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PREFACE.

THE same plan of arrangement has been followed in the
present as in Part I

Each article has teen made the subject of a special in-
vestigation, and much of the chemical matter is new, and the
whole of the analytical results are original.

The researches on milk include an investigation into the
variations which occur in its composition, and it is to be
hoped that the results of this part of the inquiry will serve
to settle the vexed question as to the alleged constancy in
the composition of cow’s milk, especially in the non-fatty solids.
The samples were obtained from different parts of the country,
and comprise milk yielded both by house and grass fed cows,
and every effort was made to obtain fair representative specimens
of milk yielded by different cows, and under the ordinary con-
ditions of changes of food and season.

A reliable process for the analysis of sour milk has
appeared for some time to be a want which it was desirable
to supply. The method described is based on a carefully
conducted series of experiments, and the process has been
found to give accurate results,

Besides cow’s milk, samples of several other kinds have
been procured, and their proximate constituents, which are
given, may prove interesting, if not useful, for comparison.

The further experiments on butter-fat have confirmed the
theory which was indicated by me in Parliamentary Paper
No. 293 (June, 1876), that the radicals of the soluble and
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insoluble fatty acids are combined with glycerin in the same
molecule to form a compound ethereal salt.

In anticipation of the introduction into this country of
lard and oleomargarine cheeses, it was deemed desirable to
deal with the subject, and show wherein they differ from pure
milk cheese.

Several interesting results have been observed during the
course of the study of the cereal foods. The saccharine
matter which occurs in bread, made both by the aérated and
fermentative methods, has been identified as maltose. Con-
trary to the views sometimes put forward by the advocates of
the use of wheat-meal bread, the samples of household flour
submitted to analysis were found richer in nitrogenous matter
than the entire wheat grain. The soluble albuminoids of the
cereals have been found to possess the diastatic action on
starch in varying degrees, the converting power of those of rye
possessing this property in a pre-eminent degree.

Arrowroot, sago, tapioca, and corn flour have been classed
under the general head of Prepared Starches, as being the most
appropriate term to designate their character as foods; for, as
is mentioned under the head of corn flour, their value in this
respect is still over-estimated by the general public.

I have pleasure in recording my obligations to the analysts
of the department for the able and cheerful assistance which
they have rendered me in the preparation of both the first
and the present Parts of this work.

JAMES BELL.

LABORATORY DEPARTMENT,
SoMmMERSET HOUSE,
March, 1883.
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MILK.

Orrciv.—Milk is the fluid secreted by all female mammals
for the nourishment of their young, and hence has come to be
considered the model food.

The distinctive characters which milk possesses are believed
to be imparted to it during its passage through the mammary
glands ; but no satisfactory explanation has been given as to how
the milk-sugar is formed, or how the fibrin and albumin of the
blood become changed, physically if not chemically, into milk
casein and albumin ; or as to the process by which the insertion
of a new kind of acid radical in the ordinary fatty molecule has
been brought about.

Milk, as a source of nourishment, is perhaps more allied to an
animal than to a vegetable food. If, however, in considering all its
constituents, we regard milk-sugar as replacing some of the starchy
matter of cereals, we have in milk an alimentary substance, taking
an intermediate position between the cereal and the strictly
animal foods, and having its composition so admirably adjusted,
that it may be regarded as a perfect food.

Deseription.—The following remarks have special reference
to the milk obtained from the cow, but the description is
generally applicable to human milk and that of the ewe, goat,
and mare. It will be seen from the results of the analyses in
Tables 1. and III. that the same constituents are present in all of
these milks, though differing considerably in the proportions in
which they occur in each kind.

Milk is an opaque fluid, generally of a white or yellowish white
colour, having a specific gravity varying from about 1027° to 1036°.
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2 MILK.

The colour is due essentially to the presence of suspended fatty
globules ; for, on allowing milk to stand for some time until the
cream rises to the surface, the appearance of the body of liquid
below is less opaque than the fresh milk,

The taste of fresh milk is somewhat sweet, and it has a slight
but characteristic odour.

The appearance of milk is not so subject as its quality to
variations on account of breed, age, changes in health, food or
general condition of the animal yielding it. The most noticeable
change 1s during the first three or four days after parturition. The
milk of the cow is then of a rich yellow colour, has a higher specific
gravity, and, from the larger proportion ef albumin which it con-
tains, coagulates more readily than ordinary milk. During this
period it 1s called colostrum.

History.—The milk of animals has been used and valued as
an article of food from the earliest ages. At a very early period,
to speak of a “land flowing with milk and honey ” was regarded
as synonymous with plenty, and from the many allusions to milk,
which included that of the ewe and goat, it i1s obvious that it
must have formed an important part in the dietary of the earlier
nations.

Hippocrates, the celebrated physician of the old world,
prescribed milk—either that of the cow, ewe, or goat—in certain
ailments, but forbade its use in cases of headache, fever, and
bilious attacks. Amongst the "Romans, bread soaked in asses’
milk was rubbed over the body to make the skin fairer.

Asses’ milk was prescribed by a celebrated Jewish doctor,
summoned from Constantinople, to attend Francis I. of France,
when suffering from a wasting and debilitating illness, and the
remedy having proved successful in the monarch’s case, its use
became fashionable with the court.

Anything like an accurate knowledge of the chemistry of
milk was unknown before the close of the eighteenth century.

There was indeed a very early acquaintance with butter, curd,

L




MILK. 3

and whey; but this information remained for many centuries
mearly all that was known regarding it.

It is only during comparatively recent years that the composition
and properties of the several characteristic substances found in
milk have been fully investigated, and their proportions in the
various kinds of milks accurately estimated.

CHEMICAL COMPOSITION.

When milk is allowed to stand for some time the cream rises
to the surface. If this be removed, the remaining liquid will after
a further period spontaneously separate into a solid portion called
curd, and a liquid called 7o/ey or serwm, which is essentially
an aqueous solution of milk-sugar. By a sort of natural analysis
we thus find that milk is divisible into Cream, Curd, and a watery
solution of milk-sugar with a little mineral matter.

The following table contains the results of the analyses of
five samples of milk :

TABLE I.—CoxNsTITUENTS OF Cow's MiILK.

Wo.r. | HNHooa Mo, 3. No. 4. | No.s.

Specific Gravity s | 1031786 | 1031°56 | 103100 | 1032°50 | 1029'80
Total Solids ... 11°47 1109 1198 12°79 15'89
Non-fatty Solids ... 871 866 865 9'03 9'10
Fatty percentage ... 2'?5! 2°43 3°33 376 6'79
Casein  ,, 305 | 206 318 3°50 3331
Sugar 2 491 496 | 475 4'75 507
Ash s = | 0°75 o'74| - o5z 078 072
Water o 8853 8891 | 8802 | 8721 8411
aliokal ... .. | 100'00 | I00'cO | 100'cO | 100'00 | 10000

£af.—This, in a somewhat impure state, owing to the presence

of curd and milk-sugar, constitutes butter. Whilst present in the

milk the fat exists in the form of globules suspended in the liquid.

It has been debated whether these globules have an envelope or
E 2
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4 MILK.

not, but we do not think there is proof of the existence of any
covering beyond that which might arise from the slightly adherent
portion of the non-fatty liquid in which they are suspended.

As the fat globules at ordinary temperatures are in a solid
condition—that is, as solid as butter fat at the same temperature
—it can easily be understood how a portion of the milk fluid
would adhere to the exterior surface of the fat particles. If
this view 1s correct the production of butter is explained, not
by the fusion of oily globules liberated from an envelope, but by
the cohesion of solid particles of fat brought into contact by the
agitition of the milk during the operation of churning, for the
distinctly globular condition of the fat is maintained in the
aggregated fat at the end of the process.

Casein or Curd.—This consists of albuminous substances mixed
with a small proportion of mineral matter. The former are divided
into at least two kinds of nitrogenous bodies called respectively
casein and albumin. The casein is precipitated by acetic and
other acids as a curdy mgss. This does not hold good of the
nitrogenous matters present in the milk of all the mammals, as in
some milks these substances are only very imperfectly separated
by the addition of an acid.

It is probable that in the different milks we have something of
the same variety of physical character in the casein that we find
in the nitrogenous substances present in the several cereals.

The soluble casein or albumin is coagulated by heat, and may
be separated by filtration. In its characters it closely resembles
ordinary albumin.

Milk-sugar, C,,H,,0,,.—This is an important and characteristic
constituent of milk, and, as before stated, forms the chief sub-
stance in solution in the whey or serum.

As milk-sugar appears to be the ingredient of most constant
proportion in milk, the variations in the specific gravity of the
serum in genuine milk fall within much narrower limits than in
milk itself.
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If the serum, after separation of the curd has been effected by
addition of rennet, be evaporated on the water-bath, we obtain
more or less perfect crystals of a sweet taste. These, purified by
animal charcoal and recrystallized, finally appear as hard, semi-
transparent, white, hemihedral, trimetric crystals, having the same
formula as cane-sugar, and nearly the same specific gravity,
viz. 1'52. The crystals are soluble in water, but insoluble in
absolute alcohol and ether. :

Milk-sugar approximates to dextrose in its action on polarized
light, having a rotatory angle of 59°3° [.] j., and is converted by
boiling with sulphuric acid into dextrose and galactose. .The
latter crystallizes in prisms, and its copper-reducing power is one-
fifth less than that of dextrose.

Ash—The ash or mineral matter obtained by careful incine-
ration of fresh milk amounts to from about ‘6z to ‘87 per cent.,
and contains chlorides of sodium and potassium, phosphates
of calcium, magnesium, and potassium, with a small quantity of
sulphates, and traces of carbonates.

The following table exhibits the ‘composition of the ash of
four samples of cow’s milk :

TagLE II.—CoONSTITUENTS OF THE AsH oF Cow's MILK.

y Average Average J‘.v‘trnge J Milk of
Percentage of Mlg“.; of :ill: r;‘?lf ﬁﬂiﬂrglt‘ 5;0;;2::1
. Cows, Cows, Cows, old.

Total Ash 0'73 072 0’78 071
Potash—estimated as ... K,O 17°24 19°53 1978 19°83
Soda 5 33 e Na,O 4'29 3'30 3'67 319
Lime i 7 s B LK 2453 2448 24'78 25'98
Magnesia ,, ,, ... MgO 289 476 4°35 368
Phosphoric Anhydride... P,O, 35°67 32°49 32°07 3267
Sulphurie i e S0, 2'65 0'g2 obg ‘| 162
Chlorine Cl 12°73 14°'52 1466 13°03
Total 100'00 | I00°00 | 10000 | 100700

T
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6 MILK.

CoMPOSITION OF OTHER MILKS.

The milks of the cow, goat, mare, and other mammals, though
having a general resemblance in composition, differ considerably
from each other in regard to the relative proportions which the
constituents bear to each other, and also, in some degree, in the
character of the constituents themselves.

‘The following table contains the results of the analyses of four
kinds of milk :

TArLE III.—ANALYSES OF DIFFERENT KINDS oF MILK,

e — - — ———— e e —- - St i D — - ————

{ Constituents. ‘ \l;:]?; |. \;E:“;:_ Mare, I Cxoat. | Ewe, ‘
| | s = —| e = T
Specific Gravity ' m34'50! 103303 | 1036°12 ' 1032°70 | 1039730
| |
Fat ... | 320 | 299 | 176 | 5 80 1128
Casein, Albumin, etc. | 230 2°51 358 | 4720 | 3:83
Sugar ... Aipn 683 651 - R L 358
AU e 20 30 30 1°00 1700 i
Water ... | 8720 8760 8840 8406 To 22 |
Total ... | 10000 | 100°00 | 100°00 | 100°00 | 100°CO |
e e e T b *on S|

In the milk of the cow and goat the proportion of casein and
albuminous matter is nearly equal to that of the sugar, but in
woman’s milk the sugar is considerably in excess of the casein.
The same generally holds good of mare’s milk, though great
variations in the quantity of milk-sugar have been found. TUnder
high feeding the sugar is decreased, but when the animal 1s kept
at grass of a poor quality, the sugar 1s found in much greater
quantity than the casein. The casein of the milk of the mare
possesses physical properties which distinguish it from that of
the milk of the cow or goat. On the addition of acetic acid, the
casein appears in a suspended or apparently soluble condition, a
property also common to the casein of woman’s milk in nearly the
same degree, and this has led some to ascribe to it a rather
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different constitution to that of the casein of cow’s milk, and to
regard such milk as more digestible and more easily assimilated
by infants and weakly persons.

The fat obtained from the milk of different mammals is dis-
tinguished from other animal and vegetable fats by containing a
larger proportion of the glycerides of the soluble fatty acids.
The percentage of these acids yielded by the fat of cow’s, goat’s,
and ewe’s milk is nearly identical. Mare’s milk yields an oily
fat very rich in soluble acids, among which butyric is not so
apparent as in the fat of cow’s milk.

Koumiss.—Mare’s milk is extensively used as an article of
food in a partly fermented condition under the name of Aowmiss,
by many of the tribes inhabiting the steppes of Russia. It appears
to lend itself with greater facility than the milk of other mammals
for preparations of this kind, owing no doubt to the soluble
character of its albumin, and the relatively large proportion of
milk-sugar contained in it when the animals are kept in a nearly
wild condition,

The milk, on being drawn, is set aside for some time and de-
prived of part of its cream, after which the addition of a little yeast,
or artificial ferment, sets up a slow fermentation, the sugar being
thereby converted into alcohol and lactic acid. During fermenta-
tion, the milk 1s subjected to frequent agitation, the object apparently
being to retain in suspension the casein, part of which has a
tendency to separate on the milk becoming sour.

The following results of an analysis of Russian koumiss will
give an idea of the composition of a preparation of this kind :

Acid, as Lactic ... 1°g6
Casein 2 L]
Sugar 0°40
Fat ... I'10
Alcohol 2'12
Ash ... 034
Water s 9I'o7

—e T

Total e 10000

T —
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The following table contains the results of the analyses of the
ash of four kinds of milk :

TaABLE IV.—CoMPOSITION OF THE ASH OF VARIOUS MILKS.

Constituents. Woman. Goat. Mare. Ewe.

= = - _—— i——-—.—— ———
Total Ash per cent.... 0°29 1'00 I 0'30 109
Potash ... an o) 3080 1608 16°35 I1°42
Soda ... ... Na,0O 326 267 2'77 1'56
Lime ... g ] 18°47 25°69 35°19 36°32

Magnesia ... MgO 398 4'57 3°40 468
Phosphoric Anhydride... P,O, 23'93 42°28 3273 3899 |

Sulphuric % e 7'97 2723 3'08 332
Chlorine Cl 11°59 558 648 371
Toral e 100°00 | 100°00 | 100°00 | 100700 i
ANALYSIS.

Specific Grawity.—The specific gravity of milk, though not by
any means a conclusive test of its quality, yet, when taken
in conjunction with the amount of cream, supplies a rough
guide to those who have no facility nor appliances for conducting
an exact chemical analysis. The gravity may be taken with an
ordinary weighing bottle, or with a lactometer, which 1s more com-
monly used, with a scale on the stem, indicating degrees of
gravity above that of water (1ooo). Asthe instruments are usually
adjusted at 60° F. (15'5° C.), a correction requires to be made for
temperature to the extent of nearly one degree in specific gravity
for every ten degrees of temperature above or below 60° F.
Thus, if 2 milk had an apparent specific gravity of 1030° at 70° F.
(211° C.), the corrected gravity at the standard temperature
would be about 1031° As cream is lighter than the rest of the
milk its abstraction raises the specific gravity of the milk, and
for the same reason the presence of a large proportion of cream
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lowers the gravity. A low gravity, therefore, may indicate a milk
rich in fat, or one to which water has been added ; and if the
quantity of cream which separated from milk always bore a fixed
relation to the percentage of fat in it, the determination of the
gravity of the milk and the proportion of cream would furnish
sufficient data for ascertaining the quality of a milk for ordinary
purposes. We have found, however, that the proportion of cream
which separates from milk is often very far from indicating the
true amount of fat. The results of some experiments gave, on
the average, three parts of separated cream for every part of fat
actually present, but the proportion of cream was often n the
relation of 114 to 1 of fat, and sometimes it was 4 or 5 times the
proportion of fat obtained. The specific gravity, even in con-
junction with the percentage of cream, affords, therefore, only a
rough indication as to whether water has been added to milk or
not.

Total Soiids.—The determination of the total solid matter in
fresh milk is a comparatively easy operation. Five grams of
the milk are weighed in an accurately tared platinum capsule,
which is placed on an aperture of a water-bath and at the
end of about three hours, or less, when the residue is sufficiently
dry, the capsule is removed to a water-oven to complete the
drying. The capsule is afterwards weighed at intervals till a
constant weight is obtained. It is important that the bottom of
the capsule should be flat, or nearly so, and that the size should
be such that, after the whole of the water has evaporated, the dry
residue will be left in the form of a thin film.

It has sometimes been recommended, in order to facilitate
perfect drying, that a known quantity of sand or pulverized glass
should be added to the milk in the capsule ; but this, according
to our experience, is unnecessary, if care is taken to employ a
capsule of the description mentioned.

Nonfatty Solids and Fat.—When the milk is fresh, a quantity

— —
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of exactly 10 grams may be weighed in a platinum capsule
containing a glass stirrer. The most suitable size of the capsule
for this purpose is one having a diameter of 3 inches and a
depth of 1 inch. The capsule is placed on an aperture of a
water bath, and its contents evaporated almost to dryness. It is
of advantage to keep the milk well stirred during the process of
drying, in order to insure that the solid residue be obtained
in a condition favourable for the complete extraction of the fat.
The milk residue should neither be too moist nor too dry, as
either condition tends to prevent the removal of the last traces of
fat. If the evaporation has been carried too far, the residue
may be carefully moistened either with a very small quantity
of water, or of alcohol. When the proper point has been
reached, the mass is treated repeatedly with ether, the stirrer
being each time used to pulverize the solid matter which,
in order to insure that no portion escapes the action of
the solvent, should assume a fine state of division. The
ether is used warm for the last threec treatments. After each
washing the ethereal solution of the fat is carefully poured
off through a small Swedish filter not exceeding 314 inches in
diameter. To remove the last traces of fat from the filter, the
upper part is cut off, divided into small pieces, which are placed
in the remaining portion of the filter in the funnel, and washed
with a little ether. The filtrates are received into a tared
beaker from which the ether is gently evaporated, and the fatty
residue finally dried in a water-oven until the weight is constant,

The capsule containing the non-fatty residue is placed on the
open water-bath for two hours, and subsequently for two or more
hours in a closed water-oven kept at 212°F. (100 C.), until a
constant weight is arrived at. This result should be obtained
in the time stated if the milk solids have been finely pulverized
in the process of fat extraction.

The determination of the fat, non-fatty solids, and ash, should
be made in duplicate ; and, as a further check on the analysis, the
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total amount of milk solids may be ascertained in a third portion
of the milk, which may afterwards be used for one of the deter-
minations of the ash. It ought to be observed that, for some
reason, probably connected in some way with the presence of
fat, the final weighing of the total solids is seldom, if ever, so
satisfactory as that of the non-fatty solids. In no case, therefore,
would we advise that the non-fatty solids should be determined
by deducting the weight of fat actually obtained from that of the
total solids.

We have experimented with Soxhlet’s apparatus and similar
appliances for extracting the fat by simple contact with the solvent
used ; but they have failed to yield as satisfactory results as those
which we have obtained by the maceration process above de-
scribed. We have usually obtained from '3 to '5s per cent.
more fat by the latter method than by means of Soxhlet’s
apparatus. Though on this account not suitable where great
accuracy is demanded, the contrivance affords many facilities for
the extraction of fat from such substances as ground seeds and
cereals, in which a fine state of division is easily attainable. The
process may also be conveniently adopted in cases of milk
analysis where very exact results are not required.

An indirect method of arriving at the percentages of fat and
non-fatty solids was suggested by Mayer and Clausnitzer, and
recently a modification of their formula for calculating the results
has been proposed by O. Hehner. The method is based on the
accurate determination of the specific gravity and total solids of
the milk, and the application to these of certain experimental data
derived from the specific gravity of the fat and non-fatty solids.
The theoretical results, however, which are calculated from even
the modified formula proposed by Hehner, are in most instances
too high in the non-fatty solids, and to the same extent too low
in the fat; but the amounts are sufficiently near accuracy, especially
in the case of samples of average quality, to be useful where the
adoption of a quick and ready method of milk analysis is a
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12 MILK.

desideratum. In cases, however, where unquestionable accuracy
is required, the variations from the true percentages, as given
by this method, are a fatal objection to its general use.

The mode in which the theoretical percentages of non-fatty
solids and fat are arrived at from the specific gravity and total
solids, is to multiply the total solids by the factor o'725, add the
product to the degrees of gravity, or the weight above 1000,
and divide the same by 4°33, and the quotient will be the per-
centage of non-fatty solids. The difference between the total
solids and non-fatty solids will be the percentage of fat.

Casein and Albumin.—The main nitrogenous constituents of
milk obtained from a healthy mammal consist of what may be
called casein and albumin. There also appear to be present
comparatively small quantities of other substances containing
nitrogen. In this respect milk agrees with many other complex
natural products, in which also are found a certain proportion of
undefined substances which may be regarded as bodies in different
stages of progress towards the perfect condition of recognized
principles. In estimating the casein it is usually sufficient to
determine the total nitrogen in the dry residue of the milk, and
calculate the whole as casein or albumin by multiplying the
weight of nitrogen by 6°3. For the separation of the nitrogenous
substances into casein and albumin, one or two methods, such as
the following, have been proposed ; but these can only be regarded
as giving approximately correct results.

To a given weight of milk i1s added acetic or a dilute
mineral acid until there is formed a distinct coagulum of casein,
which is filtered, washed, and finally treated with ether to extract
any fat carried down with the precipitate. The casein precipitate
is then dried, weighed and ignited, and the mineral matter left
deducted from the total weight of the casein.

The acid filtrate resulting from the separation of the casein is
boiled for a short time, when a further precipitate of albuminous
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matter is obtained, which may be washed and dried as above.
Small quantities of other nitrogenous principles can be precipi-
tated from the filtrate by the addition of mercurous-nitrate; but
the quantity obtained is very small, and possesses little definite
character.

Milk-sugar.—The quantity of milk-sugar is conveniently
estimated by the polariscope: 50 cubic centimetres of milk are
introduced into a 100 cubic centimetres flask, and a sufficient
quantity of solution of basic acetate of lead added to give a
bright filtrate. The whole is made up to 1oo cubic centimetres
with distilled water, and filtered. The angle of rotation is ob-
served through a zoo mm. tube filled with the clear solution,
and the percentage of sugar estimated by taking 59°'3° as the
specific rotation of milk-sugar.

The sugar may also be determined volumetrically or gravi-
metrically as previously described under “ Sugar ” (Part I. p. 106).
It is necessary to remove the casein before proceeding to estimate
the sugar. This may be done by a solution of acetate of lead or
sulphate of copper. If the latter is used, a solution of potash of
equivalent strength is added, when all, or nearly all, the copper
will be precipitated.

The copper-reducing power of milk-sugar is 70'5, that of
dextrose being roo; and hence the result obtained as dextrose
will require to be converted into percentage of milk-sugar by
mutiplying by +§-2.

Ash.—The non-fatty solids may be employed for the estima-
tion of the total ash. The incineration should be conducted at
as low a temperature as possible, using an Argand burner for the
purpose. The ash should become perfectly white before the final
weight is taken. It should not be allowed to fuse, nor should a
Bunsen flame be employed, otherwise a loss of ash may occur.
The ash residue is afterwards treated with distilled water, and the
chlorine therein estimated volumetrically by a decinormal solution
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14 MILK.

of nitrate of silver. In a full analysis of the ash three quantities
of from 5o to 100 grams are taken—one for alkalis, another for
chlorides and sulphates, and the third for phosphates, all of which
are separated and determined according to the usual methods.

AwaLysis orF SkiMm MILEK.

When milk has stood at rest from twenty to twenty-four
hours the greater portion of the fat separates, and may be
skimmed off. The remaining portion is called skim milk, but
it still contains from o'5 to 1 per cent. of fat, consisting of
fatty globules much smaller in size than those forming
the bulk of the cream. Their motion through the milk
being slower than the larger globules, there is no possibility,
from their want of sufficient buoyancy, of reaching the surface
before it becomes necessary to remove the cream. Milk, after
skimming, shows a rather higher percentage of non-fatty solids
than before the cream was removed; which naturally arises
from the relatively larger proportion of non-fatty fluid in skim
milk. On this account it is only fair to judge of the genuineness
of a skim-milk by a somewhat higher average limit than in the
case of normal milk. The process of analysis differs, of course,
in no respect from that adopted in the case of ordinary milk.

ANALYSIS OF Sour MILE.

It not unfrequently happens that an analysis has to be
made of samples of milk which have been kept for some time
—that is, for a period of from two or three days to about four
weeks—during which time the milk has become sour and
coagulated. In such cases a slight diminution in the non-
fatty solids will have taken place, as the result of an incipient
form of fermentation which changes a portion of the milk-sugar
chiefly into lactic acid, and, to a smaller extent, into alcohol
and carbonic acid gas. It is, no doubt, owing to the forma-
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tion of a little alcohol that the depreciation of the non-fatty
solids is due, as milk-sugar changes into lactic acid practically
without any loss of weight; and as the acid is not volatile, its
weight is correctly indicated on drying the milk. But the weight
of the sugar decomposed by alcholic fermentation 1s almost
entirely lost, as the alcohol disappears on evaporation, and only
that small portion of carbonic acid gas which is held in solution
in the milk is retained on neutralizing the milk as after-
mentioned. It is evident, therefore, that some allowance
should be made for decomposition in the way of addition to the
amount of non-fatty solids, according to the time the milk
has been kept, in order to obtain a correct estimate of the
composition of the milk before any change had taken place.

It has been alleged that the fat in sour milk increases at the
expense of the albuminous matter ; but the results of our investiga-
tions show that the statement is without foundation. It is not
unusual to obtain from sour milk about ‘o5 per cent. of fat more
than from the same milk in the fresh state, but this arises partly
from the fact that, owing to the diminution of the non-fatty
solids, 1oo parts of the decomposed milk represent rather more
than 1oo parts of the milk in its original state, and partly from
the greater ease with which the residue from neutralized sour
milk can be brought into a fine state of division, thus en-
abling the ether to act more effectively in dissolving out the
last trace of fat.

In estimating the non-fatty solids and fat in sour milks, it
becomes necessary to adopt a modification of the process given
for the analysis of fresh milk, as the lactic acid is soluble in
ether, and would be found along with, and increase the weight of,
the fat; and for the further reason that it is almost impossible to
satisfactorily dry the milk in the presence of the free acid, without
producing a serious loss in weight from decomposition. The
following method has been found to give very accurate results :

Three suitable platinum capsules, two of which are supplied
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16 MILK,

with glass-rods flattened at the ends, are weighed, and from 10 to
12 grams of sour milk, which has been thoroughly mixed by
being whisked for a few minutes with a loose coil of fine brass
wire, are introduced into each capsule, and the weight immediately
ascertained. The separate quantities are exactly neutralized with
pure decinormal soda solution, and the number of cubic centimetres
required noted against each quantity, The contents of the two cap-
sules containing the glass-rods are evaporated nearly to dryness, or
until the residue attains the condition of a firm paste, a result
which is promoted by occasionally stirring the contents towards
the end of the evaporation.

The third portion is brought to complete dryness, and the
amount of total solids and ash estimated.

The fat is extracted with ether in the usual way, and the non-
fatty solids brought to complete dryness on the water-bath. On
evaporation of the ether from the extracted fat no traces of any of
the milk solids will be found in the fat, if the neutralization of the
milk has been properly effected. When the weights of the non-
fatty solids have been ascertained, a deduction must be made for
the added soda solution. The increase of weight arising from the
soda is shown in the following equation :

C,H,0, + NaHO=C,H,NaO, + OH,
Lactic acid + Soda = Sodic lactate + Water.

Every unit, therefore, of acid is increased by one unit of
sodium, less the weight of an atom of hydrogen, which it replaces in
theacid. This, reckoned according to the atomic weights, is equal
to 22. When, therefore, decinormal soda is used to neutralize the
acid milk, every cubic centimetre used will add ‘coz2 gram to
the milk solids, and this weight multiplied into the total cubic
centimetres used will give the amount to be deducted. A similar
deduction is also made in the case of the total solids. The
deduction to be made from the ash is in accordance with the
fact that the soda added is converted into carbonate of soda on
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ignition of the milk residue, and the factor for multiplying into
the number of cubic centimetres of soda employed is therefore
‘0053 gramme. The following actual experiment will illustrate

the method :

Milk taken for total solids = 9*517 grams,
7'0 ¢.¢. 45 soda-solution required to neutralize .*. 7'0 x "0023 = 0154 grams,

Weight of dry total solids = 1°1390 grams.

Deduct e CODEE
Milk solids ... ik SN T £ |
11236 ® 100 = I1'80 per cent, total solids.
9°517
Milk taken for Solids not Fat.
First Experiment. Second Eoxperiment.
Milk .. =8'223 gms. Milk ... =8'728 gms,
Sada solution required =6°000 c.c. Soda solution reqird. =6'40 c.c.
Dry residue ... = ‘720gm, Dry residue ... = "7685 gm,
Deduct 6’0 x ‘0022 = "0I32,, Deduct 6°4 X '0022 = *01408,,
*7068 ,, *75092 ,,
7068 % 100 _ | 8°59 per cent. of 75092 X 100_ | 860 per cent. of
“§223 ~ | non-fatty solids. 8728 non-fatty solids.
Dry fat = 267 gm. Dry fat = ‘285 gm.
207 % 100 y 285x 100 _ .
__37':_22_3__ Q =324 percent. of fat. | §728 3'26percent.of fat.
Ash residue ... = O'1IO grams,
Deduct 7°0 x ‘0053 ... = CORTT o,
‘o729
0729 % 100

= *76 per cent. of ash.

The chlorine in the ash is estimated with 5 silver-nitrate,

'00355 X 3'0 X 100
9°517

Required 30 c.c. to precipitate the CI. = 'IT per cent.

«chlorine.

It is impracticable accurately to estimate the non-fatty solids
by first taking the weight of the dry total solids and deduct-
ing the weight of fat obtained from it, as it is difficult to get a
constant weight for the dry solids when the fat has not been
removed. It is necessary, therefore, to rely on the actual weight
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of the non-fatty solids, as these readily attain a constant weight
without any sensible decomposition.

The allowance to be made for the loss which takes place in
the non-fatty solids of milk is based upon the actual loss which
has been found to occur in numerous samples of milk which have
been analysed in the fresh state, and again at intervals, after the
lapse of a certain number of days.

The depreciation or loss is fairly uniform for the same period
of the year, but the amount varies within certain limits with the
ordinary atmospheric changes of temperature, a slightly increased
rate of depreciation occurring on a rise of temperature. The loss
of non-fatty solids is relatively greatest during the first week of
keeping, the amount for that period being on the average
'24 per cent. ; for the second week the loss averages *1o per cent,
additional ; and for each day thereafter ‘or per cent. According
to this rate of allowance, the addition to be made to the non-fatty
solids would be as follows for the number of days stated :

7 days "24 per cent,
I4 5. 34 1]
21 5 41 1y
28 ,, A8 g
35 o e B8 w

As already mentioned, a slight variation from these figures
will be found, according to the conditions under which the milk
has been kept; but the difference, whether greater or less, is
generally indicated by the acidity of the milk, reckoned as lactic
acid. With a carefully conducted analysis in the manner above
described, the error, if any, in making the allowance should not
exceed ‘10 per cent. of the non-fatty solids, and, in the case of
watered milk, the result should come within one per cent. of the
quantity of water added, as previously estimated from the analysis
of the fresh milk.

In the experiments upon the results of which these allowances
are founded, the milk was kept in bottles filled to the extent of
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about three parts, securely corked, and maintained at such
temperatures as might be ordinarily expected to apply to official
samples retained for reference under the Sale of Food and Drugs
Act.

ADULTERATION.

The chief adulterant added to milk is water, but sugar,
glycerin, carbonate of soda, salt, and salicylic acid, have also
occasionally been used. These latter are obviously not added
for the purpose of increasing the quantity of the milk. Some of
them are used to cover the addition of water, and to render its
estimation more difficult, and others to prevent the milk turning
sour.

A variety of methods have from time to time been proposed
for the analysis of milk, and some of them are of no little
ingenuity. The process which is most widely adopted by analysts
in this country, in connection with food analysis, has the merit
of simplicity, and, at the same time, the results obtained are
uniformly accurate if due care is exercised by the manipulator.
This method of analysis, which consists in the determination of
the fat, non-fatty solids, and ash respectively, is described on
pages 9 to 14, and it is practically from a consideration ot
these three data that an opinion is formed of the character of a
milk.

It would be comparatively easy if all milk were of uniform
composition to pronounce upon a sample; but it will be seen
from the following results of the analyses of nearly 240 samples
that considerable variations occur in the composition of milk
yielded by different cows.

