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INTRODUCTION

One of the most notable achievements in the advancement of dairy-
ing was the development of the Baboock test for the determination of
fat in milk and milk products. It was devised by the late Dr. Stephen
X. Baboook, of the Wigconsin Agricultural Experiment Station, and was
first made pudlic in 1890. Dr. Babeoek was the first of many investi-
gators making studies at$ that time in the designing of a practical
test. His test has proven relatively simple, quick, accurate, and in-
expensive.

In principle it consists of the astion of one reagent, strong sul-
turio‘aoil, on the milk solids not fat and the separation of the fat
brought about by centrifugal force swpplied by a mechanical centrifuge.
The action of the acid is to dreak down the protective film around the
fat globules, which the milk proteins form, by so-called dio‘ﬁlving of
the milk solids not fat. The acid, due to its gioat affinity for water,
on mixing with milk generates a considerable amount of heat which melts
the milk fat and aids in the separation. Since the acid is such a
heavy liquid, nearly twice as heavy as milk, it increases the difference
in specific gravity between the milk tnf and the liquid surrounding it
theredy aiding in the separation.

The Babcook test is nov used to determine the valwe of many million
dollars worth of products. Because of its adaptability it is used in
many lines of dairying and has proven almost indispensible. Since the
introduction of the test practically all milk is bought and sold on a

fat basis. It is either bdought at a specified price per pound of fat or



the milk is dought at a specified price per hundred pounds of milk
sontaining a certain range of fat, say 3.2 to 5.5 per cent, and a de-
duction of a few cents for every one-tenth of one per cent fat the
nilk falls b;lo' this range or a premium added of a few cents for
every one-tenth of one per cent the fat content exceeds this range.
Several other modified plans are also in use. The test has deen of
great help to butter and cheese makers in detecting abnormal fat loss-
os during manufasture. It has bdeen of great assistance to the dairy
farmer in the culling of the unprofitable cow. It has done much
toward stopping the watering and skimming of milk which was so common
before its invention. It has also made possible a new field in dairy
research. '

The Babcoek test has long been aceepted as the official test by
the dairy industry and is se reecogniszed in prastieally all states.
There has deen much investigation in attempting to prove the reliability
of the test yet there are a fev questions concerning the operation of
the test which have not been definitely settled. One 0f such guestions
is that pertaining to the efficiency in the separation of fat in the
Sests when the centrifuges are operated at exceedingly low, room, and
high temperatures. These conditions are known t0 exist in many dairy
plants. Where steam centrifuges are used the temperature at which the
machines operate is about 156° to 150° F.; if electric testers or hand
testers are used and no heat is supplied the temperatures may range
from abeut 70° to 100° F.; while extreme conditions may be encountered
during the winter months where testing is dom.out of doors or in un-

heated rooms and unheated testers as might be the case in some cow






testing work where the tests are made in hand testers during the
colder months. Recently producers and producers' organisations have
interested themselves in this guestion, having noticed the wide
variations in temperatures at which the centrifuges are operated in
the testing of their products. In view of the fact that no particular
temperature is specified in the standard procedure for the Babocock

test a study relating to this gquestion was undertaken.



REVIEW OF LITERATURE

The fat of milk is generally regarded as its most valuadble com-
stituent. MNany milk products are sold with the price deing determined
by the value of the fat in the product. State and Federal standards
have bdeen set wp regulating the minimum amownt of fat to bde contained
in the varieus predusts. Fat in milk varies widely and adulteration
is relatively easy. JYor these reasons much emphasis has deen put on
methods for determining the per cent of fat in milk and milk products
and chemists have been endeavoring $o devise simple and accurate metheds
for making such determinations. They were encouraged greatly by the
great strides made in the dairy industry during the latter half of the
19%h century. Of greatest importance was the passage of the Hatch
Ast (1) in 1808 which made possidle the establishment of state experi-
ment stations, and, since the need for a practicadle fat test was se
imperative at that particular period many investigators attacked that
problem. Mojommier and Trey (2) have compiled a 1ist of the methods
ihieh resulted from the efforts of these early workers. 8Some of these
early tests have merits and others are entirely impractical.

A. Tests where chemicals are not used:

1. Crean Gauges.

2. Tjord's Centrifugal eream test.
§. Heeren's pioscope.

4. Feser's lactoseope.

§. The chura tess.

6. The o0il churn test.



B. Tests where chemicals are used with or without the assistance
of centrifugal foroe:

1. Soxlet's method.

2. Short's method.

3. Parsoas' method.

4. Pilyer and Willard's method.

5. Cochran‘'s method.

6. Adams' Paper coil method.

7. The Roese-Gottlied method.

8. Neilson's Kaolin method.

9. Liebermann-Ssekely's method.
10. Weidull's desiccation method.
11. Bell's Naceration method.

12. Richmond's Kieselguhr method.
13. The Storeh method.

14¢. The Werner-Sohmid method.

15. The Ritthausen method.

16. The Vanklya method.

17. The De lLaval lactorite.

18. The De laval Butyrometer.
19. The Leffman and Beam method.
20. The Gerder method.

1. The BEwssian Babcock method.
22. The Babdeosek method.

83. Sichler's Sin-Acid Butyrometer test.
24. Lindstom's Butyrometer tess.

25. The Mojomnier method.



This 1ist indicates the immense amount of work done in the attempts
to secure satisfactory methods. The greater part of it was done during
the decade 1880-1890.

Barthel (3) also gives an interesting and complete survey of the
useful tests for the estimation of the per cent of fat in milk and milk
produsts. He classifies the tests into socientific and practical tests
theredy shanging the above list somewhat $0 make the tests more under-
standabdle.

Some of the tests in the United States made possible dy the funds
swpplied by the Hateh Act (1) were the Short test (4) devised at the Wis-
consin Experiment Station in 1888, the Cochran test (5) devised at the
Pennsylvania Experiment Station in 1889, the Parsons' test (6) devised
at the New Hampshire Experiment Station in 1888, the Patrick test or
"Iowa Station Milk Test" devised at the Iowa Experiment Station in 1890,
and the Failyer and Willard's test (8) devised at the Kansas hporinnf
Station in 1888. PFarrington (9) in summarising the procedure of these
tests and making trials with them coneluded that the Cochran and Patrieck
mothods were the simplest and easiest t0 operate. Frear and Holter (10)
in making eomparisons between the Short, Cochran, and gravimetric (the
Babcoek Asbestos) methods found that the Shert method gave results averag-
ing 0.15 per cent higher and the Cochran 0.06 per cent lower than the
gravimetric method.

With this general summary of the early tests a survey of the chemiocal
tests should be attempted to show their development and to indicate the
status of the test used in this experiment.






The Development of Chemical Tests.

Prodbably the first gravimetric test using a fat solvent for extrac-
tion of the fat was the Adams method (11) reported in England in 1885.
By this method a known weight of milk was deposited on a coil of white
blosting paper, and, after allowing to dry, the paper was treated with
anhydrous ethyl ether. The ethereal extract was rmrd'od as all fat dbut
it was later shown that the paper contained other ether soluble sub~
stanses. The procedure was later modified so that a paper free from
ether soluble substances was used. This method was long considered as
the best of gravimetric determination methods.

In 1888 Roese (12) pudlished the results of a method which he had
devised and which now bears his name. The method was similar to that of
the Adams' method dut where the Adams' method technigue required a dry
extraction of the milk the Roese made use of a wet extrastion method.
The procedure for the Roese method is as follows (13): About 20 grams
of the milk are mixed with 2 c.c. of ammonia, then 45 c.c. of alcohol
and 120 c.e. of a mixture of equal parts of ether and light petroleum
are added. The mixture is shaken in a stoppered burette of 230 c.c.
capacity. The volume of the ethereal layer is read off, and 25 c.c. of
it is evaporated in a tared flask, the fat being dried dy aspirating dried
air thru the flask for 10 minutes, while heating in a glycerol bath at
90°C. The residue is then cooled and weighed, and the percentage of fat
is caloulated. An addition of 0.015 per cent should be made for fat
remaining in the agueous layer.

In 1892 Gottlied (14) medified the Boese method by redusing the

volume of milk to 10 grame and reducing the volume of alcohol to 10 c.o.



The amount of each ether was reduced to 25 c.c. also. He pronounced the
mothod satisfactory and stated that it compared favorably with other
methods. The method was speedier than the Roese method and could bde -
applied to ether dairy products. Lang (18) in 1895 secured results with
the Roese-Gottlied method which compared favoradly with other gravimetric
methods.

Weibull (16) and Kuhn (17) showed that the Roese-Gottlied method
gave more accurate results than other methods wsed dy them. Popp (18)
working with Siegfeld obtained satisfactory results by the Roese-Gottlied
methed on both whole and skimmed milk. They made a series of tests on
whole and skimmed milk letting the ether stand in the milk for §, 1, 2,

3 and ¢ hours. By allowing this solution to stand for 6 hours they od-
tained an increase of 0.07 per cent of fat for the whole milk and 0.02
per cent increase for the skimmed milk. They varied the strength of the
eammonia solution used dut found that this had no effeet.

