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A study was undertaken to determine, by 
methods und equipment, the variations between 
of sampling, preserving, and test1n milk for 
sea3ons of the year, and to try and solve the 
sampling, preserving, and testing of milk for 
could be more uniformly accomplished by diffe: 

means of standardized 
the different methods 
fat during the various 
problem whereby the 
fat at milk plants 
rent operators. 

During the period from Iay 1939 to April 1940 a total of 2064 
tests by the Babcock method and 1032 te3ts by the Uojonnier method 
were made according to a standardized procedure. A total of 900 

daily samples of milk, 12 five day-, 60 seven day-, and 60 fifteen- 
day composite samples of milk were included in the tests that cori- 

priaed 10 complete "Units" over the different seasons of the year. 

Small decreases occurred In the fat percenta;es of composite 
samples as compared to the averaEe of daily tests oñ the same samples 

of milk. These decreases amounted to 0.016, 0.021, and 0.027 for 
the five-, 36v0fl-, and fifteen-day composites respectively by the 

Babcock method of testing and 0.023, 0.021, and 0.055 for the three 

storage periods by the Lojonnier method of testing. 

T'ne above decreases wore not found to be significant when the 
data was subjected to a statistical analysis. 

The Babcock resulta averaged approximately 0.075 higher in the 
percentar;O than the ojonnier resulta on the atme fresh samples of 

milk and also on the 5, and 7 day composites. The Babcock results 

avoraRed O.lO9- higher than the ?ojonnior on the 15-day composites. 
The diffurencea obtained by the babcock and iojonnier methods 

of testing on both daily and composite samples of milk were found to 

be very sinificant. 

Ni.uneroua variations from standardized procedure were conducted 

to determine the effect of such variations on the final fat test. 
This comparative 8tudy included more than 2000 individua]. tests by 
the Babcock method and 165 individual determinations by the Tojonnier 

analysis. 
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Result8 of these tests showed that: 

Variations in handling 7, and 15 day composites, such as, 
storage temperatures of 700 F. or above, not mixing the da.ly portions 
properly, and using unsterilized bottles, caused 'ecreasos from the 
average daily tests which amounted to between 0,O- and 0.1+. 

Forrnalin did not prove to be superior to mercuric chloride as a 
preservative of milk samples, 

Saponin did not prevent the decline in the test of composite 
milk samples. 

G].ymol added to the fat column to remove the upper meniscus in 
the Babcock test lowered the test by 0.192. 

The following variations in the Babcock testing technique were 
found to have a significant effect on the final results obtained: 
Varying the temperature of the milk above er below normal when meas- 
uring the portion for the tests; Usin acid of unstandardized strength 
and incorrect temperature; Varying the temperature of reading the fat 
column above and below normal; Varying the speed of the centrifuge 
above or below the specified speed; Using test bottles that varied 
more than 0.015cc. from the correct capacity of 1.600 cc. in the 
calibrated portion. 

The following variations in the Babcock testing technique were 
found to have slight but noticeable effects on the final fat testa: 
Not Using a proper lighting system to determine the exact position of 
the upper meniscus in reading the test; Adding water to the tests of 
such a temperature that the fat column migrated downward at least one 
inch in teraperthg at 1380 F.; Using speeds of the centrifuge above 
that which was specified. 

Results of miscellaneous studies showed that: 

Duplicate tests by the LIojonnier method checked within an average 
variation of 0.0064 and a. maximum variation of 0.015; Pasteurization 
of milk prevented the increased difference in results between the 
Babcock and Ilojonnier methods of testing on samples stored for 15- 
days; Smaller differences were obtained on the same tests by differ- 
ent readers when read by the reading licht than were obtained when 
the liïht was not used; Errors of 0.05 in reading the Babdock test 
were attributed to inability to determine the exact position of the 
top meniscus on the fat column; Dumping the milk in weigh vats at 
milk plants did not cause enough agitation to incorporate the cream 
sufficiently to obtain an accurate sample; Closer agreements were 
obtained with the Babcock and Mojonnier methods on the same sample 
of milk from Holstein and Ayrahire cows than were obtained on the 
milk fron,. Jersey cows. 
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A STUDY OF TI-E ACCImAOY IT TIlE LET:oDs 
OF sATLI:TG, PRSETVING, AIID TSTITG 

LIILK FOI 'AT AT OIIGON MILIZ PLATTS 

INTI.ODUC TI OT 

Prior to tilO invention in 13GO by Dr. S. LI. Babcock 

of a test for fat in milk (3) there wore in the United 

States and foì'ein countries numerous pioposed methods for 

determining the fat content of milk. iiost of those neth- 

ods ì1cve been 1on ago dicardeJ as either inaccurate, im- 

practical, or time consuming. The test devised by 1r.Ba'o-- 

cock proved to be tile simplest, least costly, Llost accur- 

ate foi' practical purposes, and most rapid in operation. 

i1or tuis reason it has been adopted in tìi country and 

several foreign countiies as a standard test for the pur- 

chase of milk in accordance v,ith the per cent fat present. 

The iabcock dethod, when first developed, ;as for the 

priL'lary purpose of accuratelj deterininin tue fat content 

of samples of whole milk. Later the method was adopted, 

either in its orinal form or s1ihtl modified, as a 

test for other milk products. 

Due to the e:penso and time involved in carrying out 

the iabcock test on every sample of milk daily, G. E. 

Patrick in 1800 (27) introduced b!s "elativo Value 

The comosite sample as first dscribed at that 

time is tue system in common use today. 
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A composite sample is made up by taking a small amount 

of each producer's milk daily when it is delivered and plac- 

ing it in a bottle with a suitable preservative. This is 

continued for seven, ten or sixteen days. The sample is 

then tested, axid the result is considered to be the average 

fat test for the period. 

Theoretically, preserved composite samples of milk 

should give an accurate indication of the average fat con- 

tent of the milk used in making the composite. Also, such 

a test should compare favorably with the average daily test 

of the milk thit was used to make up the composite. 

The work of some investigators has indicated that ac- 

curate tests made by the Babcock method can not be secured 

on preserved composite samples of milk. On the other hand 

results from research of other investigators showed that 

tests on preserved composite samples compared favorably 

with the average of tests on fresh milk samples covering 

the same time interval. 

Such conflicting evidence ha been the cause of con- 

sderable friction between milk producers and milk distri- 

butors. 



The fact that such disagreements still exist wa re- 

cently (*) made paramount during a public hearing called 

by the Oregon Milk Control Board. The purpose of the hear- 

ln& was to receive evidence and testimony regarding the sara- 

pling of milk and te3ting for butterfat content in the Port- 

land and Salem sales area. The hearing was the direct out- 

come of controversies that arose between the 'airy Coopera- 

tive Association of Portland and the distributors who pur- 

chased milk from the Association. The Dairy Cooperative As- 

sociation asserted that the dail,r testing of milk gave higher 

results than dd the composIte testing on the same milk and 

notified the distributors who purchased their milk that it 

was the Assoclation?s desire to sell milk to the distribu- 

tors on the basis of butterfat tests based on daily tests. 

This system not being acceptable to the distributors, the 

Milk Control Board found it necessary to call such a hearing. 

The testimony and discussion given at the hearing cov- 

ered very thoroughly all of the literature available at the 

time on the sject of Daily versus Composite testina- of milk. 

*Brief s by H. L. Swett and Clark Clark concerning the hear- 
ing called by the Oregon Ililk Control Board at Portland, Ore- 
gon on October 4, 1937. On file with the Oregon Milk Control 
Board. 



REVIEW OF LITERATURE 

I. QuantitatIve Tests for Fat in Milk 

It has been said many times that the Babcock test has 

been so intimately connected wIth, and largely responsible 

for, the progress in dairying that proficiency in its use 

has become almost synonymous with better cows, better milk, 

and better farming. 

When the Babcock test was developed in 1890, it quickly 

supplanted all others in the United States because of its 

simplicity and accuracy and because it was given free to the 

world. 

The principle involved in most of the other tests at 

that time was siilar, namely, the solids-not-fat were dis- 

solved by chemical action and the fat was measured or 

weighed. Among these tests were: the Failyor and Willard 

Method (10), the Patrick or Iowa Station Milk Test (26), 

the Beimlin5 test (2), Cochran's test(5), and the Short 

Method (32). 

The laboratory test for butterfat that gained most 

recognition at the time the Babcock method was established 

was the Roese test (30), later modified by Gottlieb (14) 

and now lmovm as the Roese-Gottlieb method. It was through 

the efforts of G. E. Patrick, former head of the Dairy Lab- 

oratories of the United States Department of Agriculture, 
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that the advantages of the Roese-Gottlieb method was first 
brought to the attention of the American chemist. Through 

his work and efforts the test was introduced and adopted in 

tuis country, 

Mojonnier f24), realizing that the long time required 

to complete the Roese-G-ottleb fat test was a serious objec- 

tion and obstacle to its practical application in the in- 
dustry, devised equipment to materially shorten the time for 
its completIon. This he accomplished, by the use of vacuum 

ovens and water cooled desiccators. Ti-ic whole equipment 

was conveniently assembled into one unit and is now Irnown 

as the Mojonnier tester. 
The Mojonnier modification reduced the time of running 

the Roese-Gottlieb test from 6 hours to 30 mInutes, Thus 

the dairy industry was given an exceedingly accurate method 

for determining the fat content of milk products in a rei- 
ativelT short time. However, the discovery and adoption 

of both an excellent commercial and an accurate laboratory 
test dId not solve ail of the fat testing problems of the 
milk industry. The Association of Official Agricultural 
Chemists recognizes the Roese-Gottlieb (Mojonnier) method 

as the official laboratory method for the determinatIon of 

fat in milk. (33) 

It was discovered by milk distributors that even the 

Babcock test on extremely large numbers of milk samples 



would e almost impossible to carry out daily. urther- 
more, the testinG of a patron's milk at periodic inter- 
vals and usin these tests as a Uasis for payment for all 
the milk found disfavor with the producer who found that 
milk tests varied from day to day. In other cases the 
distributor was the one WhO felt dissatisfied because he 

thought the producer, l'owinG the day in which his milk 
would be tested, would sldm some of the milk and bring 
in hiher tostrxg milk on those days. 

II. Levelopment of the Composite Sample 

In an attempt to eliiìinate the difficulty just des- 
cri'oed and bring about more uniform methods of testing 
riiilk, Patrick (27) brouGht out his t'elative Value Plan". 
This consisted in takinGasmail proportionate sample from 

each patron' s milk when deiive 1 to the milk niant and 

placin it in a bottle. A suitable :reservative was add- 

ed. After seven to sixteen days the sample was tested 
and the result was considered the average test for the 
period. A sample made up in this manner was callad a 

"Composite Zuple". iis system as laid out at that 
time has been followed almost universally in the dairy ir,- 
dustry up to the present time. 

Patrick recommended that mercuric chloride be used 

as a preservative, and that the sample be held at 550 

to 75° F., and that it be protected fm strong 1it. 



Since 1890 many different chemicals have been tried in 
an attempt to find other preservatives for composite samples. 

It was the Iowa Experiment Station that published the first 
experimental evidence of the adoption of potassium dichrornate 

and forìialin (40 formaldehyde), the other two common pro- 

servatives now used along with mercuric chloride in this 
e oun try. 

Patrick (29) was the first in the United States to dis- 
cuss the use of the dichromate preservative. He noted the 

loss of its preserving power when samDies were held for a 

month, and recommended that mixtures of potassium dichrornate 

and mercuric be used. 

The value of potassium dichromate was first discovered 

and its use patented by the Swedish chemist, Allen (1), 
in 1892. 

Formaldehyde was first referred to as a preservative 
for composite Samies in 1896. Vieems and Eeilrnan (35) 

found that i cc. of formalin (40% formaldehyde) would pro- 

serve 400 cc. of milk for eighteen days when held at tern- 

peratures ranging from 65° F. to 87° F. They repo'ted that 
formalin rendered the casein difficult to dissolve in the 

first part of the holding period, but that this tendency 

disappeared toward the end. They recommended its use be 

cause they considered it non-poisonous. 



Hills (15) tested the efficiency of fifty-seven chern- 

icals as to their preservative power on milk samples. In 

his experiment ::e used a 1000 cc. sample and gO . as the 

holding temperature. He stated that the most efficient chem- 

icals were mercuric chloride, potassium dichromate and for- 

maldehyde. He recommended formalin stron1y. 

Palmer (25) made a special study of milk preservatives 

and found f ormalin the most efficient in the comparisons 

that were made. lie concluded that milk samples are pre- 

served most eficiently when held near the freezing point. 

III. Dail- Versus Composite Testing 

It has been Ilmown since the composite method first came 

into use that the results of such tests were in the majority 

of cases lower than those found by the daily test method. 

Patrick (27),in his original artIcle, recognized this and 

stated that it was questionable as to whether the low re- 

suits secured by composite samples was real or resulted 

from the inability of the method to discover all the fat 

present after the sample has reached a certain age. 

Babcock (3), in a study of samples preserved with 

potassium dichromate, stated that he found no loss of fat 

in composites. Close observation of his data show a slight 

loss. 



Farrinton (11) found no decrease in the fat test cf 

composites after seven days and obtained. a s11ht1j hiher 

test than obtained bj the cìai1 testina metiod. 

Weems and Heilernan (35) In tieir studies wIth formalin 

stated that they found no loss in the fat test due to the 

preservative. However, no mention Was made as to whether 

a loss was due to other causes. 

Allen (1) reported in his work with formalin that hold- 

ing temperatures of 680 ., or above, gave low tests on corn- 

posite sarmles, 

Several other investigators (20, 21, 31, 13) prior to 

1930 published evidence of low results on composite samples. 

More recent publications on the above subject show 

that there is still considerable difference of opinion a- 

mong research workers as to the ab1ity of the composite 

sample to give accurate tesb nd as to the magnitude of the 

variation from that of the average daily test. 

Lleade and Lcc (23) found that the composite method 

gave results that averaged .09 lower thanthe daily test 

method. Their data may be open to question, however, since 

the samples for the composites were taken daily while the 

daily test samples used as a control were taken only three 

times in the ten day period. 

ig1and and D'Ambrogi (8) made an extensive study of 

the effect of temperature on composite sanples and the tests 

made upon them. They concluded that a decline in test oc- 



curred. on holding and. that this was greater at the higher 

temperatures (900 to 100° F.) 

Lucas (22) worked with numerous tests over a period 

of five and a half months comparing the average of daily, 

and of four and eight tests per month with bimonthly coni- 

posites and found that the daily test averases were 0.11 

higher than the tests of bi-mcnthly composite samples. He 

further made the statement that the composite test readings 

sho'1d be corrected by the addition of a proximately 0.1 

when the composite samples were measured at too high a 

temperature, as was used. in his experiients. He did not 

state the exact measuring temperature which he used. 

Holland (16) made an extensive study of the method 

of preserving composite samples, usIng several dïfferent 

preservatives and various storage temperatures. He con- 

cluded that a decline in the fat test of composite samples 

takes place during the ho1dng period regardless of the 

kind of preservative used or the temperature and time held. 

He maintained, however, that the decline in test is appar- 

ently more rapid at the higher holding temperatures. 

TraCy- and Tuckey (34) recently reported findings of 

only slight differences between composites and fresh samples 

and concluded that the seven-day composites when properly 

taken and stored will test about the same as fresh milk 

samples. It is of interest to note that the data presented 
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by these authors showed greater differences between the 

average of daily and the composites during the winter than 

during the summer period. This difference amounted to 

.061 in the percentage for the first period of the winter 

ser±es and .020 for the sumr:er series in favor of the aver-. 

age of daily tests. 

It appears from the foregoing investigations that 

workers are fairly well agreed that lower fat tests are se- 

cured on composite samples. However, the differences in 

:13 iagrìitude of the declIne and the fact that some inves- 

tigators claim that no decline occurs causes speculation as 

to the reason for such disagreements. 

It is very probable that the nature of the milk, the 

temperature of holding, the manipulation of the sample and 

the technIque used in carrying out the test itself, are all 

i::portant factors contributing to this difference. 

IV. Standardization of the Babcock Technique 

Although the Babcock test has been checked for accuracy 

by many investigators, the dIrections for using the test 

today are almost identical with the diroctions recommended 

by its inventor fifty years ago. 

Babcock (3) himself checked his method against the as- 

bestos gravirí:etric test, then an official method, and found 

practically exact agreement. 
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Two Chicago laboratories (24) compared the results ob- 

tained with the Babcock and Roese-Gottlieb on fIfty-two 

samples of milk. Laboratory A reported that thirty samoles 

varied moro thafl .05 per cent from the Roese-Gottlieb re- 

suits while in the case of Laboratory B, twenty-seven samples 

varied more than .05 per cent. Out of 104 samples tested, 

51.9 per cent cave readings higher than the Roese-Gottlieb 

and 43.3 per cent gave lower readings. 