The following samples fairly represent the ordinary range of
variations that occur, and as the cows were, in all cases, milked
in the presence of a responsible person, the genuineness of the
milk in each instance can be authenticated :
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TaBLe V.—ANALYSES oF MILK.
Percentage by Weight of
: : | Percentage
Spufﬁc Solids. | by Volume of
Gravity. il = £, =5 g e
MNon-fatty. Fat. Taotal.
1033°36 10785 544 16°29 ‘69 1100
1026°70 820 4°66 12'86 05 1400
1030°19 879 479 13°58 71 325
103096 87 265 11°42 ‘69 3°25
1029'04 10'33 687 17°20 87 25°00
103061 844 4761 13°05 69 650
103559 987 4'09 13°96 83 I1°00
103395 988 536 1524 L 15°50
103270 10°57 2°58 13°15 ‘69 4700
103121 9'II 4'09 13720 69 12°00
1032'63 892 406 12'98 65 5°50
1030°00 863 352 12°15 64 700
1031704 9717 355 1272 68 3750
102989 381 4'04 12'85 66 9'00
103608 10°54 318 1372 75 4°50
1031°68 9°30 438 1368 21 9'00
103360 10°02 431 14'33 ‘75 3 00
1028°35 10°42 566 1608 i) 19°00
102768 9'12 4'55 13°67 79 6 50
102760 10°11 5'36 15°47 77 775
1030°04 9°95 4'13 14706 Th 500
102978 890 4'29 13'19 78 2000
1031°17 912 436 13°48 o 1400
1030°56 880 338 12°18 73 10°50
1030°77 9'35 4°55 13°90 82 14'50
1030°40 921 456 1377 7l 5'00
1031705 9°54 577 15731 ‘69 17°50
1031°50 9°40 438 1378 83 1200
102992 392 4'83 13'75 65 11'00
1032°56 978 497 14°75 76 21°00
J030°40 9°23 4700 13723 75 11°00
1030°28 946 4'59 14°05 74 25°00
103550 Q71 4°13 1384 79 12°00
1031°05 870 311 1181 78 750
1031°05 874 4°55 1329 ‘71 | 1400
1031°37 870 397 12°67 73 14’50
103125 868 369 12°37 74 1300
1032'00 89z 400 12'92 ‘60 5°00

o — —
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TAEBLE V.—confinuesd,

Percentage by Weight of
—_ - Percentage
fbciihe Solids. Il by Volume of
Cravity.  [—— | == |* Ash Cream.
Non-fatty. Fat. Tatal.

1031°53 923 62z | 1545 2 16°co
1030°50 8631 | 350 12°13 73 650
103320 9'88 | 4'43 14°31 *75 6°50
1031°21 916 376 12°92 75 10°00
103309 9°29 2'47 11°76 8 | 725
1032°02 928 | 4'17 13°45 78 ,: 825
1033770 9°29 345 12°74 i 5700
1032°61 9'08 3°55 12°63 =8 | 10700
103160 858 370 1228 66 | 6°50
1030°61 800 2'67 11'27 sl 800
1030°99 e D O B 11°68 93| N 65
103200 009 | o B 12°41 {5 S:m
1030750 8°50 32z 112 ‘69 750
103237 895 225 11°20 il 4'00
103100 912 2'53 11°05 76 Q00
1029790 9'03 399 13’02 71 5'00
103129 2'34 4’ ég 1304 125 ggg
1030°00 ‘89 3" 12°75 67 :
1029°02 333 2°95 11°28 | 63  Coagulated.
1030750 874 360 | 12°34 i 62 700
102885 850 336 ! 11°86 | 75 0'00
1030°30 864 3'75 12°39 65 5°50
1029°30 874 4 08 I 1282 66 1300
1029°23 9'06 345 12°51 70 525
1029°20 890 4'99 1389 71 9°00
1030°15 §°02 468 1370 72 18°00
103004 9°41 ) 14768 74 | 100
1027'92 823 g90 | I3I3 TR g0
102G'30 881 485 | 13760 wE 7°50
1034°88 10°13 388 | 1401 | 78 9'00
1030°19 898 22 |VAT2y | b - 350
1029°40 859 226 ': 10°85 | =3 [ 2°00
1030°49 895 291 | 1186 | 72 | 250
1027°67 858 | i 12°31 10 | 8'00
1027°53 83 | a4 ‘ 12'68 69 5'50
103020 g3y U 3an e 1328 '69 9°00
1024°52 846 | 309 | 115§ 68 6 00
102878 890 | 20y |0 a=zior 70 7°50
1031735 9'05 | 416 | 13°21 *66 750
102885 870 I 441 | 1311 \ 05 800
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TABLE V.—continued.
Percentage by Weight of i
Shecific Solids. by YVolume of
Gravity. P ¥ AT s T
Non-fatty. Fat. | Total.
102872 848 424 |en2y2 71 Ic.g:::;
1032705 9°49 4’73 | 14:f2 é; 5m
1027°05 800 231 ID'IJI . ;m
I031°71 9°54 3723 12‘?'? _ES e
1029"34 &°54 278 | 11.32 .?i .
1030714 886 2'31 lldéj‘ it o
1030700 866 2°19 Io. 5 : -
102002 583 T AR (R 3140 -GE 2
102027 831 3'39 I 11.;m 2 S
103125 921 420 , | 13:.1.1' EI o
1031°40 066 3’19 | 1285 1;1 o
1028°13 802 3705 | S 67 é Lo
102903 381 454 | 1335 ; 5 .
1031°20 3-89 300 l 11 :59 ;g 12";0
1031°25 916 4°87 ; 14.33 i S
1030°38 869 | 375 [ 0 i
102982 88r 1Tl | lsfq ‘:'2 s
1029°74 g'de || S i3y 257 _;I i
1028°30 853 | 4°57 13.10 o i
102576 8o | 283 | 1142 +?I 4
102878 872 4777 | 1349 7 s
1028°40 84z 4'23 !3:65 -?4 =
1029°11 871 382 Iz‘sg -?E i
1028747 858 | 3'00 12*4 _?4 o
1027°54 849 I 4766 13.15 .:-'D b
1028°50 9'08 | 4'33 13741 ‘? e
102941 848 ‘ 367 12:15 .?? .
1029°31 833 317 iEso _?; o
1031°31 920 ‘ 3'90 IS.:ED .; i
102804 377 308 11‘ 5 .;;r .
102790 801 242 10.4_] .63 =
1030°46 866 z::«'? I!_ga s e
1027732 8'54 | 494 13_; - e
102830 843 | 37 II. 0 .?G fic
103326 940 | 2'03 12°33 .;rn s
1032°38 910 | 256 11:56 .? i
1032'88 G 07 192 i 10°90 gg e
102869 8-52 363 | 12°15




MILK. 23

TABLE V.—conlinucd,

: Percentage by Weight of
T Percentage
[ijl:t ¢ Solids, by\-"u]ume of
Gravity. [ s Ash, Cream.
Non-fatty. Fat. Total.
1031°57 10°31 4'55 14°86 73 10/90
1031°40 9'g0 492 1482 76 15'00
1033705 1044 4769 I5°13 70 22°00
1031712 9°75 514 | 1489 *76 15'00
1030°86 926 484 14°10 72 10°00
103080 915 480 13'95 25 1900
103180 900 2'96 11°96 70 10°00
103250 945 2°47 11°g2 69 5°50
1034'86 10°08 364 1372 76 0700
1030°72 860 329 11°89 ‘67 600
1033°37 971 364 1335 "b9 500
103340 981 4'49 1430 77 o0
103229 984 323 1307 B 1000
1031°69 893 352 12°45 70 900
1032 98 927 388 13'15 e 5°50
1034°08 9'79 3'84 1363 ‘74 10°00
1031°27 9°40 327 12°67 74 800
1030°17 887 3'50 12°37 70 550
I030°10 891 3'24 12°15 72 5°50
102003 G'11 4'32 13°43 78 2600
1030°58 895 3°01 11°96 68 9700
1028°g7 8-83 405 12°88 64 7700
1031°21 928 3'68 12°96 63 9'00
1029°95 877 391 12°68 ‘65 4°50
1030°50, 892 3'83 12°75 68 1450
1028'19 8-0n 378 11°87 76 700
1029°05 836 388 12°24 68 10°00
102988 890 393 12°83 ‘78 1550
1031°21 911 289 12°00 79 10°00
103421 960 244 12704 79 600
1032757 9'33 2764 11°97 ‘70 11°50
1034 °26 994 308 1302 ‘73 §-00
103094 10°58 367 I4°25 19 i 20°00
1031°77 9'40 4746 1386 70 1700
1031°72 g'05 | 2°94 11°99 68 5°50
lozzob | 061 | 4°72 14°33 70 12°00
1031°41 915 | 403 13°18 70 6 00
103044 gor | 482 13'83 72 9°50
1031°36 9'32 | 4'10 1342 72 650
1033°40 10'75 | 4°10 14°85 70 8-c0
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TABLE V.—continued.

Percentage by Weight of
: —— | Percentage
Speclrﬁc Solids. by Volume of
Gravity. S S T RS —| s 2ol
Non-fatty. Fat. Total.
103181 9°79 362 13°41 74 ‘ 10'00
103299 10°33 425 14758 g | 15'00
1031°10 963 4°48 14°11 ‘80 | 11'00
1031°72 9°90 450 14°40 ‘76 | 10°00
1033°44 9°52 301 12°53 72 | II'00
*1034°41 10°38 340 13'78 79 | 900
103366 10°13 4'83 1496 76 l 17°00
1033770 897 323 12°28 68 7'50
1033°47 003 | 337 13°30 67 600
1033°34 9'56 3°3% 12'01 78 600
1032°40 9-32 388 13°20 68 9°00
103384 10°50 378 14'28 84 10°00
103382 989 2'62 12°51 70 7'00
103332 950 380 13'30 "69 9°00
1031°32 891 311 12°02 *62 3°50
1031°40 877 2'65 11°42 66 3°00
103080 870 345 12°15 63 6'co
103126 877 331 12708 71 2°00
1030°42 860 346 1206 ‘65 3700
1028°30 865 4'11 1276 63 11°00
103020 9°'54 3°35 1289 71 850
1035°20 10°58 316 1374 i 1300
103170 975 2°50 12°25 67 550
103280 9'00 4°41 14°31 76 18'00
102890 | 843 322 11°65 67 600
1029°50 830 297 - 11°36 70 14'00
103080 866 227 10°03 o 3'00
1032°43 918 234 1169 ks 12°00
103228 965 315 1280 79 15'00
1031 °50 0°29 300 12°38 ‘68 12°00
1030°95 10°00 269 12°69 ‘72 | 1300
1031°71 961 458 14'19 68 16°00
1031748 925 2°50 11°75 o} 13'00
1031°72 9'6:, 2'50 | 12724 78 13700
1034'65 10°55 2°51 1300 76 17°50
1029°37 8-66 3751 12°17 63 8-00
102000 8:83 325 1208 66 | 9°50
1031°52 9°36 312 12°48 66 2°00
103420 10°44 2°20 1264 “80 800
1033°20 986 2'52 12°38 ‘75 800
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TABLE V.—continued,

Percentage by Weight of ¥ 1
i L i Percentage
;Hm_ 5 Solids. _! by Volume of | I
Gravity. Ao : i ) Kik e

Mon-fatty. Fat. | Total. I
1032°90 10°25 307 I 13°32 | o T 14°00
1028 80 =R a1 TN e ) L (R 7700
1031770 925 | 2°59 1184 | 2 7'00
1032°g0 9°34 | 2°59 1193 | 78 6°50
102820 833 | 380 12°13 | 73 9'e0
1029°G0 936 | 404 13°40 ‘74 9'5Q
1030°30 10734 | 399 14°33 77 1500
1029°80 019 | 573 1492 78 1500
103290 | II°27 3°99 1526 87 —
103190 | 956 369 13°25 i 11'00
1030'40 | 883 3'02 11°85 *76 600
103060 893 2°93 1186 72 2°00
1031°70 10°01 381 13°82 75 10°00
1031°10 983 276 12'50 =6 16 00
1032’10 | 943 341 12°84 76 800
1032'g0 | 977 415 13°92 60 1500
102870 8-87 483 13°70 67 1600
1031°50 918 4°15 13°33 | 73 12°50 |
102960 877 383 1260 ' =26 12'00 ’
102010 828 346 1174 | 73 800 |
1031 '00 8:go 379 1269 | 78 1000 |
1032730 994 605 1599 79 1100 |
1031°20 033 5°32 14°05 i | 14700 E
1800 9°26 5'07 14'33 72 .| go0 | |
103360 9'79 430 14°09 82 =
102980 G910 679 15°8g i —
1030°30 874 356 12'30 76 -
1033 00 963 525 14'85 75 ——
1033°50 928 487 14715 83 S
1032'10 951 587 15°08 ek —_
1029°90 883 541 14°24 ‘74 -
1030°40 878 | 414 12'92 64 o
1032'90 RO O - S (- R R L =
1030°30 9'15 520 | 1435 | 69 =
1029’50 | 890 495 | 138 | 69 -
103260 | 913 260 i - T 72 L
1030’10 | 910 5°86 146 | 09 —
Average .., i 9'00 383 I 1283 | 7l T i
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TasLE VI.—DAIRY SAMPLES.
| Percentage by Weight of
: — — Percentage
S‘I'mu-ﬁ:: Solids. | by Volume of
Ll g I I I === Ash. Cream.
Non-fatty. | Fat. ! Total.
s e e | .
103170 9°'55 | 514 1469 03 160
103161 9°57 483 | 1440 77 140
1030°73 0'10 462 13772 63 160
1033705 928 | 3799 13°27 73 8o
! 1031°51 870 | 321 11791 72 5°%
1029°88 905 4'03 13°08 ‘72 10°0
1031°05 9°23 4’40 13°63 74 13°0
1029°76 850 365 | 12°I1% v 74 95
1020793 862 366 | 1228 "69 9°0
1029°46 $70 me s "70 75
1030°G1 588 338 | xz26 74 70
102891 880 328 12°08 "65 —
103072 882 295 11°77 78 60
1031°35 900 366 | 1266 67 60
102915 850 BE370 TRy 65 7°0
1030°70 991 et S | ) 76 100
103100 960 3262 (a3 "72 12°0
103160 i' 9°51 470 J 14°21 78 130
103160 | g'30 453 | 1388 ‘75 =
103100 l 014 510 14°24 a7 il —
1030°40 &8z 442 13'24 74 —
1031°40 9'16 4'43 13'59 78 i
1029°80 | 380 | 498 13°78 07 —
1029°70 881 | 499 1380 69 —
- = =) E5e e
9°01 ‘ 4°12 1322 72 —

| Average

NoTE.—** The results of our investigation into the composition of genuine
milk, as recorded in the above tables, are in agreement with those recently
obta'ned by several well-known analysts.

According to a Paper by Chas. A. Cameron, M.D., in one case, in which
the milk of a herd of 42 cows was analysed, it was found that 25 of the cows
yielded milk which contained less than ¢ per cent. of non-fatty solids, the

minimum being 825 per cent.

The analyst’s conclusion was that, so far as

house-fed cattle in Ireland are concerned, the standard of 9 per cent. should be
reduced to 85 per cent,—* The Analyst,” vol. vi.,, No. 62, May, 1881.
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It will be seen from Table V. above, that in the case of
individual cows the non-fatty solids vary from 8o to 11°27,
the fat from 1°g2 to 6'87, and the ash from -6z to ‘87 per cent.,
while in the case of dairy samples in Table VI., the non-fatty
solids vary from 8'5o to 9'g1, the fat from 2'95 to 5'14, and the
ash from 63 to *78 per cent. The percentage of chlorine in the
samples taken as a whole varies from ‘08 to ‘14 per cent.

Although these variations are considerable, it cannot be
affirmed that they cover every case of low non-fatty solids which
is occasionally met with in the milk of an individual cow.

In another case B, Dyer, F.C.S., remarking upon the results of some analyses
of genuine milk, says : ** The fact that an individual cow in good health and
well fed can frequently give milk yielding on an average only 87 per cent. of

solids not fat,’ should ‘make us cautious in giving certificates of adulteration.”
—** The Analyst,” vol. vi., No. 61, April, 1881,

In a third instance Dr. P. Vieth stated that in a herd of 120 cows in Raden,
in Germany, the average yield of non-fatty solids, for the years 1879-8o,
fell in most cases between 8°5 and 90 per cent., and that they never rose
above 90, but fell occasionally below 85 per cent. In the case of individual
cows the non-fatty solids varied as a rule from & to 9 per cent., but they some-
times fell below 8'0, and in a few instances they rose above g'0 per cent,

At Kiel, the average of the milk of 10 cows was as follows ;

In 1878, non-fatty solids, 873 per cent.
» 1879 5 4 871 5
ay ISSI ax th 3.53 m

At Proskau, in 1879, the average of non-fatty solids was 842 per cent.
Dr. P. Vieth further stated, as the result of eighteen months’ experience in
England, that 9'o per cent. as a standard for non-fatty solids is too high, and
recommends the adoption of 85 as a standard for non-fatty solids.—** The
Analyst,” vol. vii., No. 73, April, 1882,

Lastly, Otto Hehner, F.C.S,, in directing attention to the different methods
of milk analysis practised, showed from his own experiments that the Wanklyn
method, by which the limit of g per cent. of non-fatty solids was arrived at,
would not give more than 85 per cent. by other methods now in use, and
among these that of drying the solids to a constant weight ; and he adds that
““It appears o me that as much more concordant results are obtained when the
solids are dried to constant weight than for three hours only, it would be well
to discard the old plan, and, accordingly, to lower the limit of “solids not fats’
from 970 to 85 per cent.”—** The Analyst,” vol. vii., No. 73, April, 1882,

We have always considered that there was an advantage in drying the
solids to a constant weight, and hence we have followed tkis method in all our
milk analyses, as stated on page .
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Where such natural variations occur in the composition of an
article, much valuable assistance is gained in dealing with a
suspected sample by carefully comparing the results of the
analysis of the milk with the proportions in which the non-fatty
solids, fat, and ash are found in genuine milk samples.

It appears reasonable that in deciding whether a milk contains
added water or not, there must be an advantage in taking the
whole of the constituents into account, instead of the non-fatty
solids only. Although the amount of fat in some cases of watered
milk may not be very low, yet a small percentage may some-
times afford valuable corroborative evidence of the addition of
water. In like manner the amount of ash frequently affords a
useful factor in coming to a conclusion respecting a sample. If
the ash should be low in a milk which is also low in non-fatty
solids, that fact would serve to confirm the suspicion that water
had been added.

Instead of adopting the principle of a general comparison of
the analytical results, it 1s the practice with most analysts to fix
limits of quality, founded upon the amounts of non-fatty solids
and fat respectively, and to regard all milk falling below the lines
laid down as either watered or robbed of cream, as the case
may be.

For the purpose of deciding whether water has been added
to milk, some analysts fix 9:3, and others g'o per cent. of non-
fatty solids as limits, below which milk should be reported as
containing added water. It will be seen, however, from the
results of the analyses in the above tables, that whilst many
samples reach g'o and ¢'3 per cent. of non-fatty solids, and some
rise even considerably higher than the latter, a large proportion
fall below these figures; and this is true not only of the milk
of individual cows, but also to a considerable extent in the
case of dairy samples. It is therefore obvious that when nothing
is known of the history of a milk, the adoption of such a high
standard for non-fatty solids might bring perfectly genuine
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samples under the category of watered milk, and a great hardship
would thus be inflicted on innocent persons.

It is difficult to suggest a definite minimum limit for non-fatty
solids which could be fairly applied to all milk, but the results
of the analyses of dairy samples in Table VI. will serve to convey
some idea of the ordinary range which may be expected to be
met with in such solids in commercial samples. In dealing,
however, with a suspected milk, due consideration should be
given to the fact that still larger variations occur in the com-
position of the milk of individual cows, also to the possibility of
an ordinary dairy sample being somewhat exceptional, and the
non-fatty solids falling below 85 per cent.

Some persons urge that all samples should be judged by milk
of average quality, while others contend that such limits should
be adopted that when a milk is met with which falls below the
standard, there should be no doubt, from the results of the
analysis alone, that the milk was not genuine.

‘The adoption of the first view would be unjust to the milk-
gseller, and that of the second unfair to the consumer. Average
milk, according to the results in Tables V. and VI, ranges in
non-fatty solids from g'o to 9°1 per cent., in fat from 383 to 4'12,
and in ash from 71 to "7z per cent.; and it is obvious that these
figures could not be properly applied to milk of poor or medium
quality, both of which, as shown by the tables referred to, appear
to be produced to a considerable extent, as shown from the results
of the analyses of the milk in the tables.

It would be equally unfair to adopt as a standard the lowest
quality of milk that has been met with, as this would tend in
some instances to cover the addition of water to rich milk without
a prospect of the results of the analysis indicating the fraud,
and in other cases it would practically exclude the analyst from

pronouncing against samples which afforded evidence of having

been obviously reduced in quality by added water.
The application of a uniform standard, which would operate
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alike fairly to consumer and vendor, to a natural product like
milk, having a wide range of quality, is a problem of which a
satisfactory solution may be almost regarded as impossible. Milk,
however, does mnot stand alone in this respect; butter, for
example, has naturally a range of quality equally extensive, and
again, tea yields very different percentages of extractive matter and
soluble ash.

To meet the difficulty the adoption of two milk standards has
frequently been suggested; and if it were practicable to fix or
legalize two standards of quality, the whole difficulty of deciding
upon the character of a sample would resolve itself into a question
of accuracy of analysis, but the plan would not be unattended
with some serious drawbacks. Two standards would presume
that every dairyman and milkseller would not only be accurately
informed as to the analytical results of the milk from his own
cows, but also of those yielded by the milk of the cows of
any other farm or dairy from which he may be accustomed to
draw his supplies.

The existence of two standards would also inevitably lead
to the establishment of large centres of distribution, and the
systematic reduction of nearly all milk to the lower standard of
quality ; and any plan which would admit of the watering of milk
would strike at the very root of the Sale of Food and Drugs Act,
which admits of no addition to, or abstraction from, the milk
whatever.

It is to be feared that the abstraction of cream irom milk is often
practised without being discovered, as some milks contain more
than twice as much fat as others; it is evident that a consider-
able proportion of cream can be removed from rich milk without
raising any suspicion of the fact. Fat being the most valuable
constituent of milk, a deficiency of 1 per cent.is a much more
serious depreciation in the value of the article than that of a
corresponding weight of the non-fatty solids.

‘The possession of the means of arriving at certain proof of
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the abstraction of small quantities of cream from milk would
be a great point gained, but owing to the wide variations which
occur in the proportions of fat, it becomes a very difficult matter
to affirm that a milk has been deprived of cream, unless the
quantity of fat remaining is reduced to rather a low percentage.

The lowest amount of fat which we have found in a dairy
sample was 295 per cent.; but having regard to the number of
cows which yield poorer milk, as will be seen from the results
recorded in Table V., it would be difficult to support a higher
minimum limit than 2°4 per cent.

It may occasionally occur that a milkseller, through want of
care in rousing his milk at the time of sale, may supply a sample
which on analysis shows a quantity of fat below that which would
be yielded by the milk if the cream had been uniformly diffused
through it. The purchaser, however, has a right to expect that
proper precautions shall be taken by the seller, so as to insure
that the milk supplied from the same vessel is practically of
uniform quality.

Sa/f.—Salt is occasionally employed to cover the addition of
water, and its presence is indicated by the high amount of chlorine
obtained on testing a solution of the ash with a decinormal
solution of silver nitrate. Any proportion of chlorine over 14 per
cent. points to the presence of sait. A tedious, but much more
conclusive test for salt, is to estimate the quantity of soda as well
as that of the chlorine, As milk does not contain more than ‘o4
per cent. of soda, any material increase found above this quantity
would indicate the presence of a soda-salt.

Carbonate of Soda.—This is sometimes added to neutralize any
sourness in rather old milk, and also to keep fresh milk sweet for
a longer time than usual. Its presence would be indicated by the
milk giving a high ash, and by the latter effervescing on the
addition of a little acid. As the ash of cow’s milk, when pure,
gives no distinct indication of the presence of carbonates, the
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detection of carbonic acid, and the fact of a sample yielding a
high proportion of ash, would show that a carbonate had been
added. If on estimation, as above stated, the soda should be
found in excess, it would be confirmatory of the addition of
carbonate of soda.

We have observed that on the addition of hydrochloric acid
to a milk to which an alkaline carbonate had been added, a
distinct frothing takes place; but it is not likely that so great an
excess of carbonate of soda will often be added that a decided
reaction of this kind will be obtained.

Salicylic Acid.—The addition of salicylic acid is made to
increase the keeping properties of the milk by reducing the
tendency to fermentative change to which it is naturally so liable.
The quantity of salicylic acid required to effect this is very small,
and but slightly increases the weight of the milk solids. Its
presence 1s conclusively shown by a characteristic deep purple
colour, which is produced on the addition of a solution of ferric
chloride.

Cane-sugar.—If sugar were added to milk to the extent of
only 1 per cent., water to the extent of ro per cent. could be
mixed with it without creating suspicion of its adulteration,
supposing that the quantity of non-fatty solids were relied on as
the criterion of purity.

The detection and estimation of cane-sugar in milk are attended
with some difficulty, owing to a partial inversion of the milk-sugar
which takes place when the milk is heated with dilute acids to
invert the cane-sugar ; but we have found that the determination of
the apparent angle of rotation of the sugar in the milk, before and
after inversion, is sufficient to give distinct evidence of the presence
of cane-sugar. For example, when 5o cubic centimetres of genuine
milk are boiled with g cubic centimetres of normal sulphuric
acid for four minutes, the specific rotatory angle is slightly greater
than before this treatment. If, however, cane-sugar is present,
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the effect of the above treatment with sulphuric acid will be
to reduce the total rotatory power of the sugars in the milk,
and by calculation the difference in the degree of inversion can
be made to show very nearly the proportion of cane-sugar
added. The polariscope test is applied in the manner described
on page 13.

The estimation of cane-sugar in milk may-also be effected by
the copper test, by ascertaining the percentage of sugar before
and after inversion by sulphuric acid. When milk is boiled for
four minutes with 5 cubic centimetres of normal sulphuric acid,
the increase of sugar over the quantity found before inversion
is only equal to about two-tenths per cent., but when cane-sugar
is present the indications will equal the cane-sugar in the milk,
together with the two-tenths per cent. derived from the altered

milk-sugar.

Glycerin.—This, when present, may be identified by evaporat-
ing the whey, or serum, after coagulation of the casein by rennet
or dilute acids, and removing all traces of the fat by dry ether.
The milk residue is then treated with a mixture of ether and
aleohol, which will dissolve out most of the glycerin. After the
evaporation of the solvent the glycerin, if present, will be found
as a permanently sirupy residue, which can be identified by the
application of the usual tests.

CREAM.

Cream consists chiefly of the fat of milk, but it contains also
variable proportions of water, milk-sugar, and casein. The sugar
bears nearly the same relation to the water as that in the milk,
but in cream obtained by skimming the proportion of casein,
or curdy matter, is in excess compared with the water present.
This is explained by the presence of an adherent pellicle, or

ST
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envelope, enclosing the fatty globule, the character of which has
been already referred to, and to the presence of independent
albuminous cells, or nuclei, all of which tend to affect the relative
proportions of caseous matter to water in the cream.

The cream is ordinarily separated in the cold from the milk
after the latter has stood for a period of from twelve to twenty-four
hours ; but in the preparation of clotted or Devonshire cream,
the milk is allowed to remain for about twelve hours, and is then
heated over hot plates, by which means a slight coagulation of
the albuminous matter takes place, and a more complete sepa-
ration of the cream is effected, while, at the same time, a much
smaller proportion of the milk is removed along with it.

The separation of cream from milk can be effected in a very
short time by means of the patent cream separator recently
brought into use. The milk is placed in a horizontal rotating
vessel, driven at the rate of Gooo revolutions per minute,
which causes the heavier milk fluid to gravitate towards the
circumference of the vessel, whilst the cream remains nearer the
centre, and rises towards the upper part of the rotating bowl,
whence it is removed by a conveniently-placed aperture on the
side of the vessel. An exit is also provided for the gradual
removal of the skimmed milk, thus making room for fresh milk
to be added to the apparatus, and allowing the process to be
carried on continuously. A vertical rotating cream separator has
been devised since the one described was patented, and certain
advantages are claimed in respect of the new apparatus, chiefly
on the ground that it is as effective in the separation of the
cream as the existing one, with a greatly reduced rate of

speed.
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The following table contains the results of the analyses of 1
several samples of ordinary commercial cream :

e

TABLE VII.—ANALYVSES OF COMMERCIAL CREAM.

I
|

|
L
i I
% l Percentage of t i
= 1
) Description. .
a’% Water. ‘ Fat. '.:.:::I.ﬁ} Crnsein, Ash. ; |
I Raw Cream el 5402 | 39'40 185 376 i |
2 » b 6066 | 33760 2°43 2'go 4T 0
3 » ” 67'93 | 2444 206 4'04 63 K
4 T S - A (O (I o (- L :
5 G e | 6307 | 3074 | 2'61 304 =
6 Thick Cream ... 1762 | 5897 1°46 133 32 | .
7 Devonshire Clotted 337 | 5979 I'ot | 497 47 i

It will be seen from the results recorded in the above table, y
that the variations in the quality of commercial creams are very |
considerable, and that if the percentage of fat be taken as the
basis of calculation, the five samples of ordinary cream will be
found to differ from 25 to 144 per cent. in value from each other.
Nos. 2 and 6 were separated from the milk by the vertical cream
separator, and a notable feature about them is the relatively small ,
proportion of casein which they contain, especially in the case of i
the sample of thick cream. i

Cream stands on a somewhat different footing from milk, as |
it is limited in consumption, and is essentially a luxury, and the b
purchaser can by simple inspection form a fairly accurate opinion
as to its quality ; while in the case of milk a person could not do
this without subjecting the sample to some process of analysis.

In order to always produce substantially the same quality of
cream, it would be necessary either to have an efficient cream
separator, or refrigerating rooms, which could be maintained at a
uniform temperature throughout the year. In winter, milk can be
left for twelve or twenty-four hours to throw up its cream, without
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suffering deterioration, and a thick rich layer forms on the surface
within that time, and can be readily separated ; but in summer,
under ordinary circumstances, milk could not be safely kept for
more than eight or nine hours without danger of its becoming
sour, and the cream collected at the surface during that time
would be comparatively thin and poor. In these circumstances
it is probable that it would be considered a hardship to insist
upon a standard for cream, unless a low limit were adopted ; and
this would be undesirable in the interests of the public, as it
might lead to their being supplied with a poorer quality of cream
than at present.

CONDENSED MILE.

Condensed, or preserved, milk is prepared from that of the
cow or goat by the addition of sugar and evaporation of a portion
of the water equal to three-fourths of the original volume of the
milk. There is also a variety of condensed milk made without
the addition of sugar ; but, unlike the former, it does not remain
sweet for any length of time after exposure to the air.

Condensed milk is a white sirupy fluid. It mixes freely with
water in all proportions, and has a characteristic flavour which
differs from that of the fresh milk.

Its preparation is generally conducted as follows: The milk
is first strained, and then heated to a temperature of 150° F.
(65°5° C.) to 175° F. (79°4° C.) by placing the cans containing
the milk in hot water. The milk is afterwards passed through
strainers, and then conveyed into a vat fitted with steam-pipes,
by which it is raised to the boiling temperature. Sometimes
the evaporation is conducted under diminished pressure in a
vacuum pan.

An addition of refined sugar is made during the boiling in
the proportion of 1 1b. to 1 lb. for every quart of the
condensed milk produced. The operation of condensing the
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milk occupies about three hours, at the end of which time the
product is drawn off into cans, cooled to about 70° F. (21°1° C.),
and then immediately weighed into tins, which are soldered
down.

It has been observed that when milk, from which the cream
has been partly removed, is employed in the manufacture of
condensed milk, the product looks better and is more pleasant in
flavour than when a rich milk is used.

In the results, however, obtained from the samples of milk
given in the table, there is not much evidence that any serious
abstraction of cream has taken place.

TABLE VIII.—ANALYSES OF CONDENSED MILKS.

Percentage of
Description. - = = ' 2 T | =
ané . "
Water, _Fal.. ]'I_llilk 5:;“:,' Casein, I Ash,
Swiss 26'70 976 51°02 10°20 | 2°32
English 27°07 830 50°79 I1'84 | =200
Pure Swiss Milk, |
Condensed O1°90 11°37 13°37 48 | 238
Pure Condensed
Alpine Milk ... 62°35 11°15 1314 11°29 207

The analysis of condensed milk 1s conducted like that of
ordinary milk, with the exception that, in order to estimate the
total sugar, the percentage of milk-sugar should be ascertained
before inversion of the cane-sugar, otherwise the final estimation
of the two kinds of sugar after boiling with mineral acid will give
a result rather below the true quantity. This arises from the fact

previously stated, that the copper-reducing power of milk-sugar,
after inversion, is lower than that of dextrose.
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Oriciv.—Butter consists of the fat of milk, and chiefly of
that derived from the milk of the cow. The fat exists in the
state of minute globules suspended in the milk-liquid, and
when it is left at rest the globules rise and form a layer on the
top. This layer, which is mixed with a considerable portion
of casein and milk-fluid, forms the cream, and is easily separated
by skimming

The globules of fat vary greatly in size, and the largest ones
rise to the surface first, the medium ones next, and so on. The
entire cream of milk, therefore, consists of several layers of
fat globules of different sizes. A vast number of the very minute
globules never reach the surface at all, as they do not possess
sufficient buoyancy to rise through the mass of milk, and con-
sequently occupy different positions in the body of the fluid,
corresponding to their various degrees in size. It is for this
reason that skim-milk is always found to contain a certain pro-
portion of fat globules, but minute in size, some presenting the
appearance of mere specks when viewed under high magnifying
powers.