In 1904 Popp (19) amnounced a revised method for the Roese-Gottlied
test as follows: Place 10 e.c. of the milk im a 100 c.c. tube graduated
teo 0.5 ¢.s. In this order add 1 c.c. of ammonia of proper conceatration,
10 c.c. of ethyl alcohol, 25 c.c. of ethyl and 25 c.c. of petroleum ether.
After shaking on each addition let stand for 1 hour. After last addi-
tion, draw off the ethereal fat solution wntil 1.5 c.c. of it remains in
the tube. Vash the fat left im the tude with ether and add to the fat
solution, evaporate the ethers, dry, and weigh the fat. Multiply the
veight of fat found by 10 to give direet per cent. Rohrig (aol. simpli-
fied the removing of the ethereal solution by devising a graduated

stoppered cylinder which had a spigot on the side at the 25 c.c. mark.






This spiget allowed the drawing off of aliquot portions of the ethereal
solution into weighed flasks.

Thomsen (21) made tests with the Roese-Gottlied method by peptising
the proteins in the milk and thea testing the milk dy the Roese~Gottlied
and Adams' method. Both methods gave satisfactory results although
results were somewhat lower on the unpeptiszed milk with the Adams' meth-
od. Burr (22) earried on experiments to find the saponifying effest of
the ammonia on the fat in the Boese-Gottlied methoed. He found that
there was no such effect. He theorized that in the case of milk the
chances for saponifisation were much less as a consideradle portion of
the ammonia is cembdined with the casein.

Gorden (28) verified the accuracy of the Roese-Gottlied method re-
sults by using the Bohrig tube. Results obtained from several samples
of cream, milk, and skimmed milk compared favoradbly with other methods.
He explained that the ethyl-petrolewm ether proportion is very important
in securing aceurate determinations. When 10 c.e. 0of ethyl ether and
80 c.e. of petrolewm ether were used, results much too low were odtained.
The ratie aceording to Gordon should de nearly that recommended in the
standard procedure.

The Roese-Gottlied method gained consideradle prominence in later
Joars. Richmond (24¢) makes this statement: "On the whole, the Gottslied
method is the best, though those due to Mau; 8torch, Verner-Schmidt,
and Neel are little, if at all inferior im accuracy.” Thyu the efforts
of the late G. B. Patrick, former head of the Dairy Ladoratory of the
United States Department of Agriculture, the Roese-Gottlied method was

first drought to the attention of American chemists. It is now used
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quite extensively and is included as the official method by the Associa-
tion of Official Agricultural Chemists and other organiszations.

Realizing that the Roese-Gottlied method required too much time to
be of practical value in the dairy industry, J. J. Mojonnier (25) in 1915
wvas successful in devising apparatus which materially shortened the time
for manipulation of the test. By the use of the centrifuge, vacuum oven,
water-cooled desiccator, etc., much time could be saved without sacri-
fiee of aceuracy.

Mo jonnier and Troy (26) report work on the accuracy of the method
in comparison with the Adams and Babcock methods. They found close
agreement bdetween the Adams and Mojonnier methods when applied to fresh
milk but considerable disagreement bdetwecen the Babcock and the other two
methods.

The only literature that could dbe found dealing precisely with the
comparison of the Mojonnier and Roese-Gottlieb methods was that which
was reported by Dahlberg (27). From the averages of six samples tested
in duplicate he secured an average of 4.59 per cent for the official
Roese~00ttlied and 4.61 per cent for the modified Roese-Gottlied or
Mo jonnier.

The Mojonnier is . modified Roese-Gottlied method and is so eon-
sidered by Mojonnier and Troy (28). Other writers seem to concede the
same point when they make comparisons with the Mo jonnier as the Roese-
Gottlied method. Phillips (29) makes no explanation dut calls the
Nojonnier method the Roese-Gottlieb method. Hoyt (30) says: ™The
BRoese~Gottlieb is an official method of the Association of Official

Agricultural Chemists. It was run on the Mojonnier apparatus.™ Figher
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and VWalts (31) make this statement:

"The directions for carrying out the Roese-Gotilieb determinations
using the MoJjonnier apparatus were followed exactly as given by MoJjonnier
and Proy in 'Technical Control of Dairy Products (page 109)'™.

Dahle, Swope, and Doan (32), Chase and King (33), and Bird and
Sands (54) use the Mojonnier method as a standard of comparison in their
work.

The Mojonnier method, then, has been and is generally recognised as
a standard chemical test for the determination of the per cent of fat in
milk and milk products.

Previous Studies on the Babcock Test.

Studies on the Accuracy of the Babcock Test. Babcock (38) first

described his test for the per cent of fat in milk and milk products in
1890 and again (86) in 1892. He checked the method against the Babcock
asbestos gravimetric method which at that time was the official test of
the Association of Official Agricultural Chemists. Thirty samples of
milk were tested and practically exact agreement was found between the
average values.

Immediately on the introduction of the Baboock method many experi-
menters took up the task of proving its worthiness. In 1891 Snyder (37)
on comparing the average results from 100 samples of milk found that
the gravimetric method was 0.016 per cent higher than the Babcoek
method.

Pattorson (88) in 16891 ran a series of tests by the Babcock, Adams
Paper Coil, Beimling, and Patrick methods. He states that the Beimling

and Patrick methods more nearly compare with the gravimetric method
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while the Babcock fell below. However, he attributed this as partially
due to the slipping of the belt on the Badcock centrifuge.

Hite (99) in 1891 made a series of tests by the Badcock and the
Adams Paper Coil methods, as well as a few others. It was noted on three
analyses of whole milk by the Babcock and Adams methods, operated accord-
ing o direetions, that difficulty was emcountered in odtaining fat free
from casein and the results varied widely from the results odtained dy
the Adams method.

In 1891 some work was reported at the Conmnecticut Agricultural BEx-
poriment Station (40) showing that on 52 comparative tests the Babdeock
averaged 0.10 per cent above the "standard methed used in chemical
laberatories.”

Bailey (41) has conveniently compiled a table of the results secured
by some of the early workers and this is reported in Tadle A. These
results show close agreement between gravimetric method results.

Barthel (42) in reporting some of his own investigations says that
the Babcock method gives results 0.06 to 0.08 per cent lower than the
Roese~Gottlied.

Mo jonnier and Troy (43) report 52 tests being made on whole milk by
the Babooek and Mojomnier method. Two operators made the Baboock deter~
minations. Ou$ of the 104 tests compared with the Mojonnier results they
state that 51.9 per cent of the teats were overread and 43.3 per cent
vere underread. The same authors also report (44) the testing of 14
samples of milk by the Babcock, Adams, and Mojonnier methods. They no-
ticed a close agreement detween the Mojonnier and Adams methods on fresh

milk but the Babcock tests showed considerable disagreement detween these
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other two methods. The difference was not constant in any direction.

In 1917 Bailey (45) reported that on the average of 190 comparisons
made by reading the Baboock milk test from the bottom of the lower menis-
cus 0 the extreme top of the upper meniscus, results were odbtained with
the Babcook method averaging 0.060 per cent higher than the Roese-Gottlied
method. Hortves (46) in 1917 reports the work done dy ten collaborators
making similar comparisons. Their results show the average of the tests
by the Babeock method to be 0.04 per cent lower than the average tests
by the Roese-Gottlied procedure.

Again in 1923 several investigators reported their work. Hoyt (47)
tested samples of milk by the Babsock, Roese-Gottlied (Mojonnier), Adams,
and Asbestos methods. The average readings of the Babcock tests, read-
ing from the extreme of one to the extreme of the other meniscus, was
0.079 per cent adove the Roese-Gottlied (Mojonnier) figures, 0.091 per
cent above the Adams figures, and 0.173 per cent above the Asbestos
figures. By using glymol to flatten the meniscus on the milk test re-
sults were obtained with the Babcoek test figures being 0.058 per cent
below those of the Roese-Gottlied, 0.046 per cent delow the Adams, and
0.036 per eent adbove the results of the Asbestos. Hoyt therefore favors
eshanging the procedure for the reading of the Babcock test in order that
the test will more nearly conform %0 the figures odtained by the gravi-
metric methods, but only if other investigators confirm his results.

Phillips (48) reported that from the average of 50 comparative tests
with the Baboock tests being read from the bottom of the lower meniscus
%o the extreme top of the wpper meniscus, the Babocook method gave results

averaging 0.0588 per cent higher than the Roese-Gottlied (Mojonnier)
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method. The Badcock test was higher in every case, the minimum variation
being 0.005 per cent and the maximum variation 0.126 per cent. When he
used glymol on the tests the Badcook method gave results 0.087 per cent
lower than the Roese-Gottlied (MoJjonnier) method.

Vhen 32 samples of milk were run by the Badbcook and Roese~Gottlied
methods, Dahlberg (49) found that the average results by the Baboock
moethod was 0.10 per cent higher than the Roese-~Gottlied method. The
Babeock tests were read in the usual manner.

FPisher and Walts (50) on comparing the results from 16 samples of
milk run by the Babcock, Gerber, and Roese-Gottlied (Mojonnier) methods
found that for milk the average variation from the Roese-Gottlied
mothod was 20.137 per cent for the Babcock method and $0.122 per cent
for the Gerbder method.

