
MILK TESTING 
------1. 

A SIMPLE PRACTICAL HA:SDBOOK FOR 

DAIRY FARMERS, ESTATE AGENTS, CREAMERY MANAGERS, 

~IILK DISTRIBUTERS AND CONSUMERS. 

BY 

c. w. w A:~~~~e-~~d~~~:~'~" N.D.D. 
General Manager of the Wensleydale Pure Milk Society, Ltd., Northallerton. 

Member of the South Eastern Agric. College (University of London). 
Silver Medallist, British Dairy Farmers' Association. 

Jl'ormerly Lecturer in Dairy Farming and Bacteriology at University College and 
British Dairy Institute, Reading. 

Examlner und er National Agricultural Examination Board and British Dairy Fatmers' 
Association. 

Judge at Royal, London Dairy, Yorkshire, h.nd various Shows. 
Chairman Dairy Students' Union. 

Joint Author of .. Buttermaking on the Farm and at the Oreamery," a~o 
.. The Pr~ctice of Soft Cheesemaking." 

ALL RIGHTS' RESERVED. 

P17BUSHED BY J . XORTH, .. DAIRY WORLD" OFFICE, 98, FETTER LAX E, LONDON, E.C, 

lOll. 



MILK TESTING. 



FIRST PRIZES for TESTING APPLIANCES 
FIVE YEARS in succe.!lsion at the LONDON DAIRY SHO" 

Senuine "GERBER'" Testers. 
(Latest Patterns.) 

50 

First 

"GLORIA." 
Small type 2 -test ." £1 7 0 

Uses s hort tes t tubes a lld N e usal 

DIRT"'TEST"ER .. , 12 '. 

OLASS 
THERMOMETI:::.R. 

Each .. , 1 1-
Per dozen .. , 10/. 

I 
30.000 

Sold. 

"REX," "ASTORIA," 
and other types, for 4, 8, 16, 24 a nd 

32 tests. 

Suitable for" Acid," "Sal," a lld 
" N eusal" process. 

BUTTER TESTER .. , £3 9 0 

-z ·~@·FPW~~JS, 
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surface. 
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E ach ... 5/-
For calculating the Percentage of Non-Fatty Solids when Fat and SpIecific 

Gravity a re known. 
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PREFACE TO REVISED EDITION. 

THE quick sale of the first edition of " Milk Testing" has 
proved most gratifying to the author, whose object in first 
publishing the " 'ork was to provide, at a popular price, a simple 
guide for busy practical people. J 

Although the book has been out of print several months, 
the author has preferred, rather than reprint it in its old fo rm, 
to delay republication so as to find time to revise the t ext tho­
roughly and make additions where necessary in order to bring 
it completely up to date. To t hose who were unable to obtain a 
copy of the original edition, it is to he hoped some little com­
pensation will be afforded by the improvements now introduced . 

The subj ect of Milk Testing is daily gaining in importance, 
and the time is now come when e,-ery dairy farmer should, in 
his own interests, carry out t ests. Various County Councils 
are sending out trained men to test the quantity and quality 
of milk yielded by the cows in the herd of any dairy farmer 
who cares to apply for such testing to be done. 

This is excellent propaganda work towards getting the tests 
made known, but the bes t results can only be obtained where 
the farmer makes the tests systematically for himself. A keen 
desire to know the quantity and quality of the ai:tnual milk 
yield of each cow in his own herd, so as to be able to sum up 
its value, is essential to success in modern dairy farming. 

C. W. 'vVALKER-TrsDALE . 

• 
N orthallerton, 

May, 1911. 



Some Press Opinions on " Milk Testing." 
ROYAL AGRICULTURAL SOCIETY'S JOURNAL . 

.. All cow-keeping farmers who depend upon milk -2elUn!! for a considerablo 
proportlon of their income must feel tha,t the qllality of milk i. at this ~resent 
time much more gonerally held to be of importance to the public than It waS 
in the past . ... To all who appreciate thi s trut,h we can tllOroughly recommend 
this little book." 

BATH AND WEST JOURNAL. 
"This is a useful little worl<, concise and w"ll illustrated .. . . It is a populsr 

exposition of the kind of t esting which can be done hv those who are not analyt ical 
<'llClllists, but yet possess sufficient lllanipulati\'e skill to handle apparatus." 

NATU RE. 
" The result is an admirable lit t le Yolume, sound in regard to analytical 

methods, and direct in its appeal to the man for whom it is intended." 

FARM AND HOME. 
"\Ve do not think there is a better guide to mllk testing obtainable. 

It deals with all the details lD a thorollgh manner, and provides for serious 
~tndonts a series of examination or test questions by means of which they 
can gauge the exten t of their lwowlcuge ... . " 'e cord ially recommend the book. " 

SCOTTISH FARMER. 
"With the help of this book, and the proper appliances as described 

therein, anybody can MCUl'ately teRt the milk which they, either as producel'£ , 
middlemen, Ol' con~umers, h andle .. .. If the time is not hero already , it is 
not far distant when everyone will have to be able to test milk." 

FARM AND GARDEN . 
.. All manner of tests are describeu, ancI the apparatus required is illustrated. 

Not only are we to ld how to t est for butter-fat and other so lids in milk, 
but also how to test clitiry liquids for acids. and how to detect preservative. 
and colouring mattor in milk. It is undoubted ly a handy and useful book 
for the practical JUan." 

THE DAIRY. 
"Busy practical peopl!', WllO cannot wade through volumes of Ecieniific 

treatises, nor d ovote tin16 to working with elaburate and expensive apparatn~, 
will find this book aU t,hat is J'0Hlly necessary to ena.ble them to understand 
how to quickly and accurately test milk witb the most reliable results." 

FARMERS' GAZETTE . 
.. The little book is an ad1l1imble shillingtiworth, and should be in t he haml. 

of a ll creamery managers, dairy instruct ors, and pupils . Considoring its size 
it is wonderfully uomplete." 

THE ESTATES GAZETTE . 
.. A simple , pract ica l handbook w]li t'h the author ]las p repared to 8ssist 

busy people. milk producers, distribuiers and consumers, e. tate agents and 
uthers, who r equire simple, accurat e and ,-arid meanS of t esting milk, and it 
very amply fultils its purpo'e. . . . Will be found most useful to those WllO 
have little tinle to spa.re and desire practica l guidance in such matters.}) 

DAILY TELEGRAPH . 
.. A very useful and practica l handbook. . . . It gives full details as to 

the various methods, and has heen prepRred to aS5ist lm.y p eople who require 
simple, accura,te, and rapid means of testing milk ... . The instructions giyen 
will be found very helpful in ca rrying out the work. " • SCOTSM AN . 

. ' \.:onClsB, clear, skllful, and clninently practical, i t cannot but prove 
seryiceable to dairy farmel'f:! , crean1ery lnanagers, and conSUInel'S of znilk who 
are interested to see t.hat the milk s upply is the .pest possible." 



PREFACE TO FIRST EDITION. 

This short trea.tise on Milk Testing is prepared specially for busy 
practical people who can devote but little time to such work, 
and yet to whom accurate tests are of the greatest importance. 
Only those tests by which accurate results can be obt,ainei:l 
quickly are of service to the average practical person who can 
neither afford the expensive apparatus, acquire the knmdedge 
and skill, nor devote the time necessary to the carrying out of 
elaborate analyses . 

At the present stage of development of the dairy industry, 
testing is all-important to those connected with the production, 
purchase, and sale of milk, and any who ignore it must inevitably 
suffer in competition ·with those who make use of its principles 
and practice. 

The dairy farmer is only enabled to build up a first-cIa;,;;, 
highly profitable milking herd by regularly ,,"eighing and measur­
ing the milk of each cow and testing its quality, discarding (a.fter 
a trial lasting for two seasons) all cows which fall short of a 
certain standard fixed according to his ambition. 

Every farm or who sells milk (either wholesale or retail) should 
protect himself by making frequent tests to ascertain its com­
position, so that when complaints arrive, he knolVs and can 
state the exact quality of the milk as it left the farm. The 
dairyman should make regular tests and be assured that he is 
supplying his customers with a good article; and, if working 
on the lines of selling milk to men or the so-called "carrif'rs" 
for distribution (taking back any not sold) , such testing is 
imperative to prevent fraud. 

Many customers advisedly test the milk t;upplied to them; 
but such must be warned not to accept as accurate results 
obtained by the use of milk testers (sold at about Is.) marked 
to ~ndicate the percentage of adulteration by added water. 
These testers are forms of the Lactometer, and from the remarks 
under this heading it will be seen are generally useless where 
adulteration has been practised. 



Members of the public desirous of ascertaining the quality 
of milk supplied them should use the simple type of modern 
centrifugal tester, by means of which an accurate test may 
readily be made at a trifling cost. 

The subject-matter of this small work originally appeared in 
Farm and Home; and it is by kind permission of the Editor 
of that paper that it is published in its present revised and 
amplified form. The author gratefully acknowledges the loan 
of illustrations from the catalogues of several firms (whose names 
appear in connection therewith) , and, \yhilst holding a brief 
from none, has depicted all apparatus thought necessary to make 
the text clear . . 

N orthallerton, 

April, 1909. 

C. W. W.·T. 



MILK TESTING. 

i.-THE COMPOSITION OF MILK. 
One of the m03t striking advantages which have followed the 

ad va,nces of science is the possibility of detec ting with certainty 
whether a food which is offered for sale is pure or \\-hether it has 
undergone adulteration. ~'Iilk is especially liable to be adulte­
ra ted, and the fact that its composition e,en if unadulterated is 
not uniform renders it very difficult, if the added substances are 
not too great, to say whether they are in the milk naturally 
or have been added intentionally. :\lilk varies enormously in its 
composition, in fact the constituents a['e never present in exac tly 
the same proportion in any t\m samples. Thus in stating the 
composition of milk it is only safe to give figures representing 
the average quality of as lllany samples as possible. It is then 
safe to assume that unadulterated milk varies from the average 
composition only within certain limits, and it is by relying on 
this close approximation of anyone sample to the average 
that it can be more or less confidently asserted, after the 
examination is complete, whether foreign substances have been 
added or not. 

Everyone knows that milk is a more or less whitish fluid , 
which is produced by that class of animals called mammalia. 
It is produced sometimes before, but usually at and after, the 
time of the birth of young, and is for the purpose of feeding the 
offspring until it is able to forage for itself. 

It essentially consists of five different constituents, as-shown 
in the following t able, which is the a,erage obtained from a large 
number of samples :-

, 
Water 
Fat . , 
Casein and Albumin 
Lactose (milk sugar) 
3Iinera l Salts 

87' 55 per cent. 
3'60 
3 ' 50 
4'60 

' 75 

100'00 
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Constituents of Milk.-Water. 
The most striking fact here indicated is that nearly nine· 

t ent,h" of milk is water only. Though this seems a very large 
proportion, yet it is exceeded in not a few other foods, especially 
in vegetables. Turnips, for instance, contain a far greater pro­
portion of 'vater than does milk. 

Seeing, however, tha t the quanti~ in good milk is so great, 
the seriousness of adding more water-and such an addition 
does occasionally take place-is only too plain. The more 
water the milk contains the less the proportion of solid matter 
present , and it is in this loss that the real harm of watered milk 
consist s. It is occasionally found that owing to badly-selected 
foods or the ill-health of the cow the quantity of water present 
Dlay naturally increase, but this yariation must be slight or the 
artificial addition of wa ter will be suspected. 

Total Solids and Solids non-fat. 
The whole of the other constituents of the milk are named 

the Total solids, and these solids are usually divided into the 
fat portion and the non-fatty portion. By a,dding together 
all the figures excepting the water the total obtained is 12'45, 
which represents the tota,l solids. 

Leaving out the figures showing the water and fat, the rest 
added together giYe the solids non-fat or non-fatty solids, which 
amount to 8'85 per cent . So that in another form the com­
position of 'milk may be shown as follows ;-

Water 87 ' 55 per cent. 
Total solids-

Including F at . . 3' 60 
A !1d Solid ., nnn ·fat, as casein . 

sugar and salts OJ' mineral 
matter 8'85 12'45 

100'00 

Butter Fat. 
The fat of the milk i" the essential constituent of butter, 

which can be obta.ined from f' ither milk or cream, and hence it 
is called .. buttf'f fat, " even though it may not be made into 
butter. It is in the form of small globules, which are only 
visible by the aid of the microscope. 

The.5e globules vary somewhat in size, the smallest hav".ng 
a"'diameter of 1-600th of a Dlillimetre, while the la,rgest may be 
six times a;; large as this, so that if one hundred were placed 
in a rm\' touching one another they wOll)d stretc4 over a milli-
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metre. They are largest in the milk from the Channel I slands 
breeds of cattle, and smallest in the case of Dutch and Ayrshires. 

One disputed point among investigators is whether these 
globules have an envelope or cont,aining skin of casein surrounding 
them or not. If such a skin be present it must be of very slight 
character, since the act of chuming nece~' sitates the breaking 
of these enveloping skins, if they exist , and thE' coalescing of 
the globules to form the solid particles of butter then takes 
place. 

Volatile Acids. 
Chemically, butter fat is of a f;o me\\'hat complicated nature, 

lmd is really a mixture of several different fats . It consists 
of glycerine combined with certain fatty acids, some of which 
are insoluble and non-volatile acids, while others are soluble 
and volatile. It is the latter that serve to distinguish butter 
fat from other fats , since \"ery fe,,· other fats contain them to 
any extent. They also serve because of their volatile character 
to give to butter the smell or aroma whicll is distinctive of it . 
The 3'5 per cent. of fat , or thereabouts, u,;ually present in milk 
is made up, according to Blyth , of the following fats :-

The acids e'ntering into the com position of these fats are 
insoluble a nd non·vola tile' :-

Olein 
S tearin .. 
P a lmitin 

.. l 
, . ) 

Acids of these fats a re soillbl f' a mi \'o la ! il<> :­
Butyrin 
Capl'oin 
CapryJi n 
Caprin 

I '-ii, 

l' , :;1) 

. :?70 

'003 

These fatty compounds ha \'e all differen t melting points. 
Olein, for example, when separated, i", liquid at the ordinary 
t emperature of the air. Stearin and palmitin, on the other hand, 
are solid at the ordinary t emperature, and do not melt till about 
130 deg. F. is reached. 

If the proportion of olein increases, this will naturally t end to 
make the butter softer, since it is liquid at the ordinary tempera­
ture. And it is found that olein increases in the summer, when 
th~ cow's rations consist almost entirely of green foods, while 
in winter, when the dry foods increase, the quantity of olein 
formed diminishes, and the butter fat on this account alone 
tends to become harder. , 
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Stearin exists largely in mutton fat, and it is because it is a 
solid at the ordinary tempemture of the air that the mutton fat 
hardens on one's plate on cooling rather more 1'eadily than 
the warm liquid fat from most other kinds of meat. 

Butter and Margarine. 
The determination of the a,mount of volatile fatty acids is of 

t he greatest service in detecting the fat.s in ., falsified" butters 
which have not been obtained from milk. In pure butter, in 
fact, the quantity of these volatile fatty acids is about eight 
times as great as the quantity found in beef or mutton fat, 01' in 
cotton-seed or other oils, and about six times as great as the 
quantit.y found in cocoa butter. 

Butter usually contains from 8 to 10 per cent. of volatile fatty 
acids, whereas margarine has present only from 1 to 3 per cent. 
Yet it should be added that the proportions of the volatile and 
non-volatile fatty acids are not always the same. The proportion 
of the volatile ones decrf'ases as the milk yield becomes less; 

• and the softness of the butter of newly-calved co,,·s is attributed 
to the high proportion of the soluble fatty acids which are con­
tained in the milk at that period. 

The breed of the cow also afff'cts the proportion of the two 
parts of the fat, and so does undoubtedly the individuality of 
the animal itself. 

A variation in food has some effect on this proportion, but to 
what extent or in what direction has not yet been accurately 
determined. -

The process by which the volatile and non-volatilc fats are 
separated by the analyst is ingenious and simple of explanation. 
The fat is converted into a soap with a strong alkali, such as 
caustic potash. A dilute mineral acid, usually sulphuric, is 
t,l1en added. This decOml)oSeS the soap, and if a cmrent of 
steam be passed through, the volatile acids are dissolved and 
carried off by the steam, and they can thus be collected and 
measured. The non-volatile acids remain behind quite separated 
from those which pro,c to be volatile under the test·. 

Albuminoids.-Casein. 
"Ve now consider another of the constituents of ll1ilk-~he 

casein. This belongs to that class of substances ca,lled albumin­
oids, and they contain a large quantity of nitrogen. These nitro-_, 
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genous bodies are the essential flesh-forming portion of the foods 
we consume. Of them, cheese, which is formed chiefly from the 
casein of the milk, is one of the most useful. 

Although in the above t.able casein is the only nitrogenous 
substance mentioned, it is maintained by some inYestigators 
this is only one of a very large number of nitrogenous substances 
which are found in milk. 

Two others of importance have been named lactalbumin and 
globulin. Seeing, however, that the amount of casein present 
is at least fOllr times as great as these two put together, and also 
that the casein itself only form s a bout 3 per cent. of the total 
onstituents of milk, these two substances are often considered 

as included under the figures given for casein . 