The fat globules have been regarded by some authorities
as consisting of cells surrounded by a skin or membrane ; while
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others have considered them as particles of fat round which
local attraction has formed a layer of casein or condensed fluid.
The results of our own investigations tend to confirm the latter
view, and point to the fact that the fat is present in the milk in
a state of emulsion. The globules of fat, which, as stated before,
are of different sizes in the same milk, vary also in size with the
breed of the cow, and even in the milk of the same cow they
become smaller as the time elapses from calving. Those in the
milk of the Alderney cow are above the average size, and they
readily rise to the surface as cream. The difference in the size
of the globules in different milks is generally indicated by the
length of time required for the cream to rise, for the smaller the
globules the more slowly does the cream form.

Description.—Commercial butter is more or less granular, and
the more perfect the granular condition the higher is its quality
considered. Butter varies in colour both with the breed of the
animal and its food, ranging from a nearly white to a deep yellow.
A good butter when fresh has a pleasant odour and an agreeable
taste, but the flavour, like the colour, varies with the food, and it
is much stronger when the cow is fed on mangel wurzel or
Swedish turnips than on hay or grass. Butter prepared from
the milk of some other animals, such as the goat, naturally
possesses, irrespective of food, a strong peculiar taste.

At ordinary temperatures butter is easily cut or moulded into
fancy shapes, and it readily melts to a transparent light-coloured oil.
It always contains more or less curd, which is very liable to
undergo decomposition, and hence the reason for the addition
of salt, which acts as a preservative.

When butter fat is freed from curd and water it possesses
considerable permanence of character, and if fairly excluded
from the air, it may be kept for a long time without any appre-
ciable change. The curd and water may be separated by melting
the butter in a suitable vessel, when the butter fat, which floats on
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the top, may be readily poured or drawn off from both the curd
and the water, which remain at the bottom.

The method of butter-making followed for many generations
in this country was extremely crude and primitive, and even now,
in some districts, the system pursued is comparatively rude,
and but little calculated to produce a first-class article. It is only
within the last sixty or seventy years that improved utensils and
appliances have been introduced into the dairy, and that any
decided improvements have been made in the method of treating
milk in butter-making,

At one time milk was kept in rooms used for a variety of
purposes, and no attention whatever was paid to temperature or
ventilation, and the vessels employed were made of wood, and
therefore difficult to keep sweet and clean. The wodden vessels
have been gradually replaced by brown earthenware pans, glazed
inside ; and these again have been largely superseded by pans
made of tin or galvanized iron.

The creaming of milk is an important part of the manufacture
of butter, and although everyone is more or less acquainted with
the natural process by which cream rises, few have studied the
subject and the influences by which it is effected. For some
years past however considerable attention has been given to the
subject, and several methods of treating the milk for creaming
have been devised with more or less success. A system invented
by a Swede named Swartz has made considerable progress, and it
i1s now almost universally adopted throughout a great portion
of northern Europe. This method of treatment is called the
“ice-water system,” and it consists in setting deep cans contalning
the milk in cold or ice water to cream. The cans containing the
milk are placed in tanks or cisterns, and the cold water surrounds
the outside of the cans to the height of the milk inside. If the
water i1s not cool enough it is made so by the addition of ice
or snow, and the temperature i1s maintained at from 40°F,
(4°4° C.) to 50° F. (10°C.), the object being not only to produce
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the largest possible quantity of cream, but also to obtain it in
that pure and sweet condition which is so essential to the
production of butter of fine flavour.

Various modifications of this system have been introduced,
but they are all based on the cooling principle, and differ only
from the Swartz system in the mode of applying the process. The
most prominent among these modifications are the Cooley and
Hardin systems. In the Cooley method, which prevails to a large
extent in America, the water not only surrounds the can outside
as high as the milk inside, but is made to rise an inch or two
above the lid, so that the can is completely submerged, and all
contamination from external sources prevented.

The Hardin system, like the foregoing, is based on the Swartz
system ; but ice, and not ice-water, is employed as the cooling
agent. The cans are placed in a confined space, and subjected
to the influence of air cooled by ice instead of ice-water ; and the
originator claims that by this method there is greater economy of
ice, and that the cream is obtained in a more solid condition.

The cream rises by reason of its having a less specific
gravity than the milk fluid with which it is mingled ; and as the
fat globules expand and contract more than the milk fluid with
heat and cold, it follows that the difference between the specific
gravity of milk and cream is greatest when the milk is warm, and
least when it is cold, and hence the cooling of milk prior to
setting it to cream 7e¢fa#ds the creaming. But if the milk be set
to cream while warm from the cow, then the gradual cooling of
it to 40° F. (4'4° C.) or 50° F. (10° C.) expedites the rising of the
cream, because, as water 1s a better conductor of heat than fat,
the milk fluid is first affected, and the increased difference in
specific gravity thus caused, though slight, is sufficient to hasten
the rising of the cream in a very appreciable degree.

In the ice-cooling system, where deep vessels are used, the
cream does not separate so completely as it does in the shallow
pan-setting system. The cream all rises into the upper portion of
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the milk, but it remains intermixed with a greater proportion of
milk fluid, and is thinner than cream that has been produced in
the ordinary way from milk set in shallow pans.

In some parts of the West of England, and particularly in
Devonshire, the milk is set aside overnight in pans about nine
inches deep, to cream in the ordinary way. The following morn-
ing the pans are set upon hot plates, and the milk raised in the
course of about an hour to near the boiling point, care being
taken not to disturb the layer of cream. The milk is then set
aside to cool, after which the cream, now called * Devonshire ” or
“clotted cream,” is skimmed off, and either used as such or
churned into butter.

It is probable that cream separators, such as those referred to
on page 34, will in time become generally adopted in dairies,
and, if so, the present difficulties of satisfactorily creaming
the milk will be practically obviated, and sweet cream be always
obtained.

On small farms the butter is formed by simply stirring the
cream in a shallow tub with the hand, and for this purpose a cool
hand is considered an indispensable qualification in a Devonshire
dairymaid.

In butter-making the usual course now is to skim the milk, and
churn the cream by itself, but at one time the general practice was
to put the milk aside until it became more or less sour, and then
to churn the entire bulk of the milk. This practice still prevails
to a large extent among many small farmers in different parts of
the kingdom, and especially in the neighbourhood of towns where
there is a demand for buttermilk.

The coalescence of the fat globules may be effected by
heating the milk to near the boiling-point, when the particles of
fat rise to the surface, melt, separate from their surroundings,
and unite, forming a layer of melted fat on the surface of the
milk fluid. This is said to be the method followed in some hot
climates to avoid the labour of churning, but in butter-making
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the aggregation of the fat globules of the milk is almost
universally effected by mechanical means.

In the actual process of the manufacture of butter a variety
of churns are employed, each country, and occasionally a district
of country, having one or more favourite kinds.

It is said the most perfect churn is one in which, by its con-
struction, the agitation of the cream or milk is uniform, or as
nearly as possible uniform, throughout the mass ; the chief object
being to effect a transformation of the whole of the fat into
butter about the same time. When the agitation is unequally
distributed throughout the mass, the fat is liable to be converted
into butter at different times, and the portions formed at the
earlier stages of the process will be beaten into a soft mass, and
the finished butter thereby deteriorated by losing its granular
appearance.

At the time of churning it is necessary to pay particular
attention to the temperature of the milk. The temperature
considered most suitable is 60°F. (15°5° C.), and if it falls
below 55° F. (12-7° C.) the labour of churning is greatly
increased even in the summer. In winter the temperature may
be raised to 65° F. (183° C.), or in very cold weather to
70°F. (21'1°C.), without causing any injury. It is stated that
when the cows are fed on dry food there is greater difficulty in
churning than in the summer, when they are fed on grass.

Cream that is a little sour is more easily churned at a lower
temperature than fresh cream ; but when cream is very sour the
churning becomes more difficult, the quantity of butter is
diminished, and its flavour seriously affected.

History.—Butter appears to have been known from very early
times. By the Jews it was extensively used as food, but by the
Greeks and Romans it was chiefly employed as an ointment for the
body, and in southern Europe it is still sold by apothecaries for
external application. Pliny speaks of butter as being much valued

e -




44 BUTTER.

by barbarous nations, among whom its use served to distinguish the
rich from the poor. He adds that it was prepared by agitating
cow’s, goat’s, or ewe’s milk in long vessels, with narrow necks.
There is undoubted evidence that butter was well known to the
Anglo-Saxons, for there are many references to its use in the
preparation of their salves and medicines. Goats and sheep,
however, appear to have furnished the bulk of their supplies, and
cotv butter is frequently mentioned by way of distinction.

CHEMICAL COMPOSITION.

Butter consists of a mixture of fatty acids in combination with
glycerin, forming various compound ethers of rather complex
constitution. The fatty acids which have been found in butter
are butyric, caproic, caprylic, capric, myristic, palmitic, stearic,
and oleic acids.

In speaking of these acids it is usual to describe the first four
as soluble, as they are more or less soluble in hot water, whilst
the remaining four are called insoluble, as they are insoluble
in boiling water. The first group may be further divided into
soluble and insoluble in cold water, and the second group into
those in which the lead salts are soluble or insoluble in ether.

Three radicals of these acids are combined with one molecule
of glycerin to form a molecule of butter fat. As butter fat
contains several members of the fatty acid series it is not un-
reasonable to expect that in the same molecule there would be
found, not three combining quantities of the same acid, but
possibly three different acids, forming a tri-acid compound as

follows :
Oleic acid

Palmitic acid Glycerin.
Butyric acid
The results of an investigation into the character of butter fat
indicate that its composition is in agreement with this theory.
When ordinary animal fat is melted and mixed, say with 1o per
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cent. of butyrin, or tri-butyrate of glycerin (C,H;0),C,H.O,, the
latter compound is entirely removed by treatment with warm
alcohol, and the animal fat is recovered in practically the same
condition as before the admixture.
When, however, butter fat is treated with hot alcohol,
from 2 to 3 per cent, only of its weight is dissolved. This
does not consist, as might be supposed, of compounds of
glycerin with butyric and caproic acids, but of a fat which is
liquid at 60° F. (15°5° C.), and yields on saponification from 13
to 14 per cent. of soluble fatty acids, and from 79 to 8o per cent.
of insoluble fatty acids. The low melting-point of the extracted
fat does not arise from an increased proportion of oleic acid, as
the insoluble acids obtained after saponification have a higher
melting-point than the mixed insoluble acids obtained from the
butter fat. These results closely agree with a compound of the
following composition :
C s HyO
C,sHs O » C;H O,
C,H,0

that is oleo-palmito-butyrate of glycerin.

The results of the partial saponification of butter fat tend to
confirm this theory of the complex character of its composition ;
but, before describing the experiments made in this direction, it
may be useful to point out briefly what occurs when a butter is
saponified, or converted into a soap.

When melted butter fat is placed in contact with an alcoholic
solution of soda or potash, and gently heated, it is split up into
glycerin, which is set free, and fatty acids, which combine with the
alkali to form a soap. On the addition of a sufficient quantity of
a mineral acid, such as sulphuric acid, to the soap dissolved in
an excess of hot water, the fatty acids are set free, those soluble
in hot water remaining in solution, and those insoluble rising to
the surface in the form of an oil.

When a quantity of butter fat is treated with an alcoholic solu-

——
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tion of alkali in quantity insufficient to combine with the whole
of the acids in the portion operated on, the alkali, as might be
expected in the case of a compound built up, like butter, with two
or more acid radicals in the same molecule, combines with the
more soluble acids, and leaves a compound of glycerin entirely
deprived of its soluble acid.

In illustration of this it may be useful to give the results of an
actual experiment. Twenty grams of butter fat, rich in soluble
acids, were treated with half its equivalent of soda dissolved in
alcohol. The mixture was warmed, and at the point of complete
solution of the fat an excess of hot water was added, which threw
out of solution a quantity of unsaponified fat. This was drawn
off, washed with hot water, and dried in a water-bath. An oil was
obtained which solidified at about 40° F. (4'4° C.), and, on being
saponified with a standard solution of soda, yielded no soluble
acids, but 881 per cent. of insoluble fatty acids. This result
agrees closely with the composition of a di-acid glyceride, such as
oleo-palmitate of glycerin, thus:

Cy 1550 }
CysHyO ¢ CH;0;.
HO

When an attempt is made to fractionally separate the various
glycerides by solution and precipitation in mixtures of ether and
alcohol, the several parts, as already indicated, remain essentially
of the character of a butter, with the exception of a small propor-
tion of a hard crystalline fat. This is equal to about 2 per
cent. of the butter fat used, and is soluble in warm ether, and
gives on saponification only one-half per cent. of soluble fatty acids.

The following are the results of a proximate analysis of a
superior English butter, showing the fat, curd, salt, and water :

Bat: .. san MMOEYDRY
Curd ... T
AL . S
Water... v VITEEE

—_

10000




BUTTER. 47

Fat.—The amount of butter fat in butter—that is, the portion
left after separation of all the water, salt, and curd—ranges from
78 to go per cent., the average being about 82 per cent.

Water.—Butter contains a variable quantity of water, derived
from the cream or milk used in its production and from the water
employed in washing out the excess of curd from the newly
aggregated butter. The proportion of water in commercial
butters ranges from 5 to 2o per cent.,, but the great bulk of
samples give from 8 to 16 per cent. A greater amount of
water in butter than 12z per cent. 1s unnecessary, so far as
attaining a good appearance is concerned, and anything over
16 per cent. i1s injurious to the keeping qualities of the butter.
It is stated that in some dairy districts it is not unusual to
systematically work in a quantity of water in addition to that
which naturally becomes enclosed in the butter in the ordinary
process of manufacture ; and this practice, which answers no
purpose except that of adding weight to the butter, is one to
be greatly deprecated.

Curd.—Butter contains, relatively, only a small percentage of
curd, derived from a portion of the milk being enclosed in the fat
at the time of its separation during the process of churning. It
consists almost entirely of casein with a little milk-sugar and lactic
acid.

The presence of an undue quantity of casein, which is an albu-
minous substance liable to decomposition, has the effect—especially
when little salt and much water are present—of producing a very
rapid change in the flavour and quality of the butter. It soon
becomes rancid from the liberation of butyric and other acids,
and its sweet and agreeable flavour gives place to a cheesy one.
Although it has not been ascertained with any degree of precision
to what constituents the distinctive flavour of butter is due, it is
well known that it is rapidly altered when the curd begins to de-
compose. The mould or fungus which develops during this
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change, appears to feed partly upon the glycerin which is liberated
from the butter fat, and of which no traces are found in the free
state in old butters containing a considerable proportion of free
fatty acids.

Apart from the use of sweet cream or milk, the art of making
butter which shall preserve its delicate aroma and taste, chiefly
consists in the removal, by repeated treatment with spring water,
of excess of curd, and also of the whey, or watery portion of
the milk, which always contains sugar.

When the cream is held over for several days until it has
become sour and is then churned, the butter produced is not only
often inferior in flavour, but soon undergoes further deterioration.

We have found in butters from 11 to 53 per cent. of curd, but
the larger proportion contained from -5 to 2 per cent. If butter
is carefully prepared, the amount of curd should not exceed
I per cent.

Sa/t—Butter contains very variable quantities of salt.
We have found the salt to vary from '4 to 15 per cent. ; the
majority of samples, however, yielded from 2 to 7 per cent.

There exists no clear distinction between salt and fresh
butters, as the degree of saltness which would be allowed in a

fresh butter according to the custom of one part of the country
might be so great as to constitute a salt butter in another district.

Fatty Acids.—When butter fat is saponified, water combines
with some of the constituents, and the weight of the whole is
proportionately increased. Thus, in the saponification of the
butter fat referred to above, 100 parts of it became converted
into 106°32 parts of glycerin and fatty acids. The following
are the results of an analysis of this fat:

Butyric acid . . . 613
Caproic, caprylic, and capric acids . ]
Palmitic, stearic, and myristic acids . . 4946
Oleic acid : . : . . -36°10
Glycerin . . . . . . A2

10632
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The amount of butyric acid may be ascertained by decom-
posing the butter soap with normal sulphuric acid in the manner
described on page 55; but instead of filtering the hot solution, the
contents of the flask are cooled below 60°F. (15°5°C.), and the
acid solution is passed through a filter. The solidified fatty acids
are heated with hot water and again cooled, and the aqueous
solution filtered and added to the former filtrate. The free acid
in the filtrates is estimated by neutralizing with decinormal soda
solution, and from the number of cubic centimetres used the
percentage of acid 1s calculated—88 being taken as the equivalent
of butyric acid.

The proportion of caproic and other fatty acids of this group
which are insoluble in cold water, and which remain in the
solid condition in the flask, is determined by washing out these
acids with hot water from the insoluble fatty acids, neutralizing
the acid filtrate with baryta water, evaporating to dryness, and
weighing the barium salt. This may now be ignited, and the
weight of the combined acids calculated from the amount of
carbonate of barium left on ignition ; or the carbonate of barium
may be converted into sulphate, and the weight of barium
combined with the fatty acid salt estimated therefrom. The
equivalent of these acids in the butter fat—the analysis of which
is given above—was 136, which shows that the proportion of
soluble acids is under-estimated when calculated, as is usual in
butter analysis, from the atomic weight of butyric acid.

The percentage of oleic acid may be obtained by converting
the insoluble fatty acids into a lead soap, extracting the oleate of
lead with ether, and decomposing the ethereal solution of the
soap with hydrochloric acid. The solution which contains the
oleic acid is filtered, the ether evaporated off, and the oily residue
—oleic acid—weighed.

The palmitic acid, etc., may be estimated by difference; the
percentage of oleic acid found being deducted from the total
percentage of insoluble fatty acids.
i~
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The proportions in which the acids which are soluble and
insoluble exist in butter are variously stated by different chemists.
The want of agreement in results arises, not from any material
difference in the methods of analysis, but from the fact that such
an article as butter, derived as it is from different breeds of cows,
and under the varying conditions of food and climate, is liable to
considerable difference in composition, especially in respect to the
proportion in which the more soluble acids are present. This
fact will be seen in the table of the results of the analysis of
over one hundred samples given on pages 64-66.

The following is a brief description of the fatty acids in butter :

Butyric Aad, CH,0,—This acid occurs as a glyceride in
various animal and vegetable fats, but it exists most abundantly in
butter fat. It also occurs in human perspiration and in various
kinds of decomposing vegetable and animal matter, and it exists
as a compound ether in the oil of Heracleum giganteum, and also in
the oil of the seeds of the common parsnip. It is produced by
the oxidation of normal butyl alcohol, and there are other ways
in which it may be prepared ; but the most convenient method of
preparation is by the fermentation of sugar in contact with putrid
cheese.

Butyric acid is a colourless liquid possessing a rancid odour ;
its specific gravity is 0'958 at g§7:2° F. (14° C.), and it may be
distilled unchanged. It is soluble in all proportions in alcohol,
ether, and cold water, but it is readily thrown out of solution by
the addition of soluble salts.

Caproic Acid, C;H,,0..—This acid, besides being present in
butter fat, occurs in considerable quantity in cocoa-nut oil, and
exists, like butyric acid, in a free state in perspiration. It also
occurs as a compound ether in the volatile oil of cow-parsnip
(Heracleum spondylium). It is produced by the oxidation of
albuminous substances, and also of the fatty acids of higher atomic

weight.




BUTTER. 51

Caproic acid is a colourless mobile oil, soluble in alcohol
ether, and boiling water; it has a specific gravity of o'931 at
59°F. (15° C.); boils about 4o1° F. (205° C.), and possesses a
somewhat pleasant but pungent odour.

Caprylic Acd, C;H,,0,.—This acid, besides occurring in butter,
forms one of the constituents of cocoa-nut oil, and it is also found
in several kinds of fusel oil, partly free and partly combined with
ethyl and amyl. It dissolves readily in alcohol and benzol ; is
insoluble in cold water, and but slightly soluble in hot water.

Caprylic acid has a specific gravity of ‘911 at 68° F. (20° C.);
boils at 456:8° F. (236° C.), solidifies at 53'6° F. (12° C.), and
possesses a faint but unpleasant odour, particularly when warmed.

Capric Acid, C,gH,,0,,—This is a white crystalline body,
possessing a faint odour of the goat. Besides being present in
butter, it is associated with caproic and caprylic acids in cocoa-
nut oil. It also forms a constituent of fusel oil, and especially of
that produced in the distillation of grain spirit.

Capric acid is very soluble in alcohol and ether, insoluble in
cold water, but slightly soluble in boiling water. It melts about
B30 F. (z72° C.).

Myristic Aeid, C,,;H,,0,,—The proportion of this fatty acid in
butter is small. It forms a constituent of several vegetable fats,
such as nutmeg butter, Otoba wax, cocoa-nut and croton oils, and
Dika fat. It is said to amount to more than one-half of the fatty
acids contained in the latter.

Myristic acid is a solid body, forming white crystalline laminz
resembling palmitic acid. It is insoluble in water and ether, but
is readily dissolved by hot alcohol, from which it crystallizes on

cooling. It melts at 128:8° F. (53°8° C.), and is of a less specific
gravity than water.

Palmitic Acid, C\;H,,0,—This acid forms a large proportion
of the insoluble fatty acids of butter fat. It occurs as a glyceride
E 2
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in many natural fats, such as palm oil, the produce of Ele:s
guineensis ; Chinese tallow, the produce of the tallow-tree,
(Stillingia sebifera) ; and in Japan wax, from Rhus succedanea.

Palmitic acid is a white solid, without odour or taste. It is
lighter than and insoluble in water, but is readily dissolved by hot
alcohol or ether, and melts at 143'6° F. (62° C.), and on cooling
solidifies to a horny laminated mass.

Stearic Acid, C\;H,,0,—This is not present in large quantity
in butter fat. It forms a constant constituent of the solid fats of
the animal kingdom, and is most abundant in beef and mutton
suet. It is a white solid without smell, is insoluble in water,
but soluble in alcohol and ether. It melts at 156-2° F. (69° C.),
and on cooling solidifies like palmitic acid to a horny laminated
mass.

Oleic Acid, C,gH,,0,. — This acid, which belongs to the
acrylic series of acids, forms about a third of the weight of the
whole butter fat. It is widely distributed, constituting the fluid
portion of most natural fats and fixed oils—such as olive and
almond oils.

Oleic acid is tasteless and inodorous, and has a specific
gravity of 0°898 at 66-2°F. (19°C.). It is insoluble in water, very
soluble in alcohol, and dissolves in all proportions in ether. It
crystallizes from alcoholic solution in white needles, which melt at
57°2° F. (14° C.) to a colourless oil. It solidifies at 39°2° F.(4°C.).
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MICROSCOPIC APPEARANCE.

It may be of some interest to give the microscopic appear-
ance of genuine butter, although in practice the microscope is
very little resorted to in the examinatijon of suspected samples,
except for the detection of mechanical impurities. It will be
seen from the figure below that butter consists of a mass of
minute globules of fat, each being distinct. A few globules of
a larger size are seen scattered irregularly over the field.

FIG. L—BUTTER. MAGNIFIED 350 DIAMETERS.

ANALYSIS.

The analysis of butter divides itself into two parts : 1st. The
estimation of the water, salt, curd, and fat ; and znd. The determi-
nation of the composition of the butter fat.
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Water.—The water is estimated by drying a portion of the
butter in a platinum dish at a temperature of z12° F. (100° C.).
It has been recommended to dry at a few degrees higher than
212° F.; but we have found the latter temperature to give perfectly
satisfactory results when the evaporation is carefully conducted,
Five grams of butter, taken from the sample at a part towards
the middle, or where a true average can best be obtained, are
weighed in a platinum dish of such a shape as will allow the
butter to form as thin a layer as possible at the bottom. The
tare of the platinum vessel, which should contain a glass rod
with a flattened end, is previously ascertained. The platinum is
now placed in one of the holes of an open water-bath kept in a
state of ebullition, and the butter well stirred from time to time
in order to distribute the water through the melted fat. The
evaporation of the water proceeds with great regularity, and the
lowest weight is attained in three or four hours. As the tendency
of heated fat is to increase in weight after a time, it is very
desirable that the drying should be conducted with as much
despatch as possible. The loss of weight is ascertained and
reckoned as water, and the percentage calculated therefrom.

Salt—The dried butter from the last experiment is treated
with warm ether or petroleum spirit, and the contents of the
platinum vessel poured on to a tared filter and washed with ether
until all traces of fat are removed. The residue on the filter is
dried in a water-bath and its weight ascertained. The salt is
subsequently dissolved out by treatment with warm water, and
the chlorides in the solution estimated by precipitation with a
solution of nitrate of silver, or by titration with a decinormal
solution of that salt. The quantity of chlorine found is resolved
into its equivalent of chloride of sodium, or common salt, from
which the percentage of salt in the butter is calculated.

Curd.—The difference between the weight of salt ascertained,
and the total weight of curd and salt found on the tared filter, is
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regarded as the amount of curd present. It may be also de-
termined by weighing the dried residue on the tared filter after
removal of the salt. This usually gives from four to five tenths per
cent. less curd, owing to the more soluble portions of it having
been dissolved out in the warm water.

ZFuat—The butter fat can be estimated by evaporating the
ether filtrate from the salt, etc., drying and weighing the residue
of fat. As butter fat, however, is liable to somewhat increase in
weight by this treatment, it is more accurate to determine the fat
by deducting the water, curd, and salt from the weight of butter
operated upon, and calculating the percentage of fat from the
remainder.

In the analysis of butter fat the principal object is to ascertain
the relative proportion of those compounds which are distinctive
of butter and the compounds which are common to ordinary
animal and vegetable fats, A secondary interest attaches to the
proportion in which these exist among themselves; but as, with
the exception of butyric and oleic acids, there are no definite
methods of quantitatively estimating the fatty acids with any
degree of accuracy, their further separation is seldom resorted to.

The amount of soluble and insoluble fatty acids may be
determined by the saponification of a portion of the butter fat,
To do this the fat is first separated from the water, curd, and
salt, by heating the butter in a glass beaker in a water-bath at
about 150 F. (65°5 C.), decanting the clear separated fat, which
is passed through a filter to remove any particles of curd or salt
which it may contain. The separation of the fat should be con-
ducted as quickly and at as low a temperature as possible. The
specific gravity of the perfectly clear and dry fat is then taken
at a temperature of 100° F. (377 C.).

For this purpose an ordinary specific gravity bottle of a pear-
shape is used, into which a sensitive thermometer is inserted,
the bulb of which extends nearly the whole depth of the bottle.
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The fat is introduced into the bottle about 15° above the
standard temperature, and gradually brought down to that point,
when the bottle should be quickly filled from the residue of the
fat, also cooled to the temperature of 100° F. (37°7° C.), care
being taken to push .the glass stopper home, otherwise an
excessive gravity will be obtained.

It has been recommended to adjust the temperature of the
fat in the bottle by placing it in water kept at 10c® F.; but we
have found this an unnecessary precaution, as, where the requisite
care is taken, the first mode gives perfectly reliable results.

To obtain the true specific gravity of the fat the weight
obtained must be divided by the weight of water, at 100® F.,
which the same bottle will contain, and multiplied by 1ooco.

If, for instance, a bottle were used which contained 5o grams
of distilled water at 100° F. (37'7° C.), and the weight of fat at
the same temperature was found to be 45°58 grams, then the
specific gravity of the fat would be (*i;® X 1000) 9116, water
being 1000. The temperature of 100® F. has been selected
because nearly all mixtures of animal or vegetable fats which
might be used to adulterate butter do not solidify until they fall a
few degrees below that temperature.

In applying the saponification test a solution of soda of inde-
finite or of known strength may be used according to whether
only the insoluble acids or the acids of both kinds are sought to
be known. The former method was first applied by Hehner
and Angell, in the analysis of butter; but an improvement in
the process, which enabled both descriptions of acids to be
ascertained, was suggested by Dupré.

For this purpose two solutions are prepared, one a normal
alcoholic solution of soda, and the other a solution of sulphuric
acid, slightly stronger than the soda solution. An assay flask of
stout glass, tightly fitted with a cork or india-rubber stopper, is
selected. A quantity of dry melted butter fat, from 4 to 5 grams,
is placed in the flask, and 25 cubic centimetres of the norma
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solution of soda are added, the cork tied down with a piece of
leather or canvas, and the flask placed over a water-oven for
one hour, the contents being gently shaken from time to time
with a circular motion.

The flask is now removed, and allowed to stand till nearly
cold, and the soap solution washed with hot water into a larger
flask, measuring about 200 cubic centimetres, and having a short
wide neck.

The flask is placed on a water-bath for an hour, or until most
of the alcohol has evaporated, and the soap is then, while quite
hot, decomposed by the addition of 25 cubic centimetres of the
sulphuric acid solution. At the same time 25 cubic centimetres of
the sulphuric acid solution are added to 25 cubic centimetres of the
soda solution, and the excess of acid ascertained by neutralizing
the mixture with a decinormal solution of soda, and a note
made of the number of cubic centimetres required for this
purpose. The insoluble fatty acids rise to the surface; but it is
generally necessary to shake the contents occasionally, to bring
the fats into the form of an oil, before proceeding to separate
them from the other fatty acids.

A Swedish filter paper of the best quality is dried and care-
fully tared, placed in a glass funnel, and thoroughly wetted with
boiling water. The contents of the flask are transferred to the
filter, and the flask repeatedly washed with hot water, until all
traces of fat are removed to the filter. The filter paper and fat
are also well washed, until the filtrate ceases to be sensibly acid
to test paper, which usually takes place when from 6oo to 700
cubic centimetres of filtrate have been obtained. The filter, and
fat when sufficiently cool, are removed to a tared platinum dish,
dried in a water-bath at 2r2°F. (100°C.), and weighed. The
weight, less the tares of the filter and platinum dish, gives the
amount of insoluble fatty acids.

If the fat appears to have been imperfectly removed from the
flask it is desirable, as a precaution, to wash out the flask with
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a little ether, and evaporate in a separate vessel. It is seldom
that more than mere traces of fat are found by this treatment.

The filtered solution containing the soluble fatty acids is
titrated with the decinormal soda solution. The number of cubic
centimetres required, less the number of cubic centimetres which
the sulphuric acid solution exceeds the soda as noted above,
represents the free acids derived from the butter. It has been
found convenient to calculate these as butyric acid (C,H O,).
In an experiment in which five grams of butter were used, and
the excess acidity of the sulphuric acid solution was 4'5 cubic
centimetres, and the total acidity 37°5 cubic centimetres of deci-
normal soda, then, as ‘0088 gram is the butyric acid equivalent of
1 cubic centimetre of soda solution (37'5 — 4.5) x "0088 x 100
+ 5 = 5'8o per cent. as butyric acid.

Muter has recommended the separation of the acids in the
cold. The soap is decomposed as in the former experiment—
the fats allowed to separate and the flask placed in cold water.
The crust of fat is then broken, and the solution poured through
muslin ; the fats are again dissolved in hot water, cooled, and
poured off as before, and the process repeated a third time. Any
portion of the solid fat which may have been poured off is
returned to the flask, and the fat dried in an air bath a few
degrees above 212° F. (100° C.). '

The soluble acids in the filtrate are estimated in the same
way as above described. This method would give too low a
percentage of soluble acids in a butter containing any appreciable
quantity of caproic or caprylic acid, both of which are nearly
insoluble in cold water.

The oleic acid in the insoluble acids may be estimated by
converting them into a lead soap by heating with finely divided
lead oxide. The soap is repeatedly digested with warm ether to
dissolve out the oleate of lead. To the filtrate is added dilute
hydrochloric acid to decompose the soap; and the solution
which contains the liberated oleic acid is filtered from the
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chloride of lead, evaporated, and the acid weighed in a tared
beaker.

The separation of the stearic, palmitic acids, etc., is attended
with great difficulty ; but by means of fractional precipitation with
acetate of magnesia and repeated crystallization from alcohol,
they may be separated in such a state of purity as to enable
the particular acid to be identified. The process given by
Heintz, and which we have successfully applied for the iden-
tification of stearic acid in butter, may be stated as an example
of the method to be adopted for the separation of the several
fatty acids. The butter is dissolved in as small a quantity of warm
ether as possible, and the more solid fats allowed to crystallize.
The solid portion is pressed between bibulous paper, and again
dissolved in ether ; and the process of crystallization and solution
several times repeated until a fat melting between 136° F. (57°7°C.)
and 140°F. (60°C.) is obtained. Four parts of this fat are dissolved in
such a quantity of hot alcohol that no part of the fat will crystallize
out on cooling. To the alcoholic solution one part of acetate of
magnesia dissolved in warm alcohol is added, and left to crystallize,
This is separated and pressed between bibulous paper, and finally
decomposed by heating with dilute hydrochloric acid. The fat is
now crystallized once or twice from alcohol, pressing the crystalline
precipitate each time, or until a fat melting at 154° F. (67°7°C.) is
obtained. It is essential that the fat should be crystallized from
alcohol after precipitation by acetate of magnesia, otherwise there
is danger of obtaining a compound melting at 147° F. (63°9° C.),
the fusing point of palmitic acid, for which it is liable to be
mistaken, though really containing seven parts of stearic to three
parts of palmitic acid.

