undoubtedly gives the most accurate results,
but is open to the objection that mercury is expensive, and the apparatus,
from its freat 'L'l.'v:i.l_:hll. ]it-n,‘.“‘l,' and cumbersome, The reader is :Lll'!-:lfl_\.'
aware that water is capable of dissolving carbon dioxide gas to the ex
tent of its own volume ; this, therefore, is an obstacle to the employ-
ment of water for its collection. The writer, nevertheless, made the
experiment, and found that on collecting the gas evolved by the yeast
during fermentation, in the ordinary manner in a graduated gas jar over
water, most interesting results could be obtained.  These were of course
not absolutely correct, hecaunse a certain quantity of the gas was absorbed
bythe water: still,duplicate experiments gave corresponding quantities of
gas, while most important information was gained as to the general char-
acter of different yeasts when examined in this manner. Results obtained
in this way may thevefore be viewed as comparable with each other,

332. Yeast Testing Apparatus.-—In the next place a series of
Experiments were made in which the gas was admitted to the graduated
Jar through the top, and so did not bubble through the water at all,
When collected in this way the amount of absorption was small and
very uniform. Two jars were two-thirds filled in this manner with
Washed carbon dioxide gas prepared from marble and hydrochlorie acid,
Tllt?}' were then allowed to stand, and the amount of absorption observed
hourly, The rate of absorption, with the particular jars used, was
asncarly as possible a cubie inch per hour.  Subsequent trials with jars
of one hundred cubic inch capacity gave an outside rate of absorption
of two cubic inches per hour, A still better plan is to use instead of
Water an aqueous solution of caleium chloride, of a degree of concentra-
tion _?-fifirl,'_{ a specific gravity of 1-4. With this solution there is
Pml-'lll:'ﬂ”}' Ty :HJ:-;{::I‘]rtiun ot L'::!.r‘]'HJ]l dioxide.,  As a result of numerous

EXperiments, the writer now employs the form of apparatus ficured
‘)]1 Tll"){'[. I_I:l:_:’{l.
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FIG. 2C.—YEAST TESTING APPARATUS.

The glass bottle, marked a in the figure, is of about 12 ounces capacity,
and is Illtﬂd with In:lm. rubber cork a.nrl ]f‘ ading tube, &, The sugar or
other saccharine mixture to be fermented is raised to the ih*ﬁlll(l tem-
perature, and then placed in this bottle. The yeast is weighed out, and
then also added ; they are then thoroughly mixed by m-nth* agitation,
By means of an nu]l.l. rubber tubing joint at ¢ the trf-um.ltm-f bottle is
connected to the leading tube, ¢, of lhf' glass jar, £, This h‘.uim" tube is
provided at & with a Iranch tube, which may be opened or closed by
means of a stopper of glass rod and piece of india-rubler tubing, The
Jar, f, is graduated, as ‘-]Iﬁ'ﬂ-ll into cubic inches, commencing |||1mtl{]mt1*]}
below the shoulder with D, and ending near the hntlum with 100.
More recently the author has employe xl jars graduated into eubic centi-
metres, and has had them made of two sizes, 500 c.c. and 1000 e.c.
respectively, This constitutes the apparatus proper; in use the gener-
ating hottle, @, is placed in a water bath, ¢g¢.  This hath is fixed on a
tripod over a bunsen burner, and is |rt‘mn||-11 with an iron grid, 4, in
order to prevent the generating bottle coming in absolute contact with
the hottom of the |r=l.!|j. By means of an automatic vegulator the bath
is maintained at any desired temperature. The gas jar, /£, stands in a
pne umatie tlull"']‘u ¥

As a rule, more-than one test is made at a time, the water-bath should
thervefore be sufficiently large to take four or six bottles at once: two
pneumatic troughs ave then employed, an< either two or three of the
ans jars, /, arranged in cach.  While for strictly accurate experiments it
is essentinl that the veast bottles be kept as nearly as possible at a
definite temperature, __*pr results of interest may be obtained without
the employment of a water-bath.  The whole apparatus should, under
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those circumstances, be placed in some situation where, as nearly as
possible, a constant temperature is maintained,