When milk becomes coagulated, either naturally by souring 
or by the use of remlet, it is the casein which is the part that 
forms the clot, though when this h appens particles of fat are also 
held mechanically along with it . 
. The chemical composition of albuminoids, a.ccording to 'Wolff, 
is as follo,vs :-

Carbon 5:! to 54 per cent. 
Hydrogen 7 
Nitrogen 15 to 17 
Oxygen 21 to 24 
SlliphlU' 1 to 15 

In addition to these five element::;, phosphorus is nea rly always 
found in traces ~ 

·With. albuminoids it is usual, in ,rhatever form and in what· 
ever substances they may be found, to regard the nitrogen as 
being present t.o the amount of 16 per cent . It has become a 
working rule, in order to obta.in at once the quantity of a.lbu ­
minoid present, for the analyst to find accurately the amount 
of nitrogen , and obtain tlu' a.lbuminoids by merely mUlt.iplying 
the quantity of nitrogen by 61- There is evidently lwre a 
possibility of a slight errol', but i t is found in actual practice 
to be usually so near accuracy that the time which would be 
spent in estimating each elemen t separately is saved, unless 
the individual quantities of each are specially wanted . 

One interesting fOl'lll which casein takes is the skin which is 
not~ced on lllill~ after it has been heated, and ,,,hich is usually 
known as albumin. It is found on investigCLting that this skin 
iconta.ins the same proportion of nitrogen as that present in the 
casein, but no phosphorus. It is the presence of sometimes as 



16 MILK TESTING. 

much as 15 per cent. of albumin in the " first milk," colostrum 
or beestings, of <1 newly-calved cow that causes coagulation on 
heating to a temperature of 170 deg. F. or more. 

Milk Sugar or Lactose. 
The lactose, or milk sugar, which is usually present in milk 

t o the extent of about 4! per cent., belongs to that class of sub­
stances known as carbohydrates, on account of the elements 
which form them. In the milk it exists entirely dissolved. If it 
be obtained in the pure state it has the ordinary appearance of 
crystals-colourless and transparent. It is a substance which 
i" not nearly so soluble in water as ordinary cane sugar, and 
a lthough found in the milk of all mammals, it is not found 
elsewhere. ' 

Undcr certain conditions it will undergo fermentation, forming 
lactic, or butvric, or alcoholic substanceii. Lactic acid is the 
body most commonly produced, the formation of which is 
essential to the ripening of cream and the production of cheese. 

It is the presence of milk sugar th 'l,t makeS \vhey of such 
value as a pig food when mixed with meal or other matter; 
indeed, it is from whey that commercial milk sugar is prepared, 
whey being evaporated in vacuum pans, the residue consisting 
chiefly of milk sugar. This natuml sugar of milk is not nearly 
1;0 sweet as cane sugar, but is equally valu<1blc in its nutritive 
properties. 

Ash or Mineral Matter, 
The mineral salts which form the ash are the same as those 

,·:hich are found present in animal tissues and in blood, though 
in the latter there is a larger amount of sodium, which is present 
[t:; sodium chloride or common salt; while in milk the potash 
is in greater quantity. 

Essentially the salts present are those of lime, of sodium, of 
potash, magnesium, and of iron, and the8e are combined, forming 
either the chlorides or the phosphates. It is generally maintained 
that one portion of the phosphate of lime present is in a state of 
sllspension, and this is proved to be the case from the fact that 
if the milk is left for some weeks standing at rest, this phosphate 
is found deposited on the bottom of the vessel. It is, in ~ny 
case, the only mineral salt which exists in a state of ~suspension 
in the milk. 
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2.-RELATIVE PURITY. 
The subject of milk t esting, if dealt with from all aspects, 

assumes considerable d imensions, and in a small treatise of this 
kind it is impossible to deal with it in any but the phases which 
chiefly concern the practical dairyman. 

The pacteriological examination of milk, though so important, 
does not come within the sphere or scope of the milk retailer. 
and therefore ·, t,he methods of cultivation and isolation of 
bacteria from milk will not be included. 

There are, however, some tes ts of a practical character depen­
dent upon the principles of bacteriology which may be carried 
out by any dairyman who has not previously studied the subject 
of bacteriology. Of the;;e, the Catalase and R eductase' test s, 
which are of recent introduction, will be described briefly, as 
they are tests which largely determine the plll' ity 01' cleanliness 
or healthiness of milk. 

Testing Milk for Cleanliness. 
The simplest method of testing milk to 

ascertain if it has been handled in a cleanly 
manner is by means of a Dirt in Milk: 
Tester, which is a simple, practical 
method for ascer taining the a mount of 
dirt or sediment in milk. In tIllS t est a 
definite quantity of milk is filtered through 
a small pad of cotton-wool. 

A simple fOl"m of testcr for this pdrpose 
consists of a gbSlS bottle open at both 
ends. At the narrow or neck end of the 
bottle is fitted a cap containing a small 
piece of wire gauze, and on the gauze i" 
placed a small cotton-wool disc. The 
cap is then either clasped or screwed on 
to the neck, and the milk to be t ested­
say one pint in quantity-is poured in at 
the wide or top end, so that it filters 
through the piece of cotton-wool, which 
retains the dirt or sediment present. 

Thft test is best made when the milk 
is warmed to 100 deg. F. The cotton ­
wool disc containing the sediment may 
be dried on blotting-pap~r and preserved DrRT IN MILK TESTER. 
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for reference. The amount of sediment collected on the cotton­
wool will, of course, vary according to the care which has 
been taken in handling the milk prior to the test being made. 

The Catalase Test. 
Catalase is an enzyme or unorganised or chemical 

ferment which is commonly found in the protoplasm 
of living plants, animals, and in many kinds of 
bacteria. 

This enzyme is capable of liberating oxygen from 
hydrogen peroxide. Catalase is to a limited extent 
present in normal milk, and on this property of 
liberating oxygen gas depends the so-called catalase 
test. The apparatus required for the test is a 
specially made test tube, into " 'hich fits a cork con­
taining a long, narrow, graduated open tube. 

To make the test 15 C.c. of milk are placed in 
the outer tube, together with 5 C.c. of a 1 per cent. 
solution of hydrogen peroxide. The inner tube is 
then inserted with the cork, and adjusted so that 
the milk rises up in it as far as the figure O. 

The whole appara,tus is then put into a ,Yater 
bath regulated to a tempcrature of 77 deg. F., and 
left for two hours. As the gas is liberated the mi}k 
is forced up the inner tube, and the graduations 
show the number of c.c.'s of gas thus liberated. 

In the case of normal milk the point marked on the inner 
tube should not be higher than 2'5; if higher than this, the 
presence of an abnormal amount of obnoxious bacteria-which 
have greatly increased the normal amount of catalase found 
in the milk-is evident, and such milk is condemned in propor­
tion to the amount of gas libera·ted, 

Reductase Test. 
Milk contains reductase, an enzyme capable of reducing 01' 

taking awa,y oxygen from a compound in which oxygen is present 
in a loosely combined form. 

This enzyme, as present in milk, needs the presence of a re-
ducing agent in order to assist the reduction. • 

Reduction is shown by the loss of colour from some colouring 
reagent when the milk is kept at a t emperature of about 115 deg F. , 



:MILK TESTIKG. 

The apparatus commonly used for this test consists 
of a glass chamber in which the test tubes, which 
may be ordinary test tubes, or specia,lly constructed 
tubes made with restricted n ecks to hold glass 
ba.I]s, are stood upright and arc heated by means of 
a lamp. 

To each test tube is added 10 C.c. of milk and 
:} C.c. of colour solution, usua,lly consisting of a 
mixture of met.hylene blue tincture and formalin 
in water . If the special tubes a,re not used, then a 
little pa,raffin ,,;hould be poured on the top of the 
mixture of milk and colouring matt er. to kl"ep the 
sa,mple air-tight. The tubes are then incubated or 
kept 'warm at the t emperature before mentioned 
for about three hours. 

Interpretation of Results. 
If loss of colour occurs in less than an hour, tili::; 

indicates bad milk ; loss of colour in one to three 
h ours sholl's passable milk according to the t ime 

19 

Special 
Tube for 

Heductase 
Test , 

taken for the colour to go­
tIlE' longer, the better the 
milk, If more than three 
hours is taken, this indica tes 
perfectly good milk. Of 

Redllctase Test Apparatus. 

cour;;;e, boiled milk shows no 
loss of colour l;\>t all with this 
test. ' 

It \1'111 be seen in this t est, 
as in the catalase t est, that 
l1 quick fl nel r ea,ely means is 
afforded of detecting stale 
milk, but reduction will only 
take place aft,er several hours 
\rhen milk is normal in char­
acter. If it contains large 
numbers of bflct eria" the re­

I duction is hastened, and so 
the comparatiYe purity of 
milk can b e ascertained: 
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a.-SPECIFIC GRAVITY. 
Milk is a mixture of liquid and solids of ,-ery varying degrees 

of density. 
The fatty part of milk is lighter than the milk serum ; in fact, 

it is its lightness which causes this portion t o rise to the surface 
as cream. The weight of any definite qUUlltity of milk, there­
fore, will vary according as it contains more or less fat; if the 
fat is present in greatel' proportion , it will weigh less as a whole 
than if it contained a smaller qU<1,n ti t.r. 

For t he purpose of comparing the weight of milk and other 
substances, " oater is t aken as t he ;'tandard , and it is t aken at a 
fixed temperature, the comparison ahwys being made with a 
certain volume of \"'at.er at 30 dego F o. t he point of its greatest 
weight or ma~imum clenoity . The constant temperature is 
necessary, since a volume of ,ntter ancl of other substances is 
not the same a t di ffe rent tempera tures, as expansion occurs 
on heatillg and contrac tion on cooling. 

If at the standard temperature a substancc is of exactly t he 
same weight as '''ateI' , ,"olume for ,olume. its weight iii t aken 
a.s 1, and this number, " 'hich thus represents the r elation of 
its 'weight t o that of water , i" called its specific gravity 
or reIn tive 'weight. The la tter t erm is the simpler ' and 
the older name for it, but the former is now generally used. 
If, then, a substance is heavier than water , its specific gravity 
will be more than I ; if lighter, it will be I E'SS than 1. In practice 
it is not found convenient to reduce the temperature of sub­
stances to 30 deg. F. before weighing them, so the COUlmon 
temperature of 60 deg. F. is adopted, being the one most easy 
for geneml working. 

Specific Gravity of Various Substances. 
The specific gravity of most woods is less than 1, seeing that 

they float on water, and are therefore lighter . Ash is '76, beech 
is '7, oak is '83, and so on . The specific gravity of fats and oils 
is less than I ; olive oil is 'g, oil of turpentine is 087, petroleum 
is '84. 

The specific gra \ity of whole milk , aries to some extent~ but 
should be between 1'028 and 1'034; on the average it wlll be 
found 1'032. The presence of the fatty matter in milk would 
t end to bring its specific gravity beloi" 1; but the other con-
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stituents which it contains ,outbalance t.his t endency, so that 
all considered it comes out slightly heayier than water, as indi­
cated by its specific gravity. It is found to be a little higher a 
long time after milking than when freshly dra\m, so that tho 
weight of a gallon of milk " 'ill yary slightly from tho mean 
weight of 10! lb., according as it is perfectly fresh or has stood 
some time, and again whether warm or cold. The temperature 
alone would a,ccount for this difference, but the presence 
immediately aHer milking of minute air-bubbles in the liquid 
also tends in the same direction. 

The Lactometer. The common and simplest 
method of finding the specific gravity of milk is t.o 
use an instrument called the lactometer. 

This consists of a closed glass tube wi lh a bulb at 
the lower end containing small shot or quicksilver 
to weight it, so that it "ill remain upright when 
placed in a liquid. On the upper pad, or stem, 
is marked a graduated sca le. The " 'eighting is 
so arranged that " 'hen the lactometer is pla,ced 
bulb dO\\TIwards in water it float s at such a leyel that 
the 0 of the scale is just level with the surface of the 
water. This 0 mark on the lactometer reaJly repre­
sents the specific gra\-ity of \\"ater, which is, 1, as 
before mentioned. 

If it be placed in a liquid lighter than water it " ill , 
of courSf>, .;ink a little deeper, a,nd if the scale be 
graduated the figures on it will indicate it s specific 
gravity. 

H ence it i .. clear that, rea,cling up the scule from the 
o (equiyalent to 1'0) the numbers arC' less thun one; 
~hile reading c[O\\'n they ure greater than one-that 
IS, the scale is an in\erted one us cOlllpured "ith 
that on a barometer or a thermometer. 

: If. placed in milk which has not been tampered with, 
·It should sink until the liquid reuches a point between 
; 28 and 34, which repre;;ents a specific gravity of 
, 1'028 to 1'034 . . 

'1 
]ole 
~ .. 

THERMO­
LACTO­
~rETER. 

This instru· 
me.nt C01D­
b i n es a 
thermo · 
meter and 
lactometer, 
as seen by 
the two 
scales. 
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Influence of Adulteration on Specific Gravity. 
If fat has been ablltracted from the milk, that which is left 

will be the heavier, because of the absence of the lighter fat, 
and the lactometer will not sink so far, thus showing an increased 
specific gravity of the milk, and indicating that it has been 
tampered with. 

If, on the other hand, water has been added to milk, since the 
water is not so heavy as milk, the new mixture will be lighter 
than the pure milk, the lactometer "ill sink deeper into it, and 
the indicator will read a number lower than that of pure milk, 
and so indicate that it is a lighter liquid, Tllis would at first 
sight seem to be a very simple and a yery effectiye method of 
testing; but the ingenuity of the man who desired to tamper 
with the milk was soon equal to outwitting this simple method. 
Seeing that taking away the fat makes the milk heavier, all that 
it is necessary to do in order to conceal the abstraction of the fat 

. is to add something to the milk which is lighter than it, and so 
. bring it back to its normal specific gravity. 

Water is lighter than milk; it can be judiciously added so as 
to bring back the milk to the proper weight, and so delude the 
observer who relies merely on the lactometer. If an unscrupu­
lous dealer receiyes very rich milk from the farmer, which milk 
will have a low specific 'gra\'ity, he can take a\my cream, ai' add 
separated milk (which has a higher specific gra\'ity than whole 
milk) to it in the right proportion, and the specific gravity as 
indicated by the lactometer may be made not to exceed the 
normal limit of 1'034 for whole milk, 

In seYE'ral cases where the so-calledlllilk which has been found 
retailed in the poorest quarters of some of our large towns has 
been examined, the analysis has shown it to be nothing more 
than skim-milk coloured with annatto , and loaded with pre­
servative substances, and E'ven containing a foreign oil to replace 
the butter fat whieh has been extracted, 

Unreliability of the Lactometer. 
Yet this, when tested "ith the lactometer, has shown a specific 

gravity which lay betwe()n 1'028 and 1'034, thus indicating, 
not, indeed, the purity of the milk in this case, but the skill and 
ingenuity of the ,; manufacturer" of it; and pointing out fur~her 
that if the lactometer were the only means we possessed by 
which the milk could be tested there would be little real difficulty 
in evading such a test, . 
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Yet the lactometer has its use, and will continue to be of 
service, even though there exist clever and unscrupulous milk 
dealers who can evade its indications. 

The lactometer itself is too well known to need any minute 
description, yet there are one or two points to be observed in 
using it if its indications are to be at all reliable. 

Oorrecting for Temperature. 

Seeing that the specific gravity of the milk varies with the 
temperature, it is necessary, if comparisons are to be made, 
that the lactometer should be used with the milk always at the 
same temperature. The most convenient is 60 deg. F. Tables, 
or a sliding scale, can be used which enable the correction to be 
made if the milk is not at this temperature, but in practice it is 
a simple matter to make the correction. 

The correction for temperature is to add '1 to the lactometer 
reading or '0001 to the specific gravity for every 1 deg. F. above 
60 deg. F., and subtract '1 (or '0001) for every 1 deg. F. below 
60 deg. F.-e.g., if lactometer reads 31'5, i.e., 1'0315 at 65 deg. 
F., corrected to 60 deg. F. it would be 32 or 1'032. 

An ingenious form of lactometer, called the Thermo-lactometer 
[see illustration), is made which contains at the lower weighted 
md a small thermometer. This enables the temperature to be 
found by the use of the one instrument only, and usually the 
,tandard temperature, 60 deg. F. (or 15 deg. C.) , is distinguished 
oy a red line, while the other degrees are marked in black. 

lethod of Using the Lactometer. 

Besides the accurate observation of the temperature, care 
qlUst be taken that the milk is thoroughly stirred before im­
mersing the lactometer, in order that a complete mixing of the 
parts of varying density may be effected. Before reading the 
LUstrument it must be made certain that it floats freely in the 
liquid, and is not touching either the side or the bottom of the 
vessel in which the milk is contained. If the surface be covered 
~th Jroth or bubbles these must be removed before the observa­
tIOn IS made, and it is best where possible to get the eye at the 
same level as the surface of the milk, so that the figure may be 
read. which is exactly rea.ohed by the liquid itself. , 
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Specific Grayity Determined by Weighing. 
If a chemical balance is available (this is only the case ill 

the larger dairies) , specific gravity may be determined rather 
more accurately by weighing than by the lactometer. 