Melting-point.—Various methods have been suggested for
determining the melting-point of butter fat, but, in the course of
our experience, we have found that uniform results can be best
obtained if the butter fat be first suddenly cooled by floating the
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platinum capsule containing it in ice water. A small portion of
the fat, which has then a somewhat vitreous appearance, is taken
up on the loop of a platinum wire and introduced, close to the
bulb of a thermometer, into a beaker of water set in a porcelain
dish also containing water. The heat of the water is then slowly
raised, and the temperature read off immediately the fat assumes
the liquid condition.

ADULTERATION.

When butter is adulterated it is usually with an excess of
water or salt, or with an admixture of ordinary fats of animal
or vegetable origin. It is very rarely, if at all, that such
substances as flour or mineral matter are at the present time
added to butter. The principal task now left to the analyst in
connection with butter analysis is to determine the presence and
proportion of added fat in samples of butter which are reputed
genuine.

The methods of arriving at these results were at one time of a
crude and very unsatisfactory kind, but these now possess scarcely
an historical interest. The discovery of the tests described on a
previous page, which are readily applied and uniform in their
results, has, however, brought the methods of analysis of butter
to be, at least, on a par with those employed in the examination of
most other natural products. The work of the analyst is often much
simplified by finding that the sample consists almost entirely of
ordinary animal and vegetable fats, which have been worked up
into the appearance of butter by agitation with milk and colour-
ing matter, and subsequently seasoned with salt. The prepara-
tion of an article of this kind, and which has for some time been
well known under the names of * oleo-margarine ” and “ butterine,”
has developed into a very considerable industry in America and
on the Continent, and recently to a more moderate extent in this
country. The following is a brief description of the method
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practised in the United States in the making of this compound.
Carefully selected ox fat, which has been freed from all un-
sightly pieces, is soaked first in warm and afterwards in cold
water, and when the water has been drained off, the fat is finely
divided by means of a “hasher,” introduced into the melting-
pan and heated by a steam coil to a temperature of 120° F.
(48° 8 C.). The clear fat is then drawn off and allowed to
cool slowly to a temperature of j0° F. (21°1° C.), at which it
should remain from twelve to twenty-four hours, until distinct
granulation has set in. The semi-solid fat is afterwards enclosed
in cloths and submitted to high pressure, and the extracted oil
collected in suitable vessels. The proportion of oil obtained is
nearly 50 per cent. of the quantity of fat operated upon. The
hard and stearine-like pieces of fat remaining in the press are
removed and disposed of for other purposes. The oil, at a
temperature of 70° F. (21°1° C.), is churned up with milk and
a small proportion of annatto and carbonate of soda, and the
product conveyed into a tub containing powdered ice. The object
of suddenly cooling the fat is to prevent the formation of * grain ”
and produce the article in a soft condition similar to that which
1s characteristic of butter. After the ice has melted, and the
excess of water has been drained off, the mass is again churned
with sour milk, and salt is afterwards added to the extent of from
4 to 6 per cent. The product is then packed in firkins and made
ready for the market. Some of the “oil ” is exported to Europe,
where it is used either for mixing with genuine butter, or for
making “butterine ” after the method employed in America,
The process as conducted in this country differs from the one
described in, at least, one important particular, Ox fat, from
which everything that is discoloured has been removed, is heated
to a temperature of about 120° F. (48'8° C.) A clear sweet-flavoured
fat is obtained, which is subsequently mixed with a certain pro-
portion of pure vegetable oil, such as nut or olive oil. The
mixture, which melts at a lower temperature than butter fat, is
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cooled quickly, so as to prevent granulation as much as possible.
It is then churned up with new milk, and subsequently salted and
packed in kegs for sale under the name of “butterine.”

A preparation of this kind, when made from perfectly whole-
some fat, forms a useful article of food where a low-priced substitute
for butter is demanded, as must be the case among the poor,
to whom really good fresh butter may be regarded as a luxury.
Apart, however, from the deficiency in flavour, it is doubtful
whether “butterine” can be said to fully supply the place of
butter as an article of diet. When the highly complex and
peculiar character of the constitution of butter is considered, and
that it is the fat derived from or natural to milk which for a time
at least is the principal food of the young, it is probable that
butter performs some more specific office in the system than
ordinary fats.

When “ butterine ” is sold under its proper name there can
be no objection to its sale, but when sold as butter, or mixed with
it, the sale of the spurious article becomes a manifest fraud. In
the detection of foreign fats advantage is taken of the difference
between butter fat and ordinary animal or vegetable fats in
specific gravity, in the proportion of soluble and insoluble acids
which they yield, and in their melting-points. The specific
gravity test has been, after a lengthened trial, found to be
thoroughly reliable, no sample of genuine or factitious butter
having been met with in which the character of the fat was not
as correctly indicated by the specific gravity as by the determi-
nation of the fatty acids. Though it is well known that fats
when strongly heated increase in gravity, yet, when the low
temperature at which the fats are prepared for mixing with butter
is taken into account, and which appears to be essential to the
preserving of their sweet flavour, it is evident that in the manu-
facture of spurious butter there would be no such increase in
the gravity of the animal or vegetable fats as would materially
interfere with the test. The indication given by the specific
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gravity of the fat may be confirmed by the estimation of the fatty
acids, as described under the head of * Analysis.” In instances
where it 1s not thought necessary to estimate both the soluble
and the insoluble acids, the determination of the former is to
be preferred, because the results can be obtained with greater
precision and despatch, and in the estimation of the insoluble
acids the drying is attended with some uncertainty and loss of
time.

In the course of an investigation into the variations in the
composition of butter we have analysed a large number of genuine
samples, which were selected so as to obtain as far as possible fair
representative specimens of butter produced under different con-
ditions, and the results are given in the following table :
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TapLEe I.—ANALYSES OF GENUINE BUTTERS.

Percentage of

Butter Fat.

———— e

| - | Specific | Melting- Percentage
Watr, | Salt | Cug, | Bptler | Grmvityar| poinc | of Fix

|[ g Fahrenheit. | heit. Acids,
11°67 220 86 8527 | o12:28 875 8720
4°01 1°54 '43 | 93’12 | 91208 | &9 8742
11°83 1'14 ‘80 80°23 | 91269 89 8660
1703 | 225 | 86 | 79'86 | 01228 | 878 | 8730
1441 3’10 "6 81°85 grz2'30 | %o 8687
20°75 3'82 61 748z | o11'58 | oz 87-80
1426 382 22 8170 91239 88'5 86°45
911 §-28 40 8221 912°79 885 8600
11°52 | 3'92 ‘4t | 8415 | 91389 | 875 | 8550
15°52 4'08 I'54 78:86 911°78 89 8740
1642 280 160 =0'18 91223 | 88 56°87
13762 300 60 8278 gio78 | go 8800
1864 | 268 79 | 7789 | groso | 93 8860
13'55 2°49 8o 83716 910°93 02 88°35
13°63 44 62 85731 Q1106 39°5 8772
16°46 1'13 1'12 8129 | 910°I9 92°5 35°75
13°57 03 "84 84704 011740 89 87°50
1408 68 68 83766 00987 92'5 8915
11°41 303 70 8480 g12'30 | 92 8701
13°70 2'96 126 8199 91062 | 93. 8832
11°36 497 1°04 8263 gI1'ob | 93 8842
1624 9'20 ‘40 7416 911°34 | 93 8812
I1°59 1'49 ‘44 856748 g12'01 | 907§ 8696
12°52 212 79 84°57 91146 90°5 87°35
1257 | 1'58 B9 | 8496 | 91148 | 905 | 8765
1181 3:38 306 76°75 | 012°51 89 86 g0
12°08 2'39 3'74 81'79 | 9I1'00 | 92 87°74
12'89 369 3°15 8027 | og1z2'08 00 86792
13'08 Za 272 8187 | ogro6o 92 8829
1118 1'79 5'32 81'71 | o1r'y4 91°5 8760
19°12 3793 402 7203 | 91094 9275 8830
1560 | 6°51 54 | 77735 | orong | 92 8890
1181 285 70 8464 | 91085 g2 8862
1388 | 315 | 75 | 8222 | orryy | g0 | 87766
12'57 4'32 A 82'60 | 91065 | 92 8874
1356 2°29 75 8340 | o12°03 | 9075 87742
11°50 282 47 85'I5 | 91I'79 | 905 8805
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TABLE I.—continued.

Percentage of

—

Water.

13'02

888
12°81
10°61
12°87
12°84
1093
14601
13'78
10724
11°75
15°17

14.3? .

14°50

4'15

680
15°50
11°40
1°y9
1404

10'12

12°70
1173
1322
16°99
12°26
11°92
1296

972

818
12°84
1685
1637
1706
18°37
13'24
12'22
1302

Specilic
el B eurd. |8 PAEAE | Srmviby at

Fahrenheit,
2'13 ‘52 8343 910758
450 50 | 86712 | 91085
178 74 84767 g10°80
I'I'T 63 87765 010°04
1°56 16 8481 012°44
1°67 ‘56 | 84793 | 911729
Eag 62 8720 91190
380 -1 8068 91091
g0 "85 84°47 912°41
3'99 122 84°55 OII41
3'33 1'93 | 82'99 | 91I'5I
I 1°09 8088 gr1-z8
32t | 18 | 8053 | 909737
1'44 1°61 8245 | 909'39
= == = 913°49
327 ‘80 | 89'13 | 9r3'09
2°'10 1'70 8070 91300
76 it 8707 91228
3°39 68 | 8414 | 913'09
1°63 I.5I 8282 o11°58
2°62 70 36756 Q12799
o 86 8564 Q1279
2711 47 | 8569 | 912799
1'34 68 8476 01269
2765 1°36 7900 912°39
4°52 04 8228 g12'89
422 1'52 82°34 91230
380 “36 8288 912°99
282 -28 8718 011°98%
314 Q2 8776 91269
278 g8 8340 91269
277 11 o027 O11°83
3°22 56 70°85 1185
213 88 | 7993 | orr-g8
163 39 | 7961 91208
I°25 40 8511 g12°18
01 14 8683 911°38
o 01 8565 g11°28

e —

Butter Fat.

Melting-
point
Fahren-
heit.

—

04
925
92°§
91°5
89°5
(+7s]
89
90°5
91.5
92°5
93
92°5
94°5
a5
86
88
88
0o
883
883
882
86
89
37-8
887
87°5
87°5
88
88
87
87°5
878
875
87°3
87°3
875
892
90°2

Percentage
of Fixed
Fatty
Acids.

8865
8846
8817
8821
8714
8790
8730
8546
86°79
87°79
87°51
8766
8990
3980

e —
Sl

s S
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=
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TABLE I.—confinued.

Butter Fat.

Fercentage of
Specifie
No. | Water. Salt. Curd. El',’:ﬂ“ Gra:-i‘r.;,: ok
: Fahrenheit.
76 | 11°74 1°32 "42 86°52 91168
ol 872 ‘53 70 Q000 g12°18
751 (IS aiE o '24 | 8604 | 911°98
79 60 645 82 83713 91228
8o | 14'36 2'66 1746 B1°52 012°'99
81 17°50 298 114 78'32 912°39
2 | 1718 3700 1°24 7858 091209
83 | 1872 2°24 1°36 7768 Q12°39
84| 1314 574 296 2816 91397
85 | 19'40 370 ‘56 | 76°34 g12'96
86 | 13770 230 186 3z-14 91228
87 | 1504 240 2°68 7898 gII06
88 | 1852 484 2°16 74748 9rI°gI
89 | 14°g0 6 04 150 7756 o11°88
go | 1498 | 374 1’14 | 80’14 | 91097
g1 | ILFK 304 76 S4°49 913°14
92 | 1351 | 2°90 ‘70 | 8289 | 913709
g3 | 1760 260 a8 7882 QL1063
04 1460 — — —_ Q12°23
95 | 15'34 ‘40 ‘69 | 8357 | o9ro6z
96 | 1464 *46 82 8405 Q10°41
o7 | 1043 2°46 57 86754 9r1°48
98 | 11°03% 771 44 o080 Q1073
99 | 1321 I'74 56 84°49 911779
100 I11°99 2°23 00 24779 Qr1-8z
101 | 1330 668 1'62 7831 910742
102 | 1359 | 1508 | 136 | 6997 | 90947
103 | 13'50 258 55 83737 9I1°04
104 | I4°55 586 1°31 7828 910°30
105 | 1243 | 3°55 ‘55 | 83747 | 91070
100 | 1434 331 75 81°57 911°88
107 | 12°55 222 1°35 83-88 gI2°20
108 | 13711 166 46 34°77 QIrI 78
109 | 1279 1'03 06 85752 QIO"11I
110 | 1236 3°24 57 83753 9IO0°11
111 | 11°02 1'89 87 86-22 gI1°70
112 I4°12 228 106 82°54 g12"80
113 | 15°70 1'54 1°49 S1°27 911°78

Mc]ting~
point
Fahren-

heit. .

883

9175

92°5
93’5
91°5
93
92
905
91°5
9175
93
93
oI

Q2

Percentage

of Fixed
Fatty
Acids.

S——

s
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It will be seen that the percentage of fixed fatty acids was
only determined in about half the number of the above samples,
but the number is sufficient to show the correspondence between
these acids and the specific gravity of the fat, and that it is
possible to predicate within a few tenths one result from the
determination of the other.

It is a noticeable feature in the results that while a few
samples were very poor in quality and a few others excep-
tionally rich, the great majority of the butters were found to
possess considerable uniformity of composition. Some of the
poorest butters were produced by and obtained from small
farmers at a time when food was scarce. It was also noticed
during the investigation that butter is relatively poorer in ifs
essential constituents when the food of the cows consists chiefly
of cotton and oil cake than when roots and grass form their
staple food.

The great variation in the quantity of water in the different
butters is a notable feature in the results recorded in the foregoing
table; and it is remarkable that the Devon and Dorset butters,
which usually stand so high in the market, contained in nearly
all cases a large quantity of water, the amount varying from
13'22 to 187z per cent. Number 62, which was procured
from the dairy of a private gentleman in Cornwall, contained
as much as 16°99 per cent.; and a second sample subsequently
obtained from the same source contained 1570 per cent. ; thus
showing that the large quantity of water present was due to the
mode of manufacture, rather than to an attempt to load the butter
with an undue proportion of water.

These percentages of water are doubtless unnecessarily high,
and likely to interfere with the keeping properties of the butter,
but when such quantities are found in well-made butter of private
dairies, it is difficult to maintain that similar percentages in
butter for sale amount practically to an adulteration with water.

The following table, in which the proportion of insoluble and

F 2
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soluble acids is shown, exhibits nearly the extreme variatis
which occur in these acids, and which are likely to be founcin
genuine butters, The average proportion of soluble fatty ails
appears to lie between 5 and 6 per cent.; but the percenize
not unfrequently falls as low as 4's, and the percentage of n-
soluble acids sometimes slightly exceeds 89'0. In imperfely
prepared or long-kept butter the soluble acids may be foun a
few tenths below 4°'5, and the insoluble acids higher than &o
per cent., as will be seen in the case of Nos. 50 and 51, Tabl L.

TABLE II,—ANALYSES OF TEN REPRESENTATIVE SAMPLES, SHOWING HE
ORDINARY VARIATIONS IN THE COMPOSITION OF BUTTER FAT.

i Percentage. |i Butter Fat. i
' ' : - ' Per cent, "-Iel'-g- '
No. Water, | Salt. | Curd. : B;E:ffr | Gsrﬁ':ﬁ'l}?cm P?r”c:{zﬁt Emlub]" 'H":'d"‘ Ffﬁ.:-.
| , 100" K. Acids. ]’a‘uL}-ric Acid. i'u: !
. . 3 |
Lo 7551 3703 | reI5 | 927 | o138 | 8556 | 7ar | 88 |
2 171|360 | 05 | 83774 | our4s | 8824 | 541 of |
3| 168 | 856|123 | 7332 | o1148 | 8882 | 464 SE |
4 | 16728 | 3'32 | 156 | 78784 g912'79 | 86°00 | 700 & |
5| T1°42 | 120 | 1712 I. 8617 gro'47 | 8853 | 484 ot |
6| 1255 89| *74 | 8582 o9groz20 |8&o00| 457 o |
7 | 12°96 | 2'43 | 1°25 | 83°36 g12°51 | 8823 5°45 & |
8| 1340 | 1°39 | 2703 | 8318 || or167 | 8872 | 507 o
g | 12'05 | 0'96 | 1'95 | 85704 gri'og | 8ysr| 528 8
10 | 14°62 | 1748 | 1°88 | 82’02 || 91070 | 8900 | 450 g9 |
i |
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The following table shows the specific gravity of ordinary
animal fats at 100® F. (37°7° C.), and also the percentage of
fixed fatty acids contained in each.

TABLE III,—ANALYSES OF ANIMAL FATs.

Specific Percentages
Description of Sample. | Gravity at of Fixed
woo” F. Fatty Acids.

Mutton Suet...

l
! 90283 95°56

Beef Suet ... 903'72 95°91
i Fine Lard ... 90384 9620
Dripping (commercial) ... g04°56 0467
Mutton Dripping (genuine) ... | 90397 9548

It will be seen that the specific gravity of the above samples of
ordinary animal fats varies from go2'83 to 9go3'84, while the specific
gravity of butter fat, as exhibited in Tables I. and II., rarely falls
below g1o’, the usual range being from about gr1* togr3". There
is thus a material difference between the specific gravity of butter
fat and that of ordinary commercial animal fats, and there is a
corresponding difference between the percentage of fixed fatty acids
in the latter, and the proportion of the like acids contained in
butter fat, and these respective differences become immediately
available, not only as a test for determining the purity of butter,
but for estimating the proportion of foreign fat present. The two
samples of dripping had a slightly higher specific gravity than the
animal fats, doubtless due in the genuine sample to the action of
heat during the roasting of the meat, and in the commercial
sample probably partly also due to the use of butter in that
process.

In the following table will be found the results of the analyses
of five samples of butterine or oleomargarine butter met with in
commerce, all having been sold as butter.
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TABLE IV, —ANALVSES OF SAMPLES OF QLEOMARGARINE BUTTER OR

BUTTERINE,
Percentage of | Fat.
|
| : : Melting-
Specifi P tage | Percentage .
Water. Salt. | Curd. | Fat. Gr:wit;'mm gFfoZEL of Soluble Fpac‘::mn-
{ [ 100" F. Acids. Acids. Heit.
s ]
14'30 | 381 | 048 8141 90354 94°34 == 82
11'2F | 170 | 173 | 85361 902734 9483 |. 66 78
12'33 | 400 | 1°09 | 82°58 90315 95°04 47 79
532 | 1'09 07 | 9292 09O03°79 96°29 25 81
1321 | 3'09 | 1'0% 'Sr;;i go1°36 9560 ‘16 73

These samples of spurious butter were all well prepared, and
were undistinguishable in appearance from ordinary butter. The
true character, however, of the article is at once revealed by the
results of the analysis, as the specific gravity of the fat, and the
percentage of fixed fatty acids, are almost identical in each
case with the corresponding results of the analysis of an ordinary
animal fat recorded in Table III.

When the data of an analysis of the fat of a suspected butter
have been ascertained, the conclusion as to whether it contains
foreign fat is arrived at by comparing the results with those given
by undoubted butters and ordinary animal and vegetable fats. In
the case of a butter giving the following results, the percentage of
added fat would be indicated as follows :

Specific gravity of sample ... gob'6
Percentage of soluble acids .., 2°3
s insoluble do. ... 02°4

Taking for comparison a genuine butter fat yielding low
results—for instance, one giving

Specific gravity... ... QlO‘20
Percentage of soluble acids ... 460
o insoluble do. ... $9-00

and an ordinary fat which, on the average, yields 96 per cent.
insoluble acids, and has a specific gravity of go3'o; then calcu-
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lating from gravity, we have 910°2 — 903" : 910°2 — 9066 : : 100 :
x =50 per cent. ; and calculating from soluble acids, 4°6 per cent.:
2'3 per cent. : : 100 : x= 50 per cent. of added fat.

In drawing conclusions from the results of the analysis of a
butter, regard should be had to the condition of the sample at
the time of analysis. When butter is kept in small quantities in
glass or earthenware vessels, it undergoes more or less deteriora-
tion, Whilst some of the finest and best-prepared butters undergo
little or no change, there is in others a gradual disappearance of
the characteristic principles of butter, and a consequent assimila-
tion to the constitution of an ordinary animal fat. This change,
which appears to be due to an incipient fermentation, and is
generally accompanied by the development of fungi, is probably
caused either by the use of sour cream, or by insufficient care in
making the butter.

The following table exhibits the amount of depreciation which
different samples of butter have undergone in the respective
times stated :

TaAaBLE V.—ANALYSES OF SAMPLES OoF BUTTER AFTER KEEPING.

S —— e —

Original Butter. After keeping.
No. = 7 Time kept. |
Spec. Grav. at | Percentage of Spec. Grav. at | Percentage of
100® K, fixed fatty acids, oot F. fixed fatty acids.
1 g1z'28 | 8730 12 weeks. | 91074 8897
o 911°58 8780 - lae 909°19 90°00
3 91339 85°50 7 s 913'57 8572
4 grry8 | 87740 G 911'00 8797
5 griceb | 8772 B, 010°61 8840
6 911748 87765 s " or1 33 8800
7 91239 1z gr1-28
8 gI2°18 12 . Q10°39
9 g12-28 LE Q1124
10 913797 16 913'92
Il QIO'IQ N qo8°15
iz g10°62 8- gI0°13
13 91104 6 . QI0°75
14 QI1°40 L 911700
15 | . 9lo%a- B e g10°57
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There is at least one natural fat, namely, cocoa-nut oil, though
not likely to be used as an adulterant on account of its flavour,
the presence of which could not be proved satisfactorily either by
the specific gravity test or by the determination of the insoluble
fatty acids, as the cocoa-nut oil in both these particulars gives
nearly the same results as butter. This oil also contains nearly
the same percentage of total soluble acids as butter fat, but
differs in a marked degree in respect to the proportion in
which these acids exist among themselves.

Whilst in butter we find that butyric acid greatly predominates,
in the case of cocoa-nut oil the principal acids of this group are
caproic and capric acids. These acids, especially the latter, are
not so soluble in water as butyric acid, in the comparative absence
of which they fail in the ordinary method of butter analysis to
get washed out from the insoluble acids; so that the amount of
soluble acids, partly for this reason, when reckoned as butyric
acid, is only about one-fourth the percentage found in average
butter fat. It follows, therefore, that the determination of the
soluble acids affords a useful test in cases where cocoa-nut oil
might be suspected.

Cocoa-nut oil, having a low melting-point, 73°F. (22°7°C.),
any considerable admixture of this oil with butter would cause a
reduction of the fusing-point of the mixture, and thus furnish
additional evidence of its presence.

When fifty parts of butter fat melting at g1°F. (32:7°C.)
are added to the same quantity of cocoa-nut oil melting at 73°F.
(22'7° C.), the mixture fuses at a point intermediate to that given
by the two_fats, which is lower than could be obtained from a
genuine butter. It is true that the melting-point might be
raised by the addition of a more solid fat, but it is obvious that
this would only defeat its own object by still further lessening
the percentage of soluble acids.

As cases may occur where the melting-point i1s of much
importance, this test is never overlooked in the analysis of a
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reputed butter. The method which we adopt in determining
the melting-point of butter fat is described on page 59.

Salt.—The proportion of salt found in butter rises to 15 per
cent. in the Table of Analyses cited; but leaving out this in-
stance as an unusual amount, it will be observed that several
samples contain nearly ¢ per cent. It would therefore appear
that 8 or ¢ per cent. is not objectionable to the public taste ;
and as consumers Di; butter soon discover when the amount of
salt is excessive, the degree of admixture is one which they are
very likely to regulate for themselves.

The presence of flour or starchy substances in butter could be
easily detected by the microscope, and the addition of any in-
soluble mineral matter, such as soapstone, which has been alleged
to have been found in butter, would, without fail, be detected in
the non-fatty portion of the butter after dissolving out the salt
and igniting the residue.

It is very unlikely that such a clumsy method of adulteration
will now be adopted, seeing that there exists such an efficient and
cheap substitute for butter as *“butterine,” and which can be so
readily procured by anyone desirous of practising sophistication.

MICROSCOPIC EXAMINATION.

At one time fat prepared for making spurious butter was
almost invariably found to possess a crystalline structure, and
whether in a separate form, or when mixed with genuine butter,
there was no difficulty in detecting the crystals by the micro-
scope, and such evidence raised a presumption of the presence
of foreign fat. Now, however, the fat is generally so suddenly
solidified by a chilling process that crystallization is entirely

prevented, and the article possesses the fine texture of natural
butter.
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The following drawing exhibits the microscopic appearance of
butterine. The fat globules are more irregular in size than those

FIG. 2.—OLEOMARGARINE. MAGNIFIED 350 DIAMETERS.

of butter, and not so distinct. There are also a greater number
of large globules than in butter fat ; but on comparing Fig. 1,’on
page 53, with the foregoing drawing, it will be seen that the
difference in their microscopic appearance is comparatively slight,
and that no reliable conclusion could be founded thereon.
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The following drawing exhibits the microscopic appearance of
butterine. The fat globules are more irregular in size than those ;
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SHEESE

Oricryv.—The great bulk of cheese is made from whole milk, but
in the manufacture of some descriptions, skimmed or partially-
skimmed milk is employed, while, in the preparation of a few
special kinds, whole milk, enriched by the addition of cream, is
used. The quality of cheese depends upon the amount of milk
fat contained in the milk from which it is made, but its flavour,
like that of butter, is greatly influenced by the nature of the food
of the animals which yield the milk, and by the particular mode
of manufacture adopted.

In this country and in America cow’s milk only is used, but
on the Continent that of the ewe and goat is also employed, and
the cheese, in addition to being coloured and salted, as in
England, is sometimes mixed with various herbs and spices.

Description—The coagulation of the curd of the milk is
effected by rennet, which, to produce a satisfactory result,
requires to be prepared with great care. The time of coagulation
depends partly on the temperature of the milk and partly on the
strength and quantity of rennet used. ‘The most suitable
temperature for setting the milk for coagulation is 8o F.
(26°6° C.); but this is subject to a variation of a few degrees,
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either above or below, according as the weather is cold or warm.
The conditions of setting the milk are so adjusted that, in an
ordinary way, coagulation is completed in from forty to sixty
minutes. If these limits are exceeded in either direction, the
curd will be either tough and hard, or tender and difficult to
separate from the whey without loss.

It is the practice with most cheese-makers to use artificial
colouring, such as annatto. This is commonly introduced at the
time of adding the rennet, and, after its addition, the milk is well
stirred to ensure that the coagulum shall be of uniform tint, and
that no cream shall rise before the coagulum begins to form.

When the coagulation of the milk is complete, the curd is
carefully cut into small pieces by a knife, or broken down by the
aid of a curd-breaker, consisting of brass-wire meshes, or of strips
of tin. The operation of breaking down is conducted with great
delicacy, so as to avoid bruising the curd, which would allow a
portion of the fat enclosed in the coagulum to escape into the
whey. When the curd has been broken into small pieces and
carefully stirred, it is allowed to subside, and the whey is drawn
or syphoned off. In some instances a curd-drainer, with a false
bottom covered with coarse cloth, is used, and the whey passes
off, leaving the curd on the cloth.

The curd is then collected in a heap, covered with a cloth
to preserve the heat, and allowed to stand about an hour to
develop a certain amount of acidity, which serves to harden the
curd, and promote the separation of the whey.

In some cases the acidity in the curd is produced before its
separation from the whey by heating the entire mass of curd and
whey to a temperature of ¢8° F. (36°6° C.), and allowing it
to stand for a short time. In other cases the requisite acidity
in the curd is produced by adding about two quarts of sour
whey to every hundred gallons of milk at the time of adding
the rennet.

There is a process called ‘“the sweet-curd process,” in which
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the curd is put into the press-vats whilst perfectly sweet, and no
acid is added to, or acidity produced in, the curd before this
stage ; but as the curd is not salted, and nothing is present to
check fermentation, the necessary amount of acidity is produced
during the first few hours the curd is in the press.

The old plan of preparing the curd for vatting consisted in
working it repeatedly through the fingers until it was reduced to
fine pieces, but owing to the great amount of manual labour
which this method involved, curd-mills were introduced, and are
now generally employed in cheese factories. The grinding of the
curd enables it to be packed evenly in the press-vat, assists the
escape of the superfluous whey, and facilitates the uniform mixing
of the salt with the curd.

Although the process of cheese-making described above is
general in its essential features, yet various modifications of it are
practised in districts where the cheese, such as Stilton, is of a
special character.

Salting.—The quantity of salt added to the curd is generally
governed by its richness in milk fat, as it would appear that a
curd rich in fat requires a smaller proportion of salt than a poor
one to prevent excessive fermentation in the cheese. Too much
salt exercises an injurious effect by retarding fermentation and
preventing the cheese from ripening.

Pressing.—The curd, when ground and salted, is transferred to
press-vats and subjected to pressure for two or three days, during
which time the cheese is turned once or twice daily and the wet
cloths replaced by dry ones.

Curing.—From the press-room the cheese is removed to the
curing-room, which requires to be maintained at a uniform
temperature of about 70° F. (21°1° C.), in order to produce a
mellow and sweet-flavoured cheese. A variation of temperature,
rising or falling much above or below j0° F., is prejudicial to the
cheese.
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The ripening process is essentially a fermentative one, and
during its progress the curd loses its insipidity, and acquires the
characteristic taste and flavour of cheese.

The constituents of cheese are similar to those of milk, except
that in the process of the ripening of the cheese, the sugar of the
milk becomes transformed, partly into lactic acid, and partly into
alcohol and carbonic acid. :

Parasites.—Cheese, particularly the richer kinds, which are
comparatively soft and loose, are liable to the attacks of certain
vegetable and animal organisms. Both the blue and red moulds
which develop in cheese are vegetable fungoid growths, the
former belonging to the tribe of moulds termed Aspergilius
glancus, and the latter to that of Sporendonema casei. The animals
known as “ jumpers ” are the Jerze, or maggots, of a fly, Prophila
casei. 'The cheese-mite, Acarus domesticus—a microscopic animal
—is of frequent occurrence in cheese, and commonly exists in

great numbers.

CHEMICAL COMPOSITION.

The essential constituents of cheese are casein and milk fat,
but there are also present variable proportions of water, lactic
acid, and mineral matter, including a small proportion of common
salt added in the process of manufacture.

The following table contains the results of the analyses of
ten descriptions of cheese, which may be taken as fairly repre-
senting the various qualities met with in commerce :
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So CHEESE.

The samples in the above table are arranged according to the
amount of milk fat which they contained in their original condition,
but it will be seen from the figures in column 6, that when the
percentage of fat is reckoned on the dry cheese the order in
which they stand is somewhat altered, and that the two American
cheeses possess the advantage in point of richness. When the
Stilton, Cheddar, and Cheshire cheeses are compared upon this
basis, or upon that of the relation existing between the curd and
fat, they are found to closely approach each other as regards
richness of. quality. The Dutch cheese, which stands at the
bottom of the list, is a representative of a cheese prepared from
milk which has at least been partially skimmed.

It will be observed from the results given in the last two
columns that there is the same relation between the soluble and
insoluble acids of the fat as is found to exist between these acids
in milk fat. Such results tend to throw considerable doubt on
the statement of M. Blondeau, and some other chemists, that a
large proportion of the fat of cheese is produced from the
decomposition of casein during the ripening process, for fat so
produced could scarcely be expected to contain normal
proportions of soluble and insoluble acids.

ANALYSIS.

The method of analysis for the determination of the fat and
casein of the cheese is practically the same as that adopted in
analysis, and described on pages 9 and 10. Owing, however,
to the presence in the cheese of lactic acid, which is extracted
by ether with the fat, it is necessary to estimate the amount
of acid, and deduct the quantity from the weight of fat found,
or the acid, before extraction of the fat, may be neutralised with
solution of soda, and thus rendered insoluble in ether. For the
estimation of the lactic acid five grams of the cheese are weighed
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in a platinum capsule. The cheese is then carefully pulverised,
and repeatedly washed with distilled water, until the whole of the
acid is dissolved out. The washings are passed through a
Swedish filter, and received in a beaker, and the acid solution
exactly neutralised with a decinormal soda solution, and from the
number of cubic centimetres required the amount of lactic acid 1s
calculated.

In the estimation of the mineral matter the cheese should be
neutralised with pure decinormal soda solution before ignition,
and a deduction made from the amount of ash obtained, as in the
case of the analysis of sour milk, described on page 14.

The soluble and insoluble acids of the cheese are determined
by the process described on page 55, for the analysis of butter
fat.

ADULTERATION.

Cheese has hitherto been singularly free from adulteration.
Colouring matter has been about the only foreign ingredient
which has been employed in its manufacture, and although it is a
useless addition, and was no doubt originally intended to give a
fictitious appearance of richness, yet its use has almost become a
necessity to satisfy the public taste, and as serving to distinguish
particular sorts of cheese. So long as the colouring matter
employed is not injurious to health, there does not appear to be
any good reason for objecting to its use.