Dahlberg, Holm, and Troy (51) made 925 tests of milk and eream in
conjunction with workers in three different research labdoratories and
four different dairy control laboratories. They concluded that the
Babeook and Gerber methods were just as acourate as the chemical test
and that the Badcoeck test did not yield higher results than the Roese~
Gottlied test.

Hunsiker (52) showed the effect of adding glymol to milk tests
before reading. By destroying the meniscus with glymol the resulss
were uniformly O.2 per cent too low showing that the meniscus must
necessarily be included to compensate for the residual fat left in the
buld of the test bottle.

Doan, Fields, and England (5S) made a study on oream tests and
found that by the use of glymol the cream test by the Badcoeck method

was 0.28 per cent higher than the chemical test. When the Babeoook
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tests were read from the bottom of the lower meniscus to the bottom of
the upper meniscus the Babcock test was 0.32 per cent higher than the
chemical test. These results are similar to those presented by Bunsiker,
et. al. (5¢) and confirmed by Spitser and Epple (55). No part of the
meniscus should be included in the reading of cream tests. The use of
glymol is strongly urged.

Dahle, Swope, and Doan (56) in 1930 report a modified Babcock test
for butterfat in condensed and evaporated milk. In order for the Babcook
test to conform to the results by the Mojonnier method the test must be
read from the dottom of the lower meniscus to the bottom of the wpper
meniscus.

Chase and King (57) on making a comparison of the modified Badoock
mothod for dutterfat in ice cream and the Mojonnier method, concluded
that the modified Babdoock tests gave results averaging 0.04 por‘ cent
higher than the Mojonnier tests.

Some explanation as to why the results of the Badbcock tests are
lower than the chemical or gravimetric tests might be obtained from the
work of Thurston and Petersen (58), and others. They studied the Babeoek
test for fat in buttermilk and also the Gerber, dutyl alcohol, and Mo jonnier
methods for fat in buttermilk. They concluded that the Babcock test was
the most acourate of the tests considered. They dased this conclusion
on the fact that buttermilk has a lecithin content nearly as high as the
fat ocontent and when reagents are used for the extraction of the fat
which also dissolve lecithin, such as ether, dutyl alcohol, etc., the
fat content is greatly exaggerated. The Babeock test for fat in dutter-

milk yields nearly true dutterfat while ether extraction methods yield
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both dutterfat and lecithin. Similarly, in the cases of other milk
products the lecithim content might introduse an error when extraction
methods are used. The lecithin content of various milk products are
given by Chapman (59) and are included in Table B. From this table
an idea may be obdtained of the probadle inaccuracies ocourring in
methods which use reagents, in which lecithin is soluble, for the

extrastion of the fat.

Table B

Per Cent of lLecithin in Milk Products.

Aunthor Milk Cream Skimmed Milk Buttermilk
Stocklassa 0.1015
Burew 0.0638
Kooh and Woods 0.0797

Nerking and Haensel 0.0629
Glikin 0.0765
Chapman 0.0447 0.1961 0.0168 0.1302

Studies on Heated and Unheated Centrifuges. No detailed study has

been made regarding the effect of heated or unheated centrifuges on the
acouracy of the Babooock test. Babcock in his first descriptions of the
test did not specify whether the sentrifuges should bde maintained at any
certain temperature. However, provision was made for a water jacket on
the testers, and this to be filled with hot water in order to keep the
centrifuge wvarm. When the manufacturing companies bdegan building steam

turbine centrifuges it was noted by Woll (60) that due to their eon-
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struction some acquired a very high temperature. One type of turbine
tester had an opening above the spindle which admitted cool air and re-
duced the temperature in the tester o about 140°F. The other type was
closed on top. No cool air deing drawn in, this centrifuge sometimes
reached a temperature of abous 200°F. Woll made tests in both types of
centrifuges and compared them with tests made by the gravimetric method.
The difference varied from 0.10 to 0.30 per cent, varying according to
the richness of the milk. When the tests were read direct from the
tester at 300°F the reading was 0.16 per cents toe high for 5 per cent
milk and 0.11 per cent too high for 8§ per cent milk. When the tests
were read from the centrifuge at 140°F. the results were comparable %o
the gravimetric test. This increase in volume of fat may have been

due to the temperature at which the tests were read and not necessarily
to more efficient separation of the fat.

Parrington (61) was adle to increase the efficiency of the Babooek
test for skimmed milk by adding an excess of acid and by whirling the
‘ests longer and in a hot centrifuge (about 200°P.). He secured no
different readings in the skimmed milk tests whether read at 120°7F.
or 200°F. Hence, the higher resulis were due to more efficient removal
of the residual fat.

Bailey (62) reported the results of 18 tests run in an unheated
tester. He concluded that the effect of testing in am unheated tester
depended on the temperature of the room, the length of time the tests
are exposed to room temperature after mixing, particularly im a cold
Troom, and possibly on the type of tester. At ordinary room temperature
tests gave the same reading whether run in a heated factory tester or

in a hand tester if they were centrifuged directly after mixing and the
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water added with a temperature above 180°F. Very little difference was
noted between the results odtained in the heated turbine tester and the
hand tester even when the room temperature was down to 50°F. It should
be noted however that the temperature of the water added to the test was
well above that recommended dy standard technigue.

Nelson (63) made a study of the Babcock Sest in 1926. He noticed
that the temperature of the room in which the tests were read caused no
appreciable changes. That is, when the tests were read with the roem
Semperature at 19°7. the resulting readings were 0.019 per cent lower
than when read in a room at 84°F. When the temperature of the centri-
fuge was 100°7., 52 samples averaged 0.049 per cent higher than the
Mojonnier results but when the temperature of the centrifuge was 180°F.
the samples averaged 0.07 per cemt higher than the Mo jonnier results.

From the literature reviewed it is readily seen that a variesy of
results and contradictory conclusions as to the aceuracy of the Babooek
test are available.

Studies on Residual Fat. Search of the literature revealed dus

1ittle work on residual fat determinations. Halverson (64) devised a
mothod for the determination of what he termed "residual fat"™ but not
residual fat as usually considered. His method was that of extracting
the sugar solution discarded from a modified ice cream test to deter-
mine the per cent of fat that would be lost thru such a procedure.
Hunsiker, % al. (66) made a rather complete study of the residual
fat in cream tests. They uticcd two sources of residual fat, namely,
that which adheres to the glass and that which is contained in the

liquid below the fat column. From a series of 26 cream tests the re-

sidual fat adhering to the glass amounted to 0.041 per cent, that in



the liquid portion amounted to 0.226 per cent, and for all tests the
total residual fat amounted to 0.280 per cent. Their procedure was as
follows:

"8ix test bottles were used for each determination. The necks of
the ottles were removed by scratching with a file and breaking them off
at their base. The contents of the bottles were transferred to 500 c.ec.
beakers. The empty bottles were rinsed with hot water and the rinsings
added to the solution in the beakers. This solution was them neutralised
with potassium hydroxide, care being taken to avoid excessive evolution
of heat. The neutralised solution was then slightly acidified to hasten
the filtration and also to convert any soluble soap that may have formed
into insoluble acid. The liquid was filtered through a wetted fat-free
filter paper and the residual fat washed with distilled water. The
filter paper was dried, extracted with ether and weighed in the usual
way. The results multiplied by l%g_ represent the per cent residual fat
in the liquid.

"The test dottles after rinsing with hot water, were dried and rinsed
with ether. The rinsings were evaporated and the fat weighed. The re-
sults multiplied by lg% yield the per cent residual fat adhering to the
glass."”

Bailey (66) reported residual fat tests made on milk. Eis procedure
and comments are as follows:

"To determine the residual fat the necks of four bottles were droken
off and the 1iquid below the fat column poured into a separatory funnel.
This 1iquid was extracted with two portions of ethyl 2ther. first 150 c.c.

and then 75 c.c. the ethereal extract washed twice with wvater, evaporated

%o dryness, the residue taken up with petroleum ether (boiling point be-



low 60°C.) filtered, and the weight of the fat determined. A similar
method has been used for the same purpose with ice cream tests (64).

"This method for determining the residual fat was checked up by
lnhjoéting some skim milk to the Babcock procedure and then determining
all the fat as above. The fat was also determined by extracting the
same amount of skim milk in a separatory funnel by the Roese-Gottlied
method in order to determine the actual amount present. Omn three com~
parisons in duplicate the per cent recovered by the abeve method ranged
from 90.5 to 96.8 with an average of 94.8.

*The residual fat found in 88 samples of milk varied from 0.066
per cent to 0.233 per cent calculated as reading on the dottle gradua-
tion, and averaged 0.132 per cent. While this variation is large, there
are very few extreme values. The variation is probadly due to & varia-

tion in the sise of the fat globules.”



PURPOSE OF THE EXPERIMENT

Since there is such a variation in the procedure for the operation
of the Babcock test with particular reference to the temperatures at
wvhich the tests should be centrifuged and, since there is quite a demand
that this point be clarified, this experimental work was undertaken.

The chief ebject was to ascertain whether there is any material difference
in the resulis from milk tests when centrifuged at low temperatures
(859=40°F.), at medivm or room temperatures (70°F.), and at high temper-
atures (135°=150°F.). If a considerable difference de found in the
efficiency of the fat separation in heated and unheated centrifuges, then
the procedure for the Babcock test should be altered and the requirement
be made that centrifuges be maintained at a prescribed temperature.