Data obtained by Baily (4), Hoyte(1?), Dahlber (7), 

and Phillips (29) show that the Babcock test gave results 

which were .060, .116, .10 and .0588 too high compared with 

the Roese-Gottlieb method. It sho'ld be stated, however, 

that three of these investigators (4, 17, 7) standardized 

their pipettes to deliver 17.6 cc, at 20° 0. in 5 to O 

seconds. Such a pipette was found by the authors to de- 

liver 17.924, 18.015 and 17.968 grams, respectively. 

Phillips (29) disregarded the pipette and weighed 18 grams 

of milk into the test bottles. 

The pipette used today is standardized to contain 

17.6 cc.(17.6 ml,) and actually delivers slightly less than 

17.5 cc. Babcock (3) in his original description of the 

test stated that the delivered quantity was less than 

17.5 cc. and actually used 17.44 cc. in his calculations. 

The difference between tests made with a pipette that holds 
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and one that delivers 17.6 cc. will, according to calcula- 

tions, affect the average test about .03 per cent. If 

this amount is deducted from the results of the four inves- 

tigators who used approximately 18 grana of milk, then 

their results are 0.030, 0.086, 0.07, and 0.0238 per cent 

too high, respectively, by the iabcock method. The average 

of these differences is 0.0537 per cent. 

Dahlberg, Holm and Troy (6) made 925 tests on milk and 

, 

cream by the Babcock, Roese-G-ottlieb, and Gerber methods in 

three different research laboratorIes and four daïry con- 

trol laboratories. Their results show that the Roese-Gott- 

lieb method made at one labo:'atory agreed well with results 

of the same laboratory, but did not always agree so well 

with the results of another laboratory. These authors con- 

cludeci. that in investigations which consider the accuracy 

of the I3abcock and Gerber tests to percentages of less 

than 0.10, it is quite essential that the accuracy of the 

Roese-Gottlieb method should also be studied. It was 

further concluded that the Babcock or Gerber method of 

testing milk gave results on individual samples on an av.- 

erage which justified the statement that both tests were 

sufficiently accurate for the purposes for which they were 

intended. Also, they could not verify the results of other 

invest±:,ations which tended to show slight but uniformly 

high percentages of fat by the Babcock test. 



Fahi, Lucas and Baten (9) in recent work on some of 

the variations in the Babcock teci-mique stated that there 

is a significant difference between the results obtained 

by the Iojonnier and Babcock methods for all temperatures 

of centrifuging. According to their results the Babcock 

method yielded results that were from .041 to .082 higher 

in the percentage than the Mojonnier raethoc, when the milk 

for the latter method was weighed rather than measured. 

Those investigators also concluded that with the abcoc1c 

method an average of 0.129 per cent fat remains in the 

liquid portion below the fat column. 

Holland (16) in a study of three samples of milk on 

which he made a number of check tests by the Babcock and 

1.ojonner methods found that the Labcock gave higher aver- 

ae tests than the Mojonnier of .030, .068 and .119 per 

cent. 

Although the Babcock milk test is also designated as 

"official" by the AssocIation of Official Agricultural 

Chemists, the foregoing literature shows it is at variance 

with the Roese-Gottlieb method. 

The importance of standardizing the babcock testing 

technique was manifested recently (1037) when the V.Testern 

Division, American Dairy ScIence Association included in 

their annual session, at Portland, Oregon, the following 

resolution: That we recommend to the American 
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Dairy Science Association and the Association of Official 

Ajricultural Chemists that a comprehensive examination of 

the Babcock method for determining fat in milk be made with 

the purpose of refining the technique to secure greater ac- 

curacy and reliability without undue increase in complexity." 
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STATELNT OF THE PROBLEM 

Because of the difference in results obtained by us- 

ing various methods and procedures and because of the dii'- 

ferences obtained by different operators of the Babcock test 

the problem was to find out whether the conflicting results 

were due to faulty equipment and procedures r to mac- 

curacies in the test itself. 

This study was undertaken to try and determine, by means 

of standardized methods and equipment, the variations be- 

tween the d±fferent methods of sampling, preserving, and 

testing milk for fat during the various seasons of the 

year, and to try and solve the problem whereby the sampling, 

preserving, and testing of milk for fat could be more uni- 

f ormly accomplished by different operators. 
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PLAN OF STUDY 

An experimental research project was prepared by the 

Oregon Aricu1tura1 Experiment Station. This was approved 

by the State Department of Aricu1ture and was then sub- 

mitted to the Oregon Milk Control Board. The Oregon Ii1k 

Control Board authorized and signed an agreement dated 

January 14, 1939, and agreed to help finance the research 

prograii. The project, authorized and signed by the Oregon 

Agricultural Experiment Stat±on in cooperation with the Ag- 

ricultural Research Foundation, became known as Research 

Project No. )CCV and had the following plan of investigation: 

Make a survey of the present methods now used in 

sampling, storing, and testing milk furnished to milk 

plants. 

2. Study the influence of different methods of sam- 

pling milk, such as: 1, daily sampling and testIng these 

daily; and 2, daily sampling and making up composites to 

be held for periods of B days or 16 days, on the butterfat 

test obtained by the use of the J3abcock method. 

3. Study the influence of the different methods of 

storing composite samples on the butterfat test. 

4. Study the influence of different periods of stor- 

age of composite samples on the butterfat test. 

5. Compare some of the results obtained by testing of 

milk by the Babcock method with the results obtained by the 
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Roes e-Gottlieb (Mojonnier method). 

6. Give consideration to the methods of measuring the 

fat column in the milk test bottles. 

7. Compare the tests obtained on the same scrnple of 

milk by different operators. 

8. Study all the points in the tecimique of testing 

milk by the Babcock method that may have a bearing on the 

accuracy of the determination of the fat in the 

The research carried out in this study was divided into 

two parts as follows: 

Part I. A study of the sampling, preserving, and test- 

ing, of a series of milk samples over a period of ten 

months in accordance with a predetermined standardized pro- 

C e dure. 

Part II. A study of numerous variations from stan- 

dardized procedure in the sampling, handling and testing 

of milk to determine the effect of such variations on the 

final fat test of the milk. 
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?THODS USED IN THE INVESTIGATION 

In order to study accurately a problem of this na- 

turo it was necessary to determine first the variations 

that existed in the sampling and testing of milk at milk 

plants. It was also important to decide what specIal equip- 

ment and supplies were necessary to carry out the research 

accurately and to standardize the methods and procedures to 

follow so that the results obtained would be reliable. 

I. Survey of Portland Milk Plants 

A survey was made of a nuer of the Portland milk 

plants on several different occasions in cooperation with 

the State Department of Agriculture. The purpose of the 

surveys 'ias to observe the methods used by the different 

milk plants in securing and handling of the composite 

samples and also to observe the type of weigh vats used. 

Plants Visited - Following is a list of some of the 

milk plants visited: 

1. Multnomah Creamery 7..Jersey Milk Company 

2. Portland Milk Producers 8. Arden Farms 

3. Community Dairy 

4. I3roadview Dairy 

5. Raven Dairy 

6. Sunny Erook Dairy 

9. Alpenrose Dairy 

lo. Elco Dairy 

li, Roseway Dairy 

12. iverview Damascus 
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13. Spring Brook Dairy 17. Dairy Cooperative Assoc- 
i at i on 

14. Sunshine Dairy 

15. Holly Dairy 

16. Lucerne Creamery 

18. Medow-Land Milk Co, 

19. iledo-Sweet Dairy 

20. City Dairy 

General Observations - Although the composite samples 

were handled in several different ways in the plants, there 

appeared to be a great improvement over methods that were 

in comxron use during previous surveys made by the State De- 

partrnent of Agriculture. 

It was observed that even though the samples viere 

placed in the refrigerator over n3ght, the time that they 

remained out at room temperature each day varied from 1 to 

as much as 5 or G hours, Usually the samples were placed 

in a warm place and warmed up materially before being re- 
turned to the cooler. In one or two instances the samples 

were placed where the sun was allowed to shine directly on 

the cases and caused them to become excessIvely heated, 

The methods used in inïxing the daily portions varied 

from one plant to the other, In only a few plants were 

they found to have been handled according to ideal methods 

as outlIned by the State Department of Agriculture; namely, 

to rotate each bottle gently after the addition of each 

daily portion until all of the cream had been removed from 

the side of the bottle and then tipping the bottle to reIn- 

corporate any moisture or dried material that may have 
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lodged on the side of the bottle and stopper and to return 

the samples to the cooler before warming to any great 

extent. 

In some plants the bottles were hardly handled at all 

to mix the sample. Some were merely shaken a little with- 

out tipping to remove material from the side of the bottle 

and stopper. Sorno were shaken vigorously after the addition 

of the daily portion. 

Upon examining sorne of the samples at the plants, they 

were found to be churned. Some had fat and cream sticking 

to the side of the bottle and stopper and also on the out- 

sïde of the bottle. Others were found to be in a fairly 

good condition, 

Some operators viere careless in the way they handled 

the dipper, causing milk to spill down the outside of the 

bottles which made them very unsightly. 

The following reasons were given as to why most of 

the operators did not find it possible to take proper care 

of their samples. 

1. The time for sampling and caring for the samples 

carne at a time when the operators were most busy and anxious 

to get going with their processing and could not take time 

to properly care for the samples and sampling as they 

should. 



2. Since there were two locks on the sample cases, 

one controlled b the plant operator or licensed sampler, 

and the other controlled b,r the truck driver, and since 

both had to be present when the siple case was open, it 

was not possible to care for the sample at their leisure 

because the truck drivers were not present at that ti:ie. 

3. Mani of the drivers were in such a hurry to et o- 

ing that the, dumping and sampling had to be rushed. 

The above reasons applied mostlr to the smaller plants. 

In the larger plants the main difficulty was the large num- 

ber of samples that had to be handled. In most cases it 

was felt that in order to handle all of the samples in a 

proper manner, extra help would have to be employed, which 

would mean an added expense. 

Thus, in most cases all of the composite samples viere 

removed from the cooler at the same time in the morning, in 

some instances quite some tine before the dumping actually 

began. The samples were in turn left out of the cooler at 

room temperature until the last sample had been taken, 

which in some cases amounted to five hours or more. 

WeIgh Vats - The weigh vats varied from one plant to 

another. Some were ideal and others were not so good. Some 

were square vats and some were round. Most of the vats 

emptied by gravity drainage, but one or two were emptied 



23 

by means of a suction pump that sucked the milk from with- 

in the vat. In one case this suction puma left considera- 

ble foam in the vat during subsequent weigiings, which made 

sampling dïfficult. Most of the vats were suspended on reg- 

ular hanging devices with a dial scale arrangement, but 

some were placed on platform beam scales of several dif- 

f ererit makes, 

Methods of Mixing Milk Preparatoj to Sampling - In 

all cases the milk was stirred in accordance with the rules 

before dumping. In several plants the milk was stirred be- 

fore and after dumping. In one plant there was a mechanical 

agitator connected to the weigh vat. In several cases a 

can sample was taken by first mixing the milk in the cans, 

taking a 3/4 ounce sample from each can, mixing these to- 

gether, and taking a sample from this for the composite. 

In most cases a 3/4 ounce sample was taken from the dump 

vat after all of one shipper's milk had been dumped. Where 

the weigh vat was too small to hold aJl of the shipper's 

milk, a 3/4 ounce sample was taken from each vat, mixed to- 

gether, and the proper sample taken from this mixture. 

All weigh vats had a strainer through which the milk 

passed before enterIng the weigh vat. One had a patented 

mixing device which supposedly mixed the milk properly be- 

fore it entered the weigh vat. This device was attached to 

the cover of the tank just above the strainer. 



The official 3/4 ounce 

visited, equal amounts were 

daily. No attempt was made 

according to the weight oÍ' 

The above observations 

some of the research study. 

2 

dipper was used at all plants 

taken from each shiprer's milk 

to secure aliquot proportions 

nilk sampled. 

served as a ¿uide in planning 

II. Preliminary Testing Procedure 

Eeforc proceeding with the actual research testing, 

it was found necessary to obtain the proper equipment and 

supplies in order to facIlitate accuracy in testing and 

sampling, to standardize the methods and equipment accord- 

ing to official recommendations, to run preliminary tests 

to find some of the causes for the variations in the ab- 

cock test due to the variations in the manipulation of the 

samples before testing, and in the methods used in the ac- 

tuai running of the test. 

i011oWjflg is an outline drawn up to ad in the stan- 

dardization of methods and equipment before the actual 

testing began. 

Selection and Standardization of Equipment 

1. Sampling device 
a. Size 
b. Type (Proportionate or otherwise) 
e. Capacity to assure a representative 

s amp le. 
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2. Sample bottles 
a. Size of bottle 
b. Type of bottle 

3. Sample bottle cases 
a. Type and capacity 
b. Locking device 

4. Sample tempering bath 
a. Heating device 
b. Thermostatic control 
e. Thermometer 

5. Acid equipment 
a. Acid hydrometer for measuring specific 

gravity of acid 
b. Acid burette for deliverIng proper charge 

of acid 
e. AcId jugs 

6. Accurate test bottles 

7. Test bottle trars 
a. Size and capacity 

8. Babcock tester 
a. Type of tester 
b. Heating device 
e. Indicating thermometer 
d. Indicating speedometer 
e. Capacity of tester 

9. Tank for heating water for tests 
a. Heating device 
b. Thermometer 

lo. Bath for tempering tests before reading 
a. Heating device 

(1) Capacity 
b. Thermostatic control 
C. Capacity of bath.. 

(1) Size 
(2) Heating capacity 

11. Test reading light 
a. Heating effect on tests 

12. eading dividers or spreaders 
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13. Proper measuring pIpettes for measuring milk 
samples 

14. Equipment for running officIal method of milk 
analys Is 
a. Mojonnier equipment 
b. Reagents 

15. 1'orms for tabulating results 
Selection and Standardization of Methods 

1. Sampling for daily tests 
a. Method of mIxing milk before securing 

s amp le 
b. Proper sampling to secure proportionate 

and representative samples 
c. Size of samples 

2. Care of samples 
a. Storage In proper bottles to assure no 

evaDoration or spillage 
b. Storage at proper temperature to maintain 

milk in good condition until tested 
c. Proper marking for easy identification 

3. Sampling for composite test 
a. Care and mixing of milk before sampling 
b. Proportionate sample from day to day 
C. Kind. of preservative to use 
d. Amount of preservative to use 
e. Proper marking for easy identification 

4. Storing composites 
a. Temperature of storage 
b. Time of storage 

5. Preparing samoles for testing 
a. Temperature at which to heat samples to 

assure proper mixing of fat and serum 
b. Temjerature to cool samples to assure 

proper mixing of fat and serum 
C. Method of preparing sample for official 

method of milk analysis 

6. Samp1in milk for testing (Babcock) 
a. Temperature of milk at sampling time 
b. Method of proper mixing 
C. ,1ethod of securing proper charge with 

measuring pipette 
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7. Acid used in testing 
a. Standardization of acid for proper specif- 

ic gravity 
b. Standardizing temperature of acid to se- 

cure uniforn tests 
c. Proper mixing of acid and milk 

8. CentrIfuging tests 
a. Proper speed of tester 
b. Proper temperature of tester 

9. Watering tests 
a. Kind. of water to use 

(1) Distilled 
(2) Acidified city water 

b. Temperature of water to use 
(1) First addition 
(2) Second addition 

lo. Tempering tests for reading 
a. Temperature of water bath 
b. Speed of heating element 
c. Accuracy of thermostat 
d.. Tempering time before reading 
e. Iaintenance of fat col'iin entirely under 

water until time of reading 

11. Reading tests 
a. Proper lighting of tests 
b. The use of magnifying glass 
o. Use of glymol 
d. Measuring fat column 

(1) How to measure 
(2) What to measure 

12. Tabulating results 
a. Averaging duplicates 

13. Official method of milk testing for fat 
a. Sampling for tests 
b. I.Ianipulation of test 
C. Comparison of Mojonnier with Babcock 

method 
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III. Preliminary Tests and Results Obtained 

The f ollow1n preliminary tests were carried out to de- 

termine the necessity for standardizing method and equip- 

ment. 

(a The Use oÍ Different Preservatives and Stori 

Sam2los at Various Temperatures - In those experiments 

several different brands of corrosive sublimate tablets 

now in use in the Portland area were used. Formalin and 

chloroform were also used. (Forrnalin was used by one of 

the distributors in Portland.) 

Duplicate samples of the same milk were stored with 

each of the different preservatives. One set was held at 

4O F., the other was held at room temperature, which was 

approxintely 700 F. The composites were made up in con- 

stant volume and not added to each day. The samples were 

all tested by the Babcock method after 15 days of holding. 

Tests wo'e run on successive days to determine what effect 

the churning, "oilingoff", and rough handling would have 

on the fInal fat tests. 

Results obtained by using different preservatives in- 

dicated that the condition of the milk at the time of test- 

ing was the important factor in securing an accurate fat 

test of that particular sample. 

There appeared to be no materIal difference between 

the fat tests on samples preserved with several brands of 
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corrosive sublimate and those preserved with 1/2 cc. of 

forma lin. 
There were erratic results where saxmles were handled 

so that they were churned, "oiled ff?, or where the fat 

was not uniformly emulsified throughout the sample. 

i cc. of chloroform did not preserve the samples for 

the 15 day period. 