The successful manufacture of factitious butter from ordinary
fats of animal and vegetable origin has naturally suggested their
substitution for milk fat in cheese, and it would seem that already
the manufacture of “lard cheese” has developed into a consider-
able industry in America. The employment of ordinary fat in the
manufacture of cheese affords such facilities for getting rid of skim
milk, and of utilising a refuse product in butter-making, that the
preparation of lard and oleomargarine cheeses is almost certain

G
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to extend ; and if a sound, wholesome fat be employed, the article
will doubtless form a useful food where a low-priced substitute
for a pure milk cheese is desired.

In the preparation of this compound the milk, after having
been skimmed, is warmed to a sufficient temperature, and an
addition is made of the quantity of lard or oleomargarine
necessary to replace the abstracted milk fat. The mixture is then
agitated in order to produce in the added fat as fine a state of
division as possible. Rennet is afterwards added, and the
coagulum which forms is then treated according to the most
approved methods of cheese making.

Having been supplied with two samples of American cheese
made with ordinary fat, we are enabled to give the results of

their analyses in the following table :

TABLE II.—ANALYSES OF OLEOMARGARINE AND LARD CHEESES.

e ————— e —

100 Parts of Cheese contain— = 402, ‘.'.;anr:aﬁigf_Fm
= S e S e G
: C | Point |
| o2l |Insoluble/ Soluble | of Fat, |
— Water. | Fat. ;’:te Ash, * Fatty Fatty | |
! |:".¢Ld=:- Acids. | Acids, l |
I | | |
chnmargnnn-:: | 30795 | 2880 | 3627 3708 | 1I'14 | 9243 | 216 ‘}' .
Lard ., e | 31730 | | 24°66 | | 3887 | 517 | 1'55 | 02°88 | 1°55 [g2' F. :

e =T .= —

In flavour and character these samples closely resembled
ordinary milk-fat cheese. It will be seen from a comparison of
the results of the analyses of the fat of the two samples with those
yielded by genuine cheeses in Table I., that the proof of admixture
with foreign fat is conclusive. The low percentage of soluble
acids indicates that more than one-half of the fat has not been
derived from milk.

As little or no change occurs in the fat of cheese the analysis
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is conducted on the same principle as that of butter, and the
results obtained may be referred to the same standard in deciding
whether the fat has been mixed with foreign fat or not.

Potato and other starches are included by some writers among
the adulterants of cheese, but there is no reliable evidence of
their having been used in this country for that purpose. The
detection of starch is a matter of no difficulty, as, after the
extraction of the fat from the cheese by ether, and the addition of
a little iodine solution to the residue, the smallest admixture of
starchy matter can be recognised by the aid of the microscope.

In some cases it is the practice to paint the outside of the
cheese with Venetian red, and it is said that metallic solutions of
a poisonous nature, such as sulphate of copper and lead salts,
have sometimes been brushed over the outside of the cheese to
preserve it from parasitic attacks. The rind should, therefore,
where practicable, be carefully tested, to see that it is free from
poisonous ingredients.
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LARD is the fat of the pig freed from the membranes and tissues
with which it is associated when taken from the animal. In the
preparation of ordinary lard, the crude fat is cut into small pieces
and placed in a vessel which is heated by fire or steam. The
melted fat is then drawn off into bladders or kegs, and being free
from albuminous matter will keep sweet for a long time. Some-
times a proportion of salt is added during the melting of the crude

fat, in which case a part thereof will subsequently be found in the
lard.

Lard should be white in colour, and free from taste and smell.

It should also be practically free from water, but may contain
a small proportion of salt.

The following table gives the results of the analyses of four
commercial samples of lard :

ANALYSES OF LARD.

|.‘-Ipc:i:iﬁc Gravity| Per cent. of

! Mo, Water. Ii I-I.'b-:'fl:tl?.. }"i}f:{g[é':lltty -: Mf:ﬁ:ﬂg}m:’:t :
: | '
S e |
I 24 | 9048? 9592 | Iﬂgﬂ |
G 903°88 958 | 1o®
3 | 27 903'73 9562 1
S 17 003'71 95°03 [ 114°
|

The only adulterant of lard which has come under our notice
is water. Flour is said to have been used at one time, but its
presence could be readily detected by the microscope.
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THE principal cereal grains used as human food are wheat,
barley, oats, rye, maize, and rice.  Besides these, there are
some others of much less importance, such as millet, durra, etc.
These grains are the seeds of various grasses, which belong to the
natural order Graminee, and have hollow stems with alternate
sheathing leaves, and flowers growing in spikes or panicles. The
stem contains a large proportion of silica, to which it owes the
strength and stiffness necessary for the support of the ear.

The cereals are the most important of all food substances,
and some representative of the class exists in every part of the
globe wherever agriculture is in any degree followed. The area
of the cultivation of barley extends to within the Arctic circle,
and from thence southward come in order, as the climate becomes
warmer, oats, rye, wheat, maize, and finally, as the grain of tropical
or sub-tropical regions, rice, millet, and durra. All the cereal
grains, if kept dry, retain their vitality for a very long period.
Grains of wheat taken from Egyptian mummy cases, and believed
to have been there for two thousand years, have been planted
and found to grow with ordinary vigour.

The cereals have been known from time immemorial, and
the origin of individual species is quite lost, though the Egyptians
had a tradition that barley was the first cereal used as human
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food. Among the ancient Britons, barley was the principal grain
cultivated, and was used not only for bread-making, but also for
the preparation of ale, their favourite drink. In later times,
and in northern countries unsuitable to the growth of wheat,
rye has been largely displaced by barley and oats, while in
England and other countries having a somewhat similar climate,
wheat has long been the staple cereal food of the people.

In each of the cereals, the body of the grain, which consists
mainly of starch, is surrounded by a testa or silicious husk, and
by the difference in the structure of the tissues of the respective
husks, and by the size and shape of the starch granules, it is
possible, with the aid of the microscope, to distinguish the cereals
from each other in a ground state.

The constituents present in the cereals are fat, starch, sugar,
albuminous and other nitrogenous bodies, cellulose, mineral
matter, and water, and although these occur in all, the proportion
in which they are present varies considerably in the respective
cereals, as will be seen from the following table :

TABLE I.—CONSTITUENTS OF CEREALS,

| | o] r
Wheat. | Wheat. | [ong- : Carolina
. i = Englizh o R

Constituents. winier | Spring ]?:rrl-:-::ir' aﬁus.li Maize. | Rye. wﬂ‘i‘:ﬂﬁf"

Fal s bt o = | T SRl TG G o 5'14| 3'58 | 143 | 0719

Starch... .. .. | 6371|6586 | 6351 | 49778 | 64°66 | 61°87 | 77766

Sugar (as cane) ol SzesEdl 2l g | 206 ‘ 1'94 | 4730 | 0738
Albumin, ete., insoluble |

in alcohol ... . | 1070 | 710 | 818 | 1002 967 | 978 | 794

Other nitrogenous mat-
ter, solubleinalcohol | 483 | 440 | 328| 405| 460| 509| I'40

Cellulose w. | 303| 293 | 7228|1353 | 186 | 323 |Traces
Mineral matter wo | 160 I74 | 232| 266 | 135 | 185 | o028
Moisture ... | 12°08 | 1408 | 1306 | 11°86 | 12'34 | 1245 | I2°I§

Total ... ... |10G'00 |100'00 |100°00 [100°00 i:m'ocr 10000 |100°00
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It will be seen from the above table that the winter wheat
contains more nitrogenous matter and less starch than the spring
wheat. The other constituents differ but little. The oats contain
more nitrogenous matter than the spring wheat, and they are rich
in fat, cellulose, and mineral matter. Barley is higher than wheat
in cellulose and salts, but is lower in all the other constituents.
Maize stands next to oats as regards fat, but its other constituents
occupy an average position with respect to wheat. Rice contains
the highest proportion of starch, but the other constituents are all
below the average. The constituents of rye, with the exception of
the sugar, correspond closely with those of wheat.

The starch includes from one to one and a half per cent. of
dextrin or soluble carbo-hydrate.

The saccharine body behaves like cane sugar in being
inverted with the same facility, and in not reducing a solution
of copper salt.

The albuminous compounds present in the several cereals,
though having certain points of resemblance in so far as relates to
their chemical composition, differ in some of their physical
characters, but the differences in their behaviour with solvents do
not furnish a very clear line of demarcation between them. The
results obtained by different chemists in their attempts to
separate the various nitrogenous bodies in cereals, have varied so
as to lead to some doubt whether in any instance a pure and
distinct proximate principle has been separated, whilst for quan-
titative analysis, any method founded on their behaviour with
solvents fails to give a useful result. In the present instance we
have considered it sufficient for our purpose to separate the
nitrogenous substances into those soluble and insoluble in
alcohol.

The soluble albuminoids of cereals which have the power of
converting gelatinous starch into dextrin and maltose, possess
varying degrees of activity according to the cereal from which
they are derived. The difference may, however, partly arise
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from their being present in greater abundance in one cereal
than in another. The active principle in rye was found to have a
high converting power compared with that of the other cereals,
and to approach in action nearer to the diastatic constituent of
germinated barley or malt, which, as is well known, acts with
oreat energy and rapidity on soluble starch.

The albuminoids of rice exert a very weak action on starch,
whilst those of oats, barley, wheat, and maize, hold a somewhat
intermediate position between rye and rice.

It will be seen that the proportion of cellulose varies
considerably in the cereals, ranging from a trace in rice to 13'53
per cent. in oats.

Ash.—The following table exhibits the composition of the
ash of six of the cereals :

TABLE II,—CONSTITUENTS OF THE AsH OF CEREALS.
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DISEASES OF CEREALS.

It may be useful to describe shortly some of the diseases to
which cereals are liable from the development of parasitic fungi.
The most common of these are bunt, smut, and ergot.

Bunt.—This is also called pepper brand, and is botanically
known as Zilletia caries. 1t is a very common disease of wheat,
and grows within the seeds, ultimately developing a mass of
spores which present the appearance of a fine powder. The
spores are soft and feel greasy to the touch, and when rubbed
between the fingers give out a disagreeable smell.

The presence of bunt in small quantity is not supposed to
render flour unwholesome, but, whether or not, it should be
absent in carefully prepared commercial flour. When present
it can be readily identified by the microscope, the spores being
large, round, and reticulated, as shown in Fig. 3. The size of
the spores varies from ‘o0oo6 to ‘0008 of an inch in diameter.

FIG. 3. RBUNT. MAGNIFIED 350 DIAMETERS.
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Smut.—Smut is also popularly called dust brand, and its
botanical name is Us#ilage segefum. It is a very common and
destructive parasite, especially on barley, oats, and rye, but it
seldom attacks wheat. The powder of smut resembles that of
bunt in appearance, but is inodorous. Its spores are also smaller,
being less than two ten-thousandths of an inch in diameter, and
are not reticulated. The microscopic appearance of smut is
shown in Fig. 4.

FIG. 4. SMUT. MAGNIFIED 350 DIAMETERS.

Ergot—TFrgot is almost exclusively confined to rye, wheat
and other grain being only occasionally attacked by it. The
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fungus is botanically known as Oidium aboriifaciens. It begins
to develop at an early stage of the germen, and eventually takes
the place of the seed, one half of the whole substance being
composed of fungin, while the cells, instead of containing starch,
are filled with a peculiar fixed oil.

The spores of ergot, which are oblong in form, and not
coloured blue by iodine, can be detected by the microscope when
present in flour.

Ergot has an unpleasant, sour odour, and is deleterious to
health.

WHEAT ELOUR.

Botanical Origin.—Wheat flour is prepared from the seed of the
genus of plants called Z#éticum. There are several varieties of the
wheat plant, but the differences between them are generally very
slight. Some years ago (1852), M. Esprit Fabre maintained that
the several varieties were derived by cultivation and selection from
a grass called £ gilops ovata, and from the results of his experiments,
he succeeded in convincing some botanists that such transformation
can be effected in about twelve years.

The two varieties of wheat cultivated in this country are
Triticum Iybernum (Linn.) and Triticum estivwm (Linn.). The
latter, which is only grown to a comparatively small extent, is also
called bearded wheat, from the fact that the ears are provided
with hair-like appendages termed awns, resembling those of barley,
as shown in Fig. 5. The former, Zrificum lybernum, which has
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no such appendages to its ears, is often called unbearded wheat,
and 1s shown in Fig. 6.

FIG. 5. EARS OF WHEAT.

Formerly, the leading varieties were classified as winter and
spring wheats, according as they were sown in autumn or spring ;
but as most varieties are now found to give a larger and finer
yield when autumn sown, and as even the so-called winter wheats
can be sown with safety up to the end of January, this classification
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is of little value. There is, however, a natural division of the
several descriptions into white and red wheats. The principal
varieties of white wheat are Talavera, Rough-chaff, Smooth-chaff,
Chiddam, Hunter’s and Taunton Dean ; and of red wheat, Golden-
drop, Spalding, Lammas, Burrell, Nursery, April, and Revett’s, the
two last-named only being bearded. But cultivation in different
soils and climates tends to produce intermediate forms which are
frequently put forward as new varieties.

In addition to the foregoing, three other varieties may be
mentioned.

1. The Egyptian, or many-seeded wheat ( Z#iZicum compositum).
This is often called the * corn of abundance ;” it has a branched
stalk with several ears which are bearded, and the grains are
thinner and less rounded than those of the best varieties of
English wheat. It is said to be of African origin, and, being
capable of bearing excessive moisture and heat, is the principal
wheat grown in Egypt and Italy.

2. Spelt wheat (Zréticum spelta). This variety requires less
culture and attention than the better qualities of wheat, and is
suitable for cultivation in poor soil. It is largely grown in the
south of Europe, in several parts of Germany, at the Cape of
Good Hope, and in Australia. There are two varieties of spelt
wheat, one with awns, and the other without.

3. One-sided wheat, or St. Peter’s corn ( Zriticum monococcrnt).
The spike of this wheat, as its name implies, contains only one
row of corns, and the stalk is shorter than that of most other
varieties. There are usually four or five stems springing from
each seed-corn. The grain is poor in quality, and is chiefly
cultivated in mountainous regions.

The general appearance of wheat is too well known to require
any lengthened description. The stalk is comparatively slender,
but is specially strengthened for the support of the ear or spike
by the large proportion of silicious matter which it contains ; it is
hollow, and knotted at intervals, and has alternate sheathing leaves.
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The flowers are arranged in numerous spikelets along a common
stem. Each spikelet has a pair of bracts, or glumes, which again
enclose several flowers, and each of these flowers has also its own
pair of bracts, called glumelles, or pales.

Description.—\Wheat is not only the most valuable, but, next to
maize, is the most productive of all the cereals. In a ground
state, as flour, it is one of the chief necessaries of life. The wheat,
having been obtained from the ears by threshing, is supplied to the
miller deprived to some extent of its enveloping husks, or glumes,
but before grinding it is necessary to sift the grain, so as to
remove various adhering impurities, such as earthy matter,
husks, etc., detached in threshing. The wheat, thus cleansed, is
cround and dressed, and the quality of the flour is largely
dependent on the care exercised in these operations. The
following descriptions of produce are recognised, the same being
classified according to the degree of fineness of the flour and the
proportion of bran present :

Produce of a quarter of wheat weighing 5041bs., or 631bs. per bushel.

Fine flour... o 333 1bs
Second do. Tk N
Fine middlings ... e 1 T -
Coarse do. e A I8 ,,
Fine pollard et 2RT
Coarse do. e 200
Bran VI |
Waste 7
504 lbs.

A considerable amount of flesh- and bone-forming matter is
removed in the middlings, pollard, and bran, and attempts have
recently been made to avoid most of this loss by the introduction
of what is termed ¢ ze/keat meal,” which is the flour of wheat from
which only the outer integument or bran has been removed.

History.—Wheat has been known from time immemorial.
Wherever the climate is suitable and the knowledge of agriculture
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exists, we find wheat displacing all inferior kinds of cereals.
During the feudal ages barley seems to have been replaced by
rye both in England and throughout the Continent of Europe,
the extravagant prices often paid for wheat showing that the use of
this grain must have been confined to the wealthy. It has been
estimated that the yield per acre of good land in England, in the
thirteenth century, was not more than 12 bushels; in 1574 it had
risen to from 16 to 20 bushels ; whilst at ‘the commencement of
the present century the yield was estimated by Young at 2214
bushels per acre. Messrs. Lawes and Gilbert more recently have
stated the average yield to amount to 273¢ bushels per acre,
basing their estimate upon the produce of the twenty-seven years
between 1852 and 1879. During the same period, however, the
acreage under cultivation in England decreased by 2o per cent.,
whilst the annual imports increased from 4,700,000 to 13,700,000
quarters, and the consumption of wheat per head of the
population, from 5°1 to 567 bushels.

Wheat has been the subject of much legislation. From the
year 1463, down to the abolition of the Corn Laws in 1846, Acts
of Parliament were continually passed for regulating the corn
trade. The exportation of wheat was forbidden when the price
in the home market exceeded 6s. 84. a quarter. In 1562 its exporta-
tion was permitted after the home price had risen to 105 a
quarter ; a hundred years afterwards, the limit was fixed at 4os. ;
and in 1670, all restrictions on importation were virtually
removed, though a customs duty was imposed which at times
became prohibitive. :

From 1775 till 1795, the price of wheat was under sos. a
quarter, but in the latter year it rose to 81s. 64.; and in
consequence of bad harvests at home and wars abroad, it
continued to rise, till, in 1812, the price was 126s. 64. During the
period from 1852 to 1879, the average price of wheat was 53s. 54.
a quarter,
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CHEMICAL COMPOSITION.

Wheat flour contains the following substances : starch, dextrin,
cellulose, sugar, albumin, gliadin or glutin, mucin, fibrin, cerealin,
fat, mineral matter, and water.

The first four are called carbo-hydrates, or non-nitrogenous
substances, and they form nearly three-fourths of the entire
weight of the flour. In these four alimentary principles the
hvdrogen and oxygen exist in the proportion to form water, and
hence the application of the term to them of carbo-hydrates.

The nitrogenous matter consists of at least five principles,
three of which—gliadin, mucin, and fibrin—constitute the bulk of
the material known as crude gluten, which is the substance left
when flour 15 kneaded with water and afterwards washed to
remove the starch and any soluble substances. The remaining
two nitrogenous principles, albumin and cerealin, which are
soluble in water, are carried away with the starch in the process
of washing.

Crude gluten possesses a peculiar adhesiveness, arising from the
presence of gliadin, which is a highly tenacious body, and which
is not present in the same form in other cereal flours. It is this
adhesive property which gliadin imparts to gluten that renders
wheaten flour so well adapted for bread-making purposes.

Although the nitrogenous matter of wheaten flour is separable
into several proximate principles, yet it is doubtful whether their
properties are sufficiently marked in their behaviour with solvents
to found thereon a satisfactory method of analysis for their
quantitative estimation, and hence, for the purpose of the present
work, we have contented ourselves with the separation of the
nitrogenous matter into the soluble and insoluble in alcohol of
70 per cent. The former includes the gliadin and allied sub-
stances, and the latter the albumin and fibrin.
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The following table contains the results of the analyses of three
samples of flour of different qualities.

TABLE III.—CONSTITUENTS ofF FLOUR.

LU Houschold. | 37,0550 ! Whises.
Starch and Dextrin ... N Jﬁg‘m ‘ 71°05 70°33
Cellulose ... 1? 2 | *70 i
Sugar corresponding to cane sugar i (] 64 | 68
Albumineids and other nitiogenous | I ,
matter insoluble in alcohol ld,:i' 9'36 | 704 | 9740
Nitrogenous matter soluble in alcohol | | 6°83 : 505 4°20
Fat . 4§ 1706 | I'22 108
Mineral matter ... v 4 67 | 73 58
Water ... SR ) I 1267 12°g6H
i Total..., | L. ... | 10000 I 100°00 | 100°CO

The mineral matter, as will be seen by Table V., consists of
salts of lime, magnesia, potash, soda, and silica.

It has been stated that the external part of the grain is richer
than the central in nitrogenous matter, but it will be seen from a
comparison of the results of the analyses in the above table with
those given in Table I. on page 86, that we have 16°19, 12799,
and 13'60 per cent. of nitrogenous matter respectively in the
flours, compared with 15°53 and 11°59 in the entire grain.

The chemical constituents of wheat flour are so proportioned
as to render it of high nutritive value, and consequently it forms
one of the most useful of vegetable foods.

Starck (C,,H,,0,,).—This is the most abundant, if not the
most important constituent of flour. It is almost wholly pre-
sent, in the insoluble condition, and in the form of rounded

H
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granules of various sizes, ranging in diameter from ‘corr inch
downwards.

The starch of wheat can be recognised by the aid of the
microscope, and be distinguished from that of nearly every other
cereal.

Starch is without smell or taste, and is always white, with more
or less of a glistening appearance. Its specific gravity varies from
1°55 to 1°60, which is about that of cane sugar, and it undergoes
remarkable changes under the influence of certain soluble al-
buminous substances which exist ready formed in grain. It is
similarly changed by saliva.

The activity of the soluble albuminoids of grain is much
increased by subjecting the grain to incipient germination, and
their effect upon starch is greatest when the latter is in a
gelatinous condition. The first change of the starch is into a
soluble state, then into one or more forms of dextrin, and finally
into maltose, a sweet substance capable of crystallisation, and
having the composition of cane sugar. Similar transformations
take place when starch is boiled with dilute sulphuric acid, but in
this case the ultimate product is glucose or dextrose. Maltose,
when boiled with dilute sulphuric acid, is also converted into
dextrose.

When starch is heated with water, the granules swell up and
then burst, forming a gelatinous mass, but when starch in a dry
state is gradually heated to 320 F. (160° C.), the product is dextrin
accompanied with a little saccharine matter. It is then soluble in
water, and forms the article commercially known as British

gum.

Dextrin, C_ H,0,.—This body is usually present in very
small quantity, and, like sugar, its proportion, if not its presence,
depends upon the curing and mode of treatment of the wheat and
flour.

Dextrin is an intermediate compound between starch and
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sugar, and is produced, under certain conditions, by the action of
albuminoids on the former, and also, by the action of heat, as
already stated.

Cellulpse, CH,,0,,.—Cellulose forms the basis of the substance
composing the walls of the cells and vessels of vegetable structures.
It is present to a very limited extent in the starchy portion of the
grain from which the flour is derived, but it enters more largely
into the composition of the external coats of the seed, and on the
entire grain amounts to about three per cent. In flour the
quantity 1s less than one per cent.

Cellulose is not readily soluble, but it yields to the action of
both alkalis and mineral acids. In flour it exists in a finely
divided state, and in that condition is readily acted upon by
chemical agents.

Sugar, C H..0,,.—It will be seen from the above table that
the quantity of sugar obtained was less than 1 per cent. in each of
the three flours. The sugar present corresponded in properties
to cane sugar. It is not readily dissolved by gz per cent, alcohol,
but it can be easily extracted by alcohol of 7o per cent. It does
not reduce cupric tartrate, but possesses that property after the
treatment with sulphuric acid which suffices for the inversion of
cane sugar.

The entire grain of wheat contains a larger proportion of
sugar than the starchy interior, and the same remark applies to all
the cereals. It is probable that both the proportion and character
of the saccharine matter in flour vary according to the con-
ditions of harvesting. In bad seasons, when the wheat is exposed
to much wet, and the circumstances are favourable for the
action of the diastase-like principle contained in the grain, we
should expect to obtain an increased proportion of saccharine
matter.

Albumin.—This body i1s present in considerable quantity in
wheat flour, where it exists, as in most other vegetable substances,
H 2
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in a form in which it can be removed by treatment with cold
water. Vegetable albumin closely resembles, in appearance and
in its behaviour with acids and alkalis, the albumin obtained from
the white of egg and the serum of blood. It forms when moist
a white elastic mass which, on drying, acquires a yellow colour
and horny appearance. In contact with water, the dried substance
again absorbs several times its weight of that liquid, and assumes
much of its original character. A solution of albumin is readily
precipitated by nitric or hydrochloric acid, but such acids as acetic
or tartaric have no effect upon dilute solutions. Tartaric acid by
the aid of heat, and dilute alkalis in the cold, dissolve coagulated
albumin, whilst concentrated alkalis convert it into the form of a
jelly.

Gliadin, or Glutin.—It is to this substance that bread made
from wheaten flour owes its well-known porous and spongy
character, and its deficiency in the other cereals unfits them
generally for bread-making. In the hydrated condition it is of a
soft and pasty character and can be drawn out into threads.
When dried in air or in the water-bath, it resembles gelatin,
but when dehydrated by alcohol and ether, and dried in vacuo,
it forms a hard mass easily reducible to powder. When gliadin
is left in contact with water for some time, it decomposes
and gradually passes into solution, in which state it acts upon
starch in a way very similar to that of the soluble albuminoids.
Gliadin is insoluble in cold water and only slightly soluble in hot
water, but readily soluble in the fixed alkalis and in alcohol of

70 per cent.

Mucin.—This is a body having much the same properties as
gliadin. It dissolves in hot alcohol along with the latter, but is
slowly deposited in a flocculent condition as the spirit cools. In
its several characteristics it appears to come between gliadin and
vegetable fibrin.
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Fibrin, or insoluble Albumin.—This is the portion of the
albuminous matter insoluble in water and alcohol. When crude
gluten is exhausted with alcohol the fibrin remains as a grayish-
white, elastic mass, intermixed with starch and cellulose, from
which it may be purified by solution in potash and precipitation
by acetic acid. When dry, it becomes of a brownish colour,
and acquires a horny appearance, but it recovers its original
condition when left in contact with water. It is dissolved by
dilute hydrochloric acid, and also by acetic, tartaric, and
phosphoric acids, and is precipitated when such solutions are
neutralised.

Cerealin—This, according to Mege-Mourits, exists as a proxi-
mate principle in the seed-coats of wheat. It is largely removed
with the bran in the process of manufacture, and consequently is
present to a very limited extent in flour. It is said to possess
properties similar to those of diastase, and to have the power of
converting starch into dextrin and maltose. According to the
same authority, bran contains another nitrogenous principle which
acts upon starch with even greater energy than cerealin. It is
supposed that the dark colour of brown bread is due to the action
of cerealin, and that if the activity of this body be destroyed by
heating the flour, a comparatively white bread may be made from
the entire flour of wheat.

The action of cerealin upon starch is prevented by the
presence of alkalis, and its effect closely resembles that of the
soluble albuminoids of malt. If to a quantity of thick gelatinised
starch at 122° F. (50° C.) an aqueous infusion of bran or a similar
infusion of malt be added, the mixture rapidly liquefies and
becomes sweet, owing to the transformation of starch into dextrin
and maltose,

fat.—Flour contains an oily fat, but only in small quantity,
and always less than in the corresponding whole grain.
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Asi.—The ash of ordinary flour, as will be seen from the
following table, varies from about ‘35 to ‘86 per cent.

TasLE IV.

RESULTS OF A PARTIAL ANALYSIS oF FLOUE.

Percentage of ! Per 4 Ibs. of Flour.
T Corre-
No. Descripticn. T i thsxzhate sponding
Moisture. R!I'L:::'l‘_lf { (Grains). ﬁlu‘:‘]}inﬂ Kﬁ:ﬁ{ﬂnﬁ
7| (Grains), | Alum
| (Grainz),
I | P
1 | Hungarian ... ... | 136 | -35 2°52 ‘T4 273
2 ditto | 994 | 6I 24°g2 2°'05 7755
3 ditto i g 84 40 560 1°86 688
4 | American ... EAh 8 56 1°40 1'30 481
5 ditto R I i cal- | 56 2°'07
6 ditto S [ e ‘84 1°40 93 344
7 | Odessa S|l BTS20 ‘41 rao | g 2°73
8 ditto sn ol R TGt ey 408 112 4°T4
0 ditto R I 5 ol 70 784 | 130 481
10 | Dantzic we | T8O 07 672 261 960
II | Australian ... 11°04 : 63 | 6°12 12 4'14
12 | Baltic Whites SR (B v B MR 03 344
13 | Whites | 00 806 1712 414
14 ditto l 11°84 | ‘72 10°g2 112 4'14
15 | Seconds et VO e i 07 336 03 344
16 | Household ... we | I2772 | 68 12°32 | 2°0§ 753
17 ditto eR N L | 68 476 | 224 829
18 ditto e | 12°46 76 | 11720 280 | 10°36
1o ditto ST o e e ‘ 86 15°12 2°42 895
20 ditto S B R ‘64 | 1796 28c | 10736
21 ditto R I L ‘ T1 14°50 583 | 2170
22 ditto e | 16705 w8 | 25'85 | 1148 | 42'50
23 ditto .- | TO'58 I 55 | 858 5704 18°65
| |

‘The samples in this table were all examined for alum, but
none was detected in any of them,

One of the most notable features about the results, is the wide
variations which occur in the calculated amount of alum corre-
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sponding to the alumina actually found in the different samples,
the quantity ranging from 2°07 to 42°'5o0 grains of ammonia-alum
in the 4 1bs. of flour. The amount of silica is also very variable,
ranging from 1'12 to 25'85 grains in the 4 lbs.; but with the
increments in the proportion of silica there is no uniformly cor-
responding increase in the amount of alumina, and consequently
there does not appear to be any definite relation existing between
these two constituents, from which any reliable conclusion could,
without further evidence, be formed of the addition of alum.

The following table exhibits the composition of the ash of
a sample of houschold flour:

TABLE V.
Constituents, FPer cent,

Total ash on dry flour ... 74
Potash ... estimated as K.,O 15°62
Potassium chloride: o8 SO . . | - -
Sodium chloride: ... ... i »  JNaCl 68
Magnesiz ... i . MgO 1944
Lime i i — i T 0 526
Oxideefiam .. v 5 w FeO a7
Alvmina ... e o Trace
Oxide of manganese - o Mn O, Trace
Sulphurie: anhydride o P - 111 g
Phosphoric anhydride ... = R 3 2 60758
Sili‘:a e P EERY 593 -1 | SiD-‘: I.Sﬁ
Sand 178

Total ... 10000

MICROSCOPIC STRUCTURE.

Ground wheat contains several distinct forms of tissue derived
from the testa or skin of the grain. The testa is composed of
three membranes ; the first two, which consist of elongated cells
surrounded by beaded walls, and lying transversely to each other,
are represented at A and B, Fig. 7. The third tissue, which is seen
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at ¢, is composed of roundish and somewhat angular cells, con-
taining oil globules and molecular matter in a very fine state of
division, and presenting an opaque appearance. The cells forming
the tissues of the testa gradually diminish in size, as they recede
from the centre of the grain and approach either end.

In addition to these, occur unicellular hairs which are repre-
sented at . These are attached to the testa at the end of each
grain. They vary greatly in size, but are all pointed at the
Apex.

The interior of the grain consists principally of thick-walled
cells filled with starch granules, the cells being surrounded by
albuminous and other nitrogenous substances, but possessing no
distinctive structure.

=

Jn:.. © e i
It f * s S
wALAL il (B P A | B
=.|'E' 41 i ol L - B R T o T
.r | % i' i 'F FI'IJ'! I:,I?l' |I 3 .:.LI.‘ i
! 1 ; !.I..r F' i .-1-r'.: wll |:I'
i1l a 1} !'”- |! F' 1
AR \
!{ : I-.,|' ;_ ; . c.-

FIG. 7. SKIN CF WHEAT. MAGNIFIED IDO DIAMETERS.

The granules of wheat-starcli are shown in Fig. 8. They
vary in size from one ten-thousandth of an inch in diameter to
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eleven ten-thousandths of an inch. Each granule has a hilum or
central spot, and the small ones, when examined by a high
magnifying power, are seen to be distinctly angular. Many of the
large granules are somewhat flattened on one side, and exhibit
aintly marked concentric rings.

FIG 8. WHEAT STARCH, MAGNIFIED 320 DIAMETERS.

ANALYSIS.

Starch.—Starch is estimated from the amount of glucose which
is produced from it by the action of sulphuric acid. TFor this
purpose 2z grams of the flour are boiled for six hours with
about 100 cubic centimetres of water and zo cubic centimetres
of normal sulphuric acid in a flask fitted with a condensing
apparatus. When the conversion of the starch is completed, the
solution is neutralised with soda, made up to a bulk of 500
cubic centimetres, and the amount of glucose present therein
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estimated either volumetrically or gravimetrically by a solution
of cupric tartrate, in the manner described on p. 106, Part I.
After deduction of the sugar naturally present, the difference is
the amount produced from the starch, together with a small
quantity from the dextrin, and probably also from a conversion
of traces of the finely-divided cellulose. As go parts of starch
yield 100 parts of glucose, the proportion of starch in the flour
is readily calculated. When the amount of starch in the cereal
is required, it is advisable to boil a weighed quantity of the
finely-powdered grain for ten minutes in water acidulated with
5 cubic centimetres of normal sulphuric acid, which renders the
starch soluble. The solution is filtered, and the undissolved part
of the grain well washed with hot water until all evidence of
starch has been removed ; 15 cubic centimetres more of normal
sulphuric acid are then added to the starch solution, and the
boiling continued, as in the case of flour, for six hours, to ensure
the complete conversion of the starch into glucose.