At the start of the experiment the air is exhausted throngh &, which
is again closed with the stopper.  As the fermentation goes on the gas
evolved is collected in /£ and its volume read off, from the surface of the
water, at the end of each half-hour or hour.  Full and detailed particn-
lars are given at the end of this chapter as to the exact mode of
procedure in using this apparatus,

When the requisite allowance is made for the absorption of the zas
by water, the corrected reading very nearly corresponds  with the
absolute amount of gas which has been evolved. It is far better, how-
ever, to use caleium chloride solution, and so prevent any absorption of
the gas. There are slight variations due to alterations of barometric
pressure and of temperature ; these can, if wished, be ealeulated out
and allowed for—that is not, however, for ordinary purposes necessary.
Gases are usually measured at a standavd pressure of 760 millimetres,
or very nearly 30 inches of mercury, that is with the barometer stand-
ing at 30. A rise or fall of the barometer through half an inch only
makes a difference of one-sixtieth on the total reading, and this may as
a rule be neglected. In case the estimation is being made in either the
laboratory or a bakehouse, the temperature is, as a rule, fairly constant.
Supposing it be taken at 70° F., then it will be found that a difference
of 3" either way only causes a variation in the volume of the aas of
one hundredth the total amount. Barometric and thermometric varia-
tions may, therefore, for most practical pnrposes, be neglected.  Fur-
ther, whatever variations there may be either in temperature or pressure,
all the tests made at the same time are made under precisely similar
conditions,

In all the experiments quoted, except the later ones, the a8 was
collected over water. No corrections were, however, made for absorp-
tion, because it is evident that at the outset the carbon dioxide remains
as a layer of gas within the bottle, simply displaying air over into f .
during this time no absorption can take place. 1t should, however, be
remembered that, when the gas remains stationary for any length of

time, a quantity must have heen evolved about n'-qual to that being
absorbed.

333, DEgI‘E& of Accuracy of Method.—This is & matter of
| great importance, because unless fairly constant and accurate results
- are obtainable, little or no confidence can be placed in them, or any
| deductions based thereon., A number of duplicate experiments were
therefore first made in order to test the accuracy of the estimations :

- the results are appended :—
No. 1. Brewers' Yeast, 1
30° C, i

No. 2, Duplicate of No, 1.
No. 3. I.’l-r-{lc-}n Compressed Yeast, 1 oz ; Sugar Mixtwre, } oz :

Water, 6 oz at 30° C, i
No. 4. Duplicate of No. 3,

oz.; Sugar Mixture, 1 oz ; Water, 6 oz at
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| Gas EVOLVED I CuBlc INCHES,
| Tive, | _ : _ TEbA
o 1 o, 2 No. L No, 4.
0 0'0y 0'0 00 D‘al 29°7
J_ o7 [ 975 [ 31 | 2°5
1 hour 074 0°5 ) 31 25 I joo |
i 58 [ '3 : 16°1 | 15°2 |
| - 65+ 6o 19°2 | I7°7 joo |
} 77 : 78 }21'3 :-:1'4 |
1} hours ... I 14 :l [3.51 41°0 39°1 \ 298
- S ] | 22*0: B 22'0 ke 620! s 59°8 { S 289 |
| i S0 : i : 200 204 |
2} 300 29'7 \ 220 | So-2 . 29°5
! }Il*u | 113 }21'_:” j2ro I
3 . 4|*-::' :41-c:l 10375 | IDl:l 300 |
| | peo | 157 j223 | j232 !
| 3% . 470 \ 46°7 \ '25'51 12474 \ jo'zy |
! j 775 I S0 j 8 j 204 |
| 4 54°5 537 143°6 | 14484 jozs |
| j 149 IRER I
4% 4 155°5 l 1'5"3'?;] joo |
| . [ 3 | 9°3 '
5 1680 | I;.ru‘n:b1 joo |
; [ 7o [ 5o '
| s 1750 1750 o0 |
L 3 : 2'8 ke } o8 = .
6 . 177°8 1758 29'9 |
|

The figures placed opposite the brackets represent the volume of gas
wiven off in each successive half-hour. A thermometer was placed in
the water-bath and the temperature observed at the time of each read-
ing, and rvegistered in the last column.  The temperature in this experi-
et w]nmt. ('Ullhlltl'l"zllﬂj greater variations than that in those made later,
It will be noticed 1,}|.11 both pairs of duplicates agree very closely
throughout the entirve fermentation,

It way here be mentioned that a half ounce of sugar yields, on the
supposition that the whole is transformed inth uuhun chioxide and

aleohol, the following quantities :—

1 oz of sugar = 142 grams, and yields 7 '51_'} grams of CO, =
3-705 litres = 226 cubic inches at 0° C. =
242 20° C.