The following is an example of a determination by weighing :­

Take a smalt"specific gravity bottle which is graduated to hold 
25 grams of water when fulL 

Fill the bottle with milk and weigh. 
D educt the weight of the bottle, which gives the w'eight of the 

vo.lume of milk. 
Now, the exact amount of water held by t,he bottle is 25 grams; 

therefore, if this is divided into the weight of the same volume of 
milk, the r esult is the specific gravity. 

W eight of bottle + milk 40' 821 grams 
W eight of bottle 15'021 

Weight of milk 25'800 ~: " 

25' 800 -;- 25 = l' 032 specific gravity of mill" 

Specific Grayity Determined by the Westphal Balance. 
In this the weight of it lmoml volume of liquid if; determined 

by noting the loss of weight which occurs through displacement,. 
The Westphal Balance consists of a steelyard, and from one end 
of the beam is hung a glass plummet which is so adjusted that 
when hanging in air the pointer indicates zero. A weight" 
which is provided, when hooked on to the end, will cause the 
pointer to return to zero when the plummet is immersed in 
water at 60 deg. F. The beam on the bahmce is diyided into 
10 parts, indicated by notches, and riders weighing I-10th , 
l-100th, and 1-1,000th of the said ,,,eight before mentioned are 
supplied for use. To find the specific gra,\ity of milk , immer:::e 
the plummet in milk at 60 deg. F. and place the riders on the 
notches until the IJointer is at zero. The " 'eights, therefore, 
and their respective positions on the arm of the balance indicate 
t.he specific gravity. 

Thus : count 1 for the weight on the end, the fu'st place of 
decimals from the notch on which the rider of equal weight is 
hung, the second place from the notch on which the I-J,pOth 
rider is hung, and so wit.h the fourth. Thus milk of an average 
sp E'cific gravity of 1'032 would have ,Yeights and riders in the 
following positions all beam: 1 end "weight, I-10th rider on 



~IILK TESTI~G. 25 

third notch or hook, 1-100th rider on second notch, the place 
of the riders not required to be supplied by O. 

This method of determining specific grayity is adopted by 
a good many dairy companies, but it, is not so accurate as 
the method of determining by weighing. 

For the aYerage dairyman the ladometer is the best and 
simplest method to adopt . 

4.-THE CREAMOMETER. 
Another simple instrument ,,"mch is used for testing the 

composition of milk is t,he creamometer. ~-\s the name implies, 
it seryes to llleasure the amount of fat. as cream which is present 
in a measm ed qual1tit,v of milk. It consists of a tall glass 
vessel of ulliform diameter. which is graduated d01\'llward 
from zero, which is at or Ileal' the top. It. is made to hold 100 
parts, so that 011 the graduated portion the cream lllay be 
read off in percentages. 

To use the instrument it is filled with 
milk up to the lewl of the zero mark. 
and for cOlllpari"on with other milk the 
temperature must be the same in all 
cases; 60 deg. F, is the usual tempera­
ture at which the milk is kept. 

The milk is then left to stand a number 
of homs-t\\'ent\,-four hom's is a com-e­

. nient period-\yhich must.. of comse, be 
the same with all the samples to be com­
pared. 

At the end of this period the cream 
will have ri~en , and since its upper 
surface is lewl \Iith the mark 0 on the 
scale, the figmc opposite the lower edge 
of the layer of cream will indicate at once 
the thiclille8s of the la Yer of cream ,,,hich 
has risen. . THE CREA~L03IETER. 

This quantitv naturalIv varies \lith F rom" P op It/a,'· SdeuCl' ," 

diff J • . Cassell & Co. 
f;rent samples. From a, good 1111lk 12 

~o 11; per cent. should be ShO\111 but anything over 10 pel' cent. 
ll1dicates that the milk, so far as its . ~am is 
concerned, is of fairly good QllA.l\ty. _ , ( ' r , - - - , ' -

'/ ,-'"::"'1\ - ,. \ 
" ~ \ ..... " , , '" f' _ _ -....._ " .,.,,_ 
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Factors Influencing Creamometer Readings. 
The want of reliability in this method of testing is due not to 

t,he misplaced ingenuity of persons who would adulterate the 
milk, but to the fact that it merely indicates the quantity only 
of the cream which rises, and gives no indication whatever of it,; 
quality or richness in fat. 

A poor milk will sometimes throw up a bulky cream, and show 
if measured by the creamometer a good percentage, and yet this 
bulky cream may contain a very small amount of fat, and hence 
would produce but a comparati vel.}' small quantity of butter. 

It frequently happens that if the fat globules of a particular 
sample are small they rise only very slowly, or some not at all , 
to the surface, so that the creamometer would show but a poor 
percentage of cream present; yet if such milk were put through 
the separator it would yield quite as large a quantity as another 
sample, which, judged by the indication of the creamometer. 
seemed to be very much richer, merely from the fact_ that, 
the fat globules being larger, a much thicker layer of cream has 
formed in the time i\ was under observation. 

In view of this peculiarity it will be realised that the kind 
of milk considered is a considerable factor in modifying the 
indications of the creamometer. 

Milk from Channel Island Breeds. 

In the case of milk from J ersey cows, o\ying to the much 
larger size of the fat globules, more fat will come to the surface 
in the form of cream than in the case of milk from Shorthorns; 
indeed, so much is this the case that Jersey milk will frequently 
show 18 to 26 per cent. of cream by the lactometer. 
~ow, even if both milks contained the same proportion of fat 

as measured by the more accurate Gerber tester, the Jersey' 
milk would show <1, much greater percentage of cream, the 
essential point of difference being that in the first milk taken 
the fat globules are much larger than in the second. and hence 
have a greater power to overcome the viscos ity of the milk, 
and to show themselves as cream in a much shorter space of time. 

Temperature is also an important factor to be considered 
in using the creamometer. • 

If the temperature be high the'fat appeaTs to shrink in volullle, 
or, at least, it does not occupy so larlje a space as when the 
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cream is raised at a low temperature, since in the latter case it is 
much larger in bulk and also thinner. 

For practical use on the farm a creamometer is much more 
serviceable in the case of mixed milk than it is in the case of 
milk from individual cows, where the differences may be due to 
peculia.rities of the single cows, or to the eccentricities of the fat 
globules. 

5,-VOLUMETRIC CHEMICAL ANALYSIS. 
The methoch used for determining the amount of fat in milk 

hich are universal to-day are all in the main modifications 
or applications of the original method followed in the use of the 
tactocrite. Though this instrument, under that name, did 
not become very widely used, the principle of it is the same 
which underlies practically all the modern ones, whatever 
be the names under which they are known. 

Centrifugal Force. 
As in the separator, the force called into play is that known 

as centrifugal force. This force is exerted when any substance 
is rapidlv swung round a centre, and tends to drive the swinging 
body as far from the centre as possible. If two bodies of different 
density be swung together, the heavier one is subject to the 
greater force, driving it outwards. If, for instance, two liquids. 
be swung in the same bottle, the heavier liquid will always be 
driven to the end of the bottle which is farther awav from the 
~entre round which the revolution takes place; while"the lighter 
liquid ,,,ill separate itself from the heavier one, and remain at 
the innermost end of the bottle. This is the principle on which 
depends the separation of the cream from the skim-milk in the 
,eparator, and it is also the principle which is used to separate 
the fat in any specimen of milk from the other constituents. 

['lberating the Fat. 
0) 

In order to give the fat a much easier opportunity of separating 
tself, the casein of the milk has to be dissolved. This is best 
~ffected by the use of s\~lphuric acid. When it is':'_ added, not 
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only is the casein dissolved, but a considerable rise in tempera­
ture takes place, the fatty ma,tter becomes hot , and is therefo]"e 
liquefied, and in this state separates still more easily. If;1 
measured quantity of milk be taken, and a measured quantity 
of sulphuric acid be added, the amount of fat contained can he 
measured ,,,hen it is separated, and this can easily then be 
expressed as a percentage at once. 

The Babcock Method. 
This method of separation was first utilised practically hy 

Dr. Babcock, and it is still known as Babcock's method, and 
extensively used in America. In his method of t esting, sul­
phuric acid of a certain strength-that is of specific graYity 1'8:3-
is used, and the bottles, after being turned in the revoh-ing 
machine for several minutes , are fill ed half-"'ay up to the l1(ck 
with hot water to bring the fat on to the graduated scale, they are 
whirled again for two or three minutef:', aml the fat by mean;;; of 
the graduation on the bottle can then he read off . Each large 
.djyision represents 2 per cent. of fat , and each small one '2 per cent. 

The Gerber Method. 
Dr. Gerber, a Swiss scientist, perfected this method and 

constructed a special apparatus, which is named the Butyro­
meter, and his name has become familiar in dairy circler:; in 
consequence of the test being so widely used. 

STR,\P·DRlVEN GERBER B UTYRO)IETER SHOWING TEST BOTTLES L."')'OSITlO~. 

1 
One slight lllodifica,tion was found necessary in order to ayoid 

a drawback which is ineyitable if the test is calTied out in the 
wa.y described above. It is founel thlit in consequence of the 
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great heat produced b~' the addition of the sulphuric acid to the 
milk, some of the fat and milk sugar contained frequently 
becomes so charred that a black substance is formed, which 
collects in the neck of the test bottles and interferes \\ith the exact 
observation of the experiment, .thus rendering the result 
inaccurate. 

But the addition of a small quantit r of amyl alcohol is ve.!J 
effeCTIVe in preventing this charring, an as theliquid at en 
remains clear, t,he accuracy of the result may be depended upon. 

The Gerber test is ,yithout question the one which now finds 
most fMoo ur in England and Germany, and there is good reason 
for this in the fact thn tit is one of the simplest and quickest 
methods which exist, and yet at the same time, if carried out 
with care, is capable of a high degree of accuracy. 

Sampling the Milk. 
,{,The careful sampling of the milk is Qf the utmost importance, 
and if it be not properly done the results obtained m:e quite 

CRANK PATTERN TESTER. 

" useless as an indication of the general character of the whole 
quantity of milk from w~ich the sample ha;s been taken 
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The essential point before sampling is to ensure thorough 
mlxmg of the milk, whether this be the milk from one cow or 
from a number of cows. It is best effected by using a plunger. 
or if in small quantity pouring from pail to pail, and only whell 

" " ¥J 

Acid, Milk, Amyl Alcohol, 
10 c.c. 11 c.c. 1 c.c. 

MEASURING PIPE=ES FOR USB 
WITH GERBER TEST. 

Chemicals Used. 

a complete mixing is made. and 
it is at the same time quitl' 
certain that the cream is well 
distributed throughout, should 
the sample be drawn for testing. 

Apparatus for the Gerber Test. 

For making the actual test the 
essential pieces of apparatus arc 
pipettes or glass tubesof thefollo"-· 
ing capacity, for measuring the 
milk, acid and alcohol employed:-

For the acid, one of 10 cubic 
centimetres (c.c. ). 

:For the milk, one of 11 cubic 
centimet,res. 

For the amyl alcohol, one of 
I cubic centimetre. 

and test bottles fitted "ith rubber 
stoppers. 

These are two in number only, and consist of sulphuric acid 
and amyl alcohol. The sulphuri c acid is the pure acid of com· 
merce, and should have a specific gravity of 1'82 to 1'825. This 
means a proportion of 90 per cent. of the actually pure acid 
with 10 per cent. of water. It is a substance which absorbs 
moisture from the air whenever possible, thus tending to become. 
weaker. On this account it must a}\yays be kept in well-closed 
bottles or flasks; the stoppers should be either ru bber or glass, 
since cork is rapidly attacked by the acid. 

Measuring the Acid . . 
In making the test 10 C.c. of acid is dl'awn up into the pipette, 

which should have a safety bulb in order to prevent the i)ossi­
bility of any of the acid reaching the mouth. By slacking the 
pressure of the finger at the top of the,lJipette, ail' can gradually 
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be allowed to enter until the liquid within drops to the 10 c.c. 
mark, when a slightly increased pressure of the finger will stop 
the outflow, and this quantity of liquid is ready to be put into 
the test bottle. 

The test bottle should already have been 
placed mouth uppermost in a stand, and 
the acid can then be allowed to run into it. 
Care should be taken that the acid does 
not wet the mouth Ol" neck of the test bottle 
when filling. If the mouth of the test 
bottle is kept dry the rubber stopper will 
then hold the better, and there is likely to 
be less inaccuracy in the results, and acci­
dents which may result from the stopper 
coming out will be avoided. 

It is not necessary to blow out of the 
pipette the last drop which appears to 

Stand for holding 
" Gerber " Test 

Bottles. 

stick at the bottom; allowance is made on the graduation 
of the pipette for this last drop to remain there. Hence, if it 
be blown into the test bottle a greater quantity than that 
measured will be introduced and another possibility of error in 
the result arises. The pipette should merely be tapped against\ 
the inside of the test bottle, and as much of the liquid contained 
got out of it as possible in this way 

Adding the Milk. 

The milk is now added to the test bottle, and great care should 
be taken in allowing it to enter the bottle. It is best done drop 
by drop, or if this be too slow a method it should be allowed to 
flow g.ently down the side of the bottle so as to come in contact 
slowly with the upper side of t he sulphuric acid "ithout there 
being any disturbance. 

Amyl Alcohol. 

The amyl alcohol should next be measured out in the pjpette 
~elected for it. It need not be sucked up, but if the pipette be 
n:nmersed in the bottle containing it so as to allow the liquid to 
~Ise to the 1 c.c. mark, and the top then closed with the finger, 
It clbl be lifted out with the contained liquid and then transferred 
to the test bottle. There is again no need to blow ou t the 
last drop. 
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The 'measurement of the alcohol should be done with care so 
as to be accurate, as a slight error in the quantity may produce 
a very considerable error in the results worked out. 

Order of Putting Ingredients into the Test Bottle. 
This order of putting the three substances into the bottle can 

be changed, the sulphuric acid going in first, then the amyl 
alcohol, and lastly the mi.lk. As the sulphuric acid is the hea vlest. 
there is an advantage in letting that enter first , since the mixing 
of the liquids and the consequent heating of the ,essel is avoided 
until all is prepared. 

It is further desirable that the alcohol should not be allowed 
to be in contact with the acid before making the test for morf\ 
than a few millUtes, or a dark-coloured substance i8 produced 
which may interfere slightly with the accmacy of the test. 

Making the Test. 
~.{The test bottle should now be corked effectively, care being 
taken that the corks are dry anel without cracks. If the tem­
perature has already risen to an uncomfortable degree it may 
be necessary to hold the tube by means of a cloth, instead of 
merely the hand being used. The rubber cork should be well 
pushed home, then the bottle should be shaken and inverted 
three or four times before putting it into the rotary machine. 

The dissolving of the casein in the milk by the acid is H1pid, 
and hence the rise ill temperature. The bottles should not be put 
in the machine until all the curdv material is dissolved. In 
some few cases the bottle, when the ingredients used are very 
cold, may be left to stand for some minutes in water heated to 
u. temperature of about 170 deg. F. This renders the chemical 
action of the sulphuric acid rapid and effecti ve, and aids materially 
in the liberation of the fat. 

Position of Test Bottles in the Machines. 
The bottle is now put in the rotary machine, usually with others 

on the opposite side, so that the balance of the machine is main­
tained, though in one make of machine this is not necessary 
owing to a speclally constructed centre-piece balancer. 

It is, of course, put in with the wide stoppered end near the 
circumference and the narrow graduated end near the cehtre, 
since it is to this narrow end that the liberated fat, being lighter, 

- will be forced . 
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ReyolYing the Ma.chine. 
The machine is revolved rapidly by giving six or eight strokes I 

with the strap attached, or by winding a piece of cord round the 
spindle and setting off " top fashion." It is then allowed to run 
alone till it begins to slow at the end of a few minutes. In many I 

types of machine a crank handle is fitted, and the operator 
turns the handle for the time specified. 

H the milk under the test is one very poor in fat, it may be 
necessary to spin it again in order to ensure that all the fat shall 
be liberated. 

The bottles should be revolved for three minutes, and the speed 
attained should reach about 1,000 to 1,200 revolutions per minute. 

Speed Indicator. 
A speed indicator may be attached ' to the 

central screw on which is affixed the coYer of any 
type of Gerber machine, and it will be found very 

seful to regulate the speed of the steam turbine 
and electrically driven machines. 

The indicator contains glycerine, and the effect 
f the centrifugal force upon it is to send the 
lycerine up into the glass tube, thus indicating 

by the height of the lines it reaches the number 
of revolutions per minute the machine is making. 

The machine should always be stopped gradu­
ally, and no sudden jeTk should be given to the 
lllOvement. A simple method is to place a cloth 
with a slight pressure on the revolving lid; this 
will act as a brake and slowly bring the machine 
to rest. 
Remoying the Test Bottles. 

Speed Indicator. 

On removing the test bottle from the 
machine the fat will be found all col­
lected in the thinner end. 

Water Bath in which Test 
Bottles are heated. 

If it be suspected that the separa­
tion is not complete, the tube should 
be placed in hot wat",r at a tempera­
ture of about 170 deg. F., and the 
revolution process gone through again. 
This repetition is, however, rarely 
necessary if care has belen taken in the 
first case, and if the weather is warm. 
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In winter, however, the fall in temperature of the test bottle 
is often so great as to necessitate immersing it in hot water 
before the column of fat can be read off. The fat visible in 
the tube is usually of a pale yellowish colour; slight variations 
in the tint are sometimes produced by changes in the feeding 
of the cows. 