Cellulose.—Five grams of flour or finely-powdered grains, are
boiled in 100 cubic centimetres of water, acidulated with 1o cubic
centimetres of normal sulphuric acid, for ten minutes, or until all
the starch is dissolved. A large quantity of water is then added,
and the undissolved part allowed to subside. The liquid part is
then decanted, and the residue, after being thrown on a filter and
well washed with boiling water to remove starch, is digested for
a short time with water containing 10 cubic centimetres of normal
potash solution, whereby nearly all the albuminous matter is dis-
solved, After filtration the residue is warmed with about 2co0
cubic centimetres of water rendered slightly alkaline with potash,
then thrown on a tared filter, washed, dried, and weighed on the
filter. It is then incinerated, and the amount of the ash deducted
from the weight of cellulose found.

Sugar.—10 grams of the flour or powdered grain are
repeatedly digested in alcohol of 70 per cent.,, and the filtrate
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made up to a bulk of 300 cubic centimetres. The solution is
first tested directly for glucose, but the result is generally a
negative one. A known portion of the filtrate is next boiled for
four minutes with 5 cubic centimetres of normal sulphuric acid,
and then neutralised with soda and tested with solution of cupric
tartrate according to the method given in Part I. page ro6, and
from the result the amount of sugar present, reckoned as cane,
is calculated.

Nitrogenous Compounds Soluble and Insoluble in Alcohiol—TFor
the purpose of making this determination, 1o grams of the flour
are completely exhausted with alcohol of 70 per cent, at a
temperature of 140% F. (60° C.) and an aliquot part of the total
filtrate evaporated to dryness and weighed. A known quantity of
this residue is submitted to combustion with copper oxide, and
the proportion of nitrogen found multiplied by 6°3 gives the
quantity of glutinous matter present. The flour left after treat-
ment with alcohol is dried, and a weighed portion analysed for
nitrogen, from the amount of which the percentage of albumin
and fibrin is calculated as before mentioned.

Albumin.—Although it has not been deemed desirable, for
the reasons stated on page 87, to attempt the separation of the
several nitrogenous compounds of flour, it may be useful to point
out the means by which they may be roughly estimated.

For the estimation of albumin 20 grams of flour are well
shaken up with water at the ordinary temperature, and, after
subsidence of the insoluble matter, the clear liquid is decanted
and filtered. The operation is repeated with a fresh quantity of
water, and the filtrates added together and boiled. The albumin
is deposited in flocculent masses, and, after being well washed
with water, is purified from adhering fat or other matter by
digestion with boiling alcohol and ether.

Crude Gluten.—This body is an impure mixture of gliadin,
mucin, and fibrin, and is obtained by kneading out in water the
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starch, soluble albumin, sugar, etc.,, from a mass of dough.

There are several methods given for effecting this object, but

the simplest way is to mix a weighed quantity of flour into a
'!I dough with a little water, and then knead the dough in a fine
| linen cloth under a gentle stream of water until all the starchy
| and soluble matters are removed. The product is spread out in
A thin layer, dried in a water-bath and weighed. Crude gluten
so obtained contains from one to one and a half per cent. of fat
and inorganic matter,

| Gliadin and Mucin.—According to the method proposed by
% Ritthausen, crude undried gluten, obtained as just described, is
| digested several times with boiling alcohol of 8o per cent. and
| rapidly filtered after each operation. The filtrates, which become
. turbid on cooling, from separation of mucin, are distilled, and
- after half the alcohol has been distilled off, a considerable quan-
tity of flocculent mucin separates on cooling from the residual
fluid. The precipitate is purified by being dissolved in alcohol of
50 per cent., filtered while hot through calico, and then left to
" deposit on cooling. It is then transparent, flocculent, and
shightly coloured. The alcohol from which the mucin has sepa-
rated contains the gliadin, but it requires to be purified from a
little mucin which still remains. This is effected by evaporating
the alcohol over the water-bath, when the mucin is rendered

insoluble. The gliadin is then redissolved in alcohol or acetic
acid, and is obtained pure by evaporation of the solution to
dryness.

Fibrin.—This body is obtained as an insoluble product when
crude gluten is digested with boiling alcohol of 8o per cent. as
above described.

Cerealin.—This, as stated in another place, is principally
present in the seed-coats, and is therefore contained but to a
small extent in ordinary flour.

To obtain it Mege-Mouries digested bran repeatedly in dilute
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alcohol until all the sugar, dextrin, and soluble albuminoids were
removed. The residue was then treated with water to dissolve
the cerealin, which on subsequent evaporation of the solution at
a low temperature was left in an amorphous state.

Fal.—Four grams of the flour are dried and repeatedly
digested with ether until exhausted of fat. The filtrates are
evaporated in a tared beaker and weighed.

Ash—Ten grams of flour are incinerated in a platinum
capsule to a white ash, which is then weighed. The amount
found in the case of an ordinary flour should not exceed one
per cent.

ADULTERATION.

Many substances, both of vegetable and mineral origin, have
been found from time to time as adulterants of flour, the principal
of which are ground beans, peas, rye, barley, and rice, alum,
chalk, gypsum, soapstone or silicate of magnesia, and carbonate
of magnesia.

The use of most of these adulterants is now comparatively
rare ; and since the passing of the “ Food and Drugs Act, 1875,”
the principal adulterant found by the public analysts has been
alum,

Most of the vegetable adulterants mentioned can be readily
detected by the microscope, by the size and shape of the starch
granules; but barley-starch, the granules of which closely resemble
those of wheat, is more difficult of identification. In the case
of rye-starch, the cracked edges and star-like hilum of some of
the larger granules are very characteristic; but the recognition
of the starch of barley-flour by the microscope cannot be relied
on alone, and confirmatory evidence of its presence must be
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sought from portions of husk which may be found. The illustra-
tions of the starches and husks of cereals given on pages 117y
to 123 will be of service in the identification of adulterants of
flour.

The mineral adulterants of flour are readily detected. The
- amount of ash affords an indication at once of such as are added
for mere increase of weight ; but with alum the amount required
to be added to produce the desired result is so small that no indi-
cation of its presence is given by the amount of ash. There are,
however, other tests available for proving the presence of alum
in flour, even when the quantity is so small as one grain per
pound.

One of these tests is based upon the well-known property
possessed by alumina, of forming a violet or lavender-coloured
lake with the colouring matter of logwood. This test, which is
readily applied, is one which we have never known to fail to indi-
cate alum whenever present in flour, but it requires to be used
with certain simple precautions, to the neglect of which its failure
in the hands of some analysts can only be ascribed. The
reagents required are recently-prepared tincture of logwood and a
solution of carbonate of ammonia. The former is prepared by
digesting 5 grams of logwood chips in 100 cubic centimetres
of strong alcohol; and the latter by dissolving 15 grams of
carbonate of ammonia in 100 cubic centimetres of distilled water.
The test is applied as follows: A small quantity, say 5 grams
of flour, is made into a paste with 5 cubic centimetres of water ;
one cubic centimetre of the logwood solution is then mixed with
- the paste, and this is followed immediately by the addition of one
cubic centimetre of the solution of carbonate of ammonia. If
alum be present the colour produced will be more or less lavender
or blue, according to the quantity of alum in the flour ; but if the
colour be pink, which soon fades to a dirty brown, then, accord-
ing to our experience, alum is invariably absent. Should there
be any doubt as to the colour, the paste i1s put aside for several
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hours, and then, if alum be present, even in very small quantity,
there will be a decided tinge of lavender on the sides of the
capsule near the edge of the partly-dried paste. An approximate
estimate of the quantity of alum present may be formed by
making comparative experiments with flour, to which different
quantities of a solution of alum of known strength have been
added, and judging by the depth of the lavender or blue colour
produced. Valuable, however, as is the logwood test in showing
the absence of alum, yet the production of a lavender tinge must
not be considered conclusive proof of the presence of alum, or
of any other soluble salt of alumina, without further evidence,
as there are certain other salts, particularly those of magnesia,
which produce a somewhat similar colour, though not of so
permanent a character.

A ready method of separating alum and other mineral matter
from flour is to agitate the latter with chloroform in a glass
vessel known as a separator, and allow the mineral matter to
subside. A known quantity, say four ounces of flour, is placed in
the separator with ten or twelve fluid ounces of chloroform, and
the vessel is then well shaken so as to bring the chloroform into
contact with every particle of the flour. On standing, the flour
rises to the surface, and most of the foreign mineral matter settles
to the bottom, and may be drawn off by the tap. A further small
quantity of mineral matter may be obtained by repeating the
shaking and settling alternately for a number of times, care being
taken to avoid disturbing the sediment as it is formed. Mineral
matter thus obtained is purified by one or two further treatments
with chloroform in a small separator; it is then dried at a very
gentle heat, and weighed. It is next examined by the microscope
to ascertain if any husk or starch be present, and for any evidence
which may be afforded by its granular or crystalline nature. The
residue is then exhausted, first with cold water, and subsequently
with very dilute hydrochloric acid, and afterwards washed, ignited,
and weighed. The residue will contain the sand, clay, and other
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impurities from the soil or millstones, as well as any insoluble
earthy matter which may be present in the flour. The neutralised
extract of the residue, and also a portion of the aqueous extract,
are respectively submitted to the logwood test, and should the
presence of alumina be indicated, the sulphuric acid in the
remainder of the aqueous extract is estimated as barium sulphate,
and, provided that no other soluble sulphate 1s present, a close
approximation to the amount of alum added may be calculated
therefrom.

Estimation of Alum.—Many processes have been proposed
for the quantitative determination of alum in flour and bread,
most of which are only different modes of estimating the amount
of alumina, generally in the form of phosphate. We have tried
several methods, but the following modification of that pro-
posed by Dupré is the one which we have found to be the most
trustworthy. One hundred grams of flour, or the crumb of bread,
are carefully incinerated in a platinum capsule over a Bunsen
burner until the ash is nearly white. A quantity of the mixed
carbonates of potassium and sodium, known to be free from
alumina, in proportion equal to about four times the weight of
the ash, is then added, and the whole thoroughly fused. The
fused mass i1s dissolved in excess of hydrochloric acid, and the
solution afterwards evaporated to dryness, and gently ignited to
render the silica perfectly insoluble. Dilute hydrochloric acid
is next added to the residue, which is then heated. The
solution 1s afterwards filtered, and the insoluble silica left on
the filter ignited and weighed. To the filtrate ammonia is
added until a slicht permanent precipitate is produced, which
is then redissolved by a few drops of strong hydrochloric
acid. A slight excess of acetate of ammonia is next added,
and after the appearance of the precipitate has been carefully
noted, the mixture is raised to the boiling point, at which it
is maintained for a few minutes, and then set aside for several
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hours. If the appearance of the precipitate becomes more
granular during the boiling, or increases very largely in quantity,
as will sometimes be the case, it is evident that phosphates of
lime and magnesia have been precipitated, and the precipitate
must be filtered off, dissolved in a little hydrochloric acid,
warmed and reprecipitated as before with acetate of ammonia
solution. The precipitate is filtered off, washed, and again
dissolved in a small quantity of hydrochloric acid. The solution
is boiled for a few minutes with about five grains of bisulphite of
soda, and again for a few minutes longer after the addition of
an excess of pure caustic soda. The precipitate of oxide of iron
15 filtered off, and the filtrate slightly acidified by hydrochloric
acid. Acetate of ammonia in slight excess is then added, and
the solution raised to the boiling point, and allowed to stand for
several hours. The resulting precipitate, which should consist
of pure phosphate of alumina, is washed, dried, ignited, and
weighed. The weight of the precipitate multiplied by 3873
or 3'70z gives the amount of potash-alum or ammonia-alum
respectively, corresponding to the total alumina in the one
hundred grams of flour or bread taken. DBefore accepting the
result as conclusive, care should be taken to prove that the
precipitate consists of phosphate of alumina only.

In this process for estimating alumina as originally proposed,
the phosphate of alumina was precipitated in the cold, but in
our experiments on flour containing known quantities of alum, it
was found that the whole of the alumina of the alum was not
precipitated in the cold even after standing overnight, and
that the quantity remaining in solution could be recovered by
boiling. It is true that by so doing there is increased danger of
the precipitate containing phosphates of lime and magnesia, but
this contingency is fully provided against by repeating the pre-
cipitation in the presence of free acetic acid, and subsequent
treatment with pure soda.
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Another, and much more simple process for the quantitative
estimation of alum in flour and bread, has been proposed by
Wanklyn. It is based upon the presumed complete solubility of
the earthy phosphates in an excess of acetic acid at the boiling
temperature, and the precipitate obtained is assumed to consist
only of the phosphates of alumina and iron ; but, according to
our experience, the results so obtained are much in excess of the
truth.

All wheat flours and breads contain small proportions of
alumina in the form of silicate, for which an allowance requires
to be made in calculating the amount of alum present. It has
been the practice of some analysts to make an allowance of
alumina on this account, corresponding to 1o grains per 4 Ib. of
flour, but investigations by ourselves and others have shown that
such an amount is not in all cases sufficient, and that some flours
contain alumina, in the form of silicate, equivalent to more than
40 grains of alum in 4 lb. No rule can be laid down for the
correction which should be made for the alumina naturally or
incidentally present in flour, as, owing to the variable nature of
soils, the relation of the silica to the alumina is not constant.
The analyst should therefore take into consideration, not only
the relative amounts of silica and alumina obtained, but also
the indications afforded by the application of the logwood
test.

Some descriptions of wheat, notably Egyptian, are imported
into this country containing a considerable quantity of earthy
matter. In two samples of Egyptian wheat examined by us, there
were, besides clayey matter attached to the grains, 323 and 3°7
per cent. respectively of small stones. When the samples were
shaken with water, most of the earthy matter was detached, the
water becoming very turbid, but part remained in the furrows of
the grains., After removal of the small stones, the samples
were examined for silica and alumina, both before and after
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the above-mentioned washing, and the following results were

obtained : ;
] T |
Before washing. After washing.
Egyptian Wheat, _P“ 4 . Per 41bs.
Corre- - R Corre- 1
Silica. ‘meil?hnte sponding | i, | PROTENE | sponding
| Alumina, | * n{?&?’;:m Alumina. ﬁm‘nnma
d a LLII.
| — : e e e
Grains, ! Grains. | Grains, Crrains, Grains, Cirains,
Moo 2576 | 734 | 29'02 L 224 829
Neo. 28 .. 2333 | 784 29'02 14°18 z:80 10°36

- —— e e— ——

When alum i1s added it i1s generally on account of the
unsoundness or inferiority of quality of the flour, as even in
very small proportion it has a remarkable power of improving the
colour and general appearance of bread made from such flour.
Its mode of action 1s somewhat obscure, but its effects are :—
1st, the retarding of the decomposition of the mnitrogenous con-
stituents, thus checking an excessive action upon the starch, to
which in unsound flour there is a tendency ; and 2nd, the hardening
of the gluten, whereby increased porosity is produced, and an
appearance of greater whiteness given to the bread.

It will be seen from the table on page 102 that the amount of
ash in ordinary flour varies from '35 to ‘86 per cent. ; and if the
quantity exceeds one per cent. there is evidence of an addition,
accidental or intentional, of earthy matter. A qualitative ex-
amination as to the solubility of the ash in water, and its
effervescence with and solubility in dilute hydrochloric acid, will
readily afford information as to its nature. If a large proportion
of it be insoluble in dilute hydrochloric acid, the portion so
insoluble should be fused with alkaline carbonates to ascertain
whether it consists of adventitious sand or clay, or of added

gypsum (sulphate of calcium), barytes or heavy spar (sulphate of
12
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barium), or soapstone (silicate of magnesium). If necessary, a
larger quantity of the flour can then be ignited for a quantitative
estimation of the adulterant found, or a portion of the flour may
be agitated with chloroform, as described on page r11, when the
adulterant will be found in the mineral matter which subsides.

MICROSCOPIC EXAMINATION.

The microscope is relied upon for the detection of adulter-
ation of wheat flour by any foreign cereal flour, or by flour
prepared from beans or peas. A little practice in the examina-
tion of the different starches enables the operator to readily
distinguish most starches from each other.

Where starches, such as those of wheat and barley, are so
nearly alike, and difficult to distinguish the one from the other,
it is possible sometimes to detect pieces of the tissues of the
husk of the grain, from which the presence of the suspected
foreign flour can be confirmed.

Barley Flour.—The husk of barley is composed of five mem-
branes or tissues. The first two are shown in Fig. 9, and the
other three in Fig. 1o. The first or outer tissue consists of long
narrow cells, with well-marked, serrated edges, and containing
silica in the form of small round, flattened discs. Immediately
underneath this membrane are several rows of spiral tissue
running throughout the entire length of the grain. The second
tissue consists of long, thin, woody cells, with pointed ends. The
third tissue, Fig. 10, consists of a double layer of large rectangular
cells, the edges of which are beaded, but not so distinctly as in
the corresponding membrane of the testa of wheat. The fourth
tissue is formed of narrow, elongated cells, lying transversely to
the cells of the third membrane. The fifth or inner membrane
is composed of rounded cells filled with molecular matter in a fine
state of division. There also occur in barley meal a number of
short, thick, spinous hairs, which are attached to the husk at the
end of each grain, and which can be readily identified.
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The granules of barley starch are shown in Fig. 11. They
are generally of about the same size and form as those of wheat,

FIG, II. BARLEY STARCH. MAGHNIFIED 320 DIAMETERS.

but rather more irregular in shape, and some of the larger
granules are more distinctly marked with concentric rings. The
granules vary in size from ‘ooor to ‘oorr inch in diameter.
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Rye—The testa of rye is composed of three membranes,
which closely resemble the corresponding ones forming the testa
of wheat. The first or outer tissue is represented at A, the
second at B, and the third at ¢, Fig. 12. The cells of both
tissues A and B are elongated and have beaded edges, and
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FlG. 12, SKIN OF RYE. MAGNIFIED 100 DIAMETERS.

the cells of the latter lie transversely to those of the former.
Delicate spiral tissue occurs immediately under the outer
membrane along the furrow in the under side of the grain. At
one end of the grain unicellular pointed hairs are attached to the
testa. These hairs are shorter than those found in wheat.
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The microscopic appearance of rye starch is shown in Fig. 13.
The granules are larger than those of wheat or barley, more
circular in form, and present a flattened appearance and fractured

FIG. 13. RYE STARCH. MAGNIFIED 320 DIAMETERS.

surface. The majority of the granules also exhibit a stellate
hilum, and some have lines or furrows diverging from the centre
and extending to the edge of the granule.
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Rice.—The granules of this starch are represented in Fig. 14.
They are the smallest of all the commercial starches, and vary

FIG. 14. RICE STARCH. MAGNIFIED 320 DIAMETERS.

in size from ‘coor to ‘oco3 of an inch in diameter. They are
generally pentagonal or polygonal in form, with an extremely
minute and almost imperceptible hilum.
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Bean and Pea Starches.—The microscopic appearances of
these starches are shown in Figs. 15 and 16. They are so
similar in appearance that the same description will apply to
both. The granules are oblong, kidney-shaped, and irregularly
formed, and most of them have a longitudinal cavity which
runs along each granule lengthwise, and from which in many
instances furrows diverge to the right and left, imparting to
their surfaces a fractured appearance.

FIG, 15. BEAN STARCH. MAGNIFIED 320 DIAMETERS.

L1
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WHEAT FLOUR.

PEA STARCH. MAGHNIFIED 320 DIAMETERS.

FIG, 16,
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BREAD.

DrescrrprioNn.—The term Bread is applied to several descrip-
tions of human food prepared by mixing flour or meal with
water into a paste which, when formed into various shapes and
degrees of thickness according to taste, is baked or dried by
natural or artificial heat. The cereals used are Wheat, Rye,
Barley, Oats, Maize, and Rice; but Wheat far exceeds all the
others in its suitability for the purpose, and in the extent to
which it is employed. The name given to the bread produced
varies with the ground cereal which has been used, its freedom
from husk or otherwise, and according as the paste has been
baked in a leavened or unleavened state.

Unleavened bread is made by mixing the ground grain, with
or without its husk, into a paste with water, to which a little
salt is added, and then baking it in cakes. In this way are pre-
pared the passover-cakes of the Jews, the cat-cakes and dannocks
of Scotland, the wrn-bread of America, and the dampers of
Australia. This kind of bread has the advantage of being easily
and quickly made; but it is sodden and less digestible than
leavened bread, especially if wheaten flour be used.

Leavened or fermented bread is made by subjecting the dough
to fermentation, by means of leaven or of yeast, prior to its being
baked. Leaven, which has been used from very ancient times,
is dough, generally from a previous baking, containing an active
ferment and possessing the power of exciting fermentation in any
fresh dough with which it is incorporated. The leaven or yeast,
as the case may be, is kneaded with the fresh dough, and is thus
brought into contact with every part of the flour ; and at the same
time a quantity of air is enclosed which favours the subsequent
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fermentation. The dough is then set aside in a warm place for
several hours to ferment. During this process a portion of the
starch is converted into saccharine matter, which in part is im-
mediately decomposed into alcohol and carbonic acid gas, the
latter forming innumerable cavities throughout the dough and
causing it to increase largely in bulk. The dough is then baked
in an oven at a temperature varying between 320° F. (160° C.),
and 572° F. (300° C.); the alcohol and carbonic acid gas are
expanded and subsequently expelled, the fermentative agents
destroyed, and other chemical changes effected. The starch
granules become, for the most part, ruptured, and so intimately
combined with the gluten, that they can no longer be separated
as before, and a portion of the starch, especially on the outer
part of the cake or loaf, is converted into dextrin. The dough
loses its flabby character owing to the hardening of the gluten,
while the bread becomes permanently vesiculated, and easy of
mastication and digestion.

In the case of fermented bread, it is essential, in order to obtain
a good result, to use good, active, sound yeast, for an unsound
ferment is almost certain to cause the bread to be sodden and
heavy, and probably sour and unpalatable. Great cleanliness is
also a necessary precaution to be taken in preparing the dough,
and the fermenting troughs should be kept in a clean and sweet
condition. There are several other modes, besides the use of a
ferment, of producing porous bread, which do not involve the loss
of any starchy or saccharine matter. The simplest of these
consists in kneading the flour with water charged with carbonic
acid gas, which becomes expanded by the heat of the oven,
leaving the bread on setting in a permanently porous condition.
This, in substance, is the process invented by Dr. Dauglish for
making what 1s generally known as aérafed bread. The details are
briefly as follows : Water in a strong vessel is charged with car-
bonic acid gas under a pressure of 150 lbs. to 180 Ibs. per square
inch. In another equally strong and close vessel, fitted with a
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kneading apparatus, is placed the flour with a due proportion of
salt. The water, charged with the gas, is then conveyed by a
close pipe to the vessel containing the flour, and the kneading is
effected in the apparatus under strong pressure. When the
mixing is completed, the pressure is removed, and the gas there-
upon causes an immediate and regular expansion of the dough
with which it is incorporated. The dough still further expands by
the heat of the oven, a circumstance which renders it necessary
that the top crust should not be formed until the baking is nearly
completed. To effect this object, special ovens are in use which
bake chiefly from the bottom, the top heat being turned on only
when it is necessary to form the upper crust. It is stated that by
this process, 118 quartern loaves can be made from a weight of
flour which by the fermentative process would only yield 105 or
106 of such loaves; but a comparison of this kind could only be
of value provided an estimation was made at the time of the amount
of water in each description of bread ; and it is doubtful whether
this was done. It is obvious, however, that there must be, to
some extent, a gain in weight in making bread by aération,
although the advocates of the fermentative process allege that
this gain only amounts to about one per cent., that being the
amount of sugar necessary to produce sufficient carbonic acid gas
to impart to the dough the requisite porosity.

In private families, porosity is sometimes produced in bread
by means of bicarbonate of soda, and hydrochloric or tartaric
acid, or by baking powders, which generally consist of a mixture
of bicarbonate of soda, tartaric acid, and rice flour. In either
case carbonic acid gas is liberated and expands the dough, but
besides the general objection to the use of chemicals in the pre-
paration of food, there are the further objections that commercial
hydrochloric acid is always impure, and that the habitual use
of an aperient like tartrate of soda may be injurious to some
constitutions. Another, and more recently devised mode of
raising dough, is to liberate carbonic acid gas within it by
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means of bicarbonate of soda and the acid phosphates of lime
and potash. Flour is sold containing these ingredients under
the name of *“selfraising flour,” and its use 1s advocated on
the ground that the ingredients added restore to the flour an
amount of phosphates equivalent to the quantity of such salts
removed in the bran and pollard.

Brown bread is, or ought to be, made from wheat which has
been ground either entire, or with only a portion of the outer
husk removed ; but it is said that bakers frequently make it by
simply adding a quantity of pollard or fine bran to ordinary flour.
Its dark colour 1s not so much due to the mechanical mixture of
the wheat husk with the flour, as to the action of the cerealin
and other nitrogenous principles present in the husk, upon the
other constituents of the flour. This has been proved by the
fact that if the activity of the cerealin be first destroyed by heat,
a comparatively white bread can be made from flour containing
the entire constituents of wheat.

There has been much discussion from time to time upon the
comparative nutritive properties of white and brown bread. On
the one hand it is held that a considerable proportion of the bone-
forming and other material of the wheat is removed, but on the
other it is contended that there is a disadvantage in using brown
bread, owing to the irritating effects produced which hinder the
complete assimilation of all its nutritive properties.

Brown bread 1s often eaten as a laxative, while white bread, in
which this property is absent, is found to be more sustaining by
those who have to undergo great bodily exertion. A kind of
brown bread has, however, recently been offered to the public
under the name of “w/heat meal bread,” which 15 recommended
as possessing greater nutritive properties than white, without
the disadvantages of ordinary brown, bread. It is made from
flour, produced by grinding wheat, deprived of a portion of its
husk, between steel rollers, whereby no rough edges are left upon
the particles of the husk remaining in the flour.
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The various kinds of bread known as Household, Cottage,
Bricks, etc., are frequently made from the same dough, and the
difference in their flavour is produced by the different modes in
which the heat of the oven is allowed to act upon the dough.

Listory.—In the earliest periods of human existence - the
cereals would doubtless be used as food in their natural state,
and, as before stated, on page 85, it was a tradition of the
Egyptians that barley was the first to be so used. It is said
that the most primitive method of making bread, was to soak
the grain in water and press it into cakes, which were afterwards
dried in the sun. As knowledge and experience increased,
modifications would be gradually introduced, such as bruising
the grain in a mortar, or between stones, and partial removal of
the husk before the grain was pressed and dried. The process
of drying in the sun would also as gradually be superseded by
artificial heat. Baking had become a trade, and bread was used
both in the leavened and unleavened state, so early as the time
of Moses. It is considered probable that the art of using leaven
spread from the Egyptians, first to the Greeks, and afterwards
to the Romans, both of which nations paid great attention to the
making of bread. In the ruins of Herculaneum there were found
two entire loaves similar in size, as well as bronze moulds for
making bread and pastry. ‘The Romans carried their knowledge
of bread-making to many other countries, yet it is stated that so
late as the middle of the sixteenth century, the only kind of bread
known in Sweden and Norway was in the form of unleavened
cakes. Leaven, as used in ancient times, is still employed on
the Continent in districts far away from breweries, but in this
country it has been almost entirely superseded by brewers’ or
distillers’ yeast. :

It is only within a comparatively recent period that wheat has
held its present prominent position in the dietary of the more
civilized portion of the human race. In olden times the cereals
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principally used in Europe were barley, rye, and oats; and in the
more northern countries, where the climate is unsuitable for the
growth of wheat, these cereals still form a large proportion of
the food of the people. In England, wheat for a long time was
chiefly confined to the upper classes, but at the present day,
partly from its greater nutritive properties, and partly on account
of its greater suitability for bread-making purposes, it has, even
amongst the very poor, entirely superseded barley and rye, and
also very largely displaced oats.

CHEMICAL COMPOSITION.

The composition of bread differs in some important par-
ticulars from that of the flour or cereal from which it is pre-
pared. These differences are partly of a physical and partly
of a chemical nature. The former arise almost entirely from the
application of heat in the baking, which chiefly affects some
of the albuminoids by rendering them inscluble, and the
starches by rupturing or bursting the envelopes and liberating
their contents, which thus become easily acted upon by
the digestive juices of the animal economy. The chemical
changes are mainly brought about by the action of the soluble
albuminoids of the grain upon the starchy matter when -brought
in contact with water. The change occurs in presence of cold
water, but it proceeds more rapidly on elevation of temperature.
In the case of leavened bread, a portion of the sugar disappears
and becomes converted into alcohol and carbonic acid gas.
The changes which take place in the conversion of flour into
bread may be said to be strictly analogous to what occurs in
the manufacture of beer, but within much narrower limits—
the albumin is coagulated, the starch is partly converted into

K
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maltose and dextrin, and a portion of the sugar decomposed
into carbonic acid gas and alcohol. In a large bakery the
quantity of alcohol produced must be very considerable, and
this fact led at one time to the application of means for the
condensation of the alcoholic vapour given off in the baking,
but the expense of the recovery of the spirit proved too heavy to
make the process remunerative.

We have, therefore, in bread, made either with or without
yeast, all the constituents of the flour with a fresh body con-
sisting of a new form of sugar, namely, maltose ; but to this there
ought to be added carbonate of soda, tartaric and hydrochloric
acids, which are introduced for rendering the bread porous
when yeast is not employed.

In the opinion of bakers, the presence of a small proportion
of salt is essential to successful bread-making, as it is held that it
. causes the dough to rise better in the oven, probably by enabling
the albuminous matter to set more readily, and thus preventing
the inflated dough from receding before the end of the baking
process. The quantity used varies with the quality of the
flour, an inferior not being capable of bearing so much as

a good flour.
The following table contains the results of the analyses of

two loaves of aérated, and two of home-made bread, the same
flour being used in the preparation of both kinds. The aérated
loaves were made according to Dr. Dauglish’s system, and the
home-made by the usual fermentative process.
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A consideration of the results given in the above table
affords sufficient evidence that the percentage of saccharine
matter in the finished loaf is practically the same whether it
has been made by the aérated or by the fermentative method.
Indeed, the two kinds of fermented bread differ more, in their
results in this respect, than the fermented bread does from the
aérated. This throws doubt on the statement that aérated
bread is sweeter than that which has been prepared with
yeast; a belief which is probably based on the fact that the
latter has undergone fermentation, and that consequently there
must be a loss of sugar. But the quantity of saccharine matter
produced in this process of bread making is so considerable,
and the amount required to furnish sufficient carbonic acid gas
to form a sponge is so small as scarcely to affect the relative
proportion of saccharine matter in the two kinds of bread.
Besides, as the dough prepared for fermented bread is naturally
longer in process before the chemical action of the albuminous
matter has been suspended by the application of heat, it is
probable that a little more maltose is produced, and the sugar
therefore lost by fermentation is fully compensated for by
the greater production of saccharine matter in the fermented
dough.

If the loss of sugar is as small as that indicated, the statement
that several more loaves can be made out of a sack of flour by
the aérated than by the fermentative process, the proportion of
water being taken into account, is somewhat doubtful.

Starch.—The starch is present in bread in a swollen or
gelatinized condition, in which nearly all traces of the dis-
tinctive shape and markings of the starch granules are lost. In
this condition the starchy substance is readily acted upon by
the soluble albuminoids of plants, and by the digestive prin-
ciple of the animal organism. It has been shown that unbroken
starch granules will remain unaffected by the active albuminoids,
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as well as escape conversion into other compounds, even during
the process of digestion. Hence the advantage of employing
starchy matter as an article of food, after it has been subjected
to the above change.

Dextrin.—As before stated, dextrin is formed simultaneously
with maltose in the preparation of dough; but there is, no doubt,
an additional quantity produced in the crust of the bread, along
with a little caramel, from the higher temperature to which
it is exposed. Dextrin is of a very gummy character, and helps
to give to the bread in which it may exist in large proportion, a
heavy, dark, and objectionable appearance. It is easily soluble
in water, and insoluble in strong alcohol, but its separation
from the saccharine matter of the bread by means of alcohol is
almost impracticable.

Maltose.—Of the carbohydrates found in bread, maltose stands
next to starch in importance, regard being had to the quantity in
which it is present. It is most readily formed when gelatinized
starch is brought into contact with an aqueous extract of germinated
grain. But all the cereals in the ungerminated condition have the
same kind of power, only in a less degree, of yielding an extract
which will effect the change of starch into maltose and one or
more forms of dextrin. The latter may be regarded as inter-
mediate products, as their percentage composition is the same
as that of the starch molecule.

The change brought about by the aid of the active albuminoids
may be expressed by an equation as follows :

IDC-’_QI‘IEQOJQ + 6H-JD —_ ﬁclglIgﬂoll + 4(:11:1{.350101
Starch + Water = Maltose + Dextrin

From this formula it will be seen that maltose has the same
chemical composition assigned to it as cane-sugar. It is pos-
-sessed of considerable sweetness, is capable of crystallization, and
directly reduces a solution of copper salt. Its copper reducing
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power is nearly °*- that of dextrose, and its specific rotary-angle
+ 150° for the 7 ray.