(One cubic inch = 164 LL;I

It will be remembered that actually only about 95 per cent. of the
sugar is thus converted into carbon dioxide and aleohol ;: these quantities
in strictness, therefore, require to be reduced about 5 lll;"'l" cent.

As in the t-xlu-l'inwul.ﬁ to be now deseribed the same brand or kind
of yeast was used on different days, it was necessary, as a preliminary,
Lo J,n-.u_vt't,ml the ilturlw of constancy of -;twn;_,th of the same h*:hl'.-
Determinations were made on one brand of compressed yeast with the

following results :—
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- B, o L Rerd H\{: : A
Lrﬂ' 1. 'HJ“I.."HI‘ y L Sl ' Yeast, 1 oz. ; Sugar Mixture, { oz ;
No. 2.—May T7th, 1885, - Water, 6 oz, at 30° Q.
No. 3.—June 30th, 1885, 3
: Gas EVOLVED 1N CUBIC INCHES.
| TIME. AN o
No. 1 No, 2, Nao. 3.
) i — |
(P 00 - 00 00y
L 217 j24'5 | (287 |
| 1 hour 21 ?J 245 23.?]
| | fars | 364 faro |
| 2 hours 63'1::] | 609 \ 606 |
t | f330 | [43°1 f436 ‘
| 3 5 | 950 \ ' 104°0 , 104°2 | -
i 343 | 320 | ) 40°8 ‘
g 5 .| 13073 |36‘ﬂl - 145°0
| | 242 2275 | }3::-'9 |
PRI I 1585 { B e
[ 15 [ 15 o 28 |
6 170°2 1750 ‘ 177°8 .
| I

— - e — — — — — — — —

Although these results do not agree with that closeness observable in
the duplicates, vet it will be seen that the yeast is throughout fairly
similar in behaviour ; still, it must be remembered that in experiments
made on different days the results are not always strictly comparable,
because the yeast is sure to be not absolutely the same in each case,

334. Effect of Different Media on Yeast Growth.—That
certain substances are eminently fitted for aiding the growth and de-
velopment of yeast, while others are not so suited, has already been
stated.  In order to measure quantitatively the effect of sowing yeast
in different solutions, the following determinations were made,

335. Comparison between Sugar, “Yeast Mixture,”
Pepsin, and Albumin.—The “yeast mixture” referred to is based
on the fluid in which Iasteur cultivated yeast, and which is known as
“ Pasteur’s Fluid.,” Pasteur employed a solution of sugar and am-
monium tartrate to supply saccharine matter and nitrogen ; to this he
added some yeast ash as a source of mineral constituents. This fuid
may be closely imitated by use of the following formula—

woaw B

Potassium Phosphate
Calcium Phosphate & iy
Magnesium Sulphate ; 2

20 parts,
9

.. = 3
Ammonium Tartrate 100,
Purest Cane Sugar sn: DO o
Water SRR . - . TR

10,000 parts.
As _llli.*s :fﬂ]l.ll-inu keeps badly, the yeast mixture consists of Pasteur's
Fluid, s the water. The salts are first powdered and dried, and
then mixed until thoroughly incorporated. This mixture has the great
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advantage that while dry it can be kept any length of time without
change,
Date, 26th April, 1885,
No. 1. Pure sugar, oz (142 grams'); mmpu-amrl yeast, 1 oz.
(35 ar .um}' water, 6 oz. (170 grams) at 30°
No. 2. Yeast mixture, { oz ; compressed yeast § oz ; wm-r, 6 oz. at
30°
No. 3. Pure “*u-ru oz : pepsin, 1'5 grams ; compressed yeast, } oz.;
water, b oz. at 30° C.
No. 4. Yeast mixture, § oz ; pepsin, 15 grams ; compressed yeast,
& oz ; water, 6 oz, at 30° C.