Test values were inì favor of samples held at 400 F. 

rather than at room temperature. 

(b) Checking the Babcock Method of Testin Against the 

Official A.O.A.C. Laboratori- (L:ojonnier) !!Iethod - In these 

tests two methods were used to measure the sample. In one 

case the samples were measured at 70° F. using the 10 

gram Mojonnier pipette and assuming that a 10 gram sample 

was secured. In the other case a 10 grain portion was 

weighed directly into the extraction flasks. 

The I.iojonnier results were compared with the Babcock 

test on the same samples of mi.lk to determine their rela- 

tive efficiencies. 
In these tests the Babcock method of testing gave re- 

suits slightly higher than the Lojonnier method of testing 

on the same sample of milk. 

Lieasuring the milk with the 10 gram pipette gave sam- 

pies that weigbd more than 10 grame. 

Weighing the samples in the Mojonnier analysis was 
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found to be more accurate thm measuring the samples. 

The Babcock method save restlts that averaged 0.10 

h1her thsn the Mojonnier method on the same samples of 

milk. 

(e) Tests to Determine the Effect that Varying Sevea1 

of the Babcock Procedures 7ould Have on the Final Fat Test- 

A number of variations of the Babcock test as are often 

found in comilercial practice were tried. Some of the var- 

iations included the use of acid of unknown and standard- 

ized strengths; variations in the speed and temperature 

of the cent1ifue; variations in the temperature of the 

water added to the tests; different temperatures of acid 

and milk mixtures and the use of Glymol to read the tests. 

It was noticed that variations in the procedures in 

making the Babcock test affected the final results mater- 

ial ly. 

Different strength of acid and too hii a temperature 
of milk and. acid mixtures gave tests that were cloudy and 

hard to read. 

The readings were erratic on duplicate samples where 

standardized methods were not used. 

The temperature of the centrifuge had little effect 

on the final fat test if it was kept between the range of 

120° . and 140° F. 
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The tomperature of water added gave tests which could 

be riore easily read if the fat coluim-i was of cuch a tempera- 

ture that it mrated slightly downward in the neck of the 

bottle then tempered at 138° F. before reading. 

Then the temperature of the centrifuge and water 

added was high enough to cause considerable downward fat 

migration in the neck of the bottle while tempering for 

reading, the results were usuallr slightly higher. 

Reading the tests with glyrnol gave results that ay- 

eraged approximately .05 in the percentage lOwer than 

the Mojonnier analysis on the same samples. 

Babcock tests run according to standard methods gave 

results that averaged about .10 n the percentage hiier 

than the Lojonnier method of testing. 

(d Checking the Graduated Portion of the abcock Test 

ioftle and Measuri Pipette for its Correct Capacity - 

Several hundred Babcock test bottles were checked on a new 

certified mercury burette to determine the percent that 

were above and those that were under the correct capacity 

of the graduated portion, namely 1.600 cc. (equivalent of 

the total graduated portion of the 8J milk test bottle). 

Also, it was desired to know how many would fall between 

a tolerance of .005 cc.(equivalcnt of .O25) from the cor- 

roct capacity and the number that would come within the 

state tolerance of .02 cc. (equivalent cf 0.1)from the 
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correct amount. 

The new burette used vras, the 1.8 ml. (1.8 cc.) mer- 

cury burette constructed for the 0.S.C. Dairy Department 

by the Scientific Glass Apparatus Company, Eloorafïeld, 

New Jersey. 

This burette v:as made according to specifications 
recomLiended by Dr. G. H. Wilster in trying to secure a 

burette of the utmost accuracy. The burette was also cor- 

tified by the LT. S. Jureau of Standards in Washington, 

where it was checked for accuracy. 

One of the very fine features of the burette is the 

se of the opening in the tip. The drops of mercury pass- 

ing through the tip are so small that it tsJces 6 to 8 of 

these droplets to pass the width of a single mark on the 

neck of the Eabcock bottle. Since the flow of mercury can 

be stopped within 2 or 3 drops, the value of such a con- 

struction can easily be seen. 

The procedure used to check the bottles was first 
to fill the bottle to the bottom line of the graduated 

portion of the neck vtïth mercury. A four power magnify- 

mg- glass and the especially constructed lighting system 

made the determination of this point easily discernible. 

The bottles containing the mercury were handled. with cot- 

tcn cloves so that the mercury both in the bottle end the 

burette would. be maintaIned at the same temperature. The 
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burette was then f11ed with mercury from a reservoir and 

the reading taken. Enouh mercury was run into the test 
bottle to bring the rrcur,r colwin exactly up to the top 

line of the graduated portion in the neck of the bottle. 
The reading on the burette was again taken and the amount 

cf mercury delivered into the bottle determined. The four 

power magnifying glass was used to establish the menscus 

on the mercury in all cases. 

In checking the 354 Babcock test bottles for accur- 
acy the following results were obtained: 

1. Nuiither of bottles checked ---------- 356 

2, Number of bottles found to hold 1.600 cc. 
mercury at 20° C. plus or minus .005 cc 
tolerance ----------------- 264 

3. ITumber of bottles with .005 cc. tolerance 
found to hold 1.600 cc. or over ------ 116 

per cent 41.3 

4. Number of bottles with .005 cc. tolerance 
found to hold 1.599 cc. and under ----- 148 

per cent 58.7 

5. Number of bottles found to hold over 1.605 cc. 
mercury ------------------ 37 

6. Nuiiber of bottles found to hold under 1.595 cc. 
mercury ------------------ 55 

7. Number of bottles found to be within state 
tolerance of plus or mInus .02 cc. ----- All 

In the tests that viere run, there was a slightly 
greater number of bottles found to hold less than the 

correct nount (1.600 cc.) mercury than those found to 
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hold. riore than 1.600 cc. This should. be of no signifi- 

cance because in anothei set of bottles the case might be 

just the reverse of that which as found. 

Eight 17.6 cc. milk pipettes were checked gravi:etric- 

ally for their relative holding capacities. A full por- 

tion of the same sample of average test milk at 7Q0 F. was 

pipetted into weighed and covered tared aluminum dishes 

from each of the e±ght pipettes to be calibrated. In each 

case the bottom of the top meniscus of the milk was on the 

mark as nearly as could be determined with the unaided eye. 

In all cases the pipettes wore allowed to drain 15 seconds 

and the last drop blom from the tip of the pipette. The 

dishes were then covered and weighed rapidly on an analy- 

tical balance. 

Out of the eight 17.6 cc. pipettes tested none were 

found to deliver exactly 16 grams of milk and varied from 

17.9407 grams to 17.8991 grams, a difference of .0416 

gru5 between the greater and the smaller capacities, 

The preliminary testing of methods and equipment 

showed. clearly the need that had to be exercised in 

standardizing the methods and equipment before accurate 

research of this sort could be carried on. 



FIGURE I 
Front View of Bahcook Test1n Equipment 

FIGURE II 
Top View of Babcock Testing Equipmßnt 
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IV. Purchase o1 Equipment and Supplies 

The f olloving are some of the equipment and sup- 

plies, purchased and adopted to meet offcial and stan- 

àardized methods of procedure. 

Centrifu (Fig. I, lb. 6) The centrifuge purchased 

was of the electric type with constant speed îotor that 

maIntained a speed of 725 RPL, the correct speed for the 

diameter of the tester. A speed indicator (Fig. II, 1o. 

9) was permanently attached so that the speed of the 

tester could be noted at all tiies. An electric heater 

was attached within the tester to maintain a temperature 

of 1310 F. to 1400 indicating thermometer (Fig. 

I, iTo. 10) v;as permanently attached to the body of the 

tester so that the temperature within the tester could 

be observed at all times, The tester was so mounted 

that vibration was reduced to a minimum. 

Tempering Bath - (Fïg. 11,110. 3) A water bath made 

by the Plumbing Department according to suggested design, 

especially for this testing, embodied the following fea- 

tures: A Mercoid control (Fig. I, No.4) and magnetic wa- 

ter valve (Fig.I, ::o. 7) set to maintain a temperature of 

water at 68°F. for tempering milk samples before measur- 

ing for the I3abcock or Llojonnier test. An electric heat- 

Ing element (Fig. I, bio. 6) and I,ercoid control (iig.II, 
No. 5) for maintaining a temperature of 138° F. in tern- 
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pering the Babcock test bottles before reading the fat 

column. The bath was insulated so that the constant de- 

sired temperatures could be held. It was designed to ac- 

commodate spec:ai1; constructed trays of three different 

types. One holds twelve 16-ounce sample bottles (Fig. III, 

No. 2) used in the 15 day composites. One holds twenty- 

four 8-ounce sample bottles (Fig. V) as viere used in the 

7 day composites. The other holds 24 or 48 13a'ocock test 

bottles (Fig. VI) for temperin the tests before reading. 

The tank was designed to be used to heat samples to the 

desired temperature to insure the redisbursement of the 

fat and serum in composite samples where found necessary 

to do so. 



_,RE III 

Sample Bottles, Trays, and Carrying Cases 

FIGURE IV 

Close Up of Tempering Lath and Reading Device 
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Read5.ng Device - (FIS. IV, No. 2) A reading device pre- 

vicusly suggested by the Department of Dairy Hu$bandry and 

adapted to meet specifications was purchased from the Seien- 

tific Supplies Company of Portland. It contained a light 

within a cylinder that throws forth a small yellow beam 

of liht through a slit in the side of the cy1irer. The 

slit Is constructed with an attachment for holding both 

cream and milk test bottles in such a manner that the fat 

coluin 5n its entiretj is completely lighted. A two power 

magnifying glass of rectangular shape is so mounted on the 

light stand that reading the test through the glass can be 

accomplished with ease. 

Such a reading device made reading to the 05 per cent 

on the milk test easily discernible. 

Reading Dividers - The reading dividers used were of 

the needle point trpe with thumb type tightening strew at 

the hinge joint. 

Acid. Burette -(Fig. I, No. 1) The acid burette used is 

of the type that will deliver 6 po: 

refilling. The burette is mounted 

with a rubber syphon attachment so 

the correct filling of the burette 

The burette is constructed to 

of 17.5 cc. of acid to be run into 

ease and accuracy. 

'tions (17.5 cc.) before 

on a 2 liter &Cid. jug 

that the bette assures 

automatically. 

allow uniform portions 

the test bottles with 



40 

Acid Tempering Device - A water bath was constructed 

with water attachment and overflow so that the acid jug 

could be left in cool running water at all times to assure 

proper temperature of acid. 

Vïater Tank -(Fig. I, No. 12) A water tik made of cop- 

per and heated by means of a gas flame was constructed for 

the purpose of maintaining the proper tempered water to be 

added to the test bottles after the first and second cen- 

trifuging. An indicating thermometer vías attached to the 

tank so the temperature of the water could be noted at all 

times. Distilled water was used to prevent scale forma- 

tien. 

Sample Bottles - Mojonnier sample bottles (Fig. III) 

of the B-ounce and 16-ounce capacities were purchased from 

the Mojonnier Loros. Co. These bottles have tight fitting 

rubber stoppers permanently attached by means of a chain. 

They have large sand blasted spots on the side of the bot- 

ties for placIng the identification mark. 

Sample Bottle Gases - (Fig. III, No. 1) Sample bottle 

cases were constructed by the College Plubmin Department 

according to specifications. The test bottle trays and 

bottles could be carried in these cases. These cases 

were supplied with locks and hasps and accommodated either 

the 24 S-ounce sample bottles and trays or the 12 16-ounce 

bottles and trays, The cases were supplied with handles so 



FIGURE V 

Bath Used for Tempering Samples Before Testing 

FIGUHE VI 

Bath Used for Tempering Tests Before Reading 
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that they could 'oc carried in an upright position. 
Sarnpling Devices - Figure VII shows photographs of 

soxie of the sampling equipment used in this study. A pro- 

portional Saniple was lent by a Chemical Supplies Company - 

for testing purposes. The 3/4 ounce dipper is the official 
size measure used for taking composite samples ïn the Port- 

land sales area. The Dakelite stirring rod was designed to 

prevent the removal of tin from the sides of the cans on 

stirring. 
A sampling tray was constructed in accordance with sug- 

gested design (Fig. XIII and XIV) . The tray was cons truc- 
ted so that a proportionate and representative amount of 

milk could be collected through a saniplïng tube over which 

the milk was forced to run when poured into the tray and be- 

fore entering the weigh vat. 
1.111k Lleasuring Pipettes - A dozen 17.6 cc. milk meas- 

uring pipettes were purchased from the manufacturer accord- 

ing to specifications of a guaranteed accuracy of a plus 

or minus .01 cc. tolerance in the total content. These in 

turn were checked and found to be within that accuracy. 

* i3raun-Knecht-Heiu:ann-Co., San Francisco, California. 
The L,'ahlstrom Proportional Sampler. (Patent Pending) 



FIGURE VII 

Sampling Devices 

(left) rh1strom Proportional Sampler (center) Official 

3/4-ounce Dipper (right) i3akelite Stirring Rod 



Llk Test Bottles - Only those bottles with a variatiai 
within .005 cc. of the correct capacities of 1.600 cc. in 
the calibrated portion were used in the research testing. 
The bottles were selected from the check up on the 354 

bottles checked on the new certified mercury burette. 
Time Alarm Clock -('ig. II, ITo. il) A time alarm 

clock was purchased, which was so constructed with dial 
and alarm button on the face that the measured time from 

one minute to two hours could be easily set, the alarm 
ringing after the set time had elapsed. This clock was 

purchased for use in making the Babcock tests. 
Preservative - Corrosive sublimate (mercuric ch.oride) 

tablets were the most commonly used preservative on the 
Portland market. They were selected and used in preserv- 
ing the composite samples in the actual research testing. 
Other preservatives were purchased and experimented with 
along with the actual testing. 

Supplies and Reagents for the LIojonnier Analysis - 
All of the supplies and reagents necessary for carrying on 

the Llojonnier analysis for butterfat on milk were purchased 
according to ::ojonnier specifications for purity. The Mo- 

jonnier testing machine belongIng to the Dairy Department 

was available for the testing work. 



45 

PAiT I. LIETHOD OF CONDUCTING THE RESEARCH 

I. "Unit" Testing and Standardizing Procedure 

After one month of preliminary testing to standardize 

methods pnd equipment, it was decided that the research 

be carried on as follows: 

Since the question of the accuracy of composite samples 

was of the greater importance in this study, plans viere 

made to carry out to completion a number of "Units" of com- 

posite versus daily testing, accoiding to standardized 

procedure twoughout the different seasons of the year. 

A "Unit", as hereinafter referred to, means the col- 

lecting of six samples of milk daily. Five samples were 

collected at a commercial milk plant in the City of Cor- 

valus * and one sample from the College Dairy Products 

Laboratory. The collecting of the samples, the handling 

of the composites and fresh daily samples, the storing, 
testing, and recording of results of these siples over 

a period of 15 days, according to the following stan- 

darciized procedure is known as a complete Unit. 

. Acknoviledgment is made of the cooperation of the 
Medo-Land Creamery of Corvallis, Oregon, in fur- 
fishing milk sar.1)les and also for allowing some 
of the experimental work to be carried on in their 
plant. 



Vlhen srnp1in at the milk p1ant, about one pint of 

milk, representinß the milk brought in by one producer, 
v1as mixed well b pouring from one container to another 
until six pourins were accomplished. A 3/4 ounce flor- 
tion of this sample was then placed into each of three 
Mojonnier sìrnple bottles, to which one corrosive sub- 
uniate tablet had been added. Two of the bottles of the 
5-ouice size were used. as the 5 and 7 day composites and 

one bottle of the 16-ounce size was used as thc 15-day 

composite. The remainder of the smp1e was saved and 

tested fresh daily by the Babcock and Mojonnier methods 

of testing for butterfat. 
The above process was completed daily, nuniberin the 

bottles of each set from 1 to G and usina the same produc- 
er's milk for the same sample each day as far as possible, 
so as to carry a fair ran&e of fat percentages. 

One set of composites was tested after five days of 
additions and holdings, one set after 7 days and the 
other set after 15 days of daily additions and ho1dins. 

The composite samples were stored in the plant re- 
friGe.'atcrs at 350 F. to 4Q0 F. andshakon with a rotary 
motion each day after the addition of the daily iortion 
until all the cream had been removed from the sides of 
the bottles, The samples were then tilted to reincor- 
porate all of the moisture, fat, and milk particles that 
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mcr have accumulated on the Inside and stopper ol' the 
bottles. The composite samples viere then returned to 
the cooler as soon as possible after the addition of the 
daily portions. 

3oth the fresh and composites were handled and tes- 
ted as follorjs: 

The samples were placed in the automatic water bath 
and tempered. at 68° F. (20° .) for at least one-half 
hour before measLTin for the babcock or Liojonnier test. 

No measuring pipette was used in rnakn the Lahcock 

test with a plus or minus variation of more than .01 ml. 
(.01 cc.) froni 17.6 cc. 

No test bottles were used in making the Babcock test 
with a plus or minus error of more than .005 cc. in the 
graduated portion of the neck. 