Reading the Test. 

I 
Test Bottle 
in position 
for reading 

the Far. 

In order to read the amount of fat present in the 
tube, the column of fat, if not already there, must be 
brought on the graduated scale, which is marked in a 
suitable position on the tubular part of the bottle. 

The position of the column of fat can be adjusted by 
pressing in or slIghtly withdrawing the indiarubber 
stopper. 

Graduation of the Test Bottles. 
When the lower end of the fat column has been 

got level with one of the long gradation marks, it is 
a simple matter to read off the amount of fat present 
between that mark and the one on a level with the 
upper end of the fat column. The length of the 
divisions is so calculated that the space between 
each number represents 1 per cent. of the fat in the 
milk. Each of these. lengths is divided into ten, 
so that the smaller divisions each indicate ·1 per cent. 

Hence, if, for example, the column of fat fills up 
three of the larger divisions and five of the smaller 
ones, this indicates that the percentage of fat pre­
sent is 3·5. 

In above illustration the section on the right-hand side, 
indicated by arrow, shows the position of the bore of the 
graduated tube with the shape of the glass. 

The result of this special construction is to give a magnifying 
effect, which makes the contents of the tube appear as if they 
occupied the full width of the glass neck. This facilitates 
clear reading, as shown in the illustration. 

Possible Errors in Readings. 
It is desirable that the reading should be made wlthou~ allow­

ing the temperature of the liquid to drop. This may easily 
make a difference of ·05 per cent. ir.. the calculation. 
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.Another possibility of error in the reading arises from the fact 
th&t the upper end of the column of fat is not level but has a 
curved surface-the meniscus. The reading should be made 
on the mark which is level with the lowest part of this meniscus,. 
and not with the upper part. 

Averaging. 
With the same sample at least two separate readings should 

be made, and the average of the t,,·o taken. If the second 
test can be read by a second person, the possibility of error due 
to the personal equation is much lessened. 

If the test of a particular sample of milk is being made, the 
whole process should be gone over a t least twice, and if the results 
are at all widely different, a third should be made. The result 
of this third test should confirm one or other of the former 
readings, or if the figures are very close for all three tests, an 
average may be taken, which result will be more reliable than 
if only one test had been made. 

Testing in Cold We~ther. 
It may happen-and frequently does in cold weather-that 

when the bottles are examined after the whirling, the fat is not 
clear or not liquid enough for a correct reading to be made. 
If this be found to be the Cl1se, the bottle must be placed in 
water at a temperature of about 170 deg. F. for a few minutes, 
and then whirled for another minute to bring to the top any 
further fatty globules which have remained in the liquid in 
consequence of the lower temperature at which it was first 
performed. 

Testing Sour Milk. 
In case it is required to test, by means of the Gerber method, 

a sample of milk which is sour or coagulated, it will be first 
necessary to partially dissolve the curd and reduce it to an 
homogeneous mass . This is best done by adding a mixture of 
ammonia and glycerine in small quantity, which will, if vigor­
ously shaken with the milk, reduce the clots and make the 
sample fit for testing in the course of a short time. The mixture 
of adtmonia and glycerine can be made by mixing two parts of 
the strongest ammonia ,crith one part of glycerine. Of course, 
any strong alkali, such as, ca.ustic soda, will answer the purpose, 
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and is best added in solid form. It is important t.o remember, 
in testing a prepared sample of t.his kind, to remove the rubber 
stopper immediately after first shaking the milk with the suI· 
phuric acid. This permits the escape of gas , which might other­
wise force out the cork and cause the contents of the bottle 
to be spilt, with possibly disastrous results. 

Cleaning the Apparatus. 
On the completion of the test, and the noting of the results, 

the tubes should be emptied at once into a vessel which is not 
attacked by acid, or on to earth or gravel outside the dairy; then 
they should be rinsed, first with warm water and afterwards with 
hot. 

The rubber corks used should be dropped into water which has 
been alkalised by the addition of soda, so that the acid which 
they have been in contact with may be neutralised; they should 
then be washed in cold water and allowed to dry in the air, never 
in the sunshine or in any a.rtificial heat, for if this is done they 
soon become unfit for use . 

The reading of the test bottle is a simple matter, though 
many people not possessed of keen sight ha ve not found it always 
so easy as might be imagined. 

A decided improvement has been effected in the Gerber test 
bottle recently, which will specially suit those who may have 
experienced difficulties with the readings. 

The new bottles have a fiat, graduated neck instead of a round 
one, hence reading off fat is greatly facilitated. 

A keen eye can now detect even so Iowan amount as . 03 
per cent. of fat in a Gerber bottle, this being practically one­
third of one of the small di visions, or '1 per cent. 

The use of a magnifying-glass makes the reading of the tests 
easier in all cases. 
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Operations of the Gerber Test Illustrated. 

Fig. ·l.-Measuring the liquid by 
means of pipette. The liquid is drawn 
up into the pipette by suction , and as 
soon as it is above the indicating line 
the end of the first finger is placed firmly 
on the top to prevent the liquid running 
out. The exact amount of liquid in the 
pipette is regulated by the admission 
of air by the finger . 

Fig. 2.-Emptying the pipetteful of 
liquid into the test bottle. The end of 
the pipette should be inserted well into 
the test bottle so as not to wet the neck, 
which makes it difficult for the stopper 
to be retained. 

Fig. 3.-Shaking the stoppered test 
bottle t.o mix the ingredients before 
testing. 

Fig. 4.-Invcrting the test tube to 
allow the acid retained in the neck to 
become thoroughly mixed. 

Fig. 5.-Placing the test bottle in 
the brass holders of the rotating machine 
prior to rotating for three minutes at a 
speed of 800 to 1,000 revolutions per 
minute. 

Fig. 6.-A.djusting the :;topper so as 
to be able to read the column of fat in 
the test bottle. The correct position of 

. ~ngle,pf test bottle to the eye is shown 
In ,this illustration. , 

. a._(This- illustration is !liven by kind cOllsent oj the Dairy 
'''''nlll Company, London .) , 

37 



38 MILK TESTING. 

Gerber Test and Gravimetric Analysis. 
The following are results obtained separately by the Gerber test 

and gravimetric analysis:-

By Gerber Test. 
3 '45 per ce nt. 
3'8 
3'8 
3'8 
3'65 
3'2 
3'3 
4'1 

~b of Fat. 
By Chemical Analysis. 

3'48 per cent. 
3'75 
3'71 
3'70 
3'52 
3'26 
3'45 
4'1l 

The gravimetric analyses were made by one of our best­
known dairy analysts, samples of the same milk having been 
previously tested by the Gerber method elsewhere. Allowing 
for experimental error, the results shown above are seen to 
correspond very closely. 

Testing Separated Milk. 

f "" 

Precision Tube 
for Testine 

Separnted Milk. 

For testing separated milk, buttermilk or whey­
liquids which contain comparatively little fat, the 
special test bottle with tapered, narrow-bore neck is 
recommended. In such test bottles, 1 per cent. of 
fat occupies a considerable length of the tube, hence 
the subdivisions, '1 percentages, are large and 
most easily read. 

In testing separated milk, it is most important, in 
order to bring all the {at to the surface, to heat 
the t est bottles and rotate two or three separate 
times in the machine, keeping up the temperature 
all the time. 

The special tube mentioned may be used for 
whole milk where spf'cial accuracy of the decimal 
percentagefi is required. 

Testing without Sulphuric Acid. 
Other chemicals are now sometimes used m 

place of sulphuric acid "ith fairly satisfactory 
results. 

Objections to the use of sulphuric acid, oth(fWlSe 
known as "oil of vitriol," are raised on account 
of its burning nature and the bad effects which may 
follow if it is carelesslY 'u <;ed. 
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The "Sal" or "non-acid method," in which caustic soda is 
largely used to replace sulphuric acid, necessitates always heating 
the tests, and the writer has not found the results so quick or 
quite so accurate as where employing sulphuric acid. 

Certainly there is no danger with the chemicals used in the 
" Sal" met.hod which accompanies the handling of sulphuric , 
acid, but with ordinary care no ill-effects from the lat.ter need 
ever occur. ' 

In the more recently devised " Neusal" process a special 
solution is used, containing an alcoholic reagent, which means 
that only one chemical has to be measured and used in con­
junction with a "Neusal " powder. 

The larger centrifugalisillg machines, or those capable of 
holding up to thirty-two test bottles at a time, are made with a 
small steam turbine, which supplies the motive power, or III 

some instances electricity is used for dri villg the tester. 

TESTER DRIVEY BY ELECTRICITY. 

. A 'New Pocket System of Testing has recently been 
mtroduced, which consists of the usual Gerber method, but 
a.ll the apparatus is on a feduced scale 
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The test bottles and pipettes are made half the usual size, 
the pipettes holding, respectively, sulphuric acid 5 c.c., milk 
51 c.c., and amyl alcohol ·l c.c. , thus only half the usual quanti­
ties of the different liquids are employed. 

The system commends itself to the use of those who haw 
already had experience in testing, and who are able to manipulate 
small quantities accurately. It would seem to be very suitable 
for those who travel from farm to farm testing the milk of cows 
of different herds. 

FUC03fA POCKET TESTEH. 

(Frank Brgall cf: Co., L ondon.) 
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6.-SPECIAL MEASURING AND OTHER 
APPARATUS. 

In addition to the common form of measuring in­
struments-the pipettes, previously described-there 
are a number of what may be termed special forms .." 
of measming apparatus. They have been devised f:t 
with the idea of making the measurement of the ~ 
liquids quicker , safer and easier, and how these three , : 
requirements have been met may be "een by con- , - , 
sidering the instruments themselves. ' I 

Many people object to sucking ~up sulphuric acid. -:']-' 
in a pipette, even if that pipette is fitted with a ':J ~ 
couple of safety bulbs to prevent the acid coming ~~ 
near the mouth. ,I ~~ 

When this is the case, the difficulty is overcome 
by measlU'ing the acid by means of a small 
measuring glass, into which the acid is simply poured. 

A.utomatic Acid Pipette. 
" 
'~1 

This, in the illustration, is shown in position for 
use when the lower end is immersed in acid. The ~' 
sloping tube on the right is plac!;ld in the mouth and 
the acid is drawn up until it comes up into one of 
the bulbs, when the finger is immediately pressed 
down on the glass rod surrounded by the coiled wire 

fl 
fa 
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or spring. This forces the glass tube, or continuation 
of the rod, which is V-shaped at the end, into the Automatic 
lower part of the oval bulb of the pipette, and 60 Acid 

closes the orifice by which the acid might escape. Pipette. 

Now, whilst the pipette is being held a small quantity of acid 
will run out, although the orifice is closed, and the amount 
remaining -will be exactly 10 c.c. 

ThiS-is managed by means of a small hole let into the spring 
rod just at the mark on the pipette which indicates 10 C.c. All 
the toid taken into the pipette above this point, therefore, 
escapes by means of the hole and runs away down the tube. 
This tube, it will be un<lerstood, although hollow and capable 
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of carrying away any liquid above the 10 c.c. mark, by mean~ 
of its V-shaped end, prevents the exact amount required­
l:.e. , 10 c.c.-from escaping until the finger releases the spring. 

Making Tests at the Creamery. 
Where a very large number of samples have to be tested, as at 

creameries supplied with milk by as many as 600 different 
persons. means must be found of making the tests quickl.'. 
and at the same time adhering to accuracy. 

To measure off the ingredients for 600 tests is by no mean~ 
light work, and yet each supplier's milk has to be tested, if thE' 
milk is paid for according to its quality. 

Automatic Acid Measure. 
The automatic acid measure (as sho\\n in illustration) is 

extremely handy for measuring off the acid for a large number 
of tests. It is fixed in a stand, and the upper bulbular portion 
is filled with acid. This container is fittEd ,,.-ith a ground-glass 
stopper, by which the air is kept from coming in contact with 
the acid. Owing to the fact that sulphuric acid absorbs moisture 
from the air, it is apt to lose strength, so the precautions must 
be taken to prevent this. 

Automatic Acid 
Measure. 

To use the measure the top tap is opened 
and the portion behveen it and the lower 
tap-that which holds exactly 10 C.c.­
is allowed to fill. The tap is then given a 
half-turn, so that a second opening bored 
through it comes into contact with the air. 
the opening to the air being at the end 
of the tap, and at the left-hand side of 
diagram. The lower tap may now be 
opened and the contents of the 10 c.c. 
chamber discharged into a test bottle held 
underneath. 

The lower tap being shut off, the upper 
one is given a half-turn so as to allow the 
second opening in it to communicate with 
the upper and lower chamber of the appara­
tus, and so the measuring goes on. 

In many large dairies ordinary bur~hes 
are used for measuring both the acid and the 
alcohol, and they prove of great use. 
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TUt Measure. 

The normal position of this measure 
is sho'wn in Fig. 1. 

No.2 shows the position in which 
the apparatus is held to fill the 
measuring chamber. 

Fig. 3 shows the _position when 
the measuring chamber 1S vertical that 
allows the excess of acid to return to 
the bottle. 

I 

Having got the measuring chamber 
full of acid, the spout is placed on 
the mouth of the test bottle, when the 
contents will be automatically released 
and flow into the test bottle. 

Veith's Apparatus. 

Veith's Autorrntic 
Acid an,l Alcohol 

Measure. 

Dr. Veith's patent automatic acid and 
alcohol measure consists of a couple of burettes 
attached to large receivers containing acid 
and alcohol. 

The great ad mntage of this apparatus as · 
compared with the burettes used alone is 
that the bmettes may be filled by merely 
pressing a bulb instead of by pouring in acid 
and alcohol in tht> ordinary way from stock 
bottles. 

All joints of the apparatus are made air­
tight by t.he use of rubber corks, so that when 
air is forced in by squeezing the bulbs the 
liquids are caused to syphon over into the 
burettes . . 5-.J 

The burettes sO soon as they are emptied 
of their contents are, therefore, very readily 
filled ugain. 
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Testing on a Large Scale. 

Many pieces of apparatus are 
used to save time in the shaking 
and heating of the test bottles 
where a large number of tests 
are made. 

illustrated is a copper heat­
ing bath which, as will be seen, 
can be filled quickly with water 
at the right temperature by 
means of the steam and water 
cOIDlections. 

Copper Heating Bath for Tese Bott les. 

The steam can be left escap­
ing into the bath to maintain 
the temperature, whilst the 

overflow pipe de­
picted on the 
right will prevent 
it becoming too 
full. 

By means of a 
shaking stand a 

" Perfect " Shaking Stand. large number of 

U Universal') FBJing, Heatjng, 
and SbakiDg Stand. 

( Eleated by .!lot Air. ) 

full test bottles 
may be shaken at a time; whilst a 
combined filling, heating, and shaking 
stand (hot air) can be obtained. 

Automatic Pipette for Milk. 

The fact that cream rises so readily 
upon milk makes it very essential that 
the quantity required for the test 
should be measured off directly after 
the mixing of the sample is completed. 
To those who at all times find the use 
of an ordinary pipette neither pleas~nt 
nor easy, · the automatic pipette "ill 
recommend itself, though it is com­
paratively littl" used in practice.: 
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Description. 

It differs from the automatic acid pipette before 
described in that the surplus amount of the liquid 
taken into it is discharged not through an inner 
hollow tube, but by openings at the sides. In the 
illustration one of these openings (there are two alto­
gether----one at ea,ch side) may be seen very clearly 
between the upper and lower bulbs of the pipette. 

Using the Pipette. 
In using the pipette, it is immersed in the milk so 

that the openings just mentioned can no longer be 
Been. This allows the lower bulb and part of the 
upper one to become filled with milk. In the upper 
bulb will be noticed a glass rod, to the hwer end of 
which is fixed a rubber cork, the whole acting as a kind 
[)f piston. The finger is placed on the top of the rod 
!l,bove the spring and pressed down so that the cork 
1t the lower end is forced on to the upper pointed 
~nd of the pipette. 

With the finger still pressing on the rod, the pipette 
..nay be removed from the milk, when the surplus 
amount (that is, all over 11 C.c. which is now contained 
in the lower bulb) will run out at the sides. The 
11 c.c. may be delivered into the test bottle by simply 
removing the pressure of the finger from the piston-rod. 

45 

Automatie 
Milk 

Pipette. 
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7.-COMPOSITE TESTING. 

This is the name given to the system of testing adopted at 
creameries, cheese factories, and dairies to which milk is sup­
plied in large quantities, and where payment is made for it not 
according to the quantity supplied but according to quality. 

The quality is estimated solely by the amount of butterfat 
contained in the milk, and since in the manufacture of butter 
nothing but the fat is of any service, this method of testing is 
eminently the right one from the butter manufacturer's stand­
point. 

Disposal of Separated Milk. 
As to the separated milk which is left when the milk has passed 

through the separator, its disposal is arranged for in one of 
two ways. 

Either it is retained by the butter-maker, and used for con­
densing or for pig-feeding, when a small allowance is made for 
it, or more commonly it is returned to the farmer direct, by 
whom it is used as food for his stock. 

Seeing that the rate of payment made to the farmer depends 
on the fat contained, it is absolutely essential that the testing 
of the milk should be made with the greatest accuracy. A slight 
error in the percentage obtained in testing may easily make a 
considerable difference in the actual payment made to the 
farmer for the milk he has supplied. 