At the expiration of seven hours, the following quantities of gas had
been evolved :—

No. l ... 013 cubie inches. No. 3, ... 112-0 cubic inches.

No. 2, ... 1320 o Ne. 4, ... 1819 i

Experiments were also made with pepsin and albumin by themselves,
but neither of these gave practieally any evolution of gas.

From these experiments the following conclusions are derived :—

Pure sugar undergoes a regular but somewhat slow fer-
mentation.

Sugar mixed with about ten per cent. of pepsin ferments at
first more slowly, but afterwards much more rapidly.

“Yeast mixture,” consisting of sugar, ammonium tartrate,
and inorganic salts, ferments from the commencement still
more rapidly.

Yeast mixture, with about 10 per cent. of pepsin, undergoes
still more rapid fermentation.

Nitrogenous bodies alone, as pepsin, albumin, in water, or
21 per cent. salt solution, evolve practically no gas.

“Pepsin and other nitrogenous bodies must therefore be considered,
not as the substances from which yeast causes the evolution of gas, but
as stimulating nitrogenous yeast foods,

336. Comparison between Filtered Flour Infusion.

Wort, and Yeast Mixture Solution.—Pursuing the same line of
e ~.l1rr.1.|mn experiments were next made for the purpose of examining

and comparing Hour infusion, wort, and yeast mixture, as fermentable
substances. An infusion of flour was made by taking 400 grams of
Hour, and 1000 c.c. of water ; these were shaken thnmu"hh in a flask,

l::‘-—

I In tlu,w experiments an anomaly will be noticed in the systems of weights
employed,  In deference to the fact ‘that many of the readers of this book will be
much more familine with the English than the metric weights and measures, the
writer has, where practicabile, used the former system 3 although were he to follow
his own predilections, all quantities would throughout have been expressed in grams
and cubie contimetres,

The relation between grams and fractions of an ounce may be understood by

remembering once for all that

1 ounece or 16 drams 25730 grams.
R - 142

.t w8 i 1 v ?‘1 ]

' 2 345

LT} n -

L1
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from time to time, for half an-hour, and then allowed to subside : the
clear liquid was filtered, and its specific gravity taken ; this amounted
to 1007-2.  Meantime, some malt wort had been prepared ; this was
divided into two portions, the one of which was boiled, the other allowed
to remain at the mashing heat. These were next eooled, and each
diluted down until the specific gravity coincided with that of the flour
infusion. A solution of yeast mixture of the same density was also
prepared.  Fermentation was started in each of these with the results
given in the following table :—
Date, 8th May, 1885.
No. 1. 40 per cent. filtered flour infusion, Sp. G. 10072, 6 oz at
307 C. ; compressed yeast, 4 oz

No. 2. Unboiled malt wort, Sp. G. 1007-2, 6 oz at 30° C.: com-

pressed yeast, | oz

No. 3. Boiled wort, Sp. . 10072, 6 oz at 30° C.; compressed yeast,

+ OZ.

No. 4. Yeast mixture and water, Sp. (. 10072, 6 oz. at 30° C, ; com-

pressed yeast, | oz

At the end of five hours, the following quantities of gas had heen
evolved ;—

No. 1, ... 83 cubic inches. No. 3, ... 182 cubic inches.

1. ¥ Wi S 4 | = No.4d, .. 243 -

The flour infusion evolved gas but slowl ¥, and toward the end of five
hours, over which the experiment lasted, had fallen off considerably,
The two malt infusions vielded carbon dioxide at about double the
speed ; that in the boiled wort being the higher. The greater quantity
of gas in the latter instance is due to the fact that boiling coagulates
some of the proteids of the wort, and so leaves a greater percentage
of sugar in the liquid, when both are diluted to the same density, This
Is an interesting instance of the removal of proteids resulting in a
more copious and rapid evolution of gas. The yeast mixture causes the
carbon dioxide to be evolved with still greater rapidity. Summing up
the results—

In solutions of the same density,

Flour infusion, on fermentation, yields gas somewhat slowly ;

Unboiled wort, at about double the speed ;

Boiled wort, slightly more rapidly than the unboiled ; and

Yeast mixture solution, at about three times the rate of the
flour infusion.