In bread made from fine wheat flour it is estimated that at
least 1o per cent. of the starch is converted into maltose and
dextrin ; but in the case of whole-meal bread the proportion is
usually much higher—the dark, heavy appearance of the latter
being an indication of the presence of a higher amount of these
soluble carbohydrates. This property of whole meal has been partly
overcome by heating the flour before baking in order to diminish
the converting power of the albuminous matter. In the fact that
rye meal contains albuminoids which excel those of the other
cereals in activity we have an explanation of the pasty and dark
appearance of the bread made from this description of grain.
The quantity of maltose produced in both aérated and fermented
bread lies between 4 and 7 per cent. Bread contains about 1%
a per cent. of a sugar other than maltose, which may partly
consist of the sugar originally present in the flour. It is included
in Table I. along with the starch, dextrin, etc.

Albuminoids.—The albuminous matters of flour undergo certain
changes which do not, however, seriously affect their distinctive
characters. The albumin and gluten are coagulated, and the
solubility of the latter in 70 per cent. alcohol is greatly diminished,
the proportion extracted by this solvent being under 2 per cent.

Fat—It will be observed from the table that the quantity of
fat obtained from the bread is very small—only about one-sixth
of the quantity present in the flour. It may be that a portion of
the fat is decomposed and intimately combined with some of the
constituents of bread, or a more likely explanation of the pecu-
liarity is that, owing to the coagulation of the albumin, the fat
becomes locked up in the substance of the bread, so that the ether
fails to extract it even though the bread is dried, finely pulverised,
and repeatedly treated with the solvent.

It will be noticed also that the amount of fat in the crust
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of the home-baked bread, is comparatively high; but this is
due to the greasing of the tins—a common practice in domestic
baking.

Ash.—The percentage of ash is greater than in flour. This is
mainly due to the presence of salt which is added to the extent
of from 1 to 114 per cent. of the flour, for the purposes pre-
viously mentioned. In the case of the home-baked bread, the
analysis of which has been given, the quantity of salt present
appears to be less than the above; but this arises from the salt
not having been added in the proportion used by bakers.

Water.—In the four loaves specified the amount of water
ranged from 41°52 to 44'09 per cent. in.the crumb, and from
16:48 to 2292 per cent. in the crust. When calculated upon
the entire loaf, the amount of water was 3728 and 34°40 per cent.
respectively in the aérated loaves, and 37°48 and 37'59 per cent.
respectively in those baked at home,

MICROSCOPIC STRUCTURE.

The heat of the oven acting on the moist dough during the
baking process causes the starch granules to swell, and in many
cases to burst; and the granules that remain entire are often
so modified in shape, and have their distinctive markings so
obliterated, as to render their identification difficult and un-
satisfactory. A microscopic examination should, however, be
made, as any slight evidence that may thus be afforded of the
presence of foreign starch may be confirmed by the detection
of pieces of the husk or testa of the supposed adulterant.

ANALYSIS.

The methods of analysis given under the head of Flour, are
generally applicable to bread, and need not here be repeated.
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ADULTERATION.

The adulterants of bread are similar to those mentioned
under the head of Flour, viz.—other cereal flours, starches, alum,
earthy salts, etc.

Indeed, it will be obvious that bread affords even greater
facilities than flour for the admixture of foreign cereal flours and
starches, because the change which takes place in their con-
dition during the process of baking, renders their detection, or
at least their estimation, almost impracticable.

This arises from the effacement of the distinctive microscopic
characters produced in nearly all starch granules when subjected
to the heat of boiling water, a circumstance which enables the
baker to add such cheap substitutes as boiled rice or potatoes in
bread-making with little fear of detection. The use, however, of
most of the substances named above appears to have been discon-
tinued, rice and one or two other farinaceous products and alum
being the only substances known to have been used in recent
years, and from the great difficulty of proving the presence of
the former, the point of greatest interest in bread analysis has
come to be the determination of the quantity of added alum.

The use of rice flour in bread can only be regarded as an
adulteration, as it only serves the purpose of a cheap substitute
for wheat flour, without being essential to or in any degree
improving the appearance or quality of the bread. It enables
the baker to sell the same weight of bread at a somewhat
lower rate, and with this object it is sometimes added in bread-
making in poor neighbourhoods where the offer of a cheaper
loaf encourages the sale of such bread. Owing to the lower
price charged, it can scarcely be said that any serious advantage
is taken of the purchaser, for it would probably be found that
the reduction in price is nearly in proportion to the quantity of
cheaper materials used.

The addition of potatoes in a boiled and mashed condition
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is almost universally made in bakeries wherever the fermentative
process of bread-making is followed.

Considering the small proportion of potatoes generally used —
less than 1 per cent. of the dry substance—the intention can
hardly be said to be that of adding weight to the bread. The
object appears to be to cause a more rapid production of
saccharine matter by the action of the albuminoids of the flour
on the gelatinised starch of the potato-—a result which will favour
a quicker fermentation, and the production of the necessary
carbonic acid gas to form the sponge.

Bean or pea flour would only be employed on account of
its cheapness, and would add to, rather than detract from, the
nutritive properties of the bread ; though if used in considerable
proportions, there is a danger of imparting an unpleasant flavour
to the bread.

As pure wheat flour has been found to contain a quantity
of alumina equivalent to from 2 to upwards of 4o grains of
ammonia alum per 4 lbs., the addition of rice or potatoes to flour
would not increase the proportion of alumina. This will be
seen from the analysis of rice on page 88, which is shown to be
free from alumina, and from the following results obtained
from the analyses of four samples of potatoes which had been
peeled and boiled in the usual way :

TAERLE II.—ANALYSES OF POTATOES.

| On the Patatoes dried at 212" F. {100° C. |
Percentage | T e SR
No. of | Per 4 lbs. |
Water. | Perce?tﬂge

| *af;}._ £ i Ph.;:..; hate | Equivalent |
Silica. | of Ahﬂninn. Amn:!:]rlt:::rfﬁﬁ'::m |
i BT (R |
I 78'99 | 348 2°37 g0 | 7o3 |
2 7877 | 448 3°29 M| 348 l
3 | 7506 | 3'08 3'I5 1'8o ; 660 -
2l nn | 264 1'70 128 | 473 |
| . a2 |
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The principal adulterant of bread at the present time is alum.

This substance has the property of increasing the porosity of
bread, and giving to it an appearance of whiteness which it would
not otherwise possess. It seems probable that the alum, owing
to its astringent character, acts on the gluten, and renders it more
tenacious, so that when the baking process is complete, the bread
is found lighter and more porous.

Some hold the opinion that the appearance of greater
whiteness is not due to any chemical action on the colouring
matter of the flour, but to an optical effect, arising from
increased porosity in the bread, which is brought about by
the use of alum. There is little doubt, however, that alum
diminishes any tendency to excessive production of maltose
and dextrin, and the consequent heaviness of the bread, a
condition very noticeable in that made from whole wheat
flour, is thereby avoided ; and this is especially the case where
an inferior or partly damaged flour has been used.

Considerable difference of opinion exists as to whether
bread made from alumed flour is injurious to health. Those
who regard the presence of alum as harmless, rely partly on the
smallness of the quantity generally present—less than 5o grains
in the 4-1b. loaf—a proportion which is supposed to be too small
to affect the animal system, and partly on the statement that, as
it cannot be extracted from the bread by water, the alumina
exists in an insoluble condition, and presumably remains inert.

For the opposite view, experiments are cited in which animals
have been fed with alumed food with the marked effect of retard-
ing digestion. It is also stated that when gluten containing a
little salt of alumina—either phosphate of alumina or alum—is
acted on by artificial gastric juice the solution of the gluten is
retarded.

Whichever view is held, there can be little difference of
opinion that the safest course to adopt is to regard the addition
of alum as unnecessary in the process of baking, and that when
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it is found its presence should be dealt with as a clear casé
of adulteration. Alum is not added to bread to improve its
fitness as food, but simply to lead the public to infer from its
whiteness and general appearance that the bread has been made
from a better description of flour than has really been the case.

The principal methods for the detection and estimation of
alum have been given under the head of Flour; but the logwood
test, when applied to bread, is varied as follows: To abouta wine-
glassful of water in a porcelain capsule, 5 cubic centimetres of
freshly prepared tincture of logwood, and the same quantity of
the carbonate of ammonia solution are added. A piece of the
crumb of the bread, say about 1o grams, is then soaked therein
for about five minutes, after which the liquid is poured away,
and the bread is dried at a gentle heat. If alum be present, the
bread will acquire a lavender colour or more or less approaching
dark blue, according to the quantity of alum which has been
added ; whereas if the colour be a dirty brown, the bread may
be regarded as pure, and, unless under special circumstances,
the quantitative estimation of the alumina need not, as already
mentioned, be undertaken.

As stated on page 111, the test is rather negative than positive,
and should a lavender or blue colour be produced, a quantitative
estimation of the total alumina and silica will be necessary.

Although the reliability of the logwood test was for a time
doubted by some analysts it has since grown in favour, and is
now generally regarded with confidence. . This has in great part
arisen from the importance attaching to any test which will act
as an indicator of the presence of soluble salts of alumina, as
it is now well known that both flour and bread often contain
a considerable quantity of aluminic compounds without any alum
having been added.

Earthy salts—such as carbonate of lime or chalk, carbonate of
magnesia, sulphate of lime or gypsum, and silicate of magnesia or
soapstone—would only be added to give weight. Their presence
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will be readily indicated by an excessive percentage of ash, and
their identification effected by the chemical tests applicable to
each substance, and referred to under the head of Flour.

The addition of such compounds to bread may properly
be regarded as a question belonging to past years, for there
1s no instance on record of any of them having been recently
discovered in bread.

Sulphate of copper is said to have been occasionally used in
this country and on the Continent to improve the colour of bread ;
and although there are no good grounds for believing that the
practice exists at the present time, it may be well to point out
a means by which so deleterious an adulterant may be detected
and estimated.

As a preliminary test, a portion of the crumb of the bread
should be soaked in a dilute solution of ferrocyanide of potassium
acidified with acetic acid, when, if sulphate of copper has been
used, the bread will become of a reddish-brown colour according
to the quantity of copper present. To estimate the copper 1co
to 150 grams of the bread are moistened with dilute sulphuric
acid, and charred over an Argand lamp or in a muffle. The
charred mass is digested with water, the extract filtered off, and
the residue, after the addition of a few drops of sulphuric acid,
dried and thoroughly ignited.

The ash, if much copper be present, will be found of a pale
green colour. The first filtrate, made slightly acid, is now added
to the ash, and after digestion for some time, the extract, which
will contain ali the copper, is separated by filtration.

If any great excess of acid be present, the solution may
be neutralised with ammonia, and again made faintly acid
with sulphuric acid. The liquid is then introduced into a
lipped platinum capsule, in which the copper salt is decomposed
by an electric current from a single Grove cell, care being taken,
however, to insulate the platinum capsule by placing it on a
glass plate. The copper may either be precipitated on the
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inside of the capsule or upon a slip of platinum foil of known
weight, according to whichever surface is rendered negative
by being connected with the opposite pole of the battery.
After about two hours, or when a distinct deposit of copper
has been formed, the mother liquor is poured off, and the
platinum vessel rapidly washed with cold distilled water, which
had been previously well boiled. The platinum, with its deposit
of copper, may be dried in a current of hydrogen or carbonic
acid gas, but no appreciable oxidation has been observed when
the drying was carried out in an ordinary closed water-bath.
The platinum capsule or foil is then carefully weighed, and
the previously ascertained tare deducted. The difference is
the weight of metallic copper, from which the weight of sulphate
of copper, if necessary, can be calculated. The mother liquor is
again submitted to the action of the electric current, and if any
further deposit of copper occurs, its weight must be ascertained
as before, |

The process is also applicable to the analysis of tinned
vegetables, bottled fruits, or other articles of food liable to
admixture with copper. With tinned foods care must be taken to
remove the platinum from the electric current as soon as the

discoloration of the metallic deposit affords evidence of con-
tamination with lead or tin.

Cones Flour—This name was originally given to flour pre-
pared from a coarse variety of wheat called revet. The flour,
which was a cheap description, was used for dusting the dough
and boards on which the bread was kneaded to prevent adhesion
and facilitate the making of the loaves. :

The article now used as cones generally consists of rice or
maize flour, or of a mixture of both, and it rarely contains a
particle of wheat flour, The substitution of rice and maize for
wheat flour is a question of cheapness, and so long as the use
of the article 1s confined to the original purpose of * cones,” and
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is not introduced into the composition of the loaf, there is not
much to object to in the use of the lower-priced article, especially
when we consider that, being less glutinous than wheat flour,
it may give greater facilities in working the dough than the latter,
and also that, in the process of baking, a considerable loss of the
cones flour must take place.

OATMEAL.

Botanical Origin.—Qatmeal i1s prepared from oats, which are
derived from a genus of plants called Awena, belonging to the
same natural order as wheat. There are two commonly re-
cognised species of the oat, dvena sativa and Avena orientalis;
but there are several varieties, especially of the former, such as
the bearded or long black oat, the white, red, and naked oat.
The best variety cultivated in this country is said to be the
potato oat, which, being large, firm, and plump, commands
a high price, and is consequently in greatest favour with
agriculturists.

Qats grow better in cool moist climates than in those which
are hot and dry, and consequently have the advantage of
being capable of cultivation upon soils and in situations where
neither barley nor wheat can be raised.

Qats differ from wheat, barley, and rye in the form of the ear,
which in the case of the oat is a panicle. This in some varieties
is contracted, with the peduncles all turned on one side, while in
others the branches of the panicle, which become smaller towards
the head, form a tapering or conical figure. Each subdivision of
the panicle is terminated by a brittle pericarp containing the seed
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or oat, and as this develops in size, the vertical position is lost,
and the head takes the form of a series of drooping branches,

Description—Qats as met with in commerce, consist of the
seeds enclosed in their husk or outer skin. Before they are
ground into meal they are kiln-dried, and the husks removed.
Scotch oatmeal is generally more coarsely ground than English,
but the degrees of fineness of both vary according to the pre-
vailing taste in different localities. The meal is much less white
than wheat flour, and has a peculiar, almost bitter, taste. It
is chiefly eaten in the form of porridge and oat cakes. Owing
to the absence of gluten, oatmeal cannot, like wheat flour, be
made into light porous bread. It i1s devoid of that tenacity
or adhesiveness when made into a paste, which is essential
for holding the vesicles of gas, and for producing the requisite
porosity, or lightness, in the mass.

History.—The native country of the oat has not been decided
with certainty, but it is supposed from its hardy character to have
had its origin in a more northern latitude than any of the other
cereals. The particular date at which it was first introduced
into England is unknown, but the plant has been claimed as
indigenous to this country, and the wild oat is certainly so.
There 1s evidence that the inhabitants were possessed of oats
in the year 1296, and mention i1s made of the use of oatmeal
porridge as an article of food in 1596.

In the year 1698, the consumption of oatmeal was estimated
as only second to barley, and as considerably greater than that of
wheat ; but during the early part of the last century the con-
sumption of catmeal in England and Wales largely decreased, and
its place was taken by wheat, which had become much more
generally used as an article of food by the common people.

In several parts of the kingdom, and especially in Scotland,
oatmeal still forms a valuable and important food for the people,
and it admittedly produces a healthy and vigorous race of
men.
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CHEMICAL COMPOSITION.

The chemical constituents of oats are similar to those of
‘wheat, but as will be seen from the table on page 86, they vary
in the proportions in which they are present. The proportion of
nitrogenous matter bears a favourable comparison with that of the
other cereals, but oats stand lowest as regards the amount of starch.

The proximate analysis of a sample of oatmeal gave the follow-

ing results :
TABLE I.—OATMEAL (SCOTCH).

Fat 774
Starch 5988
Sugar 127
Albumin insoluble in Alcohol 15°06
Do. soluble 421
Cellulose 205
Mineral Matter... 1°94
Moisture o 7°25
Total ... ... 100700

The following table contains the results of the analysis of the
ash or mineral matter :

TABLE II.—ANALVSIS OF THE AsH oF OQATMEAL.

| Constituents.
! Potash ... estimated as K,O I1°46 J
| Soda... s o NagO | 83 |
| Sodium Chloride ... i o MNaCli 207
Magnesia ... s i Mgl 11'g2
Lime - i CaO 3°50 |
Oxide of Iron z " FeO 1°42 ,
Alumina ... o a v  ALD, Trace !
Oxide of Manganese = y MnyO, Trace
Phosphoric Anhydride A L B 61714 |
5|1|p11uri1: 33 r 3% bD"] .gz :
Silica... 1 L 5i0, 428
Sand ... 240
Total ... | 100°00 i

These constituents correspond very closely with those found in
the ash of wheat flour.
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MICROSCOPIC STRUCTURE.

The microscopic appearance of the tissues composing the
husk or outer covering of the oat is shown in Fig. 17. The out-
side membrane is composed of long narrow cells, with well-
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FIG. I7.—HUSK, OR OUTER COVERING OF OAT. MAGNIFIED 100 DIAMETERS.

marked serrated edges, and contains small round flattened discs
of silica. Immediately underneath this tissue there occur rows
of spiral vessels and long thin woody cells with pointed ends.
Attached to the outer membrane are numerous short, pointed,
spinous hairs.
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The inner covering or integument consists of four tissues, as
exhibited in Fig. 18. The first membrane consists of elongated
cells, with straight walls. The second, to which are attached,
at one end, numerous long, pointed hairs, is formed of elongated

FIG. 18,—INNER INTEGUMENT OF OAT. MAGNIFIED 100 DIAMETERS.

cells, with faintly-beaded edges. The third is composed of long,
irregularly-formed cells, lying in a wavy form. The fourth is a
comparatively thick tissue, made up of oval and rounded cells,
filled with granular matter.
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g The starch granules of oatmeal are smaller than those of
||I.*I wheat. They vary in size from ‘coor to 'coo4 of an inch in
| diameter, are polygonal in form, and only the larger granules
exhibit a hilum. The appearance of oat starch is shown below

in Fig. 19.

FIG, 19,—OAT STARCH, MAGNIFIED 350 DIAMETERS.

ADULTERATION.

The only adulterant which in recent years has been discovered
in oatmeal is barley meal, but it is said that at one time other
adulterants were used, such as rice and iraize flour, and the
ground husks of the cereals.
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The presence of barley meal is readily detected by the
microscope from the character of the starch granules. The
appearance of these under the microscope will be seen on page
118, Fig. 11. In the examination of a sample of oatmeal it is
important to be careful to discriminate between barley meal starch
and the aggregated masses which occur in the granules of oat-
meal starch. It is a property of oatmeal for a number of the
starch granules to adhere to each other in such a manner as to
form round or oval bodies, about the size of the larger granules
of barley starch, for which they are sometimes mistaken.

The presence of rice or maize flour can, like barley meal,
be detected by the microscope from the character of the starch
granules. The appearance of rice starch will be seen on
page 121, Fig. 14, and that of maize starch on page 173.
Fig. 2q.

The mode in which the amount of foreign starch is
conveniently estimated is described on page 151.

There has been no instance in which ground husks of cereals
have been detected as an adulterant of oatmeal since the present
Adulteration Act came into operation ; but such an article is a
possible adulterant, and the microscopical examination of a
suspected sample should include a search for the presence of
an admixture of cereal husks, which, however finely ground, are
comparatively easy of identification from the structure of the
tissues. The tissues of oat husk are shown in Figs. 17 and 18,
those of wheat husk on page 104, Fig. 7, and those of barley
husk on page 117, Figs. 9 and 10,




Wit e e o

BREEFARED STARCHES

e e e —— e - ——

THESE preparations, which consist of purified starches, differ
in a most essential degree from cereal flour, in that, when used
alone, they are an incomplete food, and require to be conjoined
with other alimentary matter, containing flesh and bone-forming
materials. Starch contributes only towards force and fat produc-
tion, and although its deficiency as a means of nourishment is
now well understood, there is too much reason to believe that it
is often resorted to as a food for the young, to an extent frequently
attended with serious injury to health.

The source of these preparations is not restricted to cereals,
as the tubers of many plants and the stems of some trees yield
different kinds of starch in great abundance, and one or other of
them is used as an article of food by all nations.

As each description of starch yields a flavour peculiar to itself,
there probably exists in it a minute quantity of essential oil, which
imparts a character to it; for chemically the starch substance is
alike in each kind.

Under the microscope the starch granule is seen to have
an organised structure. It consists of a thin envelope or sac,
composed of cellulose, filled with a true starch substance or
granulose. The latter would seem to exist in the form of layers
or films, varying in thickness and probably also in density, and
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starting from a point called the hilum. These layers give rise to
the appearance of lines or rings on the outer surface of the
granule, and sometimes, from their character, assist in the
identification of a starch.

The starches derived from different sources have nearly in
every case distinctive features as regards form, size, and peculiarity
of marking, which afford means for their recognition by the
microscope.

The envelope or enclosing membrane, which possesses a con-
siderable amount of hardness and tenacity, retards, if not entirely
prevents, the action of those soluble and active albuminoids,
which effect the conversion of the starch substance into dextrin
and maltose ; and in like manner and from the same cause,
starch, when taken as food in the raw state, resists to a certain
extent the saccharizing action of the digestive juices, and many
granules pass through the system unaffected. It becomes,
therefore, necessary, in order to effect the before-mentioned
conversion, to rupture the granules by the application of heat,
so as to bring their contents under the immediate action of the
soluble albuminoids or digestive juices, as the case may be.
It follows that it is essential that starch foods, before being
consumed, should be cooked or heated to a point sufficient to
rupture the granules.

The formula C,.H, O, is assigned to all starch from whatever
source derived. Starch itself is insoluble in cold water, but the
contents of the granules are soluble.

The temperature at which the different starches gelatinize
varies from 113° F. (45°C.) to 194° F. (9o° C.). Those having
the largest granules rupture at lower temperatures than those
with small granules such as rice and maize, which are not affected
until the maximum temperature of the range indicated is nearly
reached.

Iodine combines with starch, producing a deep blue colora-
tion. This reaction takes place between the contents of the
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starch granules and the iodine only, the envelope, which is com-
posed of cellulose, giving no coloration.

Soluble starch rotates a ray of polarized light to the right,
the rotatory power being [a];+ 216",

The proportion in which one starch or flour is mixed with
another requires to be estimated by means of the microscope.
To insure the homogeneousness of the sample it is first rubbed
in a mortar, and passed several times through a sieve. A small
quantity, say ‘o5 of a grain, is then weighed out and placed upon
a glass slide, where it is worked into a thin paste with about
two drops of water. A thin covering glass, measuring about
1} inch by 1 inch, is then placed over the paste, and moved
about the slide until the paste is equally distributed and all under
the covering glass. With a }-inch objective and B eyepiece the
number of granules of foreign starch is counted in nine “ fields,”
as fairly as possible representing the entire slide. The process
is repeated until a correct idea of the composition of the sample
1s obtained.

Standard mixtures approximately representing the sample are
then made up and treated in exactly the same way, and, from a
comparison of the results, the percentage of foreign starch is
computed.

When the percentage of foreign starch is large it is advan-
tageous, in order to facilitate the counting of the granules, to insert
in the eyepiece a slide, accurately divided into squares,

In cases where the granules of added starch are so small and
numerous that it is impossible to count them, as with rice starch,
a similar process of preparing the slides is followed, and as
correct an estimate of the foreign starch is made as is possible by
a comparison of the appearance of the sample with that of the
standard mixtures.

It is often advisable to use a dilute solution of iodine instead of
water in preparing the slides for examination, as the resulting colora-
tion of the starch granules renders them more distinctly visible,
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ARROWROOT.

Botanical Origin.— Arrowroot is derived from plants of the
genus Maranta, belonging to the natural order Marantacee. The
most important member of the genus is Maranta arundinacea,
which is a native of the West India Islands and of the tropical
parts of America, but is now cultivated in Africa, Ceylon, and
other hot countries. There are three other recognised species of
Maranta, namely, M. allouyia and M. nobilis, which grow in the
West Indies, and M. ramosissima, which 1s a native of the East
Indies.

The arrowroot plant is herbaceous, from four to six feet high,
and has broad, pointed leaves. The tuberous roots, or rhizomes,
are pointed, covered with scales, and sometimes a foot in length,
and about the thickness of a finger.

Description.—The starch is stored in the rhizomes of the
plant, and requires to be extracted and purified to render it fit for
the market.

When the plant is mature, which it generally is at the end
of twelve months from the time of planting out, the rhizomes are
dug up, washed, peeled, and reduced to a pulp by crushing or
rasping. The pulp is then washed with water on a sieve or in a
washing machine, constructed for the purpose, The fibrous
matter is thus separated from the starch, which passes through
the sieve with the water, and gradually forms a deposit in the
tanks or vessels in which the liquid is collected. The starch
which subsides, being somewhat impure, is repeatedly washed
until thoroughly purified, after which it is drained and then dried
either in the sun or by gentle artificial heat. The rhizomes yield,
when they contain their maximum amount, about 26 per cent.
of starch.

Every care is taken in the process of preparation to insure
purity, and owing to the reputation for this quality, which the
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arrowroot prepared in Bermuda has obtained, it commands a
much higher price than that made either in other West India
Islands or elsewhere. From improved modes of preparation,
however, much of the low-priced arrowroot now imported, and
notably that from the Island of St. Vincent, is undistinguishable
in any respect from the higher-priced article from Bermuda. The
quality and commercial value of an arrowroot chiefly depend
upon its brilliancy and whiteness, and for a long time, that from
Bermuda maintained a distinct pre-eminence in this respect.

For trade purposes arrowroot is distinguished by the name of
the island or country producing it. Thus we have Bermuda,
St. Vincent, Natal, Cape, and Mauritius arrowroots, although
they all consist of the same kind of starch, and are derived from
the genus Maranta.

The imports from Bermuda, which no doubt at one time were
our chief supply, have been decreasing for several years, and the
great bulk of the arrowroot now imported comes from St. Vincent
and Natal,

Arrowroot is much appreciated as an article of food for
invalids, but its alimentary value is limited to that which belongs
to pure starch, and it therefore requires to be supplemented by
food of a nitrogenous character.

History.—The earliest recorded notice of the plant Marania
arundinacea relates to the supposed virtue possessed by its roots
as an antidote to poisoned arrows, and it is generally agreed that
the term arrowroot owes its origin to a belief in the efficacy of the
plant in this respect by the Indians of South America.

It would appear, from a catalogue of Jamaica plants prepared
in 1696 by Sloane, that the Maranfa was first discovered in
Dominica ; from thence it was transferred to Barbadoes, and
afterwards to Jamaica, the plant being much esteemed on account
of its reputed power of counteracting the effects of poison.

In the year 1756 mention is first made of the starch of the
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plant as an article of food, but its use was limited to periods
when other provisions were scarce.

Arrowroot was first introduced into England about the begin-
ning of the present century, and it appears that the supplies
came from Jamaica. It was subject to an import duty, which,
prior to 1853, amounted to 64. per cwt. on that imported from
British possessions, and 2s. 64. per cwt. on that brought from
other countries, but in the year named a uniform rate of 4}d.
per cwt. was imposed, which continued until 1869, when the
article was admitted free of duty.

In 1850 the imports of arrowroot into the United Kingdom
amounted to 15,980 cwts., of which 12,631 cwts. were entered
for home consumption; and in 1870 the quantity imported was
21,770 cwts., and of this 17,000 cwts. were from St. Vincent, and
3,000 cwts. from Natal ; but for some time past the importations
of arrowroot have been on the decline. This is probably due to
an increasing substitution for arrowroot of certain proprietary
articles, many of which are sold under the name of * corn-flour.”
These preparations consist generally of a purified cereal starch
which answers the same purpose as arrgwroof, and possesses a
similar alimentary value.

CHEMICAL COMPOSITION.

Arrowroot consists practically of starch and water, and there-
fore when pure is a non-nitrogenous substance, and is destitute
of bone-forming material.

The following are the results of the analyses of the two
principal commercial varieties of arrowroot :

Bermuda. St. Vincent.
Starch 8366 84°'35
Water 1€°22 15'44
Mineral matter ‘12 21

Total  .es 10000 10000
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MICROSCOPIC APPEARANCE.

Arrowroot being a pure starch consists entirely of a mass of
granules, which readily separate from each other on the micro-
scopic slide. The granules of the arrowroot obtained from the
different islands and places producing it are not identical in size
and form, but they present certain characteristic features which
serve to identify them as all belonging to the same genus of
plants. :

Bermuda arrowroot may be taken as the most perfect type of
a Maranta starch. In no other kind of arrowroot do the granules
so generally exhibit an irregularly oval form with the peculiar
small nipplelike projection near one end. The microscopic
appearance of this starch is represented in Fig. z2o.

FIG, 20, —BERMUDA ARROWROOT., MAGNIFIED 3}50 DIAMETERS.
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The granules, it will be seen, are generally marked with
numerous faint concentric rings showing distinct layers, and
have a circular or linear hilum near one end. The majority
of the granules are fairly uniform in size, and measure from

‘0007 to ‘o023 of an inch in length, and from "ocoo5 to ‘cor4
in breadth.

The arrowroot from Natal, as compared with that from

FIG. 2I1.—NATAL ARROWROOT. MAGNIFIED 350 DIAMETERS.

Bermuda, may be taken as an example of the divergence which
occurs in the form, size, and general appearance of the starch
granules yielded by different varieties of the Afaranta plant.
The starch granules of Natal arrowroot are represented in Fig. 21.

In size they vary from ‘oot to ‘coz2 of an inch in length, and
from "ooo5 to ‘oors in breadth.
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ADULTERATION.

When the high price at which arrowroot was sold for many
years is considered, it is not surprising that its adulteration should
have been largely practised, nor that a variety of imitations, con-
sisting of cheaper purified starches from other sources, should have
been substituted and sold under that name. The inducement
for the sophistication of arrowroot is much less now than it was
formerly ; but judging from the cases of adulteration which have
come under our observation during the last few years, it is clear
that the margin between the price of Marania and that of other
starches is still sufficient to make it answer the purpose of the
trade to substitute, either wholly or partially, the latter for the
former ; and as arrowroot affords great facilities for sophistication,
the danger of such a practice being continued will exist so long
as the great difference of price between the best arrowroot and
the cheaper starches is maintained.

The principal starches which have been employed either as
substitutes for arrowroot or for mixing therewith, have been those
of potato, sago, tapioca, curcuma, and tous-les-mois. Tacca and
arum starches are stated to have been used as substitutes, but
they are not known at present in the English market.

It is impracticable to distinguish, either by simple inspection
or by any reliable chemical process, #faranfa from any other
starch. It is only possible to do this with certainty by the aid
of the microscope, but with the assistance of this instrument,
combined with an accurate knowledge of the microscopic appear-
ances of the cereal and other commercial starches, the recognition
either of spurious arrowroot or of a mixture of other starches
with that of Maranta becomes, in nearly all cases, comparatively
easy.

The following and other drawings of starches in different parts
of this work may prove useful in the microscopic examination of
suspected samples of arrowroot :



158 PREPARED STARCHES.

Polato Starch.—This starch is prepared from the tubers of the
potato (Selanum tuberosum) by a process similar to that adopted in
the case of arrowroot. In trade it is known as pofate flour ot farina.

The granules of potato starch, as seen under the microscope,
are represented in Fig. 22. They vary much in form, some
being triangular or oyster-shaped, some ovate, and others, espe-
cially the smaller ones, spherical. They are marked with distinct

FIG, 22.—POTATO STARCH. MAGNIFIED 250 DIAMETERS,

concentric rings, and have a hilum at one end, which is circular
or stellate.

In size they vary from ‘ocoj to ‘0028 of an inch in length, and
from ‘coo4 to "oor7 in breadth.

Sago and Tapioca Starches.—A full description of these starches
will be found on pages 166 and 170.

Curcuma Starch.—The principal source of this starch is the
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tuberous root of Curcuma angustifolia, a plant which is a native
of the East Indies. The prepared starch is called by the natives
Tickhar, and sometimes, by Europeans, East India arrowroot,
The article is said to be rather extensively manufactured in
Travancore, Cochin, and in Canara in the south-west of India,
and it is probable that it formed a portion of the East India
arrowroot which used to be met with in the English market.

FIG. 23, —CURCUMA STARCH. MAGNIFIED 350 DIAMETERS,

The microscopic appearance of Cuwrcuma starch is represented
in Fig. 23. There is a considerable resemblance between the
granules of this starch and those of Maranfa ; but the former are
more Irregular in size and shape, and also more pointed and
transparent.

In size, they vary from ‘oor to ‘ooz of an inch in length, and
from ‘0007 to ‘oors in breadth.
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Tous-les-mois Starch,— This starch is extracted from the
rhizomes of a plant of the genus Canna, which is chiefly cultivated
in St. Kitts, one of the West India Islands. That which is im-
ported into this country is used partly in the manufacture of pre-
pared cocoas, and partly, after being bleached, as food for infants.
The appearance of this starch under the microscope is shown in
Fig. 24.

F1G. 24.—TOUS-LES-MOIS STARCH. MAGNIFIED 350 DIAMETERS.

The granules of this starch are the largest known. They are
ovate in form, obtuse at one end and pointed at the other. The
hilum is circular and situated near the pointed extremity, and it
forms the centre from which the well-marked series of rings
originate. In size they vary from ‘oots to ‘0037 of an inch ip
length and from ‘oor1 to 'oo27 in breadth.
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Zuacca Starch.—This starch is prepared from the tuberous
roots of Zucca oceanica. The plant, which is herbaceous, is
cultivated in the South Sea Islands for the sake of its starch.