All acid used was tested at 60° F. with the acid 
hydrometer and standardized to test between a specific 
gravity of 1.825 and 1.830. The acid purchased usually 
tested between 1,835 and 1.840 when received. Dilution 
of the acid was easily accomplished by usin, distilled 
water at the rate of approximately 5 cc. per 100 cc. of 

acid for each .010 reduction in the specific gravity. 
The acid was slowly added to the disti11d. water and 

cooled to the proper temperature before using. 



It vjas observed during the course of this study that 

comrercial sulfuric acid received from different manufac- 

turers, even though standardized to the same specific 

gravity, reacted differently under the sanie conditions. 

For this reason it would seem that a certain standard of 

purity should be insisted upon when purchasing the corn- 

merca1 grade of acid. 

The acid, when added to the milk, was tempered to a 

temperature of between 60° F. and 7Q0 F. 

The mulic, at the time the acid was added, ';as not over 

70° F. or below 50° 

The centrifuge wasmaintained at a tnperaturo of 

135° F. to 140° at all times during the running of the 

tests. 

The distilled water added to the tests during the 

first and second additions was maintained between 1400 F. 

and 150° F. 

The tests were run for a period of 5 minutes for the 

first time, 2 minutes the second time and 1 minute the 

last tiie as determined by the time alarm. 

Vater was added to the bottom of the neck on the 

first addition and to the top of the graduated portion 

the second addition. 
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All tests viere placed in the tempering bath with the 

entire fat column submerged at a temperature thermostati- 

cally maintained at 135° F. to 1400 i. for at least five 

minutes before reading. 

All tests were run in duplicate and read by two read- 

ers as far as possible. The average of the four readings 

on the test was accepted as the correct reading for that 

test. 

The reading 11ht and magnIfying glass was used to 

read. the test and the tests read to the nearest .10 per 

cent and estimated to the nearest .05 per cent. The 

tests were read from the bottom of the lower meniscus 

to the top of the upper meniscus in all cases. 

The ojonnier test was run according to A.0.A.C. 

methods, weighing the sample instead of measuring, with 

the 10 gram pipette. 

The composite samples were handled according to the 

above methods unless the fat could not be made to go into 

emulsion b.s in the fresh samples, in which case they were 

heated to not over 100° F. until the fat had emulsified 

and then cooled down to 680 i. again before sampling for 

the Bacock or Mojonnier test. 

The above standardized methods as hereafter used. are 

a11od standardized procedure and any variatiorE from this 

procedure are noted. 
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II. Results Obtained on Unit Testina 

A total of ten units extending over a period of ten 

months were completed. This period covered the four sea- 

sons of the year from the spring of 1939 to the spring of 

1940. 

In the first two units a five, seven, and fifteen- 

day composite sample was carried. In the remaining eight 

units the five-day composite ssmple was discontinued and 

only the seven and fifteen-day composite somples were car- 

ned. 

Table I. shows the results from the testing by the 

Babcock and Mojonnier methods of 60 daily samples and. 

12 five-day composites; 420 daily samples and 60 seven- 

day composites; and 900 daily samples and 60 fifteen-day 

composites. 

(a) Average Dail Versus Composites Babcock) - It 

is evident from thcse data that regardless of whether the 

composites were tested after Live, seven, or fifteen daIly 

addItions, the difference between the average daily tests 

and the composite test on the same sample of milk was quite 

consistent. Slightly lower results were obtained on the 

composite saniples. This decrease in the average percent 

fat amounted to .016 for the five-day composites, .021 fon 

the seven-day composites and .027 for the fifteen-day coni- 



Table I. Summary of Units 1 to 10 inclusive. Comparison of the average 
daily tests and tests of the five, seven, and fifteen-day composites 

on the same samples of milk by the Babcock and I,:ojonnier meth- 
ods of testing for fat, May 1939 to April 1040 

Babcock Jeci1ea3e Mjonier LIojonnier Decrease Babcock Babcock 
Number Babcock average due to average average i)uo to daily composite 
of average composite composite daily composite composite higher higher 
daily daily test test test test tests than than Mo- 

samples test Mojonnier jonnier 
- - daily composith ____________________________________________________________________ 

/0 
cf 
/0 

- 
/0 

c7 
/0 /0 0 

Five-day composites (12) 
60 47/4 4.758 .016 4,697 74 .023 Q7/ .074 

Seven-da composites (60) 
420 4.534 4.513 7Ö2T -4.6o 4.439 02]. .074 .074 

ïfteen-day composites (60) 
900 4.546 4.521 .027 T4T2 4.417 .055 .076 .104 

;ii samples were tested according to standardized procedure as previously 
described. All tests by the Babcock were read by two different readers. 
The average of the four readings was taken as the final test in the Babcock 

analysis. A total of 2064 individual determinations was made by the Babcock 
method and 1032 by the Liojonnier method. 

C)1 H 
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posite samples as compared to the average daily tests. 
The data obtained in this study confirm the recently 

reported findings of Tracy and Tuckey (34) who found 

slight decreases in the fat percenage on 7-day com- 

posites thich amounted to .061 for the fiist period of 

the winter series; .026 for the second period of the win- 

ter series; and .020 for the summer series. 
(b) Average Dally Versus Oompsites (L:ojonnierl - 

There was approximately the same decrease in fat content 

of the composites when comparisons were made between the 

average daily and the five and seven-day composites by 

the L'ojonnier method of analysis as there was by the ab- 

cock method on the sanie samples of milk. This decrease in 

composites amounted to .023 for the five-day and .021 for 

the seven-day composites. However, when the results from 

the fifteen-day composites were compared with the daily 

tests, the decrease in fat content of the composites was 

much greater and. amounted to .055 on an average. 

Such a decrease as last mentioned would indicate that 

the cause was other than sampling difficulties, since the 

saine milk sampled for the Babcocktest at the same time 

did not show as great a decrease. One reason may be that 

the enzyme lipase, acting on the fat in milk samples,and 

especially on preserved samples, would cause some of the 

fat to be changed into free fatty-acids which in turn 
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would be changed to aps by the ammonia used in the test- 
ing. Since the soaps are insoluble in ether, there should 

be a correlation between the fat loss by the Lojonnier 
analysis and the amount of free fatty-acid formed. This 

is being investigated further at present. 
(e) Eabcock Dil: Versus Mojonnier Daily Testing - 

The averace daily test by the babcock nethod. of testing 
vías consistently higher than the average daily test on 

the same samples of milk by the Mojonnier method of test- 
ing. This average difference amounted to .077 for the 

first GO fresh daily samples, .074 for the next 420 daily 
samples and .076 for the total 900 daily samples. 

It may be of interest to neÍìtion that in many eases 

the daily tests by the Llojonnier and the Babcock rimethod 

of testing on the same samples of milk were close - also, 
that the cases where this close check occurred were us- 
ually on milk samnj'les of known good quality from usually 
the same source. This observation would tend to strength- 
en the theory that where there were no apparent hydroly- 
sis due to lipolytic action the two methods of testing 
would more nearly give the same results on the final fat 
analysis. 

(d) i3abcock Composite Versus :.:ojonnïer Composite Sam- 

pies - The average test by the Mojonnier method was .074 

less on the 5 and 7-day composite samples than the average 
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test by the 3abcock method on the same samples. There 

was a reatei' difference in the average tests on 15-day 

composites by the two methods. The average test obtained 

by the :.:ojonnier was .104 less than that obtained by the 

Babcock method. 

The great similarity between the differences that oc- 

curred between the Babcock composites and the L!ojonnier 

composites and between the Eabcock daily and the Mojon- 

nier daily average test on the 5 and 7-day composIte sam- 

pies that amounted to approximately .075 greater for the 

Babcock method in both cases wo'.1d tend to suggest two 

important phases of the tecimique used in this work: 

namely, the daily additions that went to make up the corn- 

posites were aliquot portions of well mixed sam?les of 

milk t1t were used for the daily tests, and the coni- 

posite samples were handled so that a representative 

sample could be secured for the test without havin5 to 

heat the milk to reincorpoi'ate the rat and serum. 

It will '0e noted (Table I) that the Babcock average 

for all 15-day composites was .104 greater in the percen- 

tage than the Lojonnier average test for the 15-day corn- 

posites on the same sample of milk. Compared to the Bab- 

cock 7-day composite average which was .074 greater in 

the percentage than the Mojonnier 7-day composite average 

test on the same samples of milk, there was found to be a 
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decrease in the percentage mou:tin to approximately .030 

duo to some cause other than sampling difficulties. Vihat- 

ever the cause was, it appeared to affect the Mojonnier 

tost and not the Babcock, Also, the effect of the cause 

was apparently not present until after the 7-day storage 

period when the samples were held at 400 F. 

A decrease in test due to storing composite samples 

for 15 days, and when tested by the Mojonnier method, ws 
also noticed to be approximately .03 greater than the de- 

crease in test due to storing the composites for 5 and 7 

days and using the Eojonnier method. This appears to be 

a significantly greater decrease than was obtained by the 

Babcock method of testing on 15-day composite samples over 

the 5 and 7 clay composite samples thich only amounted to 

a .009 greater average decrease. 
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III. Stati!tical Summary of Results 

A statistical analysis of th data is Given in 

Table II in order to facilitate their intorprQtation. 

(a) J3abcock Daily Versus Comnposites - In Table II 

are recorde the differences of the various means with 

the standard errors of those differences. The average of 

the Babcock daily tests from Table I, indicated in Table 

II as I:, L15, and were .015, .021, and .027 hiGher 

in the percentage, respectively, than the averaGe of the 

means for the 5, 7, and 15 day composite samples indica- 

ted in the table as L2, L6, and Mie. The differences 

I: minus 115 minus 1:6, and 1. minus M with their 

standard errors do not indicate that there are siGnifi- 

cant differences between the results of the averae of 

daily and the 5, 7, and 15 day comosites when they were 

handled accordinG to standardized procedure and tested 

by the abcock irthod. 

In order to be siGn±ficant the differences between 

the averaGe daily and the composite tests would have to 

be 'eater than twice the standard error. It can be seen 

by eerrin& to the table that the difference between the 

averae daily and the 5, 7, and 15 day composite averaGe 

was well within the errors for those differences. The 

standard errors are .005, .053, and .054 for the three 
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Table II. Statistical Analysis of abcock and Mojonnier 
tests on daily and composite samples of milk 

ien in or cent : 

Method of testina : ± : ifforence of 
: Standard devia- : :,:ea.nz and 

tion of mean : standard rrors 
abcock daily : 14.774±.O23 : M1-I\2.O16±.O95 

Babcock 5-day Cori- : : posites : ::2=4.?58±.nB : M3-M4.023±.087 
Mojonnier Daily : M34.697±.022 M1-L3.O77±.00l 
Liojonnier 5-day : 
Composites : L144.G74±.lO9 : M2-M4.074±.009 

Babcock daily : ::54.534±.o23 
Babcock 7-day Corn- : : 
posites : :,:6=4.513±.076 : I.17-M8.02l±.054 
Mojonnier daily =4.43±.O22 M5-Ir7.O74 ±.00l 
Mojonnier 7-day : : 
Composites : L 4.39±.O7l : L:6-M8.074 ±.004 

Babcock da.l :M9 .4.548 ±.023 :O -IIlO.O27 ±.054 
Babcock 15_thçr Jonì-: : posites :M10 4.52l±.O76 :Mii-Mi2.O55 ±.051 
Mojonnier daily L11 4.472 ±.022 M9 -M11.O76 ±.00l 
Mojonnier 15-day : 
Composites :M12 4.417 ±.O7 :Mlo-M12.lO4±.003 

Mean in per cent Arithmetical average of the data. 
Difference of means Differences between arihmetical 

averases. 
Standard Deviation Standa'd._deviation of Jata divided 

by \1, 
Standard error Difference etweßn the standard 

deviation of the means 
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comparisons respectively. 
(b) Mojonnier Daily versus Jonposites - Likewise 

the average of the Llojonnier daily tests indicated in 

Table. II as M3, Mi, and M11, were .023,.021 an1 .055 hiier 
in the percentage thsn the average of the 5, 7, and 15-day 

composites designated as M4, M3, and M12. The differences, 
M3 nìnus LI4, LI7 minus Li3 d minus M12 with their 
standard errors do not show it there are significant dif- 
ferences between the average of daily tests and the 5, 7, 

and 15-day composites then handled according to standar- 
dized procedure and tested by the LIp jonnier method. These 

differences (Table II) were also well within the standard 

error for the differences. 
(e) Babcock Daily Vei-sus Mojonnier Daily - The aver- 

age daily readings by the Babcock method of testing were 

.077, .074 and .076 higher n the percentage than the av- 

erage of the daily readings by the Mojonnier method of 

testing on the same samples of milk. These values, shovm 

in Table II as Lii minus LI3, M minus M7, and Mg minus 

LI11, with their standard errors do show that there viere 

significant differences between the results obtained when 

the two methods were employed in testing the same samples 

of milk. Compared with the standard errors of these diff- 
erences,.shown in the table to be .001 in all cases, lt 
can be plainly seen why these values are significant. 
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(ci) Babcock Cornosites Versus Mojonnier Composites - 

ThO average of the Babcock 5, 7, and 15-day composite re- 

suits indicated in the table as Mp, M6, and MiO, were 

higher in the percentage by .074, .074, and .104 respec- 

tively, than the averages of the 5, 7, and 15-day compo- 

site results designated as Li4, Li3, 1d M12. Those ciSl- 

ferences Mp minus M4, M6 minus 113, and :.:io fliflUS M12, 

with their standard errors also show significant dif- 

ferences between the two methocis of testing for fat. 

The standard errors were .000, .004, and .003 for the 

above differences. 

It would appear that since the difference in the 

means between the average daily and the composite samples 

on all samples were positive values (i.e., the average 

daily tests were always greater th the average compo- 

site tests) there would be some significance between 

these values. However, as has been discussed, the stat- 

istical data failed to show this significance. A fur- 

ther discussion is made of these differences in the fol- 

lowing pages. 

(e) General Discussion of Statistica]. Data - In a 

further discussion of the statistical data presented in 

Table II, it is of importance to mention the percent of 

times that errors larger than those found between the 

mean daily and the mean composite averages could be ex- 
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pected even vthen samp1in and testina the seme sample of 

milk while fresh. These percentages were found by using 

the neon differences and. their standard errors and calcul- 

ated to be aS follows: It could be assumed that 77 per- 

cent of the tune differences greater than .016 in the per- 

centage (as was found between the mean daily and the 5-day 

composites by the J3abcock test) could be e;pected due to 

errors in random sampling. Also, 70 per cent of the time 

differences greater than .021 (as was found between the 

mean daily and the 7-day composites by the Babcock method) 

could be expected, whereas, 62 per cent of the time errors 

greater than .027 (as was fowd between the mean daily and 

mean 15-day composites by the Babcock method) could be e::- 

pected due to experimental errors. It may also be of sig- 

nficance to note the fact that the chances of obtaining 

errors greater than those obtained between the mean daily 

and the mean composite averages decreased as the compari- 

Sons wore made between the ave:age daily and the longer 

holding time for the composites. This ::ay be explainI 

by the fact that due to the nn.ch larger nunber ol' compar- 

isons that were made in the latter cases, the variations 

due to experimental error had a tendency to be smoothed 

out. 

A point of extreme significance that was brought out 

in this statistical survey was the small probability of 
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28 percent that could be expected for errors to occur 

greater than the .055 difference, obtained between the 

mean daily and the mean 15-day composites when tested. by 

the iojonnier method of testina. This fact is in 1:eepinr 

with the assumption that the greater diffei-ence obtained. 

between the Babcock and :.:ojonnier methods of tcctin on 15- 

day composites over that thich ïas obtained. on 5 and 7- 

da composites was due to chemical decomposition of the 
fat t the 1oner ho1din period. This chemical action 
which affected the Lojonnier method of testina more than 

the babcock method was assu.ed to be due to fat hydrol- 
ysis. The above correlation advances the theory that 
whereby small differences probably due to eerimenta1 
error viere found to be of no significance they may become 

siGnificant where the differences become larger due to 
other causes. 

To show the amount of variation which occurred be- 
tween the differences of the mean daily and the mean 15- 

day composite samples in the Unit testinG, a frequency 

distribution was made showing in graphic form the dis- 
tributon of' these differences when the Babcock method 

was used, It will be observed in this graph (Fig. VIII) 

that although there was a trend for the average difference 
between the means to b a positive figure (plus .027), 

there were also several differences found to be of a neg- 
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ative vi1ue. 

Taking into consideration the 1are probability for 
small errors to be present in all experimental work, it 
can be nore easily seen why the difference of .027 greater 

for the mean daily tests by the Babcock method than the 
mean 15-day cposite teston the sarae.samplez were not 

found to be of significance in this study. 
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PART II. VARIATIONS FROM STATYDARDIZED 

PROCEDURE IN I SAMPLING, PSE11VIIM}, AND 

TESTING OF MIU FOR FAT 

I. Effect of ifferent Liethods of Eandlin and Storing 
ComposItes on the Final Fat Test as Determined by 

the Babcock Method 

The method in which composite samples are handled 

and sorted is of utmost importance in maintaining a sam- 

pie that can be tested without undue loss of butterfat. 
In ordcr to try to duplicate some of the methods 

used in handling composite milk samples in the Portland 
Area, the f ollowin experiments were made: 

Two croups of composites, one 7-day and one 15-day 

group of eiht samples each, v:ere carried as f ollov;s: 

A 3/4 ounce dipper of the same sample of well mixed milk 

was added to each of the composite samples daily until 
tested. 