In further pursuit of the adove purpose, chemical tests were made
in conjunction with the Baboock tests in order to secure a reecognised
standard for comparison. .

If & difference in the efficiency of separation of fat due to
'hirling at various temperatures exists, this difference should be account=
¢d for in the amount of residual fat remaining in the bedy of the Babeoeck
test bottle. Consequently, it was the object of this experiment to de-
termine the residual fat remaining in the tests when centrifuged at low,
medium, and high temperatures.

Lastly, it was thought to be of interest that the temperature re-
sulting from the heat generated by the astion of the sulfurie acid on the
milk de reeorded and also the drop in temperature after whirling at the

various temperatures de ascertained.



PROCEDURR

Precedure for the Badbcock Test

The procedure used in this experiment for the estimation of fat
in milk by the Baboock method was similar to that outlined by the
Association of Official Agricultural Chemists (67) and, the American
Dairy Science Association prepared by 0. ¥. Hunsiker and committee (68)
and (69). The procedure outlined by these two organizations differ dut
slightly. It is interesting to note that the former states that the
centrifuge should be maintained at a temperature of at least 55°C. (131°F.)
during the whirling period while the latter makes no such statement.
0f sourse, the final word in the testing procedure which concerns the
Badooek test operator in the dairy plant rests in the regulations and
prosedures set up by the individual states. These state regulations
vary too. In order that a clearer understanding might be had coneern~
ing a standard procedure the official procedure of the Association of
Official Agricultural Chemists (67) is here givén since it offers a more
detailed deseription.

0fficial Method.

"Reagent. Sulfuric acid -- Specific gravity 1.82-1.83 at 20°C.
“Apparatus. The standard centrifuge, however driven, shall Ve

constructed thruout and so mounted as to be capable, when filled %0 capac-
1%y, of rotating at the necessary speed with a minimum of vibration and
without 1iability of causing injury or aceidens. It shall be heated,
electrically or etherwise, to a temperature of at least 55°C during the
Process of centrifugalising. It shall be provided with a speed indica~

tor, permanently attached, if possible. The proper rate of rotation
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maYy be ascertained by reference to the sable below. By "diameter of
wheel™ is meant the distance detween the inside bottoms of opposite
cups measured thru the senter of rotation of the eentrifuge wheel while
the cwps are horisontally extended.
Dismeter of wheel, in inches: 10 12 14 16 18 20 22 24
No. revolutions per mimute: 1074 980 909 848 800 759 724 693
"The water bath for test bottles shall De provided with a thermome-
ter and a device for maintaining a temperature of 85°-60°cC.

"Determination. Transfer 18 gm. of the sample, prepared as directed,

%0 the milk-test bottle by means of the pipet. Blow out the milk remain-
ing in the pipet tip after free outflow has ceased. 444 17.5 c.c. of
HgS04, preferably not all at one time, pouring it down the side of the
neck of the bottle in such a way as to wash any traces of the milk into
the buld. The temperature of the acid shall be abous 15°-20°C. Shake
until all traces of eurd have disappeared; then transfer the bottle to
the centrifuge; counterbdalance it; and, after the proper speed has deen
attained, whirl 5 minutes. Add soft Hg0 at 60°, or above, watil the duld
of the dottle is filled. Whirl 2 minutes. 4dd hot HoO until the liquid
column approaches the top graduation of the scale. Whirl 1 mimute
longer at a temperature of 55°-60°C. Transfer the bottle to the warm
water bath maintained at a temperature of 55%°-60°C., immerse it to the
level of the top ef the fat columm, and leave it there until the calwmm
is in equilidriwm and the lower fat surface has assumed a final forme
Remeve the bottle from the bath; wipe it; and, with the aid of dividers
or ealipers, measure the fat column, in terms of percentage by weight,
from its lower surfase to the highest point of the wpper meniscus.

"The fat ecolumn, at the time of measuremen$, should de translucent,

of a golden yellow or amber color, and free from visible suspended



particles. Reject all tests in which the fat column is milky or shows
the presence of curd or of charred matter, or in which the reading 1is
indistinct or uncertain."

Method followed in this Study.

Reagent. Regular commercial, unstandardised sulfuric acid of speci-
fic gravity 1.84 was used. On acocount of its strength only about 15 e.c.
were used.

Apparatus. The test bottles were standard Babcock milk test bottles

mooting the specifications of the State of Michigan (70), the Association
of Official Agricultural Chemists (67), and the United States Bureaun of
Standards (71). However, they were re-checked for accurasy by the mercury
method and all bottles that did not exactly check were rejected.

The gigottu used were standard pipettes meeting the specifications
of the state of Michigan(70).

The centrifuge used was an electric, twenty-four bottle tester
having a diameter of 16 inches and running at a speed of 850 revolutions
per minute. It was made portable by mounting on a concrete dlock of
relatively light weight and was fastened to the concrete block by means
of long, threaded bdolts placed in the conerete, theredy simplifying
leveling. The tester was equipped with an electrie heater and a ther-
nometer for registering its temperature.

The water bath for the test bottles was a thermostatically controlled
water bath maintained at a temperature of 138°F.

Determination. Thirty samples of milk representing the patrons

delivering milk to the college dairy were collected daily on various days

until ever five hundred samples were collected. Iach sample mas well






26

mixed by pouring back and forth from two containers six to eight times.
Each sample was pipetted into six Babcock test bottles which previously
had been re-checked for accuracy. The pipetted portions from the same
sample were divided into three lots of two each to de whirled with the
centrifuge operating at low, medium, and high temperatures, the tests
for each temperature being run in duplicate.

The tests to be centrifuged at a low temperature were placed in a
tventy-four bottle shaker and about 15 c.c. of acid added to each. After
complete shaking, the tests were immediately placed in the centrifuge
which was located in the refrigerator at 36%°o 40°F. and whirled for five,
two, and one minute intervals. Hot, soft water was added %0 the tests
in accordance with the procedure of the Official Method (67). The tests
were immediately placed in a constant temperature water bath and held
at & temperature of 188°F. for readings at a later period. The same
procedure was carried out with the remaining two lots of tests except
for the location of the centrifuge and the temperature at which it was
ran. The second lot was whirled with t‘ho same centrifuge located in
the laboratory with the temperature at the start at 70°F. dut the
Semperature should rise due to the heat from the tests. The third lot
was whirled with the temperature of the tester at 135° to 150°F. this
temperature being maintained by the use of an electric heating element.

After completion of the centrifuging and after the tests had re-
mained in the water bath for at least three minutes they were removed
singly from the water bath and readings made by two persons. The results

were determined individually and tabulated on separate records.
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Procedure for the Chemical (Mojonnier) Test

The regular procedure for the Mojonnier fat determination in milk
was used (72) except that the milk samples were accurately weighed in-
stead of measured from & Mojonnier ten-gram pipette. This modification
would render the procedure practically identical to that of the official
Roese-~Gottlied Method.

Because of the time involved in making duplicate tests of the milk,
in a majority of cases one determination was made on each sample. How=
ever, sixty samples were run in duplicate to check the aceuracy of the
eperatore The average difference between the duplicate tests ni '-'-'0.021
per cent with a variation of from 0.000 to 0.072 per cent. Therefore,
the single tests were considered very reliable.

Procedure for Residual Fat Determination

8ince there is no official procedure for the determination of that
amount of fat which remains in the dody of the Babcock test due to the
minute siszse of fat globule, the following procedure was devised and
checked for accuracy:

Preparation of Babcock Tests for the Determination of Residual Fat.

The Badcock milk test bottle was first balanced on an analytical balance
after which 17.5 c.c. of a well mixed sample of milk was pipetted into it
and the inct weight of the sample was determined to the fourth decimal.
Twelve samples of milk were weighed in this manner until seventy-twe
tests had been obtained. These seventy-two tests were divided into three
lots of twenty-four each and the tests completed with the centrifuge
operating at low, medium, and high temperatures as in the case of the
regular experimental procedure. After centrifuging, the fat was floated

from the neck of the test bettles by means of boiling water and the tests



whirled for another minute. 4Any traces of fat were again removed with
boiling water. This method of elimimating the fat from the neck of the
tests was thought to be just as efficient, and much more economical, as
the method used by Bailey (66) where the mecks of the bottles were broken
off to eliminate the fat.

Extraction of the Residual Fat. 1Bach test prepared in the abdove

manner was emptied into 250 c.c. separatory funnels. The test bottle
was refilled with water and rinsed into the separatory funnel theredy
diluting the acid mixture. The test bottle was again rinsed with a small
portion of othyi ether to remove all traces of fat in the bottle and the
contents emptied into the separatory funnel. Then 50 c.c. of ethyl ether
was added to the acid mixture, the funnel stoppered tightly and the
mixture shaken vigorously for 20 seconds. 60 c.c. of petroleum ether
was then added and the mixture again shaken for 20 seconds after which
20 c.6. of othyl alcohol was added and the mixture shaken for 50 seconds.
The alcohol was necessary for the removal of the gelatinous mixture which
collected at the interface betwemn the acid -uhu-o‘ and the ether solu-
Sion. The test was allowed to stand for five minutes or until complete
separation of the ethereal layer after which the acid mixture was drawn
into a beaker for re-extraction. Meanwhile the remaining ethereal layer
was washed twice with 100 c.c. portions of water and then filtered thru
& fine, fat free filter into weighed aluminum (io:onnur) fat dishes.