We have been unable to meet with a sample of this starch in

the market, and probably it is not now imported. Its microscopic
appearance is shown in Fig. 25,

FIG. 25.—TACCA STARCH. MAGNIFIED 350 DIAMETERS.

The granules are generally very similar to those of tapioca;
but some, especially the spherical ones, are larger in size. They
vary from ‘oco12 to 'oo1rs of an inch in length, and from ‘0008 to
‘o012 in breadth.
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Arum Starch.—This starch is obtained from the tubers of
Arum maculatum. The plant, which is popularly known as “lords
and ladies,” was formerly cultivated in the Island of Portland.

The starch, which at one time was known as “Portland
arrowroot,” is not now met with in the market ; but as it is said

FIG. 20.—ARUM STARCH, MAGNIFIED 350 DIAMETERS,

to have been formerly used as a substitute for Maranta, it may
be interesting to give a drawing of it. This is shown in Fig. 26.

The granules vary in size from ‘ocoz to ‘ocos of an inch in
length, and from ‘oocoz to ‘ooo4 in breadth.
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SAGO:.

Botanical Origin.—Sago is obtained from the pith or central
part of the stems of several species of palm, the principal
of which are Sagus farinifera and S. Rumphii.

The sago palm grows naturally in the south-east of Asia and
the islands of the Indian Ocean, and consequently requires no
cultivation. The tree is somewhat peculiar, and slow in making
a start; but once the stem is fairly formed, its growth proceeds
rapidly until it attains a height which is sometimes as much as
30 feet, with a stem measuring 5 or 6 feet in circumference.
The trunk consists essentially of a long hard woody tube, the
interior of which is filled with starch, intermixed with fibrous
matter.

When the tree is cut down the root retains its vegetative
power, and a fresh stem is soon formed, which takes the place
of the parent one.

Sago is also produced by plants of the genus Cycas, belonging
to the natural order Cycadacee. The principal of these are Cyaas
cireinalis and C. revolufa, which are indigenous to the Moluccas,
China, and Japan.

Description.—Sago starch exists in the pith of the palm in an
impure state, and requires to be submitted to a process of purifica-
tion, in order to separate the fibrous and other foreign matters
present.

When the tree has attained maturity, and contains its full
complement of starch, it is cut down near the root, and divided
into lengths of 6 or 7 feet, which are split down length-
wise, to gain access to the central part of the stem. The pith
is then scooped out, reduced to a powder, and worked up
with water in a trough, until the starch has been detached from
the fibrous matter. The water containing the suspended starch is

M 2
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then run through a sieve, and from the strained liquid a deposit
of starch takes place, which, after repeated washings with water
and subsequent drying, forms the sago flour of commerce.

It 1s stated that the produce of a single tree sometimes
amounts to between 5oo0 lbs, and 600 lbs. of sago.

Granulated sago is prepared from sago-flour by mixing it with
water into a paste, and granulating it with the aid of sieves, by a
process not known to Europeans. The sago in the granular
form is theén dried in shallow pans, with agitation, over a slow
fire, and the resulting product constitutes the pearl sago met with
in commerce.

There are two sorts of pearl sago imported, one consisting of
small and the other of large grains. In both kinds a large pro-
portion of the starch granules are burst, and the grains are chiefly
composed of gelatinized starch.

Sago constitutes an important article of food in different
parts of the East, and especially in those countries where it is a
natural product. In this country granulated sago is chiefly used
in the form of pudding, and like many other pure starchy
preparations, constitutes a valuable light food.

The great bulk, however, of the sago imported into this
country is in the form of sago flour, and is largely used in the
manufacture of glucose sugar and household starch.

History.—There 1s no evidence to show when the starch
of the sago palm was first used as a food. In the thirteenth
century the preparation of sago bread was described by Marco
Polo, and in the early part of the seventeenth century by Clusius.
Granulated sago appears to have been known about this time, as
it is said to have been introduced into England in the year 1729,
and into France and Germany about fifteen years later.

The quantity of sago imported into this country has been
gradually increasing, and in the year 1880 it amounted to
381,608 cwts.
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CHEMICAL COMPOSITION.

Sago 1s composed of starch, a little mineral matter, and a
certain amount of water. A sample of pearl sago gave, on
analysis, the following results :

Starch e 84704

Water A
Mineral matter ‘14

Total ... ... 10000

MICROSCOPIC APPEARANCE.

The microscopic appearance of sago starch is shown in
Fig. 27. ;

FIG. 27.—SAGO STARCH. MAGNIFIED 350 DIAMETERS.

The granules, it will be seen, are elongated, rounded at one
end and truncated at the other. The larger ones have a stellate
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or linear hilum, and have numerous concentric rings, which
are but faintly visible. In size they range from ‘ocog to ‘cozz
of an inch in length, and from "oooy to "oor4 in breadth.

ADULTERATION.

Sago has never been subject to much adulteration, but there
is reason to believe that potato starch was used some years ago
for the production of a spurious article.

Whatever inducements there may, at one time, have been for
the sophistication of sago, it is obvious that, having regard to its
present marketable value, there would be a difficulty in finding
another starch which could be advantageously employed, on the
score of cheapness, either as a substitute for, or as an adulterant
of, granulated sago.

The presence of other starches in preparations of sago can be
recognised by aid of the microscope, and although in pearl sago
the great bulk of the starch is practically in a gelatinous condition,
and the starch granules, which remain entire, form only a small
proportion of the whole, yet it is possible to determine, from a
microscopic examination of the granules remaining unruptured,
the character of the starch employed in the manufacture of the
article.

The microscopic appearance of potato starch, which is the
most probable adulterant to be employed, will be seen in Fig. 22,

page 159.
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TAPIOCA.

Botanical Origin.—This starchy preparation is derived from
several species of plants of the genus Manihof, belonging to the
natural order Zuplorbiacee. The most important of these plants
is Manihot wtilissima, formerly known as Jjalropha Manihot, a
native of tropical America, but now cultivated in Africa and other
hot countries. Another species from which tapioca is obtained is
Manihiot aipi, which constitutes what is popularly called swees
cassava, while the former variety is called &éitter cassava.

The plants, which are propagated by cuttings, grow in the
form of a bush to the height of five or six feet. The collatera,
fibres of the roots develop into farinaceous tubers, which are
generally in a fit state to be collected within eight or nine months
from the time of planting. The tubers occur in clusters of from
three to eight, and the quantity sometimes produced by a plant
weighs as much as go Ibs.

Description.—The tuberous roots are large and fleshy, and
are generally about 14 or 15 inches long, and from 4 to 5 inches
thick,

To obtain the farinaceous products, the tubers are washed,
scraped or peeled, and reduced to a pulp by rasping or grinding,
The pulp is then subjected to pressure to express the juice, and
the compressed residue, which consists of a mixture of farina,
vegetable fibre, and albuminous matter, is used for making cassava
meal or bread, while the juice, which is allowed to stand at rest
for a time, yields a deposit of cassava starch. This, when properly
washed and dried by the heat of the sun, constitutes the tapioca
flour, or Brazilian arrowroot of commerce,

Tapioca is prepared by heating the cassava starch, in a
partially dried state, upon hot plates and stirring it with an iron
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rod. During this process a large portion of the granules burst
and adhere together in small irregular masses or nodules, in which
form the article is imported into this country.

Both the bitter and sweet cassava, in common with other
plants belonging to the same natural order, contain a milky
juice, which, in the bitter variety, is poisonous and acrid, but is
innocuous in the sweet species. The poisonous quality of the
juice of the bitter cassava is due to the presence of hydro-
cyanic acid, which, being highly volatile, is entirely dissipated by
exposure to heat at comparatively low temperatures, and the juice
rendered innocuous. The solid residue from which the juice has
been expressed, is harmless,. and is available for making czssava
meal, and when baked on hot plates, cassava bread.

The tubers of the sweet variety, when boiled or roasted, are
used as an article of food.

Tapioca is the form in which cassava starch is chiefly used in
this country as a food. It is partly soluble in cold water, owing
to a portion of the starch granules having been ruptured by the
heat in the process of preparation.

History.—In Brazil and other parts of South America, cassava
meal or tapioca has contributed from the earliest date to the
general food of the inhabitants. In 1625, Gage, in an account
of his travels in Mexico, refers to the cassava tree, and to the
varied uses of its alimentary products by the people. Humboldt,
later on, during his travels in South America, found the tree in
constant cultivation, and observed, that in some parts, cassava
bread formed the staple food of the people.

We have been unable to find any record of the time when
tapioca was first introduced into this country.
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CHEMICAL COMPOSITION.

Both tapioca and tapioca flour practically consist of starch
and water. The analyses of two commercial samples gave the
following results :

t Tapioca. Tapioca.

15t quality, 2nd quality.
JT Siaxcli© s L o bl b SESGR 8639
E Water . . : . 14'04 12775
! Albumin and impurities . — 80
': Mineral matter . ’ ! 04 ‘06
| Total 5 . 100700 10000

MICROSCOPIC APPEARANCE.

The appearance of cassava starch as seen under the microscope
is shown in Fig, 28 below :

FIG, 28,—CASSAVA STARCH, MAGNIFIED 350 DIAMETERS.
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The granules are round at one end, and have one or more
straight faces. The hilum is distinct, and is situated near the
round end of the granule. In size they vary from -coo3 to ‘oot
of an inch in length, and from ‘coo3 to ‘0oo8 in breadth.

ADULTERATION.

There are cases recorded of tapioca flour or Brazilian arrow-
root having been found adulterated with other starches of low
commercial value, but in recent years such cases have been very
rare. We have, however, lately met with a sample of pearl
tapioca which consisted entirely of potato starch.

There are several starches, such as those of sago, rice, and
potato, which, on account of their comparatively low price, could
be profitably employed as adulterants of tapioca flour or a pre-
paration of the same. With the aid of the microscope these
starches can be recognised, and their presence established. The
microscopic appearance of sago starch will be seen on page 166,
Fig. 27; that of rice starch on page 121, Fig. 14; and that of
potato starch on page 159, Fig. z2. Tapioca, as previously
indicated, consists of a mixture of ruptured and unruptured starch
granules, but the proportion of entire granules present is generally
sufficient for the recognition of the character of the starch
employed in the preparation of the article.
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CORN “FLOUR.

Corn flour usually consists of a preparation of the purified
starch of maize (Zea Mays), or of rice (Oryza sativa).

From the name given to this article it might be supposed that
it is the flour of the cereal in the same sense that wheat
flour is of wheat; this, however, is not the case, as in the manu-
facture of corn flour almost the entire flesh and bone-forming
constituents contained in the cereal are extracted, mainly by the
action of soda, and the resulting product is composed of nearly a
pure starch,

The following table contains the results of a proximate analysis
of two samples of commercial corn flour prepared from maize and
rice respectively :

TarLe I.—ANALYSES OF CorRN FLOURS.

Oszwego (Maize) Cormn Flour. Eritish (Rice) Corn Flour,

Starch ... s . 8678 84'59
Nitrogenous matter e 2'I§ 2711
Mineral ... ‘g *33
Moisture ... . T0'56 12'97

Total ... s 100700 : 100°00

If the constituents of maize and rice in Table I., page 86,
are taken for comparison with the results given above, it will
be seen that the nitrogenous matter is reduced from 15°27 to
2°15 per cent. in one case, and from ¢.34 to 2'11 per cent. in
the other ; while the percentages of starch are increased from
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6466 to 8678, and from 77°66 to 8459 respectively, thus showing
that the alimentary character of the original cereal is greatly
altered in the corn flour. The latter, in fact, is essentially a
starchy preparation, and as such should always be used in
conjunction with milk or some other food rich in flesh and
bone-forming substances.

The following is the result of the analysis of the ash of Oswego
corn flour :

TApBLE II.—ANALYSIS OF THE AsH OF CorRN FLOUR.

Constituents.

Potash ... ... estimated as K.O 2°21
Soda % Na,0 20°07
Sodium Chloride 3% NaCl 1'36
Magnesia - MgO i
Lime ... = CaO 3022
Iron Protoxide ... 5 FeO ‘51
Sulphuric Anhydride ... s 10 228
Phosphoric  ,, o - PO, 1°42
Carbonic » » CO, | 3515
Silica ... - Si0., 1°07

Total® .. s | 100700

The proportion of phosphoric anhydride in the above sample
is only 142 per cent. compared with 47°45 in the maize, as will
be seen by Table II., page 88, and the amount of potash is
reduced from 2601 to 2'21 per cent.

The most notable feature about the ash of the corn flour is
the large increase in the percentages of soda and lime, arising
probably from contamination during the process of preparation.
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E The microscopic appearance of maize starch is represented in
' Fig. 29:

FIG. 20.—MAIZE STARCH. MAGNIFIED 350 DIAMETERS,

The granules are polygonal, and approaching the circular in
shape. In size and general appearance they are intermediate
between the starches of wheat and oats. They range in size from
‘0002 to ‘oor12 inch in diameter.

Rice starch as seen under the microscope is shown in Fig. 14,
page 121,
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Oriciv.—Lentil flour is prepared from the seeds of the lentil
plant, Ervum lens, belonging to the natural order Zeguminose.
The lentil is a native of Egypt, Palestine, Arabia, and other
Eastern countries, where it has always formed a common and
much-esteemed article of food. It is now also extensively grown

in Italy and other countries bordering on the Mediterranean and
in Germany.

Description.—The fruit consists of short, smooth, two-seeded
pods, and, as met with in commerce, the seeds are about half the
size of an ordinary pea, and of different colours, white, reddish-
brown, or black, according to the variety of the plant cultivated.
In the split state they are used in soups, and in that of flour in
the form of gruel or porridge. The flour forms the basis of
several proprietary preparations sold at high prices for the relief
of certain disorders and as specially nutritive farinaceous foods.
These preparations generally contain either wheat flour, barley
meal, or Indian corn flour, with a little salt or sugar. The
presence of these ingredients serves to modify the strong, and to
some, objectionable flavour which lentils possess in common with
other seeds of the Leguminose.

CHEMICAL COMPOSITION.

Lentil flour contains the following substances: fat, starch,
sugar, albumin, cellulose, mineral matter, and water.
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The following table contains the results of a proximate analysis
of lentil flour :

TaepLE 1.—ANaALYSIS OF LENTIL FLOUR.

Fat SPRES & o
Starch ... we 5047
Sugar west AR
Albumin, soluble in alecochel ... 4°68
s insoluble ,, e 24780
Cellulose ... ‘g2
Mineral matter ... i 253
Moisture .., . 11'02
Total ... e 100700

——

According to these results the proportion of starch in lentil
flour is less than that found in the meal and flour of the cereals ;
but the amount of nitrogenous matter in the former is about
double that which occurs in the latter. Lentil flour is therefore
highly nutritious, and would, doubtless, be much more extensively
used were it not for its strong taste and flavour,

The following table contains the results of the analysis of the
ash of split lentils :

TABLE II.—ANALYSIS OF THE AsH OF SpLIT LENTILS.

Constituents,

Total Ash on Dry Lentils ...  Per cent, 287
Potash ... ... estimated as K,O 3260
Potassium Chloride % KCl 828
Sodium Chloride... = NaCl | 4765
Magnesia ... s MgzO 567
Lime - CaD 2°05
Oxide of Iron ... o FeO | 181
Alumina ... o ALO, 028
Oxide of Manganese ... i Mn O, Traces.
Sulphuric Anhydride ... i S0, Traces.
Phosphoric Anhydride ... - PO, 3813
Silica G 33 510, 363
Sand 2°70

Total .. 10000




176 LENTIL FLOUR.

ANALYSIS.

The methods for the determination of the constituents of
lentil flour are the same as those adopted in the analysis of flour
described on pages 105 to 100.

MICROSCOPIC STRUCTURE.

The starch granules of lentil flour are similar in form and
appearance to those of the pea and bean exhibited in Figs. 15
and 16, pages 122 and 123. The concentric rings, however, of
the former are more distinct, and the longitudinal depression more
clearly defined than in the latter.

ADULTERATION.

Lentil flour being as cheap if not cheaper than other farinaceous
substances, it is seldom if ever adulterated. The presence of
cereal, and most other foreign starches, if mixed with lentil flour,
can be detected by the microscope.
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and create him Duke of St. Albums. The public will send him the Orders.” —Purrch.

** YVery pleasant to look at, and still more pleasant to possess."—e Fines. 2

Agenis _ﬁ‘-‘r‘ the sale of Bowrne & Shepherad’ s Tadian Plotorrapls, Burke's Mndiane Pﬁafﬂgrﬁﬁﬁ:,
St ricd & Anderson's Fapanese Photographs, Heiio's Egyptian Flotographs,
Lanrent's Spanish Pholograghs, and many oihers,

Collections of Phntngrnphs, Prints, Drawings, &c., Cleaned, Mounted, Titled, and put into order,
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Pravers,” 4th edition, price 6.
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& CO. Remit direct to 48, Cheapside.

ZITHERS.—KEITH, PROWSE, & CO. have a large selection at all prices:from 1 to 25 guineas ;
also strings, rings, &c., and music. A Professor gives instructions on the Zither.—City Royal
Musical Eepository, 48, Cheapside.
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The finest covered strings for all instruments. —KEITH, PROWSE, & CO., City Royal Musical
Repository, 48, Cheapside.
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slightest breeze : mcluding case and key, 315 64. Double Harps, 2z to 4 guineas.—KEITH
PROWSE, & CO., Manufacturers, 48, Cheapside, London.

SECOND-HAND INSTRUMENTS —KEITH, PROWSE, & C0O. have several SECOND-
HAND PIANOFORTES,s Musical ' Boxes, and Harps, which have been retumed from
hire or taken in exchange, and which they can offer at prices far below the real value of the
instruments,

SPECIAL PIANOFORTES.—EKEITH,IPROWSE, & C0O. have some Drawing-room (}_f'-fu'ldﬁ in
Black and Gaold, of the very finest quality, at surprisingly moderate prices for cash under discount,
or on extended payment system.

FOREIGN PIAMNOFORTES by all the best makers, for eash! under discount, or on extended
payment system. |

—— e —

NOTE.—OPERA, THEATRES, and CONCERTS.—KEITH, PROWSE,
& CO. beg to mention that the best Boxes, Stalls, Dress Circle, and all Reserved
Seats for above and all amusements, are always ready for sale at their City
Booking Office, 48, CHEAPsIDE, E.C,, and at,

13, GRaAND HoTEL BuIiLpinNGs, CHARING Cross, W.C.

Direct Telephonic communication by private wives with the Theatres.




PRICE Z2s. 6d. MONTHLY.

A Large Paper Edition, with fwo impressions of each plate, one being an artist's proof ;
subscription for the year £10.

TFE ECRTEOEIO

An Avtistic Periodical,
EpiTeDp BY P. G. HAMERTON, EsQ.

ARRANGEMENTS FOR 1883.

A SERIES OF PAPERS ON PARIS by the EpiTor, treating of the characteristics of a great
modern city, and of its growth from a city of the Middle Ages. With Etchings and Vignettes by
Bruner Depaines, Lavawne Lavavze Lugrsirrs, TovssainT, Jacoums Hoop, and others.

ITALIAN SCULPTOES. Ey Professor CoLvin., With Illustrations.
HOGARTH AND THE PIRATES. By Mr. F. G. Steeuens. With Tllustrations.

SOME PICTURES IN THE NATIONAL PORTRAIT GALLERY. Ey Mr. W. CHaMbEzs
Lerroy. With Illustrations.

THE AUTHORSHIFP OF OLD PICTUEES. By Mr. W. ArmsTronG. With Ilustrations.

CLASSICAL AND MEDIAEVAL REMAINS AT RAVENNA. By Miss Juria CARTWRIGHT.
With Illustrations.

THE NEW LAW COURTS. By Mr. H. C. Boves. With Illustrations from the designs of the
late Mr. STREET.

THE SCENERY OF THE RIVER CLYDE. Ilustrated by Etchings, &ec.
THE TRUE COMPOSITION OF THE GROUPS OF PHIDIAS. By W, WaTtkiss Liovp.

The following Flates will appear during the Year—

A SOUVENIR OF VELASQUEZ, Excravenp by Lums Stocks, R.A., after the picture by
; J. E. Miirais, RA.

DURHAM, Engraved by SappLer, after the picture by the late Henry Dawson.

A WOMAN IN AFUR MANTLE, Eiched by FLaMENG, after REMBRANDT,

THE HOUSE OF THE CHASE AT POMPEIL Etched by Bruser Deeaixes, after W. E.

Locknart, R.S.A.

A BEETON BEGGAR, Etched by Mr. L. Mexpes.

APPLE BLOSS0OMS, Etched by Mr, C. O. Murray.

A GEREEEK GIRL FROM THE ISLAND OF HYDRA, Etched by Herr L. OTTo.

STUDY OF A CHILIYS HEAD, in Coloured Chalk, by Mr. E. J. PovsTer: R.A.

A WOODLAND STREAM, in Charcoal, b)'SE-'I. ALLONGE.
5 . c. e,

PROOFS OF THE PORTFOLIO ETCHINGS.

ONE HUNDRED ARTISTS' PROOFS
Of each Flate are printed on Fapanese paper, and sold separately.

A Price List of nearly Twe Hundred Etchings may be had on application.
Some of the Proofs have become searce, and have risen considerably in value.

THE PORTFOLIO VOLUMES.

Tue PorTroLlo was commenced in 1870, All the Volumes from 1870 to 1880 are in print, and may Le
had at 355, each in cloth, or 425 each in half morocco.

SEELEY & CO., 54, FLEET STREET, LONDON.



THE PROPORTIONS OF THE HUMAN FIGURE.
By JOSEPH BONOMI, F.R.A.A., M.B.S.A,

Enlarged and Illustrated, with Memoir and Portrait of Author. Demy 4to, cloth

lettered. Price 55. CHARLES RomErson & Co., gg, Long Acre,
and all Booksellers and Artists’ Repositories,

THE ETCHER’S HANDBOOK.
By P. G. HAMERTON.
Third Edition. Rev ise_fl and Augmented. illustntml by the Author. Price §s.°

Roberson's Printing ilrcﬁs for Ctehings,

Size to take Impressions 10 in. X 0 in. including Blanket and Cloth,  £4 4s.
, Ditto ditto I4 in, X 7 in, ditto ditto £6 6.

CI-IARLES ROBERSON & CO.’S
COMBINATION

Docket Sketch IBook and Palette,

fneluding COLOURS, BRUSH, & PENCIL, Without Increase of Ordinary Thickness.

For its extreme convenience and portability it is particularly adapted to the use of
Tourists and all persons desirous of having the materials at hand for a hasty Sketch
without being encumbered with the weight of an ordinary Box.

&.ROBERZON & &2
CONBINA NIDN

FOENET SKETCK 808N,

CHARLES ROBERSON & co.,

Manufacturers of Artists’ Drawing and Painting Materials, 0il and Water Colours
PREPARED CANVASES, MILLEOARDS, AND PANELS.

EVERY REQUISITE FOR SKETCHING OR STUDIO USE, LAY FIGURES FOR SALR OR HIRE.

99, LONG ACRE, LONDON, W.C.
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CLARENDON PRESS LIST,

JThe Scholar's Avithimetic ; with Answers to the
Examples. By Lewis HEewsiey, M.A.
Crown Bva, cloth. 45 64

The Scholar's Algebra. An Introductory work
on Algebra. By the same Author. Crown
gvo, cloth. 45 64.

Book-keeping. By R. G. C. Hamivton, Financial
Assistant Seerem?v to the Board of Trade,
and Joux Bavr (of the Firm of Quilter, Ball,
and Co ), Co-Examiners in Book-keeping for
the_ _Sucietj.r of Arts. New and enlarged
Ed!t.m:n. Extra fcap. 8vo, limp cloth. 2=

Acousties. By W. F. Donwin, M.A., F.R.S.,
Savilian Professor of Astronomy, Oxford.
1870. Crown 8vo, cloth. 7s. 6d.

A Treatige on Electricity and Magnetism. By
3[. CLERE-MaxwrrL, M.A., F.R.5, Pro-
essor of Experimental Physics in the Uni-
versity of Cambridge. econd Edition.
2 vols. Demy 8vo, cloth. 1 115 G4t

An Elementary Treatise on Electricity, By the
same Author. Edited by WiLLiam GARKETT,
M.A. Demy 8vo, cloth. 75 64

The aim of this treatise is different from that of
my larger treatise on electricity and magnetism.

In the larger treatise, the reader is supposed to be

familiar with the higher mathematical methods,

which are not used in this book, and his studies
are so directed as to give him the power of dealing
mathematically with the various phenomena of
the science. In this smaller book, I have en-

deavoured to present, in as compact a form as I

can, those phenomena which appear to throw

light on the theory of electricity, and to use them,
each in 1is place, for the development of electrical
ideas in the mind of the reader."—Audlors

Freface.

A Handbook of Descriptive Astronomy. Dy
G. F. Cuameers, F.R.A 5. Third Edition.
1877. Demy 8vo, cloth. =28s.

A Cyele of Cefestial Gﬁjects. Observed, reduced,
and diseussed by Admiral W. H. SavTH,
R.N. Revised, condensed, and greatly en-
larged by G. F. Cuampers, F.ROA.S. 1881,
gvao, cloth. =15

Chemistry for Students. By A, W. WirLriam-
son, Phil. Doe, F.R.5., Professor of
Chemistry, University College, London. A
new Edition, with Solutions. 1873. Extra
fcap. 8vo, cloth. 85 64

A Treatize on Heat, with numerous Woodcuts
and Diagrams. By Barrour STEWART,
LL.IM, F. R.5., Professor of Natural Philo-
sophy in Owens College, Manchester. Fourth
Edition. 1881. Extra fcap. 8vo, cloih.
75, Od.

Lessons on Thermodynamics. By E. E. Bavues,
M.A., Senior Swudent of Christ Church,
Oxford, and Lee's Reader in Physics. 1878,
Crown 8vo, cloth. 75 64,

The Construction of Healthy Dwellings ; namely,
Houses, Hospitals, Barracks, Asylums, etc.

iy DovGras GarTon, late Royal Engineers,
C.B., F.R.5., etc. Demy Svo, cloth.
105. O,

Bacon. Novwm Organum. Edited, with Intro-

duction, Wotes, &e., by T. FowLer, M.A.,
Professor of Logic in the University of
Oxford. 1878 Bwo, cloth. 141

A Treatise an Rivers and Canals, relating to the
Control and Improvement of Rivers, and the
Design, Construction, and Development of
Canals, By Leveson Frawcis VErnOK-
Harcovrr, M.A., Balliol College, Oxford,
Member of the Institution of Civil Engineers.
zvols. (Vol. 1., Text. ¥ol II., Plates.)
8wvo, cloth. =15 .

A System of [Physical Education : Theoretical
and Practical. By ArcHiparp MacLAREN.
Extra feap. 8vo, cloth. 75 64

Exercises in Practical Chemistry. Vol L
Elementary Exercises. By A, G, VErnox-
Harcourr, M.A.; and H. G. Mapawn,
M.A. Third Edition. Revised by H. G.
Mapan, M.A. Crown Bvo, cloth. g4

Tables of Qualitative Analysis. Arranged by
H. G. Mapan, M.A. Large 4to, paper
covers. 45 Od.

Locke's Conduct of the Understanding. Edited,
with Introduction, Notes, &c., by °I.
FowrLeEr, M.A., Professor of Logic in the
University of Oxford. Extra feap. 8vo,
cloth. =25

Selections from Berkeley, with an Itroduction
and Motes. For the use of Students in the
Universities. By ALEXANDER CAMPBELL
FrasEr, LL.D. Second Edition. Crown
gvo, cloth. 75 64

The Elements of Deductive Logic, designed
mainly for the use of Junior Students in the
Universities, By T'. FowLEr, M. A., Professor
of Logic in the University of Oxford. Seventh
Edition, with a Collection of Examples.
Extra Feap. 8vo, cloth. 35, 64

The Elements of Inductive Logie, designed

mainly for the use of Students in the Uni-
versities. By the same Author. Third
Edition. Extra feap. 8vo, cloth. fs.

A Manual of Political Economy, for the use of
Schools, By J. E. THoroin Rocers, MLA.,
formerly Professor of Political Economy,
Oxford. Third Edition. Extra fcap. 3vio,
cloth. 45 6d.

A Handbook of Pictorial Art. By E. 5t J.
TyrwaiTT, M.A., formerly Student and
Tutor of Christ Church, Oxford. With
coloured Illusirations, Photographs, and o
chapter on Perspective by A. MacoonavLn.
Second Edition. 1875, 8ve, half morocco.
1Bz,

A Musie Primer for Schools. Ey J. TrovuTeECK,
M.A., Music Master in Westminster School,
and B. F. Dave, M.A., B. Mus., Assistant
Master in Westminster School. Crown 8vo,
cloth. - 1s. 64°

A Treatise on Harmony. DBy Sir F. A. Gorr
OuseLey, Bart., Professor of Music in the
University of Oxford. Second Edition. 4te,
cloth. 1os,

A Treatize on Cownterpoint, Canon, and Fugue,
based upon that of Cherubini. By the same
Author. Second Edition. gto. clath. 161

A Treatise on Musical Form and General Com-
position. By the same Author. 4to, cloth.
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The Cultivation of the Speaking Voive. By
Joun HuvLLaH, Second Edition. Extra
feap. 8vo, cloth. 25 64,
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AMATEUR PHOTOGRAPHY.
Walker's Challenge Cameras

'HAVE GAINED A WORLD-WIDE REPUTATION.

Any intelligent person can
with these outfits become a
master of the art of Land-
scape Photography.

A descriptive Catalogue and

Price List sent on receipt of
Td. Stamp.

American AmateurTools

IN GREAT VARIETY,

By the Oldest Firm in the
Trade.

A complete Catalogue of 160
pages, over 700 [HNiustrotions,
sent for Six Stamps.

CHARLES CHURCHFLELE & CO

EUROPEAN AGENTS,
21, CROSS STREET FINSBURY, LONDON.

e —

. DRME & CO.
(Late M. JACKSON:& CO.),

MAanufacturers of Scientific Apparatus,

PRICE LIET of CHEMICAL
PPARATUS,

mmt:umng 600 Illustra.nuns
price Gd.

AND IMPORTERS OF

Finest Bohemian & German

GLASS & PORCELAIN
=7 CGHEMICAL APPARATUS,

ALSO

PURE CHEMICALS

; FOR ANALYSIS.
By Appointment to Her Majesty's Honourable Board of Inland Revenus,

Science and Art Department and Government Schools at South Kensington,
the Pharmaceutical Society of Great Britain, &c., &c.

J. ORME & CO,,
65, BARBICAN, LONDON.




Prize Medals awarded at every International Exhibition where these
Products have been shown,

PARIS, 1855. LONDON, 15&}?.

-NEWMAN,

MANUFACTURER OF

EVERY MATERIAL FOR WATER AND OIL COLOR
PAINTING OF THE BEST QUALITY.

THE SLOW-DRYING TUBE MOIST WATER COLORS

(Prices the same as ordinary Moist Colors),
INVALUABLE IN HOT CLIMATES—USEFUL TN ALL.

FOR THE STUDIO OR THE FIELD,

Do not dry up on the Palette, or in the Tube, under the hottest sun—wash
well and easily—are very brilliant.

SLOW-DRYING CHINESE WHITE,

In Bottles or Tubes, 1s., 25 6d4., 7s. 6d., &c., each,

TAPANNED BOXES WITH THE IMPROVED FOLDING PALETTE-LID
With from 8 to 30 Tubes of Color, Sable Pencils, &c., &e.

SUPERFINE MOIST WATER COLORS

IN CUP5, HALF-CUPS, AND TURBES.

JAPANNED BoXEs, with from 2 to 36 Colors, Sable Pencils, &e., &ec.

THE ‘“LUMINOUS BODY COLORS,”
In Glass Stoppered Bottles,

For Body Color, Illuminating, Silk, Fans, Terra Cotta, White Wood Painting, &ec.
Sawne prices as ovdinary Colors. I

These Colors, having no admixture of Body White, are Intense, Brilliant, Luminous ;
Solid, and Covering without being Opaque.

— e e ———— e,

SUPERFINE CAKE COLORS, 1N Cakg, HALF-CAKE, DoUusLE-CAKE, &ec,

SUPERFINE OIL COLORS.

BEOXES AND EVERY MATERIAL FOR O0IL PAINTING.
Catalogues and Deseriplive Circulars by post on application.

24, SCHO SQUARE, LONDON.




LEVANT WAREHOUSE,

108 & 109, Migh Molborn,

(FORMERLY AT ST. HELEN’S PLACE, BISHOPSGATE).

ESTABLISHED 1792.

CARDINAL & HARFORD,

IMPORTERS DIRECT OF

1 urkey, Persian, Indian,

AND OTHER

ORIENTAL CARPETS,

TRugs, dDattings, &c.

Of rare manufacture and in great variety, suitable for Pusric and
PrivaTE Roowms of all kinds, ENTRANCE HALLS, STaIRs,
CorrIDORS, CHURCH SANCTUARIES, &c., &c,

PRICE LISTS OR ESTIMATES ON APPLICATION.

Spectal Sizes not ordinarvily kept in Stock made fo order.
