The soluble extract of flour is thereby shown to be capable of only
a slow fermentation ; this is due to its containing a comparatively low
Proportion of sugar, and much of that of a kind which requires to be
mverted before it can be fermented.,

337. Comparison between Flour and its various con-
_Etltu&ﬂtﬂ fermented E-Ep&t*&tﬂl?. -From the baker's hoint of view,
1t 1s of very great importance that he should know which of the several
constituents of flour it is that affords, during fermentation, the cas by

=

! which his dough is distended. The following experiments were made
| for the

purpose of obtaining definite information on this subject—
P
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No. 1 :r'{‘:plirl“s no further explanation. In No. 2, 34 grams of flour
were mixed with 6 oz (=170 c.e.) of water, being equivalent to 20 per
cent. of tlour in the water. In No. 3, the flour was agitated several
times \.nth large quantities of water, .11141 allowed to subside between
each washing, “the supernatant liquid being poured off, and only the
insoluble residue retained.  In this manner, the washed insoluble
residue is obtained comparatively free from the other constituents. Of
these three samples, No. 2 represents the whole of the flour, No. 1 the
soluble, and No. 3 the insoluble portion. No. 4 consisted of 20 per
cent. flour infusion, with gelatinised starch added ; the whole being sub-
jected to a temperature of 30° C. for 12 hours before fermentation : -
this method was adopted in order to determine what diastasic effect was
produced by the Hour infusion on the gelatinised starch, it being assumed
that whatever starch was converted into sugar would, under the intlu-
ence of the yeast, be decomposed with the evolution of carbon dioxide
gas. No. D was a somewhat similiar experiment, made with gluten ;
some flour was doughed, and then the gluten washed as well as practie-
able in a stream of water. In order to get as large a surface as pus-mll:rlt'
this gluten was next rubbed in a mortar with clean sand ; it was in this
way cut up into a ragged mass. The gluten was mixed with water and
kept at 30° C. for E hours, in order to permit any degrading action,
that warm water is capable of exerting on gluten {lllllll*f that time, to
assert itselt.  In Nos, 4 and 35, yeast was added at the end of 12 hours.
No. 6. was a I'E:Ih_-l,i'[inll of No. 4, except that the gelatinised starch and
flour infusion were mixed immediately before fermentation. In No, 7T
the starch was simply added to the flour infusion without previous
celatinisation,  No, 8 consisted of wheat-starch and water only, to which
yveast was added. The starch used for these experiments was specially
]nwl-,uwl in the laboratory from the best Hungarian flour by washing
the dough, enclosed in muwlm thus separating the gluten. The atzuvh
was allowed to settle, and the supernatant liquid poured off'; the starch
was then stirred up with some more water, and again allowed to sub-
side, These washings were repeated daily for about a fortnight, at the
end of which time the starch was air dried. On being tested with
Fehling's solution the starch gave no trace of precipitate: its purity
was therefore assured. This series of fermentation tests altogether
extended over a period of three {i.'l:.":-i.

Date, 11th May, 1885,
No. 1. 20 per cent. filtered infusion of flour, 6 oz at 30° (., com-
pressed yeast, ll OF,
No. 2. 34 grams flour ; water, 6 oz at 30° C. ; compressed yeast, } oz
No. 3. Washed insoluble residue from 34 grams of flour : water, 6 oz,
at 30° C. ; compressed yeast, _1 Oz,

Date, 12th May, 1885,

No. 4. 20 per eent, filtered flour infusion, 6 oz at 30" C.; wheat
starch, 5 grams taken and gelatinised, cooled, then added to
flour infusion.  Mixture 1:]:11.'1*[1 in bottle and maintained at
J0° C. for 12 hours : then _]i 0%, l.'u'ul]u:‘l?h'.:-;l.'tf yeast added and
fermentation commenced,
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No. 5. Moist thoroughly washed gluten, 5 grams, triturated in mortar
with sand in order to expose large surface : gluten with 6§ oz,
of water at 30° C. placed in bottle and maintained at 30° C,
for 12 hours; then } oz compressed yeast added and fer-
mentation commenced,
Date, 13th May, 1885,
No. i. 20 per cent. filtered flour infusion, 6 oz at 30° C.; wheat
starch, 5 grams, gelatinised ; compressed yeast, 1 oz
No. 7. 20 per cent. filtered flour infusion, 6 oz at 30° C.; wheat
starch, 5 grams, ungelatinised ; compressed yeast, 1 oz
Date, 11th May, 1285,
No. 8. Wheat starch, 5 grams, gelatinised, water 6 oz at 30° 1 5
compressed yeast, i oz
At the expiration of six hours, the following quantities of zas had
been evolved —