For the re-extraction the acid mixture was treated with 25 c.c. of ethyl
ether, 26 c.c. of petroleum ether, and 10 c.c. of ethyl alcohol and the
mixture was shaken for 20 second intervals after the addition of each
reagent. The acid mixture was again drawn off and discarded while the

remaining ethereal layer was washed twice with 100 c.c. portions of



water and the ether-fat solution filtered into the fat dish. Care was
exsrcised to insure that all the wash water which clung $0 the sides

of the separatory funnel adove the ethereal layer was shaken down into
the water layer before the final separation was made in both extractions.
From this point on the fat dishes were treated in the regular Mojonnier
technique (72).

The Check on the Procedure. This method was checked for accuracy

by determining the amount of fat that could be recovered when a weighed
amount of pure butter oil was passed thru the same procedure. Four
tests were run with the fat being weighed into water while four other
tests were run with the fat being weighed into sulfuriec acid. Only

15 c.6. of acid were used for each test as in the regular Babcoock tests.

The Method for Determining the Temperature of the Tests.

Since the amount of heat generated by the action of sulfuric acid
on milk, and the drop in temperature due to centrifuging at various t:mpor-
atures was thought to be of interest, this simple procedure was followed
and the expensive method of.the calorimeter was not used for obvious
reasons. Twelve charges of 17.6 c.c. of milk were pipetted into each of
twvelve Babcoock cream test bottles for the convenience of the larger neck.
After the addition of the acid to the milk a thermometer was lowered into
the bottom of the test bottle and the test shaken, the highest tempera-
ture reached being recorded. After these twelve temperatures were de-
termined thirty-six more portions of milk were pipetted into cream test
bottles to be divided into lots of twelve each for the determination
of the drop_ in tonpontnro when centrifuged at low, medium, and high
temperatures. These three lots were centrifuged in exactly the same

manner as in the experimental procedure for the Babecock test for milk.



Hot soft water at a temperature of about 160°F. was used in filling the
tests. After completion of the whirling, the test dottles were removed
from the tester one at a time and held over a container to catch the
overflow while the thermometer was being lowered to the bottom of the

test bdottle. The highest temperature for the tests was again recorded.
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EXPERIMENTAL RESULTS

Comparison of Babcock and Mojonnier Results.

It was the purpose of this experimental work to ascertain whether
a significant difference in the efficiency of the fat separation existed
when heated and unheated centrifuges were used in the operation of the
Babcock test for the estimation of fat in milk. PFurther, a comparison
between the Babcock test and a standard chemical test, such as the
Mo jonnier method, was thought necessary if positive conclusions were to
be drawn. The comparison was made to determine at which temperature of
centrifuging, the results of the Babcock test would more nearly equal
those of the Mojonnier test. Consequently, samples of milk representing
the patrons delivering milk daily to the college dairy were collected
until 513 samples were obtained. The samples were treated and tested
according to the procedure previously given. The results are reported
in detail in Tables I to XVIII inclusive. BEach sample of milk was
tested in duplicate at each of the three temperatures of centrifuging,
namely, 60° to 68°F., 85° to 100°F., 155° to 150°F, For each tempera~
ture of centrifuging four readings were made of these duplicate tests
due to their having bdeen read by two readers. In this mamer it was
hoped to eliminate differences dus to personal factors as much as
possible. The average of these four readings at each temperature of
centrifuging appear in a fifth column under the three main headings of
"Low, Medium and High Temperature™. These averages are the figures
that were considered in the interpretation of these data. No attempt
was made to show differences due to individual readers as that was beyond

the acope of this problem. However, others (41) have done this and found



that an average variation as high as 0.15 per cent might exist.

In order to facilitate the interpretation of these data a few mathe-
matical calculations were necessary and the results are summarised in
Table XIX. It will be noted that the average or mean readings for the
518 samples when centrifuged at the various temperatures were as follows:
when centrifuged at low temperatures (60°to 68°F.) the mean reading was
8.72 per cent; at medium temperatures (85° to 100°F.) the mean reading was
8.75 per cent; and, at high temperatures (135° to 150°7.), the mean.Teading
was 3.76 per cent. This would make a difference in the average roadiég:’
of 0.04 per cent between the tests centrifuged at low and at high temper-
atures, the greatest difference in means that might be attributed to the
differences in temperatures of centrifuging. However, the last column
of the table shows a probable error of +0.0177 which is nearly half the
difference. Therefore, one could not conclude that this difference in
average readings is due to the variation in temperatures of centrifuging.

These differences in average readings resulting in the three lots
of tests ean be explained only in part. It indeed seems 0dd that the
average readings would progress upward as they were centrifuged at higher
temperatures, yot these differences are of no significance mathematically.
Perhaps this variable factor had its influences but not sufficiently
great to attridbute the differences to it. Since these differences can
not be dus to variations in speed of centrifuging, length of time of
centrifuging, length of time of holding tests after mixing the acid and
milk, inaccuracies in glassware, etc., all of which were held constant
in this experiment, the differences might be due to variations in read=-

ings by the individual readers, slight errors in pipetting, and more



ocelusion of water and sulfuric acid in the fat column in the ease of
some tests. It appeared in the case of the Babcock tests centrifuged
at the lowv temperatures that the fat column receded in the neck due to
the lower temperature while centrifuging and it is possible that some
of the fat did not rise again when the tests were immersed in a water
bath but elung to the glass near the bdottom of the neck. Consequently
it was not included in the reading and lower averages were obtained
for the tests centrifuged at low temperatures. BEven though water was
added to the tests which was higher in temperature than is recommended
in standard procedures yet the coldness of the room drought the temper-
ature of the fat column down during centrifuging to about the solidi-
fying temperature of milk fat (88° to 96°F.). The fat in the tests made
in the cold room or low temperature centrifuge was usually near solidi-
fication vhen the test bottles were removed from the centrifuge even
though water at a temperature of 158°F. was added to the tests. Table
IXIII shows that the average temperature of the tests after centrifuging
in a tester at 60° to 68°F. to be 94.5°F. or very near the solidifica~
tion temperature of milk fat. In order to insure that the tests would
come from the cold centrifuge in a good condition the water added should
be much higher than 158°F.

8ince the Babcock test results were not materially altered due to
Semperatures of centrifuging, a mean of all the test was secured for
oomparison with the chemical test. Since the means were obtained from
the same number of tests in the case of each temperature of whirling,
an average of these means was secured to represent the mean of all Babeoek
tests made. The mean of all the Baboock tests was found to bde 5.74 per

cent while inspeetion of Table XIX shows the mean of the Mojonnier tests



%0 be 3.67 per cent. Apparantly the Babcock method yields results 0.07
per cent higher than the Mo jonnier method. The last column of the same
table shows a probable error in the means of 10.0172 which would indi-
cate that this difference is highly significant and under the same con-
ditions of investigation similar differences should be obtained.

An explanation as to why the Babcock method should produce higher
results than the Mojonnier method can be obtained from the work of
Bailey (41). The losses to the fat column studied by Bailey are:

(a) residual fat which averaged 0.132 per cent, and (b) the amount of
milk delivered by the pipette which was found to be 0.076 grams less
than should have been delivered; while the gains to the fat column
appeared as: (a) impurities in the fat in the neck of the bottle which
was mostly acid md water amounting to abous 0.78% of the total fat,
(b) reading of tests at 1300 -1450F. instead of 113°F. at which temper-
ature fat has a specific gravity of 0.9, and (c) the inclusion of the
upper meniscus in reading the test.

The explanation as to why the Babcock method yielded higher results
than the Mojonnier method secms to be that the gains to the fat column

greatly offset the losses.
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Low_Temperature

Tadle II

oooooooooooooooooooooo

Eﬁl .3.3;5’:3333.3.‘33;3.3335 {1833
ol |l

ooooooooooooooooooooooo

High Temperature
Reader

TReader

00000000000000000000000

é5E%388?3%3%3§%%@%%33%383
o

NBONVNPRANNARNRITNNVNNNNRNRONNIELELN

2a23333832338333

988883
.m'nnon*nnnnn*nnnnnnnnffn
e3383388% Q392283838338

00000000000000000000000

unoninnn»u¢nnnnnnn»¢qn

er

oooooooooooooooooo

i T
2288382333859 92335583

......................