Two samples from each set of composites were handled 

according to standardized procedure; that is, they were 

stored in a dark place at 400 F. at all times and were 

only tal:en out each day to add the daily portion. Each 

day after the addition of the daily portion, they were 

rotated gently to reincorporate tho cream and tipped to 

reincorporate any moisture that niay have condensed on the 
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the inside of the bottles. They were then immediately 

returned to the cooler and kept at 400 F. 

Two samples from each set of composites were stored 

at 40° F. but were left out at room temperature each dr 

for four hours befcre being returned to the cooler. Also, 

they were stirred only sli6htly, and not sufficiently to 

reincorporate the cream and. moisture. 

Two samples from each set viere left out at room 

temperature for four hours each day after adding the daily 

portion and were shaken vigorously in an up and down motion 

to reincorporate the cream and moisture. The remaining 

time they were stored at 4Q0 i. 

The remaining two sariples from each set were stored 

at room temperature at all times. The bottles were not 

sterilized to begin with and were not rotated properly 

each day to mix the cream and dried material. 

Table III shows the results of the 7-day composites 

handled in the several different ways. It is apparent 

from these data that the methods used in the handling 

and storing of composites are of great importance. The 

increased fat test of samples 1, 2, 5, and 6 show the 

necessity of reincorporating the cream and moisture each 

day. Even shaking the samples vigorously in an up and 

down motion, although cautioned against because of danger 
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Table III. The effect of different methods of handling 
and storing 7-day composite milk samples on 

the final fat test by the Babcock 

Duplicate Tests -- Lower L'tethod in which 
Sample Average than sample was handled 

1 2 fresh and stored 
test 

'1 
Io /0 

Fresh 4.30 4.30 4.30 (tested fresh 

1 4.30 4.25 (handled according to 
2 4.25 4.25 (standardized proce- 

4.26 .04 (dure--storcd at 40°F. 

(not sufficiently 
3 4.20 4.20 (stirred to reincorp- 
4 4.20 4.20 (orate cream and mois- 

4.20 .10 (ture daily--remained 
(at room temperature 
(4 hours daily before 
(returning to 400F. 
(storage 

(shaken vigorously up 
5 4.30 4.30 (and down--remained out 
6 4.30 4.30 (at room temperature 4 

4.30 .00 (hours daily before 
(returning to 40°F. 
(storage 

(only slightly stirred 
7 4.15 4.20 (daily--kept at xom 
o 4.15 4.15 (temperature at all 

4.16 .14 (times--bottles not 
(stoni at the begin- 
(ning 
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of churnIng, proved benefica1 in this experiment and 
gave the highest fat test. Samples 3 and 4, which were 
not rotated each day sufficiently to eincorporate the 
cream and moisture gave results more than .05 per cent 
lower than those handled according to standardized pro- 
cedure. Thereas, samples 7 and 8, held at room tempera- 
ture and stored in bottles which were not sterilized to 
begin with, gave tests that were .1 lower than those 
handled according to standardized procedure. 

It was of interest to note the condition of the 
composites at the time of testing. The two samples 
handled according to standardized procedure had no 
cream sticking to the sides of the bottle after 15 seconds 
of rotating. They also had the appearance of normal milk 
and did not have to be heated to reincorporate the cream 
and serum. These samples viere tempered to 68° F. and 
sampled for testing without heating. 

Samples S and 4 had creani sticking to the side of 
the bottle and stopper that would not go into emulsion 
without heating. These samples were heated to 1000 
and cream removed from the side of the bottle with a 
rubber policeman. The samples were then cooled to 68 F. 
and sampled for the test. There vías no apparent churning 
or'oiling off'. 
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Samples 5 and 6 seemed to be in fairly good condition 

but had a small amount of cream sticking to the side of 

the bottle after rotating. They had to be heated to 1000 

P. to reincorporate the cream and cooled to 680 F. before 

sampling. No churning or oiling off was apparent in these 

samples. 

Samples 7 and 8, held at room temperature and not 

properly cared. for had cream and dried fatty material 

on the side of the bottles and stoppers which would not 

come off even after heating to 1000 F. and had to be 

scraped off with a rubber policeman. It was difficult 

to get this material reincorporatod even after holding 

the sample at 1000 F. for several minutes. 

Results of Fifteen Composites - Photographs were 

taken of the fifteen-day composites both before and after 

rotating for 15 seconds to remove cream from side of the 

bottles and to reincorporate the moisture. (Figs. IX and 

X) Two samples of fresh milk, 1 and 2, were photographed 

along with the composites to serve as a basis of compar±son. 

The fifteen-day composites (3 and 4), handled acco:-'d- 

ing to standardized procedure, (Held at 40° F. in the 

dark) showed an absence of cream sticking to upper part 

of bottles and stoppers before shaking and a very 

complete reincorporation of the cream and serum after 

gently rotating for 15 seconds. They also showed a very 



FIGURE IX 

15-Day Composite Samples Before Stirring 

FIGURE X 

15-Day Composite Samples After Stirring C) 
(D 
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close resemblance to the two samples of fresh milk, 

i and 2. 

Samples 5 and 6, which were kept out at room temp- 
erature for four hours each day before repiacin in the 

cooler and were not rotated sufficiently each da to 

reincorporate all of the moisture d dried material, 

showed considerable dried fatty material sticking to the 
side of the bottles and stopper both before and after 

shaking for 15 seconds. 

Samples 7 and 8, which were kept out at room temp- 

erature each day for four hours before returning to the 

cooler and were shaken vigorously in an up and down motion 
each day to reincorporate the cream and serum, showed 

dried material on the side of the bottle and stopper be- 
fore and after rotating for 15 seconds and also showed a 
slight condition of churning. 

Samples 9 and 10, which were stored ab room temp- 

erature for the fifteen-day period, showed signs of being 
in very poor condïtion. The samples had a tough cream 

layer, ruddy material on the inside of the bottle and 

stopper, and a slight off odor, both before and after 

shaking. 

The results of the fat test on these saip1es are 

summarized in Table IV. This experiment shows the de- 



Table IV. The effect of different methods of hand1in 
and storing l5-ay composite milk samples on 

the finalfat test by the abcock 

Duplicate Tests Average Lower 
Sample than Lethods used in 

1 2 fresh hand1ng the 
test sano1es - 

-.,-- - - - 

Fresh 4.10 

4 10 
3 4.10 

4.10 
4 4.10 
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4.10 4.10 (tested fresh 

4.10 
4.05 (Handled according 
4.10 (to standardized 
4.10 4.00 .01 (procedure--stored 

(at 40°F. 

(not sufficiently 
(stirred to rein- 

4.05 4.10 (corporate cream 
5 4.05 4.05 (and moisture 

4.05 4.05 (daily--remained 
e 4.00 4.00 4.04 .06 (at room tempera- 

(ture 4 hours 
. 

(clLily before re- 
(turning to 40011. 

( storage 

(shaken vigorously up 
(and down--remained 

4.00 4.00 (out at room temper- 
7 4.00 4.00 (ature 4 hours daily 

4.05 4.00 (before returning to 
8 4.00 4.00 4.01 .00 (40°F storage 

(only slightly stir- 
4.00 4.00 (red daily--kept at 

g 4.00 4.00 (room temperature 
3.95 4.00 (at all times-- 

10 4.00 4.00 3.00 .11 (bottles not steril 
______________________________________ (at the beinning 
All samples were heated to 100° F. Th a water bathhe1d at 110° F. and sampled for the Babcock test at that temperature after reincorporating the cream and serum. Samples and 4, the only ones that could have been sampled without heating 
due to the ease of reincorporating the cream, were also 
heated to i0O F. in order to be assured of comparative 
results. 
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sirability of handling fifteen-day cornposte samples 

according to standardized procedure for at least two 

reasons. First, handling composites according to standar- 

dized procedure eliminates the necessity of heating the 

composites before sampling to reincorporate the fat and 

serum, since this can be accomplIshed merely by gently 

rotating and tilting the bottles before tempering to 68° 

or 
7Q0 I. Second, the final fat tests on the samples 

handled according to standardized procedure were higher 

than the other samples, even though they were all made 

from the same sample of milk after mixing well each day 

before the daily additions of the 3/4 ounce portion. 

The fact that the results were so closely related 

in each of the four sets of composites would make it 

appear as though the important factor in causing the de- 

crease in the final fat analysis was caused by difficulty 

in getting all of the fat in each sample properly reincor- 

porated before sampling. All samples except those handled 

according to standardized proceuro showed Signs of slight 

ttoiliflg off" on heating upon close observations. 

Samples that were handled according to standardized 

procedure were the only ones that could be tested without 

first being heated above the melting point of fat since 

these two samples riere the only ones whereby all of the 
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cream could be removed from the side of the bottle and 

reincoroorated simply be gently rotating the bottle as 

can be done with fresh milk(Note samples 3 and 4 

Figs. IX and X). This would indicate the desirability 

of properly handling composites. 

II. Effect of Time, Lethod of Holding, and Type of 
Preservativo on the Final Fat Test of Composite 

1:11k Samples 

Tue. following experiment was conducted to determine 

the effect of adding mercuric chloride and f ormalin to 

milk samples and storing under different conditions of 

temperature and light. 

Four one-gallon samples were secured from four 

different dairy farms. Each sample of well mIxed milk 

was tested in duplicate for fat by the Babcock method of 

testing. The samples were then each divided into 24 

1ojonnier sample bottles. Each set of 24 bottles was 

treated and held as follows: 12 bottles from each batch 

viere preserved with two mercuric chloride tablets. Four 

of these samples were stored at 4Q0 F. in darkness, four 

were stored at 70_600 1 exposed to the day light. The 

remaining 12 bottles from each set were preserved with 

1/2 cc. of formalin, divIded into groups of four and 

stored as above. 



One sample from each set of four was tested in 

duplicate for fat bj the Babcock method of testina at 

weekly intervals for a period of one month. 

Results of these tests are sunimarized in Tables 

V, VI, VII, and VIII. These data show that the mercuric 

chloride was more effective than formalin in prevontin 

the decline in fat tests in preserved samples at low 

holding temperatures. urtherrnore, the time of holding 

the composite did not seem to change the results material- 

ly at the low temperatures. There were no consistent 

results to show that fornialin vas superior to mercuric 

chloride in preventing a declIne in the test at higher 

temperatures, either when stored in darkness or ïn day 

light. There seemed to be no consistent results in these 

tests to advocate the storing of composites in the dark- 

nes.s instead of exposed to day light. 

III. ffect of Storing Pro-measured Samples of Milk 
in Sealed Eight Percent Babcock Test Bottles on 

the Final Fat Test 

To carry out this particular study more in detail 

and to determine whether or not the decline in fat test 

was due to sampling difficulties, or other factors, 

another experi:ent was worked out. In this experiment 

one sanple of milk was divided into ninety-six S-ounce 



Table V. Effect of time, method of holding, and type of 1'eservative on the 
final fat test of composite milk samples* 

7 Days 

Sample Original Preserved Preserved Preserved Preserved Preserved Preserved 
number fat test with with with with with with 

3abcock mercuric for!îlalin mercuric formalin mercuric formalin 
chloride held at chloride exposed to chloride at 700 F. 
held at 40° F. exposed to day light at 70°F. in darkness 
40° F. da light at 70°F. in 

7O F. darkness il ci 

1 5.27 5.25 5.22 5.22 5.20 5.20 5.17 

2 4.30 4.25 4.20 4.22 4.25 4.20 4.20 

3 5.30 5.30 5.27 5.27 5.25 5.20 5.25 

4 4.10 4.10 4.02 4.05 4.02 4.00 4.00 

Average 4.742 4.725 4.677 4.60 4.680 4.650 4.655 

.Uecroase in average 
test as compared 
with original .017 .065 062 .002 .087 . 

- All samples were heated to 110°F. in a controlled water bath so as to prevent 
oiling off. All samples were measured at this temperature and tested according 
to standardized procedure the average of duplicates being taken as the final 
fat test. 

(51 



Table VI. Effect of time, method of holding, and type of preservative on the 
final fat test of composite milk samples* 

14 Days 

Sample Original Preserved Preserved Preserved Preserved Preserved Preserved 
number fat test with with with with with with 

Babcock mercuric f ormalin mercuric f ormalin Mercuric f orinalin 
chloride held at chloride exposed to ch1orid. at '70° F. 
held at 400 F. exposed to day1iht at 700 in darkness 
4Q0 2. day1iht at 700 F. in dark- 

70 F. ness 
(_7 

/0 /0 /0 /0 
c7 
/0 

1. 5.27 5.27 5.22 5.22 5.15 5.22 5.22 

2 4.30 4.27 4.30 4.22 4.10 4.25 4.25 

3 5.30 5.30 5.27 5.25 5.20 5.25 5.25 

4 4.10 4.07 4.07 4.00 4.02 4.05 4.05 

Average 4.742 4.727 4.715 4.672 4.617 4.692 4.692 

Decrease in average 
test as compared 
with original .015 .027 .070 .125 .050 .050 

* All samples were heated to 110° F. in a controlled water bath so as to prevent 
oiling off, All samples were measured at this temperature and tested according to 
standardized procedure the average of duplicates bein taken as the final fat test. 

- 

C) 



Table VII. Effect of ti:rie, method of holding, and type of preservative on 
the final fat test of composite milk samples* 

21 Days 

Sample Original Prosorved Preserved Preserved Preserved Preserved Preserved 
number fat test with with with with with with 

Babcock mercuric formaln mercuric formalin mercuric formalin 
chloride held at chloride exposed to chloride at 700 p 
held at 40° F. exposed to day liaht at 70°2. in darkness 
4Q0 F. da light at 70° F. in 

7O F. darkness 
cf cf 

0 
Ct 

1 5.27 5.27 5.27 5.25 5.20 5.22 5.25 

2 4.30 4.32 4.22 4.22 4.20 4.17 .27 

3 5.30 5.32 5.30 5.22 5.20 5.25 5.27 

4 4.10 4.10 4.05 4.00 4.10 4.00 4.10 

Average 4.742 4.747 4.710 4.672 4.675 4.655 4.722 

Decrease i average 
test as compared 
with original (/.00s) .032 

All saìip1es were heated to 1100 
vent oiling off. All sanp1es were 
according to standardized procedur 
the final fat test. 

.;01 .' 
F. in a controlled water bath so as to pre- 
measured at this temperature and tested 

e the average of duplicates being taken as 



Table VIII. Effect of tir.e, method of holding, d type of preservstivo on 
the final fat test of composite milk samples* 

30 Days 

Sample Ori;inal Preserved Preserved Preserved Preserved Preserved Preserved number fat test vith with with with with with 
babcock mercuric f orinalin mercuric f ormalin mercuric formalin chloride held at chloride exposed to chloride at 700 F. held at 40° 2. exposed to day licht at 70° F. in darkness 40° F. da licht at 70° F. in 

7Ou F. darkness 
r 

IJ 

i 5.27 5.27 5.22 5.17 5.17 5.20 5.17 

2 4.30 4.27 4.22 '1.17 4.20 4.20 4.22 

3 5.30 5.27 5.27 5.20 5.25 5.22 5.22 

4 4.10 4.05 4.05 4.02 4.05 4.05 4.07 

Average '1.742 4.715 '1.600 1.640 4.667 4.667 4.670 

Decrease in average 
tect as compared 
with original .027 

*A11 samples were heated 
ailing off. All samples 
ing to standardized proc 
final fat test. 

.052 .102 .075 .075 .072 

to 1100 2. in a controlled water bath so as to prevent 
viere measured at this temperature and tested accord- 
edure the average of duplicates being ten as the 
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Lojonnier sa.p1e bottles. Six ounces of milk were placed 

in each bottle. One-half of the samples were preserved 

with two mercuric chloride tablets. The other half viere 

preserved with 1/2 cc. of formalin. After the samples 

had stood long enough at 
7Q0 

so that the preservative 

tablets were all dissolved, two 17.6 cc. portions were 

pipetted into duplicate milk test bottles for the Babcock 

test. One of these tests from each sample was run im- 

mediately and the other test was sealed and stored along 

with the composite samples. 24 of each set of samples 

were stored at 400 F. along with the measured test samples 

from these bottles. The 24 remaininG bottles from each 
o set were stored at 70 . to 80 F. exposed to day liGht 

along with the measured tests from those samples. Half 

of the 6-ounce samplos with the differont preservatives 

at tue two differont temperatures were sampled and tested 

after seven days holding and the other half were tested 

after fourteen days of storing. The sealed measured 

samples in test bottles were tested along with the 

sample from the bulk composites. 

The results of this test are summarized in Table IX. 