Accurate Testing. 
To ensure absolute accuracy, the sample taken each morning 

and evening should always be an amount proportional to the 
quantity of milk supplied. If, for example, the farmer delivers 
450 lb. of milk in the morning and 300 lb. in the afternoon, the 
quantity of the sample taken in the morning should be half 
as much again as that in the sample taken in the aft"ernoon. 

Thus if the sample taken in the morning were 45 C.c. of milk, 
then that in the evening would have to be 30 c.c., and,this 
ratio could be kept up all through the week, taking 1 c.c. for 
every 10 lb. supplied. ., 
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Th~ samples taken are put in the same bottle, a preservative 
is added, and the same procedure is repeated each day, morning 
and evening, throughout the week. At the end of the week, 
or other period arranged, the sample is analysed by the rapid 
fat-determining process previously described. 

Beason for Proportionate Sampling. 
The necessity of having the sample proportionate in quantity 

to the actual amount supplied is evident when it is considered 
that the milk varies in quality, the evening's milk Being nearly 
lways the richer. 
The evening sample should, therefore, form just the same part 

of the quantity tested as the evening's milk is of the quantity 
supplied. If this is always secured the method is evidently 
fair both to the supplier and to the receiver. 

It is not necessary to adopt the praportion mentioned above-
1 c.c. for every 10 lb. of milk-any system of measurement 
will do, but when once decided on it must be continued unchanged 
throughout one set of samples. . 

One ounce of sample to every 50 gallons of milk supplied is 
found to be a very simple proportion, but whichever is adopted 
the necessity for accurate measurement is very evident. 

Preserving Composite Samples. 
In order that the milk may be sweet at the end of the week 

when the test is made, it is necessary that a preservative should 
be added. 

The preservatives used are mostly of a poisonous nature ; the 
most common being bichromate of potash. Only a very few 
crystals of this substance are needed, which transmits a bright 
yellow colour to the milk, hence there is no likelihood of the 
preserved milk being mistaken for ordinary. 

Another preservative which is not infrequently used is cor­
rosive sublimate or bichloride of mercury, and though so far as 
preserving the milk is concerned this serves its purpose ad­

. mirably, it is not to be recommended, as it is one of the most 
deadly of poisons, and milk containing it if accidently consumed 
would prove fatal. 

'9ablets consisting of a mixture of bichromate of potash 
and corrosive sublimate are now much in favour; they contain 
just enough preservativ~ for a sample, hence no measurement is 
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necessary. The bright yellow colour impa,rted by the bichro­
mate of potash acts as a warning of the more deadly poison 
present, which by itself does not alter the appearance of the milk. 

Formalin or Formic Aldehyde serves excellently as a preserva­
tive; about half a cubic centimetre usually suffices for each 
stock bottle, and its special advantage is its non-poisonous nature. 
In fact, this preservative, which is discussed later, has been 
recommended for use in butter, milk, and other articles of dailv 
consumption, a proceeding upon the propriety or advantage 
of which we will not here enter. 

Examples of Composite Tests. 
The working of the test can ~est be indicated by taking 

practical examples. 
Instance; Mr. A. supplies during the week 400 gallons, the 

test of the collected samples at the end of the week showing 
an average of 3'5 per cent. of fat. If we assume that a gallon of 
milk weighs 10'3 lb., the 400 gallons would weigh 4,120 lb. 
The amount of fat in this would be 3' 5 x 41 = 144' 2 lb. of fa t . 
This, valued at I s. per lb., comes out at £7 4s. 2d., or about 
4' 32d. per gallon of milk, the separated milk being returned 
free. This price obtained for the milk raises the question of 
the relative advantage of selling it thus for butter-making, 
or for consumption as milk, but this is a matter outside the 
scope of the present subject. 

Composite Test of One Cow's Milk. 
A closer idea of the practical working of the test is shown 

by the following figures. 
The milk of a large Shorthorn cow was analysed twice daily 

for a week, and the total lb. of fat per day worked out, and at 
the same time a proportionate sample was taken out and a test 
made at the end of the week. 

The figures obtained were ;-

Monday 
Tuesday 
Wednesday 
Thursday 
Friday 
Saturday 

Tota l 

Lb. of milk daily. 
44'92 
50'37 
46'62 
45'87 
48'25 
46'12 

.. ~82'15 

Lb. of fat. 
1'48 
1'88 
1'55 
1'60 
1'45 .I) 

1'73 

9'69 
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This gives an average for the day of 47·025lb. of milk and 
[. 615 lb. of fat , which amounts to 3'43 per cent. 

The composite test of the combined samples at the eud of 
the week showed 3' 45 per cent. of fat . Thus practically the 
two results coincide, and when it is realised that by the com­
posite method ouly oue test was needed, while in the other 
case a test had to be made every day, or if morn;ng and evening 
milk were tested separately, two tests a day, it is clear that, the 
composite method gives a great saving of time without losing 
anything in the matter of accuracy. 

Composite Tests of Mixed Milk. 
To take another example, that of milk delivered at a dairy 

from one farm, two composite samples of which were taken, one 
of the morning and one of the evening milk. The result of the 
separate daily testing as compared with the one at the end of the 
week was:-

Date . 
August 15 

Hi 
17 
18 

. 19 
20 

The Churn Test. 

Tota l 

Morning milk. 
Per cent. fat. 

3'2 
3'6 
3'3 
3'2 
3'.5 
3 '7 

20'5 

Evening milk. 
Per cent. fat. 

4'5 
4'4 
4'1 
4'2 
4'5 
4'1 

25'8 

Average,20'5+6 Average, 25 '8 +6 
= 3'41 per cent. = 4'3 per cen t . 

The COrilposite t est The composite t est 
showed 3'4 per cent. showed 4'4 p er cent. 

The churn test is an essentially practical method of estimating 
~he quality of the milk, and appeals to the type of mind that is 
less easily convinced by methods which, however accurate and 
;cientific, do not appeal' to give the final result in so vigorous 
'Lnd complete a fashion. 

The churn test is ca,rried out by simply churning the cream 
obtained from a given quantity of milk and weighing the actual 
'Lmount of butter obtained. 

In the butter tests as carried out at many of our shows, it is 
~he &.urn test, in which each cow's milk is carefully weighed, 
bhen separated, and subsequently churned, that is generally 
~mployed. ;) 
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. Yet even this method, practical and effective though it seems 
as a test, is not necessarily ·accurately indicative of the fat 
contained in either the milk or the cream, and a considerable 
amount of care must be observed before such a method of 
testing can be relied on as justifying the condemnation of an 
animal as a bad butter-yielder. . 

. The more accurate and rapid fat-determining process should 
be 'used in conjunction with it in order to have the result abso­
lutely conclusive and reliable. 

8~-, THE PRACTICAL UTILITY OF TESTS FOR 
FARMERS. 

There can hardly be any question as to the practical utility 
of milk tests to the farmer, yet it is desirable to indicate some 
advantages quite clea,rly. 

By a regular and recorded testing of the milk of each cow 
he is enabled to see which animals give the best results. 

Some, it will be found , yield a large volume of milk pOOl' in 
quality by reason of deficiency in fat, while others yield largil 
quantities of rich milk, and others again yield but small quanti­
ties of very rich milk. 

In only too many cases cows utilise the food given them in 
putting on flesh instead of converting it into milk. 

By discovering thus the characteristics of each animal he 
is able to weed out from the herd those which are either below the 
standard or which do not serve the exact Durnose that he has 
in view. 

If milk selling is the object in view, the pUTpose of the farmer 
should be to produce a large quantity of milk of good quality. 
In any business the man who puts on the market a first-class 
reliable article can gain a reputation for quality which will 
enable him to succeed and obtain g00d prices where another, 
marketing an inferior article, will fail. 

This is eminently the case with milk, for high~class, clean, 
rich milk is less subject to the cutting competition with which 
low-grade milk is at present faced. 

If butter-making is the object in view, the actual qua~ity 
.of . milk supplied is of much less importance than where it is 
sold, seeing that the yielding capacity ,of the milk is estimated 
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,ntirely by the amount of fat it contains, and not by its mere 
~ulk nor its richness in solids other than fat. 

A knowledge of the rich~ess of the milk of each individual 
lOW is of the greatest value to the farmer who undertakes butter­
naking, for it is practically ruinous to have in the herd cows 
which give an abundant supply of milk poor in fat, and such 
Ihould be eliminated from the butter-making herd. · 

In making such a test of each individual cow the analysis 
)f the milk should be made both night and morning separately 
)ll several occasions, preferably on one particular day each week 
'or the whole of the lactation period, and then an average should 
~e taken at the end of the period before condemning the animal 
IS a producer of milk of but poor qua.lity. This should be done 
>ecause of the extreme variability in the quality of the milk, 
lometimes owing to the slightest causes. 

Jauses of Variation. 
We have known, for instance, the lllilk of an illdividua.l cow 

much reduced in quantity by a very cold night, the fat percentage 
being much lessened at the same time. There are many other 
factors acting on the nervous system which have a similar effect, 
md others which cannot be directly marked, the only proof of 
~heir existence being indicated by the odd variations in the 
luantity and fat percentage which the milk sometimes shows. 

There are, of course, some well-known causes, such as the 
period of lactation, which will be taken into consideration by 
,wery man before he acts upon the evidence afforded by the 
testing of the milk. 

One definite cause of the poorness in solids, and especially 
fat, which is often apparent in the milk, is the deficiency of the 
food in albuminoids. When thi,s is the case, however, it is a 
long tim9 in showing itself, beca.use though an animal may be 
receiving a diet which is insufficient in these compounds, it does 
not for a time let the milk suffer in consequence, but uses up its 
Own body material and fat to produce what is needed, and w'ithout 
which there would be a deficiency of quality genera.lly of the milk. 

Yet there are imlUmerable animals producing milk poor in 
fat due to their own individuality, and no alteration can be 
produced by any change whatever in the feeding. 
Th~ evening milk is with all cows usually richer in fat than 

the morning milk. The variation between the two may amount 
to . 2, . 3, . 5, or even 1 p~r cent. The occasions on which the 
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morning milk shows a higher percentage of fat have not yet 
been satisfactorily explained. 

Variation in Morning and EYening Milk. 
The following figures from the records of a lengthy series of 

tests will show the variations which occur in the amount of fat 
present in the milk :-

Shorthorn 
Cows. 

I No. 

1_ N~: 2 

--~- - - -_- _-- - _-
1'1 

Yie 

lb. 
31 
29 
15 
14 

orning's Milk. I 
Per cent I Jd. of Fat. 

I 

oz. 
6 

I 
2'7 

8 2'5 
8 

I 
3'15 

5 3'8 

Evening's Milk. 

Per cent .. 
Yield. of Fat. 

lb. oz. 
20 2 4'0 
22 0 4'0 
10 4 4 '2 

9 0 3'4 
-

Cow No.1 was a very heavy milker, and during her year's 
milking period gave considerably over 1,300 gallons. Her 
morning milk generally showed a deficiency in fat, being con­
siderably under 3 per cent., though in a few cases when it was 
tested it rose to 3, and on one occasion to 3 ' 1 per cent. The 
lowest percentage recorded was l' 9. The evening milk was 
always rich, and on one occasion rose to the somewhat unusual 
percentage for the class of cow of 4'45. 

In the case of cow No.2 there is a reversal of affairs. the 
morning milk in one set of tests being the richer, which is not 
according to the general rule. 

During the whole of the tests there was no variation in the 
food given to either of the cows which would in any way account 
for these va.riations in the fat percentage of the milk produced, 
and the causes will have to be set down ag the mere individual 
peculiarities of the cows, or due to circumstances concerning 
which further investigation is necessary before definite con­
clusions can be clra"lln . 

In innumerable instances of abnormally poor morning milk. 
t he cause appears to be the long period ",'hich elapses between 
the evening and morning milkings. 

In some cases observed, the period between the milkings 
has been 16 and 8 hours respectively, the milking having been 
clone at 12 o'clock midday and 4 in the morning, for conveni~nce 
of saIl', The more even the periods between the milkings, 
the less likelihood will there be of the m\}k falling below standard. 



MlLK TESTlNG. 53 

9.-DETERMINATION OF MILK SOLIDS. 
When describing the lactometer and discussing its use, it was 

stated to be of no value whatever, when used by itself, for the 
purpose of detecting adulterated samples of milk. Although 
this is the case, it does not, however, follow that the lactometer 
may not be of service if used in conjunction with other tests. 
The lactometer, indeed, is of the utmost value if used in con­
'unction "ith the Gerber tester, as will very soon be seen. 

Board 'of Agriculture Regula.tions. 
Attention has before been drawn to the Board of Agriculture 

regulations concerning the quality of milk for sale, which may 
be summarised as follows: Where a sample of milk, offered 
for sale as whole milk, contains less than 3 per cent. of milk 
fat, or less than 8' 5 per cent. of milk solids other than milk 
fat, it is presumed, for the purposes of th.e Sa,le of Food and 
Drugs Acts, until the contrary is proved, that the milk is not 

, genuine. 

A further clause, dealing with skimmed or separated milk, 
states that genuine skimmed or separated milk should contain 
not less than 9 per cent. of milk solids. 

The two terms used by analysts which it is important to under­
stand for the proper interpretation of the above regUlations 
are" total solids" and" solids non-fat." 

Estimation of: Milk Solids by Evapora.tion. 
It will be remembered from the analyses given on pages 11 

and 12 that milk is a watery fluid containing a number of 
substances, part of which are floating about or in suspension, 
and part in solution, 

If a quantity of milk be taken in any vessel, and heated for 
a time, so that an the water is driven off in the form of steam, 
there will remain behind a deposit of solid matter which is 
known technically as "total solids," and consists of fat, casein, 
sugr,r, and mineral matter. 

The estimation of total solids is a very simple matter, though 
a chemical balance is essfmtial to carry it out accurately. It is 
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usually performed as follows: A small white perfectly dry 
porcelain dish is weighed. To obtain the dish in this dry state 
it is first heated over a Bunsen burner, or dried in a hot-watl:'l' 
oven, and then placed in a desiccator to cool. The desiccator 
is a piece of apparatus in which the air is kept perfectly dry 
by means of calcium chloride, a substance which is very 
absorbent of water. 

About five grams of milk (the particular quantity taken 
does not matter, though it should be somewhere about this 
amount) is next weighed into the dish, and then two or thre(' 
drops of glacial acetic acid are added to coagulate it. 

The reason for coagUlating the milk is to allow the quichr 
escape of water from it, as if in the form of a curd, the usual 
skim which forms when milk is heated, and pre,-ents evapora­
tion, is avoided. The basin is now set on a water-bath for 
evaporation to take place. 

Heating on the Water Bath . 
.'\. water-bath merely consists of a vessel containing ,vater 

which may be kept boiling and giving off steam, so that the 
contents of basins, &c., which are placed on openings in the 
lid, may be kept at a temperature of about 212 deg. F. If 
the water-bath is kept boiling the greater part of the water of 
the milk will be driven off, and a deposit of solid matter will 
remain behind. It would not now be safe to weigh the basin 
to see the loss of water, for the basin, having stood on the water­
bath , will itself have absorbed some moisture, so that an in­
accmate result would be obtained. The basin, therefore, 
with its contents, is placed in a water-oven for an hour or two, 
so that here the final drying of the milk and of the basin is 
effected. 

A water-oven consists of an oven with a water-jacket, the 
water in which is kept boiling all the time. 

On removal of the basin from the oven it is placed in the 
desiccator for a short time, so that it may become cooled before 
weighing. 

The difference in the weight of the milk before and after 
evaporation reprl:'sents the amount of water which has been 
lost, which may be calculated out into a percentage. Or the 
water lost froUl 5 grams of milk if deducted from 5 leave~ the 
amount of solids or " total solids" yielded, which Ulay be 
calculated out into a percentage. ~ 
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Qulating the Percentage. 
Taking a series of figures, the way in which the calculation ~s 
ade is readily seen :- ' 

Weight of dish pIns milk 27,205 grams 
Weight of dish , . 22,205 

Quantity of milk taken 5,000 

Weight of dish plus milk before evapo-
ration 27,205 

Weight of dish plus milk aiiN !'\'apo-
ration 22'8:~5 

L oss of water from 5 grams of milk. , 4'370 

Then, if 5 grams of milk lose 4'370 grams of water, 
the remainder, ·630 grams, represents the milk solids. 
Hence, if 5 grams of milk contain ·630 grams of total 

solids, then 100 grams of milk contain '630 ~x 100 12,0 
l) 

or 12·6 per cent. of total solids, which would represent 
the composition of an average sample of morning mille 

Now, although this is an accurate way of determining the 
solids of milk, yet it is one which cannot find much favour with 
the average practical dairyman, who would consider the time 
necessary to perform the t est as debarring its serious considerlo)­
tion-indeed, the mere fact of having to carry out weighings 
is not in its favour for everyday dairy use. As will be imagined, 
an analyst or laboratory worker thinks nothing of such a test 
as this, and can easily have a dozen or two samples going at the 
same time, evaporation either being carried on for a certain 
set time or until there is no further loss in weight. 

Separating the Solids. 
If a basin containing thc total solids be taken, and the solid 

matter is carefully broken up and washed with several lots of 
ether, a further loss in 'weight will take place. 