NAVONETNRNANARTITRNNNNNNRELIEN

E°88‘38°3398833°8°38°88
-
]

»nan¢nnnnn¢nnnnnnnn#¢u

&g.Ez:s:: 2RNII-I22303
: °

oooooooooooooooooooooo

gﬂ.?????“““““?“'“”““”“77°

SRBRBRE8IRVBIBRIZIR]IBS
N ORLRNNARNNEINNVNNRNRANIETLN

E828288°8383 c82882338

PeRL30288332132888248

g*.?nmn NRORNLYN |BNVLLBLTYTRN

328R 8288898332233 88383

NNNOVORLNRNNNRNNRIENRNINNNRNRNAGCEN

—

No.
4
5
6
7

-] 0 A RNEINDOOO~ - 0

Sample Patron

Ko
x  Santian 2
28
26
e7
26
29
30
) |
2
33
34
86
36
37
88
39
40
41
42
43
44
45
46






Patrons®’ Milk Samples Tested Fedbruary 4, 1938.
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Patrons' Milk Samples Tested Fedruary 8, 19S8.
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Patrons®' Nilk Samples Tested March 16, 1938.
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Patrons' Nilk Samples Tested March 22, 1938.
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Table XVIII Patrons' Milk Samples Tested March 25, 1933.

ot

Chemic

52

SEANENRR 8835328 E3R33383388

00000000000000000000000000000

539

3
$
3
4
S
4
3
S
4
4
S
S
3
]
3
3
3
8
t
3
8
J
¢
3
S
3
t
4
t
8

ooooooooooooooooooooooooooooo

3322823833922 2823838583333582
< NACATANRNITINNNRNRNNRARNNRBNTLTRNENIN

0000000000000000000000000000

erature

IR IIN NN RN IR INYIY
eSS ARRNIIRERIRBIINRB3I28RN

ooooooooooooooooooooooooooooo

5 E8838888883828223888838882388
Fi

65 3-‘0*&‘0 3061

23388833332 3N38823831383883 &
ieefiytit e it i it it it
2238289893828 °228293383853882 8

00000000000000000000000000000

............................

ﬂgs:szszsaszsasa 1253928333858 S

579759 17509595959595792791% 3
282982328228 22858582838228888 8

00000000000000000000000000000

70-8
90-

E2282383338323382838833338388S
" ]

SRS E S LS A S B e RS E

?? Tl [ [ ]
8228823838 8082823228883988¢8 8

00000000000000000000000000000

o N
5 E33333333%33??3%338%333333%%33
tlr
L

0000000000000000000000000000

2332888383 IRIN3238333333333%1
AR LR AR SR LRI IS4 SRS 4R ES S
35588888883 2983282883252838883

00000000000000000000000000000

e a e T
282889888803, 223383282833882

00000000000000000000000000000

E3882833383823=3 S$83IRBS3IZS8R 3
~ ]




53

4410°0 3 £0°0 3°R-SK (J)  ££82°0 av* 60°0 810°0 7 94°S ®* "N ¢TIg  eamywsedmey
9T
4LLT0°0 7 %0°0 *%w-"m (o)  gg82°0 2y 80°0 810°0 7 92°8 = S c1c  em3wzedumeg
wnTpeR
4410°0 7 10°0 =*w-Pn (v)  egs3°0 v 90°0 810°0 3 24°€ 3 R gIg  exnywaedwmey
aoT
$3% Yo00qeg
23410°0 7 90°0 3-2K (o)
2410°07 80°0 =TG- (a)
2410°0 ¢ 60°0 ®Ti-Y (v)  8692°0 oy’ 00°0 L10°0 7 49°S ® TR STg 2eyunof op
suwey Jo UOTIPUTUWISIST 4JUe) I0J UT qu9) JIeq Uy Jue) JIed 83807 Fuirseg
102a% o T3ulg 30 TOT3eTASQ JeTuuof O WoXJ uy Jo Jo
®198q0xXg JoJxy ©1q®qoXd PIBPUBIS UOT3BIIV) 9FwI6AY weeR Jequmy POYLON

*s3Tnsey 389] IeTuumofof puv Jo0o0qeqg JO Livemmg [WOTI8TIv4S  XIX O1qel






Results 2_{ Residual Fat Determinations.

Preliminary Trials. Since there is no standard procedure for the

determination of the fat that remains in the liquid portion below the
fat column of the Babcock test & procedure was devised which was de-
scrided in the "Procedure" of this manuscript. In order to check this
method, preliminary tests were run. 4bdbous 0.1000 gram portions of
dutter 0il were weighed into separatory funnels and extracted according
to this procedure. The percentage recovery of the 8 tests run was
about 98.5 per cent. The details of these preliminary $rials are

shown in Table XX.



Table XX Results of Residual Fat Trials.

56

Weight of Veight of Weight Per Cent Loss or

Mixture fat taken fat recovered difference difference Gain
0il in water 1054 gms. 1032 gms. <0022 gms. 2.087 Loss
0il in water «1016 gms. 1002 gms. «0014 gms. 1.378 Loss
0il in water «1032 gms. «1006 gms. 0026 gms. 2.519 Loss
0il in water 0979 gms. <0972 gms. .0007 gms. 0.7156 Loss
Average Per Cent Difference =1.676
0il in acid 0969 gms. 0956 gms. <0013 gms. 1.341 Loss
0oil in acid <0984 gms. «1008 gms. 0024 gus. 2.439 Gain
0il in acid <1062 gms. «1046 gms. «0016 gms. 1.5068 Loss
oil in aciad <0938 gms. 0934 gms. .0001 gms. 1.071 Gain
Average Per Cent Difference tm
Average Per Cent Difference for all Tests .51




56

Resul ts g_g Regidual Fat Determinations. The details of the tests

made to determine the amount of residual fat contained in the Babcock
tests when centrifuged at low, medium, and high temperatures are shown
in Table XXI. The tests represent 12 samples of milk prepared accord-
ing to the procedure outlined and tested in duplicate for each tempera-
ture of centrifuging. Table XXII gives the summary of the tests and

it will be noticed that the average amount of residual fat ocontained in
the test at the low temperatures of whirling was 0.1801 per cent; at

the medium temperature it was 0.1194 per cent; while at the high temper-
atures it was 0.0881 per cent. These averages would tend to indicate
that the greatest amount of residual fat is present in the tests centrie
fuged at low temperatures vhile the least gmomit of fat is present in
the tests centrifuged at higher temperatures. However, the tests vary
considerably from their averages at the same temperature of centrifuging,
hence, these averages are less significant. In the last column of the
table appears the probable error of these averages. From these it is
noticed that there is a great variation in the tests in the same class
and consequently there is not enough difference in these averages to
conclude that there is any sppreciable difference in residual fat con-

Sent of the Babocock milk tests when centrifuged at various temperatures.



Table XXI Per Cent Residual Fat in Babcock Milk Tests.

Sample Per Cent Fat at Per Cent Fat at Per Cent Fat at
Number Low Temperature Medium Temperature High Temperature

1 0.2082 0.1349 0.1210
la 0.1759 0.1176 0.1061
2 0.1523 0.1120 0.0637
2a 0.1885 0.1191 0.0710
s 0.1638 0.1162 0.0794
Sa 0.1957 0.1102 0.0878
4 0.1661 0.1416 0.1092
4a 0.1602 0.1354 0.0790
5 0.1658 0.1657 0.0868
5a 0.1645 0.1554 0.0770
6 0.1428 0.1002 0.0916
6a 0.1219 0.1380 0.0787
7 0.1727 0.1251 0.0751
7a 0.1791 0.1001 0.0911
8 0.1692 0.1184 0.0828
8a 0.2466 0.1096 0.1181
9 0.1128 0.1348 0.0643
% 0.11854 0.1202 0.0671
10 0.2820 0.1876 0.0921
10a 0.2268 0.1216 0.0805
11 0.2278 0.0692 0.1287
11a 0.2590 0.1083 0.1218
12 0.0766 0.0867

12a 0.0996 0.0726
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Effect of Centrifuge Temperatures on the Test Temperatures.

The temperatures of the centrifuge at low, medium, and high tempera~
ture were observed at various and irregular intervals to ascertain the
range in temperature at which it operated. The common range appeared to
be for the low temperature, 60° %o 68°F., for the medium temperature,
85° %0 100°P., and for the high temperature, 135° to 150°F. As stated
in the "Procedure” the centrifuge was placed in a refrigerator at 36°-
40°2. for the low temperature centrifuging, while the other tests were
run in the laboratory which had a temperature of about 70°2. The
temperatures of the centrifuge is markedly increased by the heat of the
tests.

The temperatures of 12 samples of milk were odtained after mixing
with acid and after centrifuging at the various temperatures. The re-
sults are reported in Table XXIII. On mixing the acid and milk in the
test bottle the average temperature was about 219°7, After centrifuging
in the heated tester at 135° to 150°F., with the water added in all cases
at 158°F., the temperature of the tests dropped to an average of 168°F.
After centrifuging at medium temperature (85° =100°F.) the average temper-
ature of the tests dropped to about 181°F., while at low temperature
(60° -68°F.) the average temperature of the tests dropped to 94.5°F.

This study is important in explaining many features of the Babcock test.
The heat from the tests raises the temperature of the centrifuge from

26 to 356 degrees, the final temperature of the centrifuge, of course,
depending on the temperature of the room in which it is located. At
ordinary room temperatures the heat from the tests maintains the tempera-

ture of the tester at about 100°F. which is a satisfactory temperature



and whieh indicates that no heater is required. Also, the conditions
that exist at extreme low temperatures of centrifuging are better ex-
plained from this data. When the centrifuge is running at a tempera~
ture of about 65°F. we would expect to remove the tests after centri~
fuging at about 94°F. which is near the solidifying point of milk fat.
Solidification of the fat is undesirable. To improve this condition

water should be added to the tests at almost boiling temperature.
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Table XXIII Temperature of the Acid~-Milk Mixtures in the Babcock Test Bottle.