These data show an average test of 4.166 for the samples 

tested before storing and 4.158 for the duplicates after 

storing in sealed test bottles under the conditions and 



Table IX. The infleunce of tire, temperature, method of holding, and type 
of preservative on the fat test of composite samples* 

Nun- Days Temp.- Type of Aver- Test Test Decrease in Decrease in 
ber held era- preser- ae from from averae average 
of ture vative fresh stored stored stored bulk stored 

samp- held used daily bulk sealed samples as sealed 
les test samp- 6 milk compared 8 milk 

les test- with ori- test-bottles 
bottles ginal test 

e-! 
:f cf 

IQ 
cf 
/Q 

12 7 400 F. I:ercuric 4.142 4.146 4.162 .004(increase) .020(increase) 
chloride 

12 7 ¿100 F. Formalin 4.7l 4.167 4.175 .004(decrease) .004(increase) 
12 7 7O-8Q°F.Mercuric 4.192 4.179 4.158 .0l3(decrease) .034(decroase) 

ch lo r Id e 
12 7 70-80°F. Formalin 4,150 4.142 4.175 .008(decrease) .025(increase) 
12 14 4Q0 F. Mercuric 4.183 4.l3 4.158 .000 .025(clecrcase) 

chloride 
12 14 400 ?ormaln 4.154 4.146 4.117 .00C(decrease) .037(decrcase) 
12 14 70-80°F. Mercuric 4.192 4.167 '1.142 .025(decrease) .050(decrease) 

chloride 
12 l"i 70-80°F. Formalln 4.146 ----- 4.175 --- .029(increase) 

Average 4.166 4.164 4.158 .004(decrease) .008(decrcase) 

rfte samples stored at 70_600 '. for 14 days with 1/2 cc. formalin were 
curdled and moldy and could not bo tested. Some of the samples stored 
in the measured sealed 6% milk test bottles viere also curdled and moldy. 

o) 
o 
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time indicated. The averae for the tests made from the 

bulk stored composites was 4.164. There was not much 

difference between these averages. However, by examina- 

tion of the table it can be seen that therc were erratic 

differences between the individual tests. 

It was found in this test that 1/2 cc. of formalin 

did not preserve the 6-ou:ce sample of milk for 14-days 

when stored at 70_800 '. The fornalin did not prevent 

the formation of molds in this case. 

The tests bottles used in this particular test 

were only accurate to within the state tolerance of .02 

cc. in the calibrated portion and may account for the 

erratic results obtained ïn this case. 

This experiment was of little value in giving any 

substantial information. 

IV. Effect of Using an Emulsifying Agent on the Final 
2at Tests of Composite Milk Samples 

Holland (16) contended that Saponin added to milk 

samples along with the preservative at the beginning and 

at the rate of .5 grams to a composite sample was capable 

of preventing the decline of the fat test in fifteen-d 

composites by either the Babcock or Mojonnier method of 

testing for butterfat. He stated that unless special 

care was taken in running the Babcock test on samples to 
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which Saponin had been added trouble would be encountered 

in reading the test, since Saponin formed a flocculent 

material that would rise into the neck of the bottle and. 

interfere with the reading. He also stated that he did 

not think that Saponin could. be used cor.miercially for 

the above reason. Holland did not attempt to give any 

reason why the Saponin would prevent the fat loss except 

that it made sampling for the test more easily accomplish- 

ed. snd also abolished the necessity of heating the samples. 

"Saponin', according to Cortner (13) "comprises a 

large group of compounds widely distributed. in higher 

plants. They are mostly amorphous substances, soluble 

in water to colloidal solutions which foam readily and 

which stabilize emulsions of fats and oils, so that such 

emulsions are very difficult to "brea1". The name signi- 

fies that they are 'soap-lik&. They greatly reduce 

surface tension. In certain instances they have been 

used to furnish foam on manufactured beveraes, although 

this is unlawful in most cases. On hydrolysis, with 

mineral acïds, Saponins yïelds sugars, such as galactose, 

arabinose, and rhainnose, together with 'sapogenins'. 

Thus, they can be classed as a group of Glucosides. 

"All of the saponins are characterized by marked 

physiological action and toxic properties. Fish, in 
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particular, are extremely sensitive, 12ein killed by 

1:100,000 solution. They exhibit a solvent action on 

red corpuscles, causing hemolysis. The heinolytic effect 

is possibly due to a withdrawal of cholesterol from the 

corpuscle wall.tt 

In order to advance a theoretical reason as to why 

Saponin will prevent the decline in the fat test especially 

5_n composite samples by the L'Iojonnier method of testing 

for fat, it might be said that if it could be proven that 

lipolytic action is responsIble for the larger part of 

thè decline in test and that Saponin contain compounds 

that destroy or inhiiits the áctivity of lipase, then it 

should be possible to show how Saponin prevented the 

decline in fat in the preserved samples. 

Cholesterol, one of the sterols normally found in 

fats in small but varying quantities inhibits or retards 

the action of lipolytic enzymes. (12). Theoretically 

there may be a correlation between the amount of this 

compound present in milk and the degree of free fatty 

acids formed in preserved samples and might account for 

the fact that some preserved samples will show more of 

a difference between the analysis by the Lojonnier and 

Babcock methods of testing than other samples. 

Since cholesterol is present in most groups of glu- 

cosides, it is possible that it is also present in the 
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croup of lucosides known as Saponin. Thus, it. could be 

assumed that the benefit derived from Saponin 1h pro- 

venting the fat decline in composites is due to the 

presence of choleterol which inhibited the action of 

lipase on the fats. 

Table X, shows the results of the tests made in the 

use of Saponin on 15-day composite samples. Comparisons 

were made bj both the l3abcock and :.:ojonnier methods of 

testing for butterfat. The method employed was to add 

.5 gram of Saponin along with the preservative tablet at 

the beginning of the composite samples. One mercuric 

chloride tablet was used in each of the composites con- 

tainin Saponin and also in those without Saponin. All 

samples were handled according to standardized procedure 

and were carried along with the regular "Unit" samples 

daily. 

In the tests by the abcook method there was no 

apparent benefit derived then 

fifteen-day composites contai 

.020 per cent decrease in fat 

average daily test and in the 

there was a .021 per cent fat 

average daily test. 

Saponin was used. In the 

ing Saponin there was a 

content compared with the 

composites without Saponin 

content in favor of the 



Table X. The effect from adding Saponin to composite 
sarnples on the final fat analysis* 

15 -Days 

'iota.i. un- bao- ao- .tao- :ojon- iojon- ojon- 
number ber cock cock cock :nier nier ner 
daily comp- aver- comp- Comp- :aver- comp- comp- 
samp- bsite age osite osite :age osite osite 
les samp- daily aver- aver- :daily aver- average 
used les test age age :test age withou 

with with- : with Saponin 
Sapon- out : Saponin 
in Saponin: 

cl 
jQ ¡Q ¡Q /Q 

cl cl 
¡Q 

90 6 4.577 4.555 4.573 :4.489 4.484 4.449 

90 6 4.585 4.556 4.540 :4.538 4.540 4.490 

90 6 4.563 4.553 4.548 :4.517 
s 

4.550 4.499 

Average 4.575 4.555 4.554 :4.515 4.525 4.477 

Decrease : 

c omtar ed w i th 
daily test 0.000 0.020 0.021 :0.000(/.0l0) 

s 

9.033 

* All of the above samples were handled, stored and 
tested according to standardized procedure. The only 
variation was that .5 gram of Saponin was added to 
those samples at the beinning along with one mercuric 
chloride tablet as indicated in the table. 
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From these data 5.t is evident that Saponin did pre- 

vent the decline in the test on fifteen-day composites 

between the average daily and the composite samples tested 

by the i/ojonnier ì.ethod. The average fat test was 4.525 

per cent for the composite samples when Saponin was used 

and 4.477 per cent for the composites when Saponin was 

not used. The average daily test was 4.515. 

Since it was found that no benefit was derived from 

the use of Saponin in preventing the small decline in 

fifteen-day composites when tested by the Babcock method, 

and handled according to standardized procedure, the 

fol1owin experiments were performed to try and find 

whether Saponin would prevent the greeter decline ïn fat 

content on composites held at room temperatures. Because 

of the fact that weekly composites are used on the Port- 

land market at present, it was decided to use weekly 

composites in these experiments. 

To each of twelve 8-ounce sample bottles was added 

one 3/4 ounce portion of a well mixed milk sample daily. 

This same sample was also tested daily. Four samples 

were inoculated with .3 gram of Saoonin and held at 

room temperature. i"our samples were held at room temper- 

ature without Saponin and four samples were held at 400 T' 

without Saponin and handled according to standardized 

procedure. To all of the samples was added one mercuric 
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chloride tablet for a preservative. 

This experiment was repeated for another week after 

the first set was run. The results of these tests are 

shown in Table XI. 

From these data it is evident that Saponin did not 

prevent the decline that takes place in seven day compo- 

sitos held at room tenperature and tested by the abcock 

method of testina. The average fat test on the samples 

that con'ained Saponin was even lower than those held 

at room temperature w±thout Saponin even though the same 

samples of milk were used daily in all of the composite 

samples. 

The f oreoing experiients would tend to strengthen 

the belief that the method of handling and the tempera- 

ture of storing are the ir:portant factors in reducing to 

a minimum the fat loss of seven-day composites vfnen 

tested by the 3abcock method of testing. 

V. Effect of Adding Cholesterol to Composite Samples along 
with the Preservatives 

Cholesterol was added to fifteen-day composite samples 

in addit±on to the regular mercuric chloride preservative 

to determine whether or not such a practice would prevent 

the decline in test as indicated by the Lojonnier test 



Table XI. The effect of Saponin on the final fat 
test of composite samples stored 

àt room temperatures* 

7 Days 
Babcock Method 

Total Number Avei'ae Composite Composite Composite 
Number samples daily average average average 
compos- each test without with without 
ite group Babcock Saponin Saponin Saponin 
samples method standard room room 
carried methods temper- temper- 

400 F. ature ature 

f (1 41 
/) / jO /0 

12 4 4.116 4.100 4.033 4.065 
12 4 3.905 3.906 3.850 3.844 

Average 4.010 4.003 3.941 3.954 

Decrease as 
compared with 
daily test .000 .007 .069 .056 

* All samples were heated to 100° F. in a carefully 
controlled water bath maintained at 110° F., the fat 
completej mixed in with the sample, and the sample 
cooled d.own to68° F. before sampling. The samples 
were then all tested by the Babcock standardized pro- 
cedure. 



and probably caused by hydrolysis. Duplicate samples 

were carried along With the regular "Unit" testing and 

stored at 
4Q0 

'. for fifteen days. However, at the end 

of that time, the samples that contained cholesterol 

were found to be curdled and could not be tested. The 

precipitation of the caseïn was probably due to the 

destabilization caused by the cholesterol. 

VI. Effect of varying the Babcock Testing Technique on 
the Final Fat Test 

The rules for operating the Babcock test are 

essentially the same as they were then first suggested 

by Dr. Babcock in 1890. Because the test is in every 

sense a measured test it is obvIous that a definite 

technique must be followed if accurate and comparative 

results are to be obtaIned. To determine the seriousness 

of varying certain steps in the technique, several ex- 

periments were carried on using the standardized equip- 

ment. In all cases the standardized procedure as 

previously described was used, the only deviations beine 

the particular variation studied at the time. 

(a). ffect of Varying the Temperature of Measurin 

the Milk for Samples. In this experiment three different 



temperatures were used; namely, 550 j witi 1200 
68° F. with 100° ., ¿38e j with 800 The temperà- 

turcs of 550 &nd 1200 were t&ken to represent the 

extremes usually encountered Ln comanerci&1 testing. 

The temperatures 68° F. and 100° F. viere chosen to com.re 

the officiai A.aA,Q, specified sampling tenpers.ture of 

68° F. with the temperature that is commonly used in 

milk plants in measuring composite samples. 68° F. and 

800 F. would represent the standard texnperture of 68°F. 

compared to the common room temperature. Twelve tests 

were run in duplicate at these comparative temperatures. 

Table XII shows the results of these tests. 

Table XII. Effect of Pipetting Temperature on Final 
Fat Analysis 

iTo. of tests Average percent of 1a when milk measured 
at a temperature of 

550 F. 1200 F. 68° F. 1000 F. 68° F. 30°F. 

12 4.5Ll 4.458 4.546 4.300 4.500 4.500 

Difference .085 .046 .000 

These data show that the temperature of measuring the 

amp1e is quite significant. Even though there were no 

apparent difference at the small differ6ntjal of 12 degree S 
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between 63° F. and 800 F. the significant value of 

.046 in the percentage for a 32° degree differential in 

the temperatures and the value of .003 in the average 

fat test for 65 degree differential in temperature 

should be evidence enough to advocate that the correct 

temperature be used in sampling. 

(b). Effect of Varying the Iater ath Temperature. 

in Reading the Test. To determine the significance of 

tempering the tests to the required temperature before 

reading, the following experiment was conducted: 

Twenty-four samples of milk were tested and the 

bottles after centrifuging were tempered in a water bath 

at 150° F. The tests were all read with the special 

reading device, reading to the nearest .05 per cent. 

The test bottles were immediately placed back in the 

water bath after reading. After the readings were 

completed at this temperature, the 'oath was cooled to 

140° F. After the bottles remained at this temperature 

for five minutes, they were read as before and the bath 

cooled another 10 degrees. This procedure was completed 

for temperatures of 120° F. and 1100 F. The results of 

this test (Table XIII) show a small but significant 

decrease in the average fat test for each 100 F. in- 
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terval bctvieen 150° F. and 110° . 

Table XIII. Effect of the Water Bath Temperature on 
the Final Fat Test 

No. of tests Average per cent fat when read 
from a bath maintained at 

150° .. 1400 F. 130° F. 120° 2. 1100 F, 

24 3.950 3.004 3.894 3.893 3.691 

Variation from 
test at 140°F. /.046 0.000 -.010 -.011 -.013 

Although the differences are small betveen the slight 

variation in temperature, thej are apparent, nevertheless, 

and amount to a considerable difference when the extreme 

temperatures are considered. 

(c) . Effect of Adding Glmol to the Fat Column to 

Eliminate the Ieniscus. Because the exact measurement 

of the upper meniscus at times is difficult to determine, 

experiments were conducted to determine how the addition 

of the 1ymo1 to the samples would effect the final fat 

test. 
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Thirty-six bottles, after having been centrifuged, 

tempered, and read according to standardized procedure, 

were returned to the water bath and glymol added to each 

test. The tests were then re-read by the same two readers 

reading independently one of the other. 

The results of this test (Table XIV) show a reduction 

in the average fat test of .192 after the glymol was added. 

Table XIV. Effect of using Glymol on milk tests 

Number of Samples Average test before Average test after 
adding glymol adding glymol 

36 4.707 4.515 

Difference -.192 

The above data agree closely with those of Hunziker 

(19), who found a difference of .20 in the percentage 

lees in samples read with glymol compared to the same 

samples read without glymol, 

(d) . ffect of Using Acid of Unknown Strength, and 

Inaccurate Leasurement of the Acid. If the recommended 

amount of 17.5 cc. acid is to be added to each sample 



milk in tosting, it is obvious that the strength and 

temperature should be controlled. Liany operators of the 

Babcock test claim that it is possible to get accurate 

results on tests using acid of variable strengths and 

temperatures, providing the amount of acid used is 

varied to allow for this deviation. However, this puts 

testing on the guess basis, and it is doubtful whether 

consistent and uniform results can be gotten in this manner. 

It was found in this study, at least, that if uniform 

accurate tests are to be had, the acid strength and temp- 

erature must be standardized along with the other techni- 

que. Figure XI shows photographs of the same sample of 

milk tested with acid of unstandardized strength and 

temperaturo(left),and then tested with standardized acid, 

(iht).The uniformity and absence of charred material 

or curd in the samples using standardized acid gave 

consistent results, whereas, those tested with un- 

standardized acid, and where the full charge of acid could 

not be used, gave variable and erratic results. 

To test the consistency o± using standardized acid 

on multiple tests of the same sample of milk, 96 tests 

were made using standardized acid and procedure with the 

exception that the bottles used viere only accurate to 

within the state standard of .02 cc. (equivalent to .10 



FIGUEF XI 

1/111k Tests Using Sanc1ardized and Unstandardized Acid 

(left) unstandardized (right) standardized) 

Q 
cil 



in the percentage). Table XV shows the results of this 
j_ J_ 
i,es 

JG 

The tests made with unstandardized acid had numerous 

dark and charred fat colurnns,therefore. tie results were 

not included in the table. 

Table XV. Consistency of Results of the abcock Test 
Vihen Using Standardized Acid 

lumber Range Number Number Number Number 
of in Testing Testing Testing of 

Saiples Test 4.15% 4.2O 4.10% Imperfect 
_________________________________ Tests 

96 4.10-4.20 50 38 8 0 

Percent 52.1 39.5 8.4 0 

The above data show the consistency of results that 

can be obtained when the guess work is prevented in this 

particular step in the tecbnique of Babcock testing. 