The loss this time is not due to ,Yater, as that has already 
been got rid of, but is caused by something which the ether 
has dissolved. Ether readily dissolves fat, hence the loss is that 
of fat. There will still be remaining the other constituents of 
milk. To enumerate, there are casein, sugar and mineral matter, 
and it is these collectively which are termed "solids non-fat," 
or " non-fatty solids." They are, of course, all the constituents 
of milk with the excep~oion of the fat and water. '... 
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To any but -the large dairy companies, who can afford to keep 
their own analysts, a number of the different processes used ill 
the analysis of milk and its products are impossible. Howewr, 
methods have, fortunately, been devised by which dairy farmer!; 
and dairymen may get analytical results by simple means, 
and herein comes the use of the lactometer. 

Estimation of Solids by Calculation. 
By the aid of the lactometer and the Gerber tester used in 

confunction with it, sufficient data are obtained to calculate 
to & nicety the percentage of solids. It has been found b:r a, 
great deal of experience that such calculated results are only 
just inferior in accuracy to gravimetric analysis. A very 
simple formula, which we have used for many years with sati f; ­
factory results, is:-

Per cent. Solids non.Fat=~acto~neter r~~in'L at 60~ F:j-~per cent. Fa~. 
4 

It is necessary, of course, to note the lactometer reading very 
carefully and correct the reading to the temperature ot 60 deg. F. , 
in addition to getting the percentage of fat accurately. 

If the lactometer reading used in the calculation is one which 
has not been corrected to 60 deg. F., the margin for inaccuracy 
is greatly widened. If the milk be at any other t emperature 
than 60 deg. F . when the reading is taken, correction to 60 deg. F. 
should be made in the following manner :-

For every 10 F . abo1,'e 60 0 F. add ·1 to the lactometer reading. 
For every 10 F. below 60 0 F. subtract ·1 from the lactometer reading. 

This is to allow for the expansion or contraction of the liquid 
above or below 60 deg. F. 

An Example. 
To take an example which may be worked out by formula. 

A sample of milk registers a lactometer reading of 31' 5 when 
standing at a temperature of 65 deg. F. The fat is 3'5 per cent., 
what is the percentage of solids non-fat ~ 

31'5+'5=32, the lactometer reading corrected to 60° F. 
. 32+3'5 

Per cent. sohds non-fat=~ - '4~ -

Per cent. solids non-fat=8·88 per cent. 

This, if added to the per cent. of fat, gives the percenta~e of 
" total solids"; for example, 3' 5 + 8' 88 = 12' 38. The ,dea 
upon which this formula is based is that every 1 per cent. of 
fat present in the milk lowers the lactflmeter reading 4 degrees. 
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Other Formulm. 
Quite a large number of formulre have been invented for cal­

culation of the total solids direct, one of Droop R.ichmond's in 
common use being;-

G @ ~ 
T=4"+ 5- + '1 2. 

T=per cent. total solids. 
G=specific gravity or lactomet er reading corrected to 60° F. 
F=per cent. fat. 

If the following example be worked out it will show the 
application of the formula. Suppose a sample of milk to show 
a specific gravity of l' 031 and 4 per cent. of fat. 

31 6 x 4 " 
T= 4+ -5 - +'1..· 

T=12·67. 

For those who do not Care to do any calculations whatever 
there are scales and tables of different kinds which may be used. 

Use of Sliding Scale. 
One of the best of these is Droop Richmond's 

sliding scale, which is made in the form of a ruler 
with a sliding centre slip. At the left-hand top side 
is a scale of temperature, while on the top side of 
the movable slip is a scale of lactometer readings, 
ranging from 22 to 37. 

Now, when the lactometer reading of a sample of 
milk has been taken, and the temperature noted, 
the corrected reading to 60 deg. F. may be found 
by placing the lactometer reading obtained in a line 
with 60 deg. F., when the corrected reading 'will be 
shown in line with the temperature at which the 
reading was taken-e.g., actual reading 32 at 65 
deg. F. ; if 32 be placed in a line with 60 deg. F., 
opposite 65 deg. F. will be shown 32'65, the cor­
rected reading. (It will be noted that the figure here 
used for correcting differs slightly from that before 
mentioned.) On the top right-hand part of the scale 
are found percentages of fat marked out, while 
running the whole length of the bottom of the ruler 
.is a scale giving percentages of total solids. 

Oft the right-hand bottom side of the sliding piece 
is another scale of lactometer readings, or specific Richmond's 

gravities. Milk Scale, 
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Having found the corrected lactometer reading, the sliding 
piece is moved until the arrow on it points to the percentage of 
fat present in the sample of milk. 

If now the specific gravity reading be noted on the right-hand 
scale of the sliding piece, opposite to this reading will be found 
the percentage of total solids on the solids scale. 

Suppose a sample, of which the corrected specific gravity is 
32'65, shows a fat percentage of 3' 5. 

Then by placing the arrow (on the right of the specific gravity 
figures) against 3'5 on the column marked fat it will be seen that thE' 
~pecific gravity 32'65 is in line with 12'55 on the total solids scalE'. 

Thus 12'55 (per cent.) represents the total solids in the sample. 
The formula upon which this scale is worked out is :­

T='25 G-:-l'2 F+·14. 

to.-DETERMINATION OF ACID IN DAIRY 
LIQUIDS. 

It is necessary in both butter and cheese-making to be able to 
say accurately when the acidity in the cream or the curd has 
reached a certain degree. This in the older methods was largely 
a matter of guesswork or experience. 

From the taste and smell, and by noting the appearance of 
milk, cream, and curd, after considerable practice a rough but 
approximate guess could be made of the amount of acid present 
in each case, and thus it was decided if milk were ready for 
rennetting, cream for churning, or curd for grinding. 

This method, though commonly satisfactory, lacks accuracy, 
and i~ quite unsuited to persons who haye not had considerable 
expenence. 

The modern method, more accurate, and much less liable to 
error, and, further, not dependent on any individual's experi­
ence of milk or its products whatever, is naturally becoming 
more and more largely adopted because of these evident 
ad vantages. 

To the milk dealer, knowing what percentage of acid there is 
present in milk, it tells him approximately how long it will 
keep and be safe for selling, or should he desire to pasWurise 
milk about which there may be some doubt, the percentage of 
acid present will indicate whether it wi.l stand the process or not. 
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!be AoidimeteJ'-PJ'inoiples of its Use. 
The general principle of the method first introduced into 

dairy practice by Professor J. F. Lloyd, }.1'.I.C., is as follows: 
'A few drops of a substance called phenol phthalein, which is 
colourless when in acid, is added to the liquid whose acidity i(5 
to be found. So long as the liquid remains acid the phenol 
phthalein remains colourless , but the moment that the liquid 
becomes alkaline the colour changes to pink, and this change of 
colour serves as an accurate indication of the moment when 
the acid has been neutra.lised. 

The strength or degree of the acidity is measured by finding 
how many cuhic centimetres of an alkali of known strength it 
is necessary to add before the colour turns pink. 

If many cubic centimetres of the alkali are necessary to pro­
duce this change the acidity must be evidently greater; if, on 
the other hand, litt.le alkali is needed before the pink colour is 
produced, then the acidity is evidently small in qnantity . 
AppaJ'atus Required. 

A burette to contain the alkaline solution, fixed in a stand. 
An alkaline solution (caustic soda is the one nearly always 
used) of a known strength. The phenol phthalein, or indicating 
liquid, a pipette or tube with volume indications marked on its 
sides (one which holds 10 C.c. is most useful), a small porcelain 
dish, and a glass stirring-rod. 

The whole of this apparatus, with sufficient liquid for use for 
a considerable time, can be purchased for a few shillings. 

As a matter of convenience, the strength of the caustic soda 
used is such that the use of 1 c.c. indicates the presence of . 01 
(l-lOOth) of a gram of lactic acid in 10 C.c. of the liquid tested. 
If twice this amount is needed before the colour changes, then 
twice the amount-i.e., '02 of a gram of lactic acid-is present 
in the 10 C.c. of the liquid which are taken to be tested . 

The quantity of alkaline solution necessa,ry will, therefore. 
serve as an accurate indication of the amount of lactic acid 
present in the liquid, of which 10 c.c. have been taken. 

It is clear that the whole value of the test as an accurate 
means of finding the acidity depends on the correctness of the 
alkaline solution. This is prepared by dissolving 4' 5 grams of 
98 per cent. pure caustic soda in a litre of distilled water. Any 
firm '~f chemists \vill supply it, and the accuracy of the strength 
of the solution can then be relied on, or those with a little know­
ledge of analytical chp.m}Stry may prepare it for themselves. 
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Method of Using the Acidimeter. 
The actual testing of a sample would then be carried out as 

follows: 10 C.c. of the sample should be accurately measured. 
To this three or four drops of the phenol phthalein liquid are 
then added. A measured quantity of the caustic soda solut.ion 
is placed in the burette, and it is allowed to fall, drop by drop, 
from the burette into the sample. 

DAIRY A CIDIMETER, SHOWING BURETTE AND BASIN, PIPETTES, AND 

DROP BOTTLE CONTAINING PHENOL PHTHA.LEIN. 

(Baird & Tatlock, London.) 

Critical watch must be kept, and the sample must bt'.~ well 
stirred. The moment the pink tinge is apparent the addition 
of soda solution must stop, and the nltimber of cubic centimetres 
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this solution which have been added must be read off on 
the burette. 

If, as frequently happens with cream ready for churning, it is 

AOIDIMETER FOR TESTING THE AMOUNT OF AOID IN MILK, CREAM AND 
VVHEY, FITTED FOR USE IN A DAIRY FACTORY. 

The above shows the arrangement where the acidimeter is in constant 
daily use. The burette is filled up as required from the stock bottle on 
the shelf by opening the stop.cock on the cross tube on the right 

found, that 5' 5 C.c. of the caustic soda has been used to neutrdlise 
the acidity in the sample, this shows the presence of . 01 x 5' 5 
grams of lactic acid in the /0 C.c. of the liquid tested. 
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Hence in 100 c.c. of the sample there would be 10 times this 
amount-that is, ·01 x 5·5 x 10. This is ·55 on the 100 of 
the sample, hence the acidity is ·55 per cent. 

This calculation is, in practice, simplified by merely taking 
one-tenth of the amount of soda solution used; and the number 
thus obtained represents at once the percentage of acid present in 
the sample. 

It is this simplicity in obtaining the percentage which has 
led to the method being so readily adopted. If the quantities 
taken are all measured accurately the p@rcentage of acid present 
can be read off at a glance, and it may always be allowed that 
each cubic centimetre of soda used represents . I per cent. of 
acid present in the liquid tested. 

Acidities in Cheddar Cheese-making. 
The following are results showing the common acidities ob­

tained in Cheddar cheese-making: the acidity of mixed milk on 
starting, ' ·20-·21 per cent. of lactic acid; the whey on cutting the 
curd, ·15 per cent.; on drawing from the curd, ·19-·2 per cent.; 
from the curd when ready for grinding, ·8 per cent. ; that coming 
from the curd when put to press, ·9 per cent. The advantages in 
accuracy and surety which follow when the variations in the 
acidity of the whey and curd can be so narrowly watched and 
so clearly mapped out in this manner are so evident as to 
need no other recommendation. 
. The cheesemaker knows accurately the state of the curd at 
any and every moment, and can detect and correct any varia­
tion which would have an injurious effect upon the character of 
the cheese produced. 
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H.-THE USE OF PRESERVATIVES., 
, The use of food preservatives is an all-important subject, 

affecting, as it does, practically the well-being of a nation. The 
revelations in connection with the meat-canning industry of 
~merica have brought home to the public the stern necessity 
of inquiring into the source and subsequ ent treatment of our 
food supply. 
, People who formerly were content to consume foods without 

question as to their purity are now becoming really particular, 
as witness the tremendous decline in the use of tinned goods 
during the scare caused by the disgusting facts made known 
about certain tinned and many prepared foods. 

Now that the subject of pure food for the million is raised, 
the question as to whether or not preservatives may be used 
with impunity should be at once and for ever settled . 

A large number of eminent medical men, scientists, and experi­
menters have for a very long time endeavoured to persuade the 
public that the preservatives which are contained in a number 
of the perishable foodstuffs are positively prejudicial and dis­
tinctly injurious to the health of the human being, 

The best of arguments have been put forward to endeavour 
to get the public to demand foods free from preservatives, and 
with what result ?-considerable laxity on the part of the public 
in raising a finger to protect themseh'es. 

Perhaps few realise to what danger they are exposed in con­
spming drugged foods; anyway, it is only necessary to point 
out a few of the many eatables which are in comInon daily 
consumption to realise that the danger is more than a mere 
passing one. 

S'ome Foods in which Preservatives are Commonly Found. 
, Letfus enumerate the foods which are to be found charged with 

one 0 the commonest preservatives used-namely, a mixture 
of borax and boric acid. 

" 
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Bacon and hams are cured with it, the preservative being 
used in addition to the salt and saltpetre commonly employed. 
Its use is not absolutely necessary, and this is only one of those 
instances in which the modern tendency to do things quickly 
(and improperly) leads to the sacrifice of much of that which 
is best. 

Actually we get American bacon nowadays "cured " (?) 
during the sea voyage. The pigs, after being cut up, are packed 
in boxes with preservative and salt, Qr preservative alone. 
arriving in England to be delivered to the grocer, who unpacks 
the" bacon" (?) , washes, and then dries it preparatory to selling. 
The boric acid with which this bacon is charged is said by a 
specialist in skin diseases to be the cause of an annoying skin 
irritation from which many people suffer. 

The mere fact of curing meat in any way renders it less 
digestible. but when, in addition to an actual food subst ance 
such as salt, chemicals like those mentioned above are used, 
t he digestibility is still further lessened to a very considerable 
degree. 

One would expect to get a piece of fresh meat from one's 
butcher that had not been treated, but no! this is not absolutely 
certain. Most butchers and dealers in fish and game are tnie 
friends of preservatives, and do not fail to use them lavishly when 
occasion may demand. 

A favourite form in which to use the borax type of preservative 
is to mix it in powder form "ith flour, and then by means of a 
dredger dust it over meat, game, poultry, etc. ; fish is soaked 
in a solution of preservative, which is the commonest mode, 
bringing about the preservation of a food which would in a short 
time be totally unfit for eating. 

Again, pork-pies. sausages, and such foods are not free from 
preservativE's, whilst, coming nearer to the subject of our text, 
milk, cream , and butter are commonly found loaded up with 
preservatives of different kinds, chiefly those of the borax type. 

Preservatives in Tinned Foods. 
Not only do fresh foods contain preservative>' , but the,v 

may even be found in tinned articles, which, if properly prepared, 
need never contain them. 

As an instance of importance to the dairy industry, it m!l~ be 
mentioned that inferior brands of condensed milk have been 
shown to contain boric acid. ' J 
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Now, having nn,med a number of the fresh foods commonly 
preser,ed (there are many others not included), ",-bich in all 
cases ought to be free from th<l addition of any preservative 
whatsoe,-e l' , it will be clear that in their common daily foods 
people con;;ume a lot more chemical substances than ought to 
be thc 0a~e _ 

When the question of the physical deterioration of the nation 
is being inquired into as it is nowadays, purity of the food 
supply :::hould he one of the first points to receive attention. 

I. Curse of Modern Civilisation. 
Undoubtedly, drugged foods fire nothing less than 'a curse 

of modern ciyilisation. The all-prevailing dyspepsin, and in­
digestion from which so lllany person" now suffer is without 
doubt.. to {t. great extent, caused directly by the consumption of 
chemically preserved foods. 

Further than tllis, it has recently been stated by an eminent 
physician that in his opinion the now common disease, appen­
dicitis, is primarily caused by foods containing preservatives, 
which produce indigestion a,t first in a mild form, which later 
becomes chronic, and as a final resllit appendicit.is is produced. 

Be thi;; as it may-it is much more likely to be true than not 
-appendicitis, which was barely known a number of years ago, 
is undoubtedly the result of digestive troubles, and whftt is 
more likely to produce them than drugged foods? 

Injurious Nature of Preservatives. 
Whatewr may be said to the contrary by tho>;;e who are 

directly ot' indirectly interested in the sale of presel'vati\Tes, arid 
of such per:::ons there are a very large number on account of th\} 

. tremendous profits obtained by the sale of such substance~ 
as boric [I.cid and borax under different fancy names, preservatives 
have, as has been shown by Dr_ vViley, of the U.S. Dep.utment 
of Agriculture, a most detrimental effect on the human being. 

For the results of experiments in which human beings were 
fed "ith preserved foods, and the effects which the chemicals 
produced, we refer readers to Dr. vViley's report. 

Hmy can we be sure of obtaining pure foods, so far as the 
absence of preservatives allows them to be so termed? 

N~thing but a popular outcry against preservatives will 
result in the abolition of their nse, and t,he sooner this outcry 
comes the better. 

E 
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If the average housewife would demand milk, butter , or other 
food free from preservative when making her purchase, the 
seller is really bound to declare if he cannot supply it. A grocer 
who guarantees butter free from preservative, which is found 
not to be so, is selling the article under false pretences, and is 
liable to prosecution for so doing. 

No individual trader would like to have to confess that he 
could not supply a substance free from preservative, and to haye 
to say, " You must go clsewhere," and yet this is really the position 
of the majonty of dealers in certain classes of food at the present 
time. Fortunately for them, customers are not very fastidious, 
and do not commonly request preservative-free food, and yet 
there are a large number of dairies building up a reputation by 
selling only non-doctored material. 