Sample Degrees ¥. Degrees F. after centrifuging at
Humber at start Low Temperature Medium Temperature High Temperature

1 214 106 183 165

2 221 109 152 162

s 221 108 129 167

4 217 104 135 172

5 2156 ‘ 88 132 169

6 219 90 182 169

? 217 88 132 167

8 217 90 132 167

9 22l 90 129 172
10 223 93 127 1m
11 221 8e 129 167
12 225 _88 129 169
Mean 219.2 94.5 130.9 168.0

* Pemperature of the milk and acid on mixing 70°>.

¢ Temperature of Water added to the tests 168°r.
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SUMMARY

Inaccurate technique in testing milk and milk products may cause
material loss both to the producer and to the manufacturer. The use
of centrifuges operating at varying temperatures is thought by some to
be such a practise.

Consequently, in this experiment samples of milk representing the
patrons delivering milk daily to the college dairy were collected until
513 samples were obtained. Each sample was tested for fat by the
Mojonnier and Babcock methods. 8ingle determinations were made by the
Mo Jonnier method according to standard procedure except that the samples
were weighed instead of measured. Sixty samples were run in duplicate
to prove the reliability of the single tests. The average difference
between the duplicates was 1,02 per cant.

For the Babcock determinations each sample was pipetted into re-
checked and absolutely accurate Babcock test bottles. Six tests were
made on each sample, duplicates being made according to standard proce-~
dure with the same centrifuge operating at low temperatures (60° to
6807.), at medium temperatures (85° to 100°F.), and at high tempera-
tures (155° to 150°F.). After centrifuging, the tests were immediately
placed in a constant temperature water bath at 158°F., held at least
five minutes, and read by two readers. The average of the four readings
was eonsidered the reading of the test for that particular centrifuging
temperature.

The results of the Mojonnier determinations showed an average of
3.67 ¥ 0.017 per cent for the 518 determinations. The means of the 513

samples tested by the Babcock method were as follows: at low temperatures
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of centrifuging the mean was 3.72 ¥ 0.018 per cent, at medium tempera-
tures of centrifuging the mean was $.75 ¥o.018 per cent, and at high
temperatures of centrifuging the mean was 3.76 ¥o.018 per cent. This
makes a difference in the means of 0.01 ¥ 0.0177 per cent for the med-
ium and high temperatures of centrifuging, 0.04 T 0.0177 per cent for
the low and high temperatures, and 0.03 ¥ 0.0177 per.cent for the low
and medium temperatures of centrifuging. These results indicate that
there are no differences in readings due to the temperatures of centri-
fuging.

On comparison of the Mojonnier and Babcock results, a marked dif-
ference was noted. The mean of all Babcock tests (1539 in all) was
s.74 T 0.018 per cent and the mean of the Mojonnier tests was 3.67 T 0.017
per cent. The difference in means was 0.07 ¥ 0.0172 per cent. This
figure is very significant and the conclusion could be drawn that the
Babcock method yields higher results, by 0.07 T0.0172 per cent, than
the Mojonnier method.

Residual fat determinations were made on 12 samples of milk run
in duplicate at the above mentioned temperatures of centrifuging. At
low temperatures of centrifuging an average of 0.1801 ¥ 0.0266 per
cent of xl'nid\ul fat remained in the Babcock test, at medium tempera~
tures 0.1194 T 0.0161 per cent remained, while at high temperatures
0.0881 ¥ 0.0151 per cent was present. The tests in each class varied
widely from their means and consequently these differences in residual
fat cannot de definitely attributed to the various temperatures of
centrifuging.

The temperature of the milk and acid mixture after mixing was

ascertained as well as the drop in temperature after centrifuging at



the various temperatures. It was found that the heat of the tests
raised the temperature of the centrifuge from 25 to 35 degrees. How-
ever, in the cold centrifuge the tests when removed after whirling
were nearly at the solidifying temperature of milk fat. To overcome
this condition , water should be added to the tests at near its

boiling point.
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CONCLUSIONS

The results from this experimental work indicate the following
conclusionss

1. Although there appears to be slight differences in the average
tests by the Badoock method due to centrifuging at various temperatures,
yeot this difference is not significant. No appreciable variation in
readings can be attributed %0 centrifuging at low or moderately high
temperatures.

2. There is a significant difference detween the results secured
by the Mojonnier and Babcock methods. The Babecock iothod yields re-
sults averaging 0.07 T+ 0.0172 per cent higher than the Mo Jjonnier method.

3. The Babcock tests contain on an average of 0.129 per cent fat
remaining in the liquid portion below the fat column. No differences
in the amounts can be atiributed to temperatures of centrifuging as

the tests varied widely from their means.



1.

4.

5.

66

LITERATURE CITED

1888 The Hatch Act

Pennsylvania Agr'l. Exp. Sta. Annual Reports (1889) pp. 7-9

Mo jonnier, T., and Troy, H. C.
1925 The Technical Control of Dairy Produots

Mo jénnier Bros. Co., Chicago, Ill., 2nd ed., p. 36

Barthel, Dr. Chr.
1910 Milk and Dairy Products
Translated by Goodwin, ¥W., Ph. D.

McMillan and Company, New York., pp. 58-5b6

mrt. r. o.
1888 A New Method for Determining Fat in Milk

Wisconsin Agr'l. Exp. Sta. 5th Annual Report

Cochran

1889

Pennsylvania Agr'l. Exp. Sta. Annual Reports (1889) p. 185

Parsons, C. L.

1888 4 New Volumetric Method for the Estimation of Fat in Nilk,

Skimmed Milk, Buttermilk, and Cream

Nev Hampshire Agr'l. Exp. Sta. lst Annual Report, Vol. 1, p. 69



7.

10.

11.

12.

18.

67

Patrick, G. E.
1890 The lowa Milk Station Test

Iowa Exp. Sta. Bul. 8

Failyer, G. H., and Willard, J. T.
1888 A New Method of Milk Analysis for the use of Deirymen

Kansas Agr'l. Exp. Sta. Annual Reports (1888) p. 149

hrrmon, E. H.
1890 Investigations of Milk Tests

Illinois Agr'l. Exp. Sta. Bul. 10

Irou, ¥m., and Holter, 6. L.
1891 8imple Methods of Determining Milk Fat

Pennsylvania Agr'l. Exp. Sta. 1lst Annual Report, p. 172

Richmond, H. D.
1920 Dairy Chemistry

Charles Griffin & Co., Ltd., London, England, Srd ed. rev., p. 115

Roese, Bruno
1888 Analysis of Milk: Fat Determinations
Zeitschrift fur Angewandte Chemie., Vol. 1, pp. 100-107

Abst. in Jour. Chem. Soci., VYol. 84, p. 1135

Mo jonnier, T., and Troy, H. C.
1925 The Technical Control of Dairy Products

Mo jonnier Bros. Co., Chicago, Ill., 2nd ed., p. 37



14.

185.

16,

17.

18.

19.

Gottlied, E.

1893

Lang
1893

Estimation of the Fat in Milk

Abss. in Jour. Chem. Soci., Vol. 62, pp. 549=550

Chem. Centr., Vol. 1, p. 960

Abst. from Review by Fisher, C. F., and Walts, C. C. (See 81)

Yeibull

1898

Kuhn
1898

Popp,
1903

Popp,
1904

e mmeme oo

Milk Ztg., Vol. 27, p. 406

Abst. from Review by Fisher, C. ., and Walts, C. C. (See 51)

Milk Ztgo, Yol. 27, p- 778
Abst. from Review by Mo jonnier, T., and Troy, H. C.

The Technieal Control of Dairy Produets, p. 38

Zeitsechrift fur Untersuchung der Nahrungsund Genussmit, Vol.7, p.772

Abst. from Review by Fisher, C. F., and Walts, C. C. (See S1)

Miloh-Z¥g., Vol. 20

Abst. from Review by Fisher, C. F., and Walts, C. C. (See 351)



21.

282.

23.

24.

69

Rohrig
1905 ~-=--e =oee-
Amir. Zeit. Nahr. Genussn., Vol. 9, pp. 531-533

Abst. from Review by Figher, C. F., and Walts, C. C. (See $1)

Thomsen

Th. Sv. Landw. Versuchsstat., Vol. 62, pp. 587=-399
Abst. from Review by Mo jonnier, T., and Troy, H. C.

The Technical Control of Dairy Products, p. S9

Burr, A.

1905 Saponification of Fat by Ammonia in the Roese-Gottlied Method
of Estimating Fat in Milk
Milehw. Zentr., Vol. 1, pp. 248=-250

Abst. in Jour. Chem. Soci., Vol. 88, Part 2, PP 569=560

Gordan, P.

1906 Experiments with Rohrig's Modification of the Gottlieb-Roese
Apparatus
Milchw. Zentr., Vol. 2, pp. 224=-227

Abst. in Jour. Chem. Soci., Vol. 90, Part 2, pp. 501-502

Bichmond, H. D.

1914 Deairy Chemistry
Charles Griffin & Co., Ltd., London, England, 2nd ed. rev.
pp. 118=119



26.

27.

28.

29.

30.

3l.