(e) . Effect of Varying the Speed of the entrifue 

2 2mal Test. The abcock centrifuge is usually 

one of three different types; namely, motor driven, steam 

driven, or hand operated. The corroctR.P.. that a 

centrifuge should turn is dependent on the diameter of 

the wheel measured from the bottom of OppOSitO cups when 
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they are in the extended position. -Iowever, variations 

from the correct speed occur in many cases of testing, 

either due to the carelessness of the operator or to un- 

avoidable causes such as low steam pressures in the case 

of the steam turbine nchine or voltage drop and belt 

slippage in the case of motor drives. 

In testing three sets of the same sample of well- 

mixed milk at 200 R.P.M. below and above the correct 

speed for the .stesm driven centrifuge used, the follöwing 

results were obtained. (Table XVI) 

Table XVI. Effect that Virying the Speed of a Certain 
Centrifuge 200 R.P.M. Above and Below the Specified 
R.P.M. Would Have on the Final Fat Test of the Same 

Sample of Milk 

Specified 200 R.PJ.1. 2O 
Standard Decrease from Increase from 
(760) Standard Standard 

(560) (060) 
3.85 3.70 3.85 
3.30 3.70 3.80 
3.80 3.65 3.80 
3.75 3.70 3.80 
3.80 3.75 3.85 
3.80 3.65 3.80 
3.80 3.70 3.80 
3.80 3.75 3.85 
3.85 o.70 3.80 
3,30 3.70 3.80 
3.80 3.65 3.80 
3.85 3.70 3.65 

Ave- 
rage 3.808 5.696 3.817 
Differ- 
ence -.12 ,L.009 
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These data would indicate that the speed of the con- 

trifue is of extreme importance. A speed below that 

whLch was recommended for the type of centrifuge used 

had a very serious effect ori the average fat percentage 

amounting to moi-'e than .10 per cent in this test. Al- 

though there was not much difference when the speed was 

increased 200 R.P.L. above the recoimended speed, there 

was an increase nevertheless, whIch would be a factor 

in the deviation from accurate results. 

In another run, using six different samples of milk 

and making six tests on each sample and 100 R.P.I. above 

and below the correct speed, the following results 

(Table XVII) were obtained. 

Table XVII. Effect of Speed of Centrifuge on the 
3abcock Test 

1o. of 
Samples Speed in R.P.L. 

36 (6GO) (760) (860) 

Average Test 4.17 4.16 4.20 

The above tests were only read to the nearest .10 

per cent. 

The above results further show the necessity of 

using the correct speed of the centrifuge. 
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(f). Effect of Variationz in the Capacity, of the 

Calibrated Portion of Milk Test Bottles on the Final Fat 

Test. The manufacturers themselves admit the fact that 

inaccuracies are present in the capacities of the 

raduatcd portion of many of the bottles and contend 

that it would be impractical to manufacture test bottles 

commercially without this variation. 

Many states have no requirement for the accuracy 

or tolerance in test bottles. The Oroon law specifies 

that milk test bottles shall all be tested by the Oregon 

State Aricultura1 College and only those bottles allowed 

to be used that do not vary more than 0.1 per cent 

(.02 cc.) at any point in the graduated portion of the 

nec k. 

In checking more than 500 8 mil1: test bottles for 

accuracy with the new certified burette previously de- 

scribed, it was found that very few were perfect. Table 

XVIII shows the results of these tests. 

Table XVIII. Variations in the calibrated portion of 
the neck of 8 milk test bottles 

Nnber Tumb&r Mold between Held betvieen 
bottles found 1.562 cc. ¿; 1.600 cc. 
testeo. within 1.599 cc. 1.615 cc. 

.02 cc. mercury mercury 
(Equiv. of .l) 

168 168 79 89 
356 356 162 194 

Percent 100 46 54 
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It will be noted that in this test there were 

s1iht1y more that held in excess of the correct amount 

of 1.600 cc. than there were of those that held less than 

the correct amount. The result being 46 per cent of t1 

total amount tested found to hold less than 1.600 cc. 

and 54 per cent of the total amount tested were found 

to hold niore than 1.600 cc. 

The fact that these variations occur showed that 

there were significant variations between bottles. 

To find out how significant this variation was in 

actual practice, two sets of bottles, twelve to a set, 

were selected from the group of rechecked bottles, In 

one set were placed those bottles which were found to 

hold between 1.585 cc. and 1.505 cc. mercury in the 

calibrated portion of the neck. In the other set were 

placed those bottles that were found to contain between 

1.605 cc. and 1.615 cc. mercury in the calibrated 

portion. A 17.6 cc. portion of the same sample of well 

mixed milk was pipetted into each of the two sets of 

bottles of different sizes. The ft test was then run, 

using standardized procedure. The tests were all read 

by two readers reading independently. This test was 

repeated using a different sample of milk of higher fat 

content, The results of the tests are shown in Table XIX. 
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Table XIX. The effect that t est bottles within the 

state tolerance having calibrated portion of neck 
greater or smaller than correct capacity has on 

fat test 

Sain- Test Check Average Sam- Test Check Average 
le Reader Reader Both le Reader Reader Both 
Nurn- A B Readings Num- A B Readings 
er ci ci ci 1-. er ci ci 

rD'm r1T 

neck smaller than correct) (neck larger than correct) 

i 3.00 3.95 3.925 
2 3.95 4.00 3.975 
'D 3.95 3.95 3.950 
4 3.95 3.95 .950 
5 3.95 4.00 3.975 
G 4.00 4.00 4.000 
7 4.00 4.00 4.000 
8 4.00 4.00 4.000 
9 3.05 4.00 3.975 

lo 4.00 4.00 4.000 
li 4.00 4.00 4.000 
12 3.95 4.00 3.975 

Averaje 3.977 
3.910 

Difference O .067,., 

SECOND RUI 
- 

I 4.80 4.80 4.800 
2 4.80 4.80 4.300 
3 4.80 4.80 4.800 
4 4.80 4.80 .4.800 
5 4.80 4.60 4.300 
6 4.80 4.30 4,800 
7 4.80 4.00 4.800 
8 4.80 4.80 4.800 
9 4.00 4.80 4.800 

10 4,80 4.75 4.775 
11 4.80 4.00 4.800 
12 4.80 4,75 4.775 

Average 4.796 
4.721 

Difference 0.075 

13 4.00 3,95 3,975 
14 3.95 .90 3.925 
15 3.90 3.90 3.925 
16 3.90 3.90 .925 
17 3.90 ó,G0 3.900 
18 3.90 3.90 3.900 
19 3.90 3.90 3.000 
20 3.90 3.90 3.900 
21 3.90 3.00 3.900 
22 3.90 3.90 3.900 
23 3.90 3.90 3.900 
24 3,90 3.90 .900 

Average 3.010 

13 4.70 4.70 4.700 
14 4.75 4.75 4.750 
15 4.70 4.70 4.700 
16 4r/J 4.70 4.725 
17 4.70 4.70 4.700 
13 41.80 4.75 4.770 
19 4.75 4.70 4.725 
20 4.75 5.75 4.750 
21 4.75 4.70 4.725 
22 4.70 4.70 4.700 
23 4.70 4.70 4.700 
24 4.70 4.70 4.700 

Average 4.721 
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There was an average difference of .067 in the per- 

centa;e of fat in the first ru.n and .075 in the second 

run. The tests were higbest for the bottles of the smaller 

capacitj. This is in the direction of the theoretical 

difference. It is of interest to note the great agreement 

of the tests in the respective oups. One would tii.ink 

bi looking at the table that different test milk was 

used in each group. 

To see how these bottles would work out in. commercial 

practice, they were taken to the State Central Testing 

Laboratory in Portland, and the reg1ar testing force vias 

asked to run tes1on the sane sample of well mixed milk, 

using the two sets of bottles. 

Table XX. Effect on fat test when using test bottles 
of varying capacities in the calibrated 

portion 
Tests made in commercial practice 

Tumber Calibrated Calibrated Liference 
Trial of portion portion 

tests smaller than larger than average test 
correct correct 

Average test 
r.,, 

.) 

24 2.969 2.931 .033 

2 24 3.000 2.955 .045 
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In the first run (Table XX), the average test on

the two sets of bottles was 2.969 per cent and 2.931 per

cent. The difference of .033 per cent was in favor of

the smaller capacity bottles. The average fat test for

the second run was 3.000 per cent for the smaller capacity

bottles and 2.955 per cent fat for the larger capacity

bottles, a difference of .045 per cent in favor of the

bottles of the small capacities.

These results were not in complete agreement with

those found in the laboratory under controlled conditions.

However, since the readings are only carried to the

nearest .10 per cent in commercial practice it is possible

that the dropping or adding of .05 per cent readings would

have some effect where such small differences are encount

ered.

(g). gffect of Varying the Heat of the Centrlfur;

on the Final Fat Test. Fahl, Lucas, and 3atin (9), in

an intensive study on the effect of heated and unheated

testers and the resulting Babcock test, presented data

which showed a difference that ranged from .041 to .082

in the fat percentage. The higher average fat test was

obtained when using the heated tester. However, no data

was presented to show the effect that reading the tests
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as they csrne from the tester wo'd hcve on the final re- 

suits. 

A number of Babcock testing nchines are steam driven. 

Unless some means are used to adjust the temperature of 

such testers, they occasiona1i become very hot. If, con- 

trary to the state law the tests are measured as they corne 

from the tester without first tempering the tests to the 

proper ternerature, incorrect results will be obtained. 

The following experïment was conducted to determine the 

effect of reading.the tests as soon as they carne from a 

centrifuge maintained at 1800 F. The results are presented 

in Table XXI. 

Table XXI. Importance of Adjusting the Temperature 
of Fat Columns before reading the Test 

No. of tests Results of tests read before and after 
tempering in i3S F. Water Bath 

Read from bath Read from teeter 
at 138° F. at 180° F. 
(Correct) (too hi) 
Average Average % 

24 4.508 4.554 

Difference .046 (above 
correct) 
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The average of 24 tests read before and after tern- 

pering at 138° F. for five minutes showed a difference of 

046 greater in the percentage when read directly from 

the hot centrifuge. 

( ii) Effect £.. the LenEth Time Samples are Held 

! the 'rnDeriflg Bath Before Reading - The recommended 

timo for holding the tests in the water bath before read- 

in varied. Some states specify 3 to 5 minutes, sorne 10 

minutes, and others fail to state a specific time. The 

Oregon law specifies that the tests should remain in the 

bath until the fat reaches the temperature of the water 

before reading. This takes from 4 to 5 minutes. ITo rec- 

ommendations were found where a maximum limit was stated 

in which the testwould. have to be read. 

Several groups of tests were read after 5 minutes 

of holding and again after one hour of holding in a water 

bath maintained at 138° F. to determine the effect cf hold- 

ing on the final fat tests. The results of these tests 

(Table XXII) show no apparent difference between the tests 

at the two different holding times. 
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TABI XXII. Effect of Time of Tempering on 
Final Fat Test 

liumber of Tests - Th1esread fterter:iper- 
Group Each Group in at 1$8° F. for 

Jive inutes Ono .-:our 
p, 

1 12 3.8'? 3.86 
2 12 3.99 3.99 
3 12 4.28 4.28 
4 12 4.22 4.23 

(i) Effect Addin Vlator at a Different Tempera- 

turo, Fat :agration in Teck of the :ottle - A Series 

of duplicate tests were nade to deterniine the effect on 

the final reading, which would be obtained. br heating 

the water to be added to the test between the second and 

third whirling sufficiently above standardized procedure 

to cause the fat to migrate downward at least one inch 

in the necks of the bottles during subsequent tempering 

in a water bath. 

The results obtained are summarized in Table 

XXIII. 
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Table XXIII. The Effect of Fat Miation in the Test 
Bottle Necks on the Final Fat Test 

Snples Last ater Last Water Increase 
Group Tested Added 145- Added 175- Due to Fat 

1500 F. 1800 F. Iaration 
(Average (Average 
Fat Test) Fat Test) 

cl 
0 /0 

1(Corvallis) 56 

2(Portland) 72 

Fat MiGration 
in Necks 
(inches) 

4.864 4.883 .019 

4.460 4.470 .010 

(1/4 to 1/2) (1 to 1 1/2) 

The tests in group one were run in the laboratory 

along with the "Unit" testing and standardized procedure. 

The tests in roup two were made in the Portland Central 

Testing Laboratory. The tests were only read to the 

nearest .10 per cent in the last group but were measured 

to the nearest .05 per cent in the first group. 

Although the differences between the readings were 

small in this test, being .019 and .010 for the first and 

second group respectively, it y be of significance to 

notice that they were both in the same direction. It 

was noticed that in the case of the greater downward 

migration in the necks of the bottles, there were usually 

more of a curve to the bottom meniscus. 
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VII. Studies with Various Sampling Devices 

(a) The Samnplin: Tray - Tests were run to determine 

how the drip samples taken from the sampling tray (Figs. 

XII and XIII) would compare with samples taken from the 

weigh vat. The milk was not stirred in the can nor in 

the weigh vat before sampling. All tests (Table XXIV) 

are the average of duplicates by the Babcock method. 

Table XXIV. The Sampling Tray Versus Weigh Vat Sampling 

Sample No. Test from Sampling Tray Test from 
Weigh Vat 

Differ- 
ence 

(7 
/0 /0 

1 4.35 4.67 .32 

: 

4 4.97 5.00 .03 

Average 4.87 5,08 .21 

The above difference of .21 indicates that either 

the vat samples were too high or that the sampling de- 

vice gave results which were too low. 

To check this further another set of samples were 

taken from the sampJr and vat to determine what effect 

stirring the milk in cans or the milk in the weigh vat 

would have on the final fat test. 
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Table XXV. Effect of Stirring Llk Before and After 
Dump Ing 

Test frorn Test from Differ-Thow LIilk 
Sample No. Samp1inj tray Weigh vat enc e Was Handled cl- 

/0 
----------------- - 

1 4.47 4,35 12 (Cans and Vat 
Not Stirred) 

2 5.15 5.17 .02 (Cans Stirred 
Before Dump- 
ing) 

3 5.44 5.45 .01 (Cans and Vat 
Stirred) 

4 5.20 5.27 .07 (Cans and Vat 
Not Stirred) 

5 5.20 5.32 .12 (Milk Stirred 
in Vat) 

Average 5.09 

Difference .02 

5 11 

The above tests (Table xxv) would indicate that stir- 

ring the milk before dumping would result in a more uni- 

form sample from the sampling device and from the weigh 

Vat. 

Checks were run on the sampling tray after remodel- 

ing top and outlet to overcome splashing. Samples were 

taken from drip sample and from the weigh vat after dump- 

ing patron's milk. The milk was not stirred in the cans 

before dumping. The results of eight trials ('Table XXVI) 

are listed below. 



FIGURE XIII 

Inside View 
of 

Sampling Tr 

l'o 

FIGURE XII 

Sampling Trf 
in Use 
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Table (VI. Efficïenc of the Sampling Tray 

Sample No. ?rom Sampling Tray From Weigh Vat Differ- 
once ?.7*_ 

/0 /0 

J. 4.84 4.80 .02 
2 4.99 5.06 .07 
3 5.42 5.40 .02 
4 5.07 4.95 1" s '.' 

5 4.76 4.3t7 .11 
6 5.12 5.41 .01 
7 4.34 4.26 .03 
3 5.20 5.19 .01 

Average 5.00 5.00 

Difference 0.00 

Although the average test was the same in the above 

trj.1s, there was quite a variation between the individual 

tests. The followIng experiment was carried on to tr to 

determine which method of sampling was the more accurate. 

A sample of each patron's milk, which went to make up 

a vat of milk, was taken both from the sampling device and 

from the weigh vat. The weight of each patron's milk was 

also taken individually and the amount of fat actually re- 

celved calculated. From this the weiited average fat 

test was calculated by dividing the total amount of milk 

received into the total uiount of fat bought and nul- 

tiplied by 100. The composite sample of the drip ssmples 

from each patron's milk was also taken to check against 
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the final vat test and tiae weighted. average fat test. 

Following are the results (Table XXVII) on six 

different vats of milk received at the Medo-Land Cream- 

e ry. 