As showing Rome of the abhorrence of the medical profession 
to preserved food , the following instance will be interesting. 
A number of Harley Street medical specialists actually pa,y 
4d. per pound more for their butter by reason of obtaining it 
through the post from a dairy making a speciality of not using 
preservatives, and in addition recommend many of their patients 
to do the same. 

The Legal Aspect. 
Turning to the legal aspect as to the use of preservatives, a 

Departmental Committee was appointed by the Local Govern­
ment Board a few years ago to inquire into the usc of pre­
servatives and colouring matters used in the preservation and 
colouring of food. 

This committee, after carefully considering the evidence put 
forward by experts who submitted information which dealt 
with the matter from all points of view, finally reported :-

Departmental Committee's Recommendations. 
(a) That the use of formaldehyde, or formalin, or preparations 

thereof, in foods or drinks be absolutely prohibited, and that 
salicylic acid be not used in a greater proportion than 1 gr. 
per pint in liquid food and 1 gr. per pound in solid food. Its 
presence in all cases to be declared. 

(b) That the use of any preservative or colouring matter what­
ever in milk offered for sale in the United Kingdom be con­
stituted an offence under the Sale of Food and Drugs A~t. 

(c) That the only preservative WL',ich it shall be lawful to 
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use in cream be boric acid, or mixtures of boric acid and borax, 
and in amount not exceeding O· 25 per cent. expressed as boric 
acid. The amount of such preservative to be notified by a labt' l 
upon the vessel. 

(d) That the only preservative permitted to be used in butter 
and ma,rgarine be boric acid and mixtures of boric acid and 
borax, to be used in proportions not exceeding O· 5 per cent. 
expressed as boric acid. 

(e) That in the case of all dietetic preparations intended for 
the use of invalids or infants chemical preservatives of all kindfl 
be prohibited. 

(f) That the use of copper salts in the ::;o-ealled greening of 
preserved foods be prohibited. 

(g) That means be provided, either by the establishment of a 
separate Court of Refflrence or by the imposition of more direct 
obligation on the Local Government Board, to exercise super­
vision over the use of preservatives and colouring matter in 
foods, and to prepare schedules of such as may be considered 
inimical to the public health. 

Although this report was issued several years ago, no Parlia­
mentary action has yet been taken in the matter, though the 
effect has been to cause a Romewhat decreased use of pre­
servatives in milk and cream. 

Deaths of Infants. 
Recommendation (e) is of very special importance, for while a 

strong perRon may take for a time, with impun1ty, foodR in which 
preservatives have been used, the effect on infants and invalids 
is very harmful. It has often occurred t.o us that while medical 
men have been pointing out the enorlllOUS number of deaths of 
infants each year, especially during the hot weather, they have 
not suggested that the poisoning substances may be the prc­
servatives present in milk. 

Considering that the medical profession is so against the 
use of preservatives, medical officers of. health, in addition to 
attacking the farmer for not being more careful in producing 
clean, wholesome milk, should direct their attention to those 
who;' fake" the milk after it leaves the farm. 

Summer diarrhrna in infants is commonly set down to the 
excessive number of bact~ria present in milk during the hot 
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weather. This may be conect, butit should also be remembered 
that in hot weather many dairymen put an increased quantity 
of preservatives in milk in order to gi,e it further keeping 
qualities, and while the bacteria may induce the disease, why 
should not the boric acid assist in producing the irritati n~ 
and poisonous effects ~ 

Hea.vy Doses of Preserva.tives. 
The quantity of preservatiws often put into milk is frp­

quently astonishing. 

In a case in which a family suffered from the poisoning effects 
caused by preservatives, Dr. Robinson, the medical officer for 
East Kent, pointed out that the milk which caused the trouble 
had been dosed first by the farmer , secondly by the dairyman, 
and thirdly by the cook at the house where the trouble occurred. 
Each, of course, had assumed the milk to be fresh and free from 
preservative, and so the milk got a triple dose. 

Dairy farmers do not use presen'ati\-cs as a rule, and are 
strongly recommended not to do so. Effective cooling of 
milk before it is sent off by rail is all that is necessary. Of 
course, it is nice to be quite sure that the milk will keep sound 
in hot weather, and for this reason, no doubt, a number of farmers 
have asked for the best presen-atiYe to use, but in all cases we 
recommend none. 

That which should be put a stop to aHogether for the benefit 
of the public and the dairy industry, must not be encouraged 
among producers upon whom the nation depends for its food 
supply. 

Inducing Foreign Competition. 
If farmers take to preserving milk, they are opening out yet 

one other source of foreign competition. It should be remembered 
that the foreigner may send milk to this country if allowed to 
preserve it, and especially is he likely to do' so if the English 
law permits him to preserve milk in such a cheap way as by 
adding preservative to it. 

The home article, which can be proclaimed pure, therefore, 
may stand against milk and butter coming from abroad ~ihich 
may have t{) be doctored to keep it sound while on the journey 
here. 
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Local Authorities and the Use of Preservatives. 
A circular issued to local authorities throughout the country 

by the Local Goyernment Board (under the Food and Drugs 
Act) points out tha t as a result of the Departmental Com­
mittee's inquiry in HIOO the addition of preservatives to milk 
is considered unneCf':""a rv, and that it is recommended that no 
preservative should be ,{llo,yeel in milk. I 

Further, it is added that a number of dairymen do successfully 
carryon their busines5 without the aid of preservatives, even 
in the hottf')st of weather, so that really the effect of preservatives 
is to protect those engaged in t,he milk traffic" against the imme­
diate results of neglect of 8crupulons cleanliness; as under the 
influence of these pl'esel'vatiw.s milk may be exposed without 
sensible injury to conditions \\'hich otherwise would render it 
unsaleable. It may remain sweet to the tast,e and smell, and 
yet have incorporatrd disease germs of various kinds, whereof 
the activity may be i'u,;pended for a time by the action of the 
.preservative, but llla~' be l'esumed before the milk is digested ." 

The circular ach-i"e": local authorities to obtain in reports from 
public analysts all po,,:;ible information in connection \yith the 
use of preservatiyes in foods submittf'd to them for analysis. 
As to the administrati\-e action to be taken where preservatives 
are found in milk. the circular suggests that Councils should 
notify to tmders that action will be taken. 

Foods Declared . to Contain Preservatives. 
It is pointed out that some difficulty arises whel'e the vendor 

declares that presernlti \'es a,re u5ed, and the suggestion is made 
that careful note should be made of the quantity specified as 
being used and contra;c;ted \I 'ith the results of analyses, If the 
quantity be considered exce""ive, it may be presumed that the 
article has been rendered injurious to health, and proceedings 
may be taken. 

Finally, " as regards formalin and boron preservatives, how­
ever, the Board are ach-ised that the presence in milk of formalin 
to an amount ,yhieh is ascf'rtained by examination within 
three days of collecting the sample to exceed 1 part in 40,000 
(1 part in 100,000 of formic aldehyde) raises a strong presump­
tion that the article has bren rendered injurious to health, 
andJthat the purchai;er has been prejudiced, in the above sense; 
and also that similar presumption is raised where boron pre­
servatives are present in Jnilk to an amount exceeding 57 parts 
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of boric acid per 100,000, or 40 gr. of boric acid per gallon. 
It appears desirable that the addition of preservatives to skim 
milk, separated milk, and condensed milk should be watched 
and controlled on similar lines ." 

We need not discuss the items in this circular, which from the 
public point of view may be regarded as a fair protection, though 
the amount of preselT<1tive specified as not to be exceeded 
seems to be far too great. 

The results of this circular, as seen in daily practice, haw been 
to induce those who before employed large quantities of pre­
servative to use a lighter hand in the matter, and in many 
cases dairymen ha,-e giwn up using them altogether. 

On the publication of the Local Go,'ermnent Board's circular, 
one firm dealing largel.'- in preservatives immediately offered for 
sale a preservative guaranteed to contain no boron or boric acid, 
and claimed to be undetectable by chemical analysis. This 
preservative proved to be sodium fluoride and of very little use 
as a preservatiye. 

Simple Tests for Detecting Preservatives. 
There are several simple tests that may be employed for 

the detection of preservati,-es in milk, cream and butter. These 
t ests are qualitative-that is to say, they show the presence, 
but not the quantity present, of any preservative; the quan­
tita,tive tests, or those which show the quantity, being of a 
difficdt and complicated nature. 

The most important and extensivel.,- used preservatives in 
the dairy trade are boric acid, borax, and formalin, while among 
those of but little importance, owil1g to their slight use, may 
be mentioned salicylic and benzoic acids, sulphites and fluorides. 

The commercial preselTatives sold under various high­
~ounding names practically all consist of boron compounds. 
usually in the form of boric acid and borax. These last-named 
substances are employed either singly, together, or with the 
addition of small quantities of carbonate of soda, salt, salt­
petre, and sometimes also sugar. 

It is possible for boric acid to find its way into the milk if 
contained in cakes and other artificial foods eaten by the cow. 
Where this is the case. however, only faint traces will be found , 
whereas in the case of milk to which boric acid and borax ~ave 
been added to preserw it , a comparatiYely large amount will 
he present. 
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-Boron Preservatives. 
Boron is an element not found in a, free state in nature, but 

as boric acid (H
3
BO,,) in the waters of hot lagoons in Tuscany. 

Tineal, a borate of sodium, is found in lake-basins in America 
and several parts of Asia, while calcium borate also occurs 
llaturally. 

Boric acid is a moderately soluble acid, and has' but a slight 
taste. Borax is an alkaline salt. 

A very useful characteristic of boron compounds is that they 
impart a green colour to a non-luminous flame , hence burning 
is one of the means by which they may be detected. 

To Detect the Presence of Borax and Boric or Boracic Acid. 
(1) Flame Test.-Evaporate a little milk to dryness in a small 

porcela,in dish and then burn it to ash by making it red-hot. 
Add a little dilute sulphuric acid and some alcohol (methylated 
spirits will do) and apply a light . The presence of boracic acid 
causes the production of a flame with a green-coloured edge. 

The water pressed from butter may be treated in a similar 
manner when it is desired to test butter for preservative. 

(2) Turmeric Test.-Slightly acidify the ash of milk by adding 
a few drops of hydrochloric acid, immerse a piece of turmeric 
paper, and then carefully dry it at a gentle heat. The paper 
acquires a reddish-brown colouration. If boracic acid or borax 
is present, this is turned to greenish black on the addition of a 
little sodium carbonate to the paper. 

If it is required to distinguish between borax and boracic 
acid, though these substances are hardly ever fopnd to be 
present singly in foods , some ash of milk should be dissolved 
in '''later. If boracic acid is present it will anSWo3r to the turmeric 
test, but borax will give no reaction. 

The addition of hydrochloric acid converts the borax into 
metaboric acid, which responds to the turmeric test, and this 
is the reason for its use. 

(3) Modified Turmeric Test.-Take a porcelain dish and in it 
place two or three drops of milk, two drops of strong hydro­
chloric acid, and t,wo drops of saturated tincture of turmeric. 
Dr~, this mixture by warming, and add a drop of ammonia 
solution from the end of a glass rod. If borax is present, a slaty 
blue colour changing to :.green is produced, 
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(4) Glycerine Test , which uetects the presence of either 
borax or boracic acid, is performed as follows: Ta,ke some milk 
and add to it a few drops of phenol phthalein and then some dilute 
caustic soda till the milk acquires a delicate pink t,inge. (Thi,; 
part of the test is the same as nsing the acidimeter.) Then 
add an equal quantity of a mixture made up of equal parts of 
,mter and glycerine. If the milk contains no preservative, 
no change occurs, but if borax or bonLCic acid be present, the 
pink colour changes to white. 

In all cases, control or duplicate tests should be made "ith 
milk known to be pure, and the results compared . 

Very commonly the milk delivered at a creamery, or that 
purchased by the dairyman, a lready contain;: presen-atiw. 
A preliminary test ma.y be made for presel'Yatin' by ascer ­
taining the acidity of the milk by means of the acidimeter. 

Some preservative mixtures increase the acidity of the milk 
Milk that has been preserved lllay show a high percentage of 
acid, and yet not smell or taste sour, as would lllilk containing 
a similar percentage of acid but containing no pre;;enatiYe. 
On the other hand, preservatiws may show no free ,tcid at all, 
and in this case the acidity of the milk would remain unchanged. 

Formalin. 
This consists of a 40 per cent. solution of formic aldeh~"de, and 

is still used to some extent as a preservative; it may be detected 
by the following tests :-

H ehner' s Test is said to detect the presence of 1 part of 
formalin in 200,000 parts of milk. Take some milk in a.ll onlina,ry 
test tube and dilute with an equal volume of \\"ater. Pour 
strong i'ulphuric acid of 92 per cent. strength (or that used 
for the G~rber tester, having a ~pecific gravity of 1· 82, "ill do) 
down the side of the tube. A violet, ring is formed a t the jnnc­
tion of t,he two liquids if formalin is preRent. 

If no formalin is present, a greenish tinge is. fir"t, "eell, ,rhich 
soon disappears, and the milk becomes pinkish bl'olm. 

This test is impl"Oved and the colour more q lli ekl.\' detected 
if two or three drops of ferric chloride are added before the acid. 

Amidol Test (Manget and 2Harion).-Take a little waTIll milk 
in a porcelain basin and throw on to the surface a little amidol 
or amido-phenol (commonly used in photography). If form,}lin 
is present, the milk assumes a strong yellow colour. :.\lilk con­
taining no formalin gives a salmon-pirJr colour. 
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Salicylic Acid. 
This, an expensive preservative, is now more commonly used 

for preserving jam than for milk and butter. It may be 
d etected in milk, or in the water from butter, bv the addition of 
f erric chloride, which produces it violet colourition. 

Test for Salicylic Acid.-If present in small quantity only in 
milk, its presence is best shown by the follO\\-ing method: Take 
some milk and add to it a few drops of sulphuric acid, then shake 
it up with ether. Evaporate the ether solut ion and add to the 
residue alcohol and a little ferric chloride. A deep violet colour 
is produced if salicylic acid is prcsent. J 

12.-THE COLOURING OF MILK. 
This is a practice COUlmon in the milk trade at the present 

time, especially in L ondon and many large towns, though, as 
will be seen from the Departmental Committee's report on page 
66, it is condemned entirely. It is done primarily to make milk 
appeal' richer, as the richest milk-that from Jersey and 
Guernsey cows-has nearly always a deep yellv ,-; colo1:::. 

~Iil k of a yellow colour is really demanded by a large section 
of the population of large towns, who consider it poor and 
infeJ'ior in quality if it is very white, as it appears in its natural 
state in winter. Thus the dairyman is frequently compelled 
to colour milk in order to keep his customers. 

Another reason, perhap3, why colouring is used in the milk 
trade is becau~e refrigerated milk, such as most dairymen in 
large towns deliver, has, by reason of the refrigerating process, 
lost t·o a great extent its pmycr to throw up cream. The CU'5-

tomer usu~lly judges the quality of the milk by its capacity 
for throwing up cream, and if it does not do this freely considers 
it inferioL Adding colouring mat.ter makes milk look rich and 
full of cream-in fact, the milk and cream are then of the same 
colour, and if this is the case the consumer is unable to judge the 
creaming powers of any particular sample. 

Jilk is coloured for cheese making purposes, as well as for 
sale as milk, and produce. the bright yellow cheese such as is in 
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demand in many markets. In both cases colouring is really an 
unnecessary proceeding, but as it is demanded by the public, 
who prefer to judge by eye rather than palate, i ' practised to 
please them, though, unfortunately, it is a.lso sometimcs used 
as a mask to make an inferior or adulterated article look rich 
and good. 

Colouring Matter Used in Milk. 
The colouring matters addcd to milk come under two headings: 

(1) Preparations of annatto; (2) aniline dyes. The former are 
harmless vegetable preparations, but aniline dyes, which are 
prepaled from coal-tal', are of a dangerous, poisonous character. 
Annatto is made from the seeds of the plant known as Bixa 
orellana. 

Butter Colouring is a preparation of the colonring matter 
from the seeds dissolved in oil, and is suitable colouring for 
cream only. 

Cheese Colouring, which is used for colouring nulk, consist" 
of the colouring matter dissolved in water. It may also be used 
in cream for colouring buttcr, but will colour: the butter-milk 
as well as the butter, ,,.hich annatto in oj.) does not do. 

Annatto colouring is harmless in character, but aniline dye" 
should never be permitted in milk, cream or but.ter. 

Detection of Colouring Matter in Milk. 
To the keen obseryer, thcre is a vast difference in the clarity 

of appearance of artificially coloured milk and J erscy or mit'k 
of naturally high colour, but in all cases tills difference is not 
apparent. 

The simplest test of all is to put some milk warmed to 90 deg. 
or 100 deg. F. in a glass, and allow it to stand for a few hours. 
If artificially coloured, although cream will have risen to the 
surface, the lower portion will still be coloured. In natural 
milk, the cream only is of a yellow eolour, and the milk 
underneath assumes a bluish appearCtnce. 

Aniline or coal-tar dyes of the A7.0 group may he detected by 
their turning pink on t.hc addit.ion of a mineral acid such as 
strong sulphuric acid. 

Distinguishing between Annatto and Aniline Colouring in 
Milk. 