70

Mo jonnier, T., and Troy, H. C.
1925 The Technical Control of Dairy Products

Mo jonnier Bros. Co., Chicago, Ill., 2nd ed., p. 44

Mo jonnier, T., and Troy, H. C.
1925 The Technical Control of Dairy Products

Mojonnier Bros. Co., Chiecago, Ill., 2nd ed., p. 52

Dahlberg, A. O.
1925 Comparison of the Roese~Gottlied and Babcock Methods of Testing

Jour. of Ass'n. of Off. Agr'l. Chem., Vol. 7, pp. 159=169

Mo jonnier, T., and Troy, H. C.
1926 The Technical Control of Dairy Products

Mo jonnier Bros. Co., Chicago, Ill., 2nd ed., p. 46

Phillips, C. A.
1928 A Comparison of the Babcock and the Roese=-Gottliedb (Mo jonnier)
Methods for Determination of Butterfat in Milk

Journal of Dairy Science, Vol. 6, No. 6, p. 549

Hoys, C. F.
19283 Reading the Fat Column in the Babcock Tests for Milk

Jour. of the Ass'n. of Off. Agr'l. Chem., Vol. 6, pp. 554-362

Pisher, R. C., and Walts, C. C.
1925 A Comparative Study of Methods for Determining the Per Cent of
Fat in Dairy Products

Connecticut (Storrs) Agr'l. Exp. Sta., Bul. 1851



32.

S3.

35.

36.

s7.

7n

D..hl., C. DO’ Swpe, w. Do, and Do&n, F. J.
1930 A Test for Butterfat in Condensed and Bvaporated Milk

Pennsylvania Agr'l. Exp. Sta. Bul. 258

Chase, B. S., and King, P. G.
1929 A Comparison of the Modified Babcock and the Mo jonnier Methods
for Butterfat in Ice Cream

Journal of Dairy Science, Vol. 12, No. 6, p. 473

Bird, B, V., and Sands, G. C.
1930 The Effect of Lipins on the Fat Test of Buttermilk

Journal of Dairy Science, Vol. 13, No. 6, p. 453

B‘bcoot. S. M.
1890 4 New Method for the Estimation of Fat in Milk, Bspecially
Adapted to Creameries and Cheese Factories

Wisconsin Agr'l. Exp. Sta. Annual Reports, Vol. 6 and 7, p. 98

Babcock, S. M.
1892 KNotes on the Use of the Babcock Test and the Lactometer

Wisconsin Agr'l. Exp. Sta. Bul. Sl

Snyder, Harry

1891 Application of Dr. Babcock's Centrifugal Method to the Analysis
of Milk, Skimmilk, Buttermilk, and Butter
New York (Cornell) Agr'l. Exp. Sta. Bul. 29

Patterson, L. G.

1891 Comparative Tests of Machines and Methods for the Detemmination
of Fat in Milk

Mississippi Agr'l. Exp. Sta. Bul. 15, p. 5



4l.

43.

72

Hite, B. H.
1891 The Creamery Industry

Vest Virginia Agr'l. Exp. Sta. Srd Annual Report

1891 The Babcock Method of Determining Fat in Milk
Connecticut Agr'l. Exp. Sta. Annual Reports (1891)

Bailey, D. E.
1919 Study of Babcoock Test for Butterfat in Milk

Journal of Dairy Science, Vol. 2, No. 5, p. 381

Barthel, Dr. Chr.
1910 Milk and Dairy Products
Translated by Goodwin, V., Ph. D.

MoMillan and Company, New York, p. 64

¥ojonnier, T., and Troy, H. C.
1925 The Technical Control of Dairy Produects

Mojonnier Bros. Co., Chicago, Ill., 2nd ed., p. 50

Mojonnier, T., and Troy, H. C.
1920 The Technical Control of Dairy Produects

Mojonnier Bros. Co., Chicago, Ill., £nd ed., p. B1

hil.’, D. R,
1919 S8tudy of Babcoeck Test for Butterfat in Milk

Journal of Dairy Science, Yol. 2, No. 5, p. 331



46.

47.

49.

50.

51.

b&2.

73

Hortvet, Julius
1917 Report on Dairy Products (Adulteration)

Jour. of Ass’n. of Off. Agr'l. Chem., Vol. 2, pp. £38-257

Hoyt, C. P.
1923 Reading the Fat Column in the Babcock Test for Milk

Jour. of 4ss'n. of Off. Agr'l. Chem., Yol. 6, pp. 354~8362

Phillips, C. A.
1928 A Comparison of the Babcock and the Roese=-Gottlied (Mo Jjonnier)
Methods for Determination of Butterfat in Nilk

Journal of Dairy Sciemce, Vol. 6, No. 6, p. 549

Dahlberg, 4. O.
1928 Comparison of the Roese-Gottlied and Badbcock Methods of Testing

Jour. of Ass’'n. of Off. “r‘lo Ch-., Yol. 7, PP 159-169

Fisher, R. C., and Walts, C. C.
1925 A Comparative Study of Nethods for Determining the Per Cent of
Fat in Dairy Produsts

Connecticut (Storrs) Agr'l. Exp. Sta. Bul. 1351

Dahlberg, A. C., Holm, Geo. B., and Troy, H. C.

1926 A Comparison of the Badcock, Gerber, and Roese-Gottlied Methods
for Determining the Percentage of Fat in Milk and Cream
New York (Geneva) Agr'l. Exp. Sta. Tech. Bul. 122

Bunsiker, O. P,
1913 Affect of Glymol

Purdus Agr'l. Exp. Sta. 25th Annual Report, p. 40



74

58. m“. ¥ J., Fields, J. N., and England, C. Y.
1923 Comparison of Methods of Reading Cream Tests
Journal of Dairy Science, VYol. 6, No. 6, p. 406

54. Hunziker, 0. P., ot al.
1910 Testing Cream for Butterfat
Purdue m’lo ho Sta., Bul. 145

55. Spitser, Geo., and Epple, V. F.
1924 Reading the Fat in Cream Tests

Journal of Dairy Science, Vol. 7, No. 2, p. 131

56. Dahle, €. D., Swope, ¥. D., and Doan, F. J.
1930 A Test for Butterfat in Condensed and Evaporated Milk
Pennsylvania Agr'l. Exp. Sta., Bul. 258

57. Chase, E. S., and Kiﬂc, ¥. G.
1929 A Comparison of the Modified Babcock and the MoJjonnier Methods
for Butterfat in Ice Cream

Journal of Dairy Science, Vol. 12, No. 6, p. 473

58. Thurston, L. M., and Petersen, W. E.
1988 Lipins and Sterols as Sources of Error in the Estimation of Fat
in Buttemilk by Ether Extraction Methods

Journal of Dairy Science, Vol. 11, No. &, p. 270

89, Chapman, 0. V.
1928 The Effect of Lecithia in Dairy Produets upon Butterfat

Determinations

Journal of Dairy Science, Vol. 11, No. 6, p. 429



75

60. Woll, F. W,
1900 Influence of the Babcock Test
Wisconsin Agr'l. Exp. Sta. 7th Annual Report, p. 76

61. PFarrington, E. H.
1900 Influence of the Babecock Test-II. Influence of Temperature
on Tests of Skimmilk by the Babcock Test

Wisconsin Agr'l. Exp. Sta. 7th Annual Report, p. 81

62. Bailey, D. B.
1919 Study of Babcook Test for Butterfat in Milk

Journal of Dairy Science, Vol. g, No. 5, p. 881

635. HNelson, D. H.
1926 Babocock Test Studies

California Agr'l. Exp. Sta. Annual Reports (1926) pp. 65-64

64, Halverson, J. 0.

1913 The Nodified Babcock Test for Fat in Sweetened Dairy Products-

Ice Cream

Journal of Industrial and Engineering Chemistry, Vol. 5, p. 405

65, Hunsiker, O. F., et al.
1910 Testing Cream for Butterfat
Purdue Agr'l. Exp. Sta., Bul. 145, p. 568

6é. Bailey, D. B.

1919 Stﬁd.y of Baboock Test for Butterfat in Milk

Journal of Dairy Science, Yol. 2, No. 5, p. 350



76

670 wm=== mcceee
1930 Official and Tentative Methods of Analysis of the Association
of Official Agricultural Chemists
Ass'n. of Off. Agr'l. Chem. at Washington, D. C., Srd ed.,

pp. 217-219

68. Hunziker, O. F.
1918 Speeifications and Directions for Testing Milk and Cream for
Butterfat

Journal of Dairy Science, Vol. 1, No. 1, p. 38

69. Hungiker, O. F.
1922 Specifications and Directions for Testing Milk and Cream for
Butterfat

Journal of Dairy Science, Vol. 6, No. 2, p. 178

700 ----------
1929 Act No. 280, Public Acts, 1907
Laws Relating to the Department of Agriculture (Michigan)
7le ==-== =ecee-

1916 Testing of Glass Volumetric Apparatus

U. S. Bureau of Standards Circular 9, 8th ed.

72. Mojonnier, T., and Troy, He. C.
1925 The Technical Control of Dairy Products

Mo jonnier Bros. Co., Chicago, Ill., 2nd ed., pp. 108=109



ROGM USE OwlY

AS v s e
A PR

Te1y

T

R | e