No. 1, ... 25 cubic inches. No. 5, ... 13 cubic inches.
Mo 2 ... 175 i No. 6, ... 337 5
1, T e, S 30 5 No. T. .. 8-2 =5
No. 4, .. 375 P No. 8, .. 09 %

No. 1, consisting of 20 per cent. flour infusion, gave off very little
gas, the quantity amounting to only 2-5 cubic inches in six hours ;
this is very wuch less than that obtained in the previous series of
experiments in which a 40 per cent. infusion was employed ; the latter
gave off 83 cubic inches in five hours. No, 2, containing the whole
of the flour, gave off gas much more copiously, in six hours there
being 175 cubic inches of gas evolved. After the second hour, the
evolution fell off' slowly but regularly.! The washed residue gave
off just the same amount of gas as did the filtered infusion ; in fact,
at the end of the fifth hour, No. 3 gave the higher reading. It will
be noticed that the whole of the flour gives off three times as much
gas as do the filtered infusion and the washed residue together.  The
reason is that, when flour is shaken with water and then filtered, the
substances which under the action of yeast evolve gas are not all re-
moved in the filtrate : they are only separated from the insoluble residue
with great ditliculty, and several washings do not so thoroughly remove
fermentable matter as to leave the residue completely unfermentable.
That the fermentation in No. 3 is not due to the insoluble residue is
proved by the result of experiment No. 5 ; for with well washed and
kneaded gluten, but very little gas is evolved, the total amount in nine
hours being only 15 cubic iuches, and this although the gluten for
twelve hours previous to fermentation was digested with water at 30° O
Much of the fermentable matter of Hour belongs to what may he called
the semi-soluble portion, that is, the part of the lour which is retained hy
- an ordinary filter paper, but on kneading is readily separated by the me-
| chanical action from the gluten. In Nos. 4 and 6 the (quantities used are

1 . .
In all these tests, readings were made either every hour or half-hour, but usually
| the result of one reading only is here given. When of special interest, however, the
t explanatory remarks contain also references to other readings,
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the same, but the former of the two H:Llnihh‘-.'-:. affords evidence of diastasis
having been oceasioned during the twelve hours for which the wela-
tinised starch was subjected to the action of the lour infusion.  No. 6 at
first proceeded somewhat the more rapidly, but evolved very little oas
during the second hour ; during the third hour, however, it recovered
itself and procecded regularly, until at the expiration of six hours the
evolution of gas ceased, with a total of 33-7 inches.  In No. 4 the fermen-
tation 1:|uu-wl-- 'Il.ll]("‘. and regularly, falling off towards the end, and
tinishing at tive hours with 375 CI.I_IJIL 1m-h|~f-3 As a result of the pre-
vious diastasis, a larger quantity of gas is evolved, but in each instance
the greater part of the starch remained behind, -l'-'. it 3 grams of starch
were completely changed into sugar, and then by fermentation into
carbon dioxide and alcohol, the yie AAd of gas would roughly be about 853
cubic inches at 20° C.  The diastasic action of the flour infusion will
have more or less effected the hydrolysis of the starch into dextrin and
maltose ; the latter will have unf]H"nllv ferme |1t.ﬂin’t| while the fu[m[*[
is unfermentable.  Experiment No. 8 shows that the diastasis of the
starch is effected by the flour infusion, and not by the yveast, for where
pure g relatinised starch and veast alone are employed, vxwﬂlmu]i little
gas is evolved ; during eight hours, but 12 eubic inches only having
accumulated. This experiment was allowed to proceed overnight, and
at the end of twenty-one hours, 7°0 cubic inches had been evolved.
Another reading was taken at the end of the twenty-second hour, and
showed that 0-8 cubic inches had been evolved during the hour. It
would seem that the diastasic action of yeast on pure starch increases
somewhat after some hours; 