To ascertain which type of colouring matter is present, warm 
some milk and add a small quantity. of acid to coagulat,e it, 
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and then filter. Annatto is insoluble in acids and is retained'. 
in the curd, whereas aniline dyes are soluble. 

Thus if the coagulated mass remaining on the filter paper is 
yellow. and the filtrate or liquid running through is colourless or 
similar to ordinary whey, this indicate;; the presence of annatto .. 
If aniline dye is present, the filtrate will be coloured. 

Householder's Test. 
Take a portion of milk in a white porcelain saucer or cup,. 

and dissolve in it sodium bicarbona te in sufficient quantity to· 
make it taste soapy, or in other words turn it alkaline. Then 
immersc the 10\\'e1' part of a strip of blotting 01' filter paper' 
in t.he milk and leave it there for a few hours. If a,I tificial: 
colouring matter is present, it \\ill be transferred to the blotting 
paper, which \vill become stained yellowish brown. 

Modified Test for Detecting Annatto. 
Take some milk in a test tube and add some strong alkali 

such as caustic soda to it, which will dissolve the colouring­
mat tel'. l\ext add some t:tannous chloride, which will give a 
pink eolouration if annatto is present (annatto is always coloured. 
bright pink with stannous chloride) . 

In making colour tests, it is a.lwa,ys well to have duplicate 
tests made with milk known not to be artificially coloured,. 
with which to make comparison. 

:i3.-THE PASTEURISATION OF MILK. 
Since the modern method;; of butter-making have been in 

vogue the improvement of the machinery in use has been con­
siderable. Kow every year an adva.nce is noticed in the type of 
apparatus used, as well as the introduction of a number of quite · 
new machines. 

Generally speaking, for the best apparatus, designed both 
for the use of private dairies as well as creameries, ,,-e have to · 
go to Denmark and Sweden. These two count-ries have special­
ised· in the dairy industry to such an extent that th:ir dairy' 
machinery, which is desi~ned on scientific principles, IS sought . 
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'after by users in all parts of the world-indeed, there is no 
'country in which dairying is caITied on where machinery from 
Denmark has not been introduced. 

Special attention has been giwn by the Danes to the manu­
facture of separators and pasteluisers, and considering the 
present uOiefulness of some pasteurisers which were deBiglled 
nearly ten years ago, the care bestowed both upon the ueBign 
.and construction of these machines can well be imagined. 

In quite the early stages in the development of the dairy 
industry Denmark recognised the value of the past,eurisation of 
milk ; hence we have seen a gradual change ill the design of 
pasteurising apparatus, each year some improvements being 
·embodied until nowada.ys the apparatus used is practically 
all that can be desired, 

Pasteurising Temperature. 
Some years ago an Act was paiSsetl ill Denmark making i t 

,compulsory for creameries to pasteurise all milk and cream to a 
·temperature of not less than 85 deg. C. (185 deg. F.). 

Pasteurisation, defined , may be said to cOllSist of the heating 
,of milk to a certain temperature for a definite time, both time 
.alld temperature being sufficient to kill <1,11 the living bactel'i %', 
ill the milk, though it' would haTe no effect upon their spore,.: 
or seeds. 

As the t emperature adopted depends upon the time during 
"hich it is intended to heat the milk, it is important to conBidel.' 
·these two points together. 

Killing the Tubercle Bacillus. 
If, say, the temperature of 140 deg. F. be decided upon, it 

'will be necessary to keep the milk at this temperature for half 
an hour to secure the thorough destruction of any disease 

:germs, such as tubercle bacilli, '"hich llmy be present. 

t • It has been shown by certain im-estigators that this j:; 
the lowest temperature and time that will ell sure the destruc­
tion of tubercle bacilli, and then it is a most important point 
that the heating should be carried out ill contact with air. 
If the heatillg be performed in a closed vessel where the ail' 
has not free access, the envelope or capsule which surro~mds 
the tubercle bacillus is not broken, hence the organism resists 
·the heating, and is saved from desto)ction. 
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On the other hand, if such a high temperature ~s 185 eleCT. F . . 
vhich is used in Denmark for pasteurisation, is the OIle sel~ctecl' 

the " continuous flow " t:Y1)e of pasteurising apparatus mav b; 
employed. In snch pasteurising machines the milk. ente]:s at 
the bottom of the machine, and in its course of about two miuutes 
or less is passt'd out at the top, having been heated up to 185. 
deg. F. during its passage through the machine. 

?,his past~uri~ation is satisfactory, and .has aelyautages, the· 
chIef of whICh IS that the temperature bemg mallltained onh~ 
for a short space of time, less injury "ill be done to the milk. 
less cooked fla \'0 lll' being imparted to it. ' 

Pasteurisation in the Milk Trade. 
The pasteurisation of milk for sale is exceedingly common, 

and lUany large firlUs of repute pasteurise an milk before it is 
delivered to cllstomers. 

It is pasteurisetl and at once cooled to a 10\,' t~mperature· 
(about 40 deg. F.) b,\' means of a refrigerating plaIlt, so that 
there is practically 110 alteration in the flavour of the milk .. 

Where pure unpasteurisedmilk can be procured , it is preferable 
to that w.l'}jch h'l8 Deen p-"I8teuI'isea, a.s {A'~stem';8&hon mllke8 
milk safe by reason of the germ destruction which it bdngs 
about, and dairymen who practise it may get carelesl;; as to tlw 
cleanliness of the milk ancl source of supply, 

It is of the greatest importance that the milk supply should' 
come from health? cows, and that the milk be kept as clean 
and pure as possible, and if it is effectually cooled th is ob\'iate~ 
to a la.rge extent t.he necessity for pasteurisation to enhance­
its keeping propertiet:;. 

Now, considering the la,\' relating to the pasteui.'isation of 
milk at creameries which was brought into force in. Denmark 
in order to protect the public health, and at the sam(~ time pre­
vent the spread (tlU'ough the agency of milk) of tllberculosis 
among the live stock of the country, it is t'ssential .to hare some 
tests by which inspectors may verify if the heating has been 
properly carried out. 

Obviously a low temperature maintained for only a short 
space of time is not of much use in ensuring the clestruction 
of p;erms, so that if at creameries, as is commonly the case, the 
pasteurisation is carried out in a careless manner, it :is of little. 
if any, value in safegualding the public from tubercle germs 
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which may be present in the milk, and are not destroyed unlesR 
J>roperly heated. 

Tests for Pasteurised or Scalded Milk. 
The tests which have been devised for the detection of in ­

·sufficiently heated milk, cream, etc .. are very numerous, and are 
,dependent upon the formation of different colours, on the addition 
'of the reagents, in raw or only partly scalded milks. 

The theory concerning the formn,tion of cololU" in raw milk 
is that it is in some ,yay connected with the enzyme catalase or 
natural chemical ferment present in milk, or wherever Ii Villg 
cells are found. The ferment has the power of decomposing 
hydrogen peroxide (H2 0J to water and oxygen, and it is in 
'connection with this change that colours aTe formed in different 
·substances. 

H ydrogen peroxide (H2 0 2 ) is one of those substances which 
possess an amount of oxygen which it will readily yield up ; 
it is well known on this account for bleaching action, and being 
practically water 'vith an atom of oxygen tacked on, it is very 
'commonly used as a prcparation for bleaching. 

If heating be carried so far as to destroy the ferment, the 
formation of colour does not take place. It fol10'1'8, therefore, 
that according to the amount of colour formed, the temperature 
to which the milk has been heated can be judged approximately . 

Further than this, it is possible to ascertain if mixtures have 
been made of part new and part pasteurised milk, and the 
:approximate portions present in the mixture. 

Those who use the tests about to be described are advised 
:always to work with controls in doubtful cases-that is to say, 
if you are testing a sample of milk, and you want to be abso­
lutely certain that it has been heated to a particular temperature , 
no more or no less, a sample of raw milk should be taken and 
heated to the temperature fixed upon, and a test made with it., 
:and the results compared. 

In the latter case you have a certainty, and if the other sample, 
of which you know but little, gives a similar degree of colour, 
you may safely assume that it has been heated in a like manner 
to the control. 

The different tests vary but slightly in their use; the col.our 
formed, however, varies with the temperature a good dear in 
the case of the different reagentf::. ) 
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The test commonly preferred is the gum guaiacum test. 
Gum Guaiacum T est.-The reagent required for this test is a 

(;oncentl'ated solution of gum guaiacum in methylated spirit or 
acetone. It is made by grinding up the gum, mixing with the 
spirit, and then filtering the solution obtained. 

Take the milk to be tested (in all the tests it should be just 
warm), add two or three drops of hydrogen peroxide, and then 
pour in some of the gum guaiacum solution. In the course of 
about half a minute or so a brilliant green colour wlU be produced 
in the case of raw milk, but no colour appears if the milk has been 
properly pastemised. 

Starch and Potassi'um Iodide T est,-This is one of the earhest 
of the te8ts devised, and is simple and good; one of the draw­
backs is the fact that the reagent used (the starch and potassium 
iodide) does not keep very well, and needs to be freshly made 
up occasionally. 

To prepare the reagent, take some starch, mix thoroughly 
,vith a little cold \\-ater, then dilute it con!;iderably, and add a 
few crystals of potassium iodide, after which boil the whole 
for a few minutes, and, when cool, it is ready for use. 

To make the test, take the milk to be examined, add to it a 
few drops of hydrogen peroxide, and t,hell some of the reagent. 
In the case of raw milk, a dark blue colour is formed, whereas 
in pastemised milk a slate-green colour Gnly appears . 

Storch's T est.-This test was devised by the Danish dairy 
expert, Professor Storch, and the reagent used is a 2 per cent. 
'solution of paraphenylenediamine. A sample of milk is taken 
and a drop. of hydrogen peroxide added, then two drops of the 
reagent. The mixture is shaken, and if a dark violet colour 
appears at once the milk has not been heated up to 176 cleg. F. 

Butter may be examined to see if made from properly pas­
teurised cream by carefully melting some in a tube put into water 
'at a temperature of 140 deg. F. or under. 

The liquid butter fat is poured off and the remaining portion 
diluted with an equal quantity of water, and the test applied 
as in the case of milk. 

Ortol Test (Saul).-The reagent used is a 1 per cent. solution 
of orthomethylaminophenol sulphate, but, when purchased, 
all that need be asked for at the chemist's is photographic ortol. 
To xAake the test, take 10 c.c. of milk, 1 C.c. of the reagent, ancl 
one drop of hydrogen pe~oxide. 
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A deep red colour appears in thirty seconds in the case of raw 
milk; an excess of hydrogen peroxide must not be used, as it 
bleaches the colour, though the presence of preservatives in the 
milk does not affect it. Ko colour is formed when the milk 
has been heated up to 176 deg. F. 

Guaia,col Test (D1Ipuoy).-In this case the "reagent if; a 1 pr r 
cent. solution of C'rystallised guaiacol, which should be kept 
in a yellow glass bottle. Add to milk an eqnal quantity of the 
reagent and one drop of hydrogen peroxide. " 

In the cafie of raw milk, a pomegranate colour is produced . 
but in milk heated up t.o 176 (kg. :F. no colour is formed. 

From the foregoing, rea ders may select a test for distinguishing 
between raw and heated milks, and, with a little practice, thr.\­
will soon be able to ascertain the df'gree to which milk ha,::; 
been heated. 

EXAMINATION OR TEST QUESTIONS. 

The extent of one's knowledge of ally subject can be gauged 
largely by attempting to answer questions upon it. 

For the benefit of students and others, a number of questions 
are set on the' difi'erent sections of t,his book. 

For ready reference the sections in which the anS\\'ers will be 
found are given above the questions. 

SECTIOX 1. 
1. What if-; milk? Name its constituentf.;, and state to I.-hat 

extent each exists in milk of average quality. 
2. What do you understand by the terms " Total Solids" 

and "Solids non-Fat" ? 
3. What is butter-fat, and in what form does it e"ist in milk? 
4. Of what does butter-fat consist 1 State what it may be 

considered chemically. 
5. Does the breed and food of the cow ]laye any effect npon 

the proportion of fat found in lllilk ? 
6. In what way does margarine Qiffer from butter? 
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7. How do yon account for butter made from ne\\'lv calved 
cow's milk bping lSoft('r than that made fr~11l cows 
stale in milk? 

8. State the method bv which the volatile and non-volatile 
fatty acid:; arc sepurp.ted. 

9. \Yhat do you undf'r"tund by the t er lll "Aluuminoids," 
and what are their uses in milk? State their COlll­

position. 

O. \Vhat is milk sugar? \Yhat are its u ses, :.lllcl how is it 
prep~\l'ed commercially 1 

1. Of what does the ash of milk consi::;t ? 

SECTIOK 2, 

2. What simple t est is there for ascertai ning the cleanliness 
of a sample? 

3. HThat do you know of a co1our test for the 1"plati.c 
purity of milk samples,? 

SECTIOX 3. 

4. Describe the lactometer, and stat e the points to he observed 
in its use. 

5. What information docs knowing the Specific Gravity afford? 
Is the lactometer a reliable test? Give reasons for 
your answer. 

6. At whgt tempen.ture do you take the specific gravity? 
If milk is not at that temperature, in what way could 
you procure a correct reading ? 

-;. If 15 per cent. of ,,·a.ter is added to ,vhole milk of average 
quality (Sp. Gr. l' 032), wlmt wonld be the specific 
gravity of the resulting mixture? 

SECTIO'~ 4. 

8. Describe the creamometer and enumerate the points to 
be observed in using it. 

B. • Is the crea.J}1ometer test a true guide to the quality of the 
milk or not? Qive full reasons for your reply. 
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SECTION 5. 

20. Give a brief description of the Gerber Test.er. 

21. In testing by the "Gerber" method, ",·hy is it necessaj·y 
that the chemicals used should be of a certain strength ? 
Why does the fa.t appear in the graduated neck of the 
test bottle ? 

22. Why is it essential to mix the milk thoroughly before 
testing it by the "Gerber" method ~ 

23. State how t.he percentage of fat is indicated in the test 
hott.les. What would be the result if the machine 
revolved for a longer or shorter period t.han three 
minutes? 

24. State the advantages and disadvantages of testing with 
and vvithout sulphuric acid (" Sal" or non-acid method) 
respectively. 

25. How would you prepare a sample of sour milk that it 
is needful to test ~ 

SECTJOX 6. 

26. State the methods of using :-an automatic acid pipette, 
an automatic milk pipette. 

27. Give a short description of the principle of opera.ting Veith's 
automatic acid and alcohol measure. 

SECTION 7. 

28. vvllat is meant by composite milk testing? \\o11at is the 
reason for the proportionate sampling in composit.e 
testing? 

29. How would you sample milk for testing? 
30. In collecting each day's milk for t.est.ing at the end of the 

week, how would you preserve it so that it. may remain 
sweet? 

SECTION 8. 

31. In what way are milk records and tests advantageous 
to the farmer ? 

32. What are the chief causes of variation of the qualit.y ~nd 
quantity of milk from indivrdual cows ~ 



MILK TESTING. 83 

SECTION 9. 

33. What are the legal standards of quality for milk and 
separated milk ~ 

34. Give a description of tht' evaporation test for the total 
solids in lllilk ~ 

35. Give the formula for estimating the percentage of total 
solids and non-fatty solids in milk when the specific 
gravity and per cent. of fat in the milk are known. 

36. If a sample of milk cont.ains 3 ' 5 per cent. fat, and the lacto­
meter reading is 31 at iO deg. F ., how, by means of 
the Richmond Scale, could you ascertain t)1e per­
centage of solids non-fat? 

SECTIOX 10. 

37. Describe the acidimeter and state the principles of its use. 

38. What percentage of acid would you expect to find in milk 
newly drawn from the cow ~ 

39. State the practical valut' to thE' milkseller, buttermaker. 
and eheesemaker of being able to determine the per­
centage of acid in milk. 

40. State the acidity developed at the various stages in Cheddar 
eheesc making. 

SECTION 11. 

41. WIUl,t do you understand by the term preservative ~ Name 
the prescn-atives which are cOllllllonly found in perish­
able foodstuffs. 

42. What ref1,sons lead you to hclipve that the use of preserva­
tives in foods is harmful 1 

43. 'What are the Departmental Committee's Rpcommendations 
with regard to the use of presermtivefi and colouring 
matter in foods ? 

44. What action does the Local Government. Board advise 
• local authorities to take with regard to the llse of 

preservat.ives ? 
• 
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45. ""'hat are boron preservatives, ?-nd how are they used in 
foods 1 

46. Give the different. tests for detecting the presence of borax 
and boracic acid in milk and it>; product.s. 

47. "What is formalin and how can its · presence in milk he 
det.ected ~ 

48. How can you ascertain if milk or butter contains sctlicylic ' 
acid ~ 

SECTIO~ 12. 

49. '''hat are the reasom; for colouring milk for sale, and is the 
practice to he advised or condemned? 

50. How can butter colouring be distinguished from cheese 
colouring? And of what docs the substance annatto 
consist 1 

51. State the test by which annatto and aniline colouring lllay 
be detected in milk. 

SECTION 13. 

52. What do you understand by the term pasteurisation 1 
St.ate all its advantages and disadvantages. 

53. How is it possible to detect if milk has been scalded when 
to tht taste the milk remains the same? 

54. Describe Storch's test for pasteul'ised milk. 
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