Table XXVII. The Sip1ing Tray Versus the Final Vat 
Test on Unstirred Milk 

- Amount of Fat 
Sample Duplicate Weiit of Test X Weight 
No. 3. 2 Average 1111k Divided by 100 

pounds - pouns 

1 5.05 5.05 5.05 
2 5.15 5.15 5.15 
3 4.85 4.80 4.82 
4 5.15 5.20 5.17 
5 4.65 4.65 4.65 
6 4.70 4.70 4.70 

Total 

Sampling Tray 
Composite 

4.95 
Vat Test 
After 
.':arming 

4 95 

4.95 4.95 

4.95 4.95 

334 16.87 
338 17.40 
106 5.11 
103 5.32 
160 6.97 
352 16.55 
183 68.22 

3S.22 X 100 - 
,,zo.z 

4 95% 

4.95% 
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Vat No. 2 
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Amount of Fat 
Sample Duplicate eiht Test X V1eiht 

No. 1 2 Average of Liïlk Divided 100 
- pounds pounds 

5.55 5.55 5.55 
2 5.05 5.05 5.05 
3 4.40 4.40 4.40 
4 5,00 5.00 5.00 

Total 

565 31.35 
340 17.17 
267 11.74 
290 l'.5O 

1462 74.76 
74.76 X lÇQ_ 5.11% 1462 

Sampling 
Tray Coin- 

posite 5.05 5.10 5.07 5.07% 

Vat Test 
After 
Warming 5.15 5.10 5.12 5.12% 

Vat No. 3 

1 4.25 4.20 4.22 280 11.81 
2 5.45 5.45 5.45 313 44h30 
3 5.05 5.00 5.02 340 17.06 

Total 1433 173.17 

73.17 x 100 - 5.10% 
1433 - 

Sampling 
Tray Corn- 
posite 5.05 5.10 5.07 5,07% 
Vat Test 
Before 
Warming 5.10 5.15 5.12 5.12% 
Vat Test 
After 
Warming 5.10 5.10 5.10 5.10% 
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Amount of Fat 
Sample Duplicate Weicht Test X Weight 

No. 1 2 Averaje of Milk Divided b 100 
pod.s pounds 

1 5.15 5.20 5.17 340 17.57 
2 5.60 5.65 5.62 115 6.46 
3 5.20 5.20 5.20 263 13.67 

Total 718 37.'TO 
37.70 X 100 

718 '.). Io 

Samp1in - 

Tray Corn- 
posite 5.30 5.25 5.27 5.27 

Vat Af- 
ter Warm- 
Ing 5.25 5.25 5.25 5.25 

Vat No. 5 

1 4.80 4.80 4.60 339 16.27 
2 5.00 5.00 5,00 347 17.35 
3 5.40 5.40 5.40 417 22.55 
4 4.05 4.05 4.05 272 11.01 

Tota]. 1375 
67.18 X 100 

' 
Q 

1375 

s ampi ing 
Tray Corn- 
posite 4.80 4.85 4.82 4.S2;, 

Vat Test 
After 
Warming 4.90 4.00 4.90 4.90 
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rûount of 
Sample Duplicate Vreight Test X Weight 
No. 3. 2 Average of Milk ividcd b 100 

pounds pods 

1 5.60 5.60 5.60 
2 4.85 4.85 4.85 
3 4.60 4.55 4.57 
4 4.90 4.90 4.90 
5 5.35 5.35 5.35 

Total 

Sampling 
Tray Cpm- 
posite 

Vat Test 
Lef ore 
VJarming 

5.10 5.15 5.12 

5.15 5.15 5.15 

Vat Test 
After 
Vlanning 5.20 5.l5 5.17 

330 21.2° 
172 3.34 
108 4.93 
308 15.09 
167 8.93 

1135 58.57 
53.57 X 100 5.l6 

1135 

5.l2 

r- 
) . 

Two vats of milk were checked as above excepting that 

the milk was stirred in the cans before dumping. o1- 

lowing (Table XXVIII) are the results of these two tests: 
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Table XXVIII. Sarnplïn Tray Composite Versus Final Vat 
Test - Milk Stirred Before Dumping 

- Amount of 'at 
Sample Duplicate '7eight Test X Weight 

No. 1 2 Average of Milk Dividedb loo 
Pounds Pounds 

J. 4.60 4.65 4.62 347 16,03 
2 4.80 4.80 4.80 122 5.85 
3 5.15 5.15 5.15 123 6.33 
4 4.20 4.20 4.20 278 11.67 
5 5.05 5.05 5.20 346 17.99 
6 4.90 4.95 4.92 172 

Total 1388 
_8.46 
66.33 
66.33 X 100 

r78? 
1388 ' j0 

Sampling 
Tray Com- 
posite 4.80 4.80 4.80 4. 80 

Vat Test 
Before 
Warming 4.75 4.75 4.75 4.75/; 

Vat Test 
After 
I±eating 4.80 4.80 4.80 4.80 

Vat No. 2 
J. 5,10 5.10 5.10 260 13.26 
2 5.15 5.15 5.15 389 20.03 
3 5.35 5.35 5,35 803 42.96 

Total 1452 76.25 
76.25 X 100 - 

- 1452 -5.25, 

Sampling Tray 
Composite 5.30 5.30 5.30 5.30/; 

Vat 
Before 
Heating 5.30 5.30 5.30 5.30/; 

Vat 
After 
Heating 5.30 5.30 5.30 5.30/; 
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It would appear from the results of the two above 

tests that when the milk was stirred in the cans before 

dumping, there was a closer agreement between the corn-. 

posite sample taken from the sarnplin traj and the fi-. 

nal vat test than there was in the six trials where the 

milk was not stirred before duxnpiflg. However, the re- 

suits in either case were very close. There was a max- 

imum variation in the six trials made without stirring 

the cans of .08 per cent fat; the average for the six 

trials was 5.05 pe cent for the sampling tray and 

5.08 per cent for the final vat test. In the two 

trials where the milk was stirred before dumping, 

there was no difrerence between the fat tests of the 

sampling tray and the final vat tests. 

From these experiments it would seem t':at such a 

sampling device as described above may be of consider- 

able help to milk plants in securing representative 

samples of milk deliveries. Furthermore, it proved to 

be an accurate means of getting a test of the final vat 

of milk without the necessity of making the actual vat 

test, which is sometimes difficult to do accurately. 
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(b) The Proportionate Sampler *(Fig. VII)- Exper- 

linents with the proportionate sampler as a means of set- 

tifl& aliquot amounts of the milk delivered save satisfac- 

tory results where the weich vats were 1ov in relation 

to the person taking the samples. However, where the 

weigh vat was high, it was difficult to operate the sam- 

pier properly. 

To demonstrate the adaptability of this sampler in 

comparison with the 3/4 ounce dipper used to secure equal 

amounts from each batch of milk, the following tests were 

made: 

Two samples were secured from the complete in1kin 

from each cow of the college dairj herd, composed of Hoi- 

stein, Ayrshire, and Jersey cows. One sample was taken by 

means of the ofuicLal 3,,'4 ounce dipper taking an equal 

amount from each cow's milk, regardless of the weight. 

The other sam:1e was taken with the sampler by setting 

the dial for the weight of milk before sampling so that 

a proportionate sample w1d be secured from each cow's 
milk according to weight. The results of these tests are 

summarized in Table XXIX. 

.' Described previously in description of sampling 
devices, Page 42. 
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Table XXIX. Importance of takng a proportionate sample 
when the test and anoun of milk varies 

Number Proportionate amt. qua1 amts, 
of with sampler, aver- with 3/4 Difference 

Trials ae of 20 samples, ounce diprer 
each trial - (7 

1 (all cows) 4.25 4.20 .05 

2 4.00 4.25 .25 

3 t? IT 4.15 4.45 .30 

4 " 4.20 4.60 .40 

5 " 4,20 4.40 .20 

6 4.25 4.30 .05 

These data show the sïnificance of an aliquot sam- 

ple of milk where there is considerable variation be- 

tween tests and weights of the milk used in the composite 

sample. The milk used in this experiment varied in 

weicht between individual cows from S to 35 pounds. The 

tests of the milk from the different cows varied from 

2.6 to 6.5 per cent fat. 

Although such variations would not be expected in the 

receiving of the same patron's milk by a milk plant, this 

experIment was conducted to show the possibilities where 

variations do occur. 
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VIII. Tests on Llixing Efficiencies of Different 
Types of Lilik Weich Vats in Portland Milk Plants 

The milk plants in Portland are required to stir all 
of the milk received before sempling. Some milk plants 
practice stirring the milk in th cans before dumping. 

Others prefer to stir the milk in the weigh vat after it 
is dumped. 

One of the receiving vats is equipped with a patented 
device through which the milk passes on entering the vat 
and which supposedly mixes the milk properly. One weigh 

vat is equippedwith a mechanical agitator. 
some of the milk plant operators maintain that the 

milk when dumped into the weigh vat is agitated for 
proper sampling without being further stirred. 

To tost the mixing efficiencies of several of the 
different types of weigh vats in Portland the following 
experiment was conducted.: 

Seven milk plants representing the several different 
types of weigh vats found on that market were selected 
for checking. At least six tests were made of the weigh 
vat in each plant by taking somples from different pro- 
ducer's milk both before and after stirring in the weigh 

vat. In these tests the milk was not stirred in the cans 

before dumping. The tests were all made in duplicate and 
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read by two d±fferent readers. A sunmary of these tests 

are shown in Table 30. 

Table XXX. Variations in tests of milk secured freni 
weigh vats in Portland milk plants be- 

fore and after stirring in the vats 

Before After 
.iilk Number Capacity Stirring Stirring Decrease 
Plant of lots of weigh average average due to 

tested vat test test Stirrinß 

dallons 

A 10 80 4.950 4.875 .075 

B 6 50 4.617 4.575 .042 

6 50 4.433 4.400 .033 

J 6 60 4.675 4.666 .009 

12 65 4.783 4.758 .025 

F 12 116 4.504 4.496 .006 

10 100 4.412 4.480 / .066 

G2* 10 100 4.020 4.035 / .015 

* Abnorma 

It :i.s evid3nt from the data in Table XXX that the 

milk should be stirred either before or after dumping 

if a representative sample is to b e taken. 

Because of the fact that the results of the test 

on the weich vat at Plant G1 were just the reverse of the 

results obtained from the other vats, a recheck was made 
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on this particular vat on a different day, The results 
shown under G2 confirmed the general trend cf the tests 
although the difference on this particular day was not so 

great. It may be nntionod that this particular vat was 

rectangular in shape 52" long x 32" wide x 20" deep. The 

milk entered the center of the vat in dumping, whereas, 
the sample was taken from one end of the vat. This may 

account for the fact that a lower test sample was secured 
before stirring, 

IX, Checking Duplicate Samples by the Llojonnier Lethod 

The statement is generally made that duplicate tests 
on whole milk by the Llojonnier method should check withtn 
a maximum of .02 per cent, To determine the accuracy 
that could be expected in checking duplicate tests b 

the Mojonnier method, a series of duplicate tsts iere 
made on successive days along wIth the regular routine 
"Unit" testing. 

No more extra care was given these samples than was 

given the other routine samples. The sample was weighed 

directly into the extraction flasks as was also done daily 
in the ??TnjtI? testing. It was felt that a test conducted 

in thismanner would gIve more of an indication of the ac- 
curacy that could be expected than where several tests we 
made on the same sample of milk durIng the same day. 
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The results of the tests made in this study are sum- 

marized in Table XXXI. 

Table XXXI. Checking duplicate tests by the LIojonnier 
L:ethod 

- Loonnier Anal>rsis 
axnple Duplicate Tests iffercnce 

Number 1 2 
(J J 

I) 

J. 4.634 4.644 .010 
2 4.819 4.632 .0L 
3 4.332 4.336 .004 
4 3.602 3.686 .004 
5 4.716 4.722 .004 
6 4.962 4.962 .000 
7 5,092 5.004 .008 
s 4.673 4.674 .001 
o 
.1 

A 7O'7 ¿1 7ÖO £d'L) S 

10 4.801 4.799 .002 
11 4.534 4.534 .000 
12 4.277 4.275 .002 
13 4.564 4.558 .006 
1 4.510 4.509 .001 
15 4.905 4.890 .015 
16 5.166 5.154 .012 
17 4.069 4.682 .013 

Average Difference .0064 

The above data shows an average difference of .0064 

on the tests made with a maximum variation of .015 and 

a minimum variation of .000 between duplicates, 
11hese differences are somewhat smaller than the re- 

suits obtancd by Dahlberg, Holm, and Troy ( 30) , who 

found a variation of .03 to be conmion between duplicates 
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of the same laboratory and as much as .05 between dif- 
ferent laboratories testing the same sample by te Roese- 

Gottlieb method. 

X. The Effect of Lipase Action in Lilk on the Final Fat 

Test by the Babcock and Mojonnier Methods of 

T e s t Ing 

It Is a well kncwn fact that 
different milk varies greatly. 
in this study during the winter 

fresh samples of milk contained 

That the lipase contInues it 

the lipase activity of 

It was especia1l noticed 

months wien a number of 

a rçncid odor. 

activity in preserved 

samples was also apparent in this study since a number 

of samples became noticeably rancid after storing for 7 

and, 15 days. The rancidity was usually more noticeable 
after the longer period of holding. 

The greater difference between the results obtaIned 

on the saine samples of milk by the Babcock and i.Iojonnier 

methods of tasting on preserved samples than on the fresh 
samples was attributed to the hydrolysis of the fat by 

lipolytic action. The theory advanced is that this hy- 

drolysis is only a minor factor n the Babcock test be- 

cause only the water-soluble fatty acids would be lost and 

the amount of these present is small. VTh.ereas, in the caze 

of the Lojônnïer test, hydrolysis assumes a major role in 
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the decline in the fat test on holding raw samples ow- 

in to the foiiat1on of soaps which are not included in 

the ether e;traction. 

XI. The Effect cf Pasteurization on Prevontin the Fat 

Decline on Composite Li1k Samples 

To deterniine what effect pasteurization would have 

on inactivating the lipase in milk and subsequently pre- 

venting the decline in composite samples due to fat hy- 

drolysis, the following experiment was conducted: 

A sample of pasteurized milk was secured daily from 

a pasteurizing plant and tested daily along with the res- 

ular "Unit" samples by both the Babcock and. :.:ojonner 

methods of testing. A 7 and 15 day composite sample was 

also carried using the same procedure as with the stan- 

dardized unit testing. The only variation was that the 

pasteurized milk sample was tested in duplicate daily by 

the Mojonnier as well as in duplicate by the Babcock. 

The average of duplicates vias taken as the true test in 

all cases. The 7 and 15-day composites were also tested 

in duplicate by both methods of testing. 

It can be seen from the summar- of the results of this 

study (Table XXXII) that there was apparently no increase 

in free fatty acids, since no significant decrease in the 

composite test was found in either the 7 or 15-day corn- 
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Table DCCXII. Effect of Pasteurization in prevent1n the 
excessive difference between the test oh stored 

composite milk samples between the Babcock 
and Mojonnier methods of testina 

Babcock, Mojonnier, Babcock 
Sample Average of Average of llore Than 
Number Duplicates Duplicates Mojonnier 

, 
/0 

: 

I,) 

3. 4.700 4.639 .061 
2 4.960 4.825 .135 
3 4.975 4.834 .141 
4 4.760 3.684 .076 
5 4.790 4.720 .070 
6 5.060 4.962 .098 
7 5.200 5.088 .112 

Aver age 
dai1r 4.778 4.679 .099 

7-day 
Composites 4.750 4.673 .077 

8 4.920 4.797 .123 
9 4.900 4.800 .100 

lO 4.620 4.534 .086 
11 4.360 4.276 .084 
12 4.610 4.561 .049 
13 4.600 4.510 .090 
14 4.900 4.897 .093 
15 5.310 5.160 .150 

Average 
daily 4.784 4.636 .098 

15-day 
composites 4.750 4.676 .074 
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posites over that wìich was norma11r found between the 

fresh daily samples of raw milk by the two methods of 

tostin,. 

Because the raw milk samples had shown a greater de- 

crease in Cat content in the composites than in the fresh 

samples by the two methods of testing, it would appear 

that pasteurization in tuis case vzas effective in pre- 

venting hydrolysis of the fat due to lipolytic action. 
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XII. Checking Duplicate np1es by the iabcock Lethod 

The question often arises as to just how close dup- 

licate samples by th Babcock method of testina can be 

expected to agree. 

Liost state laws specify that the Babcock test bottles 

shall be accurate to within the smallest division in the 

calibrated portion of the neck. The Oregon law specifies 

that the at any point of the scale shall not ex- 

ceed one-tenth per cent". It .s generally assuned that 

operators of the Babcock test should be capable of run- 
ning duplicate tests on a sample of milk which v:ill not 

vary more than .10 per cent. 

The results of over 1000 duplicate tests by the Bab- 

cock method from the work reported under Part I are sum- 

marized in Table XXXIII. 

These tests were all made with bottles that were 

found to be accurate to within .005 cc. of the correct 

capacity in the calibrated portion of the neck, the cor- 

rect capacity being 1.600 cc. All tests were completed. 

according to standardized procedure in the "unit" testing 

as previously described. The above tests were all read 

to the nearest .05 por cent. 

It is of significance to note that the great number 

of exact agreements between duplicates amounted to 61.9 
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per cent of the total number, and also the small per 

cent, 1.7, that varied as much as .10 per cent. 

Table XXXIII. Oheckin duplicate tests by the Babcock 
Method. Special reading liGht used 

Number duplicate Number ITumber that varied in the 
samples tested exact : percentage 

checks : within : IthIn : more 
.05 : .10 :than 10 

1044 646 : 380 18 0 

Percent of total 61.9; 36.4; 1.7 0 

XIII. The Space Occupied by the Upper Meniscus 

in the 3abcock Test 

The exact space occupied by the upper meniscus in the 

ïabcock test is a variable and open to dispute. This fact 

has been shown n many instances as well as in this study 

where comparisons were made on the sane test by different 

readers. Because of the very common variation of .05 on 

the same test read by different readers and some casos 

of .10 difference in the results obtained by two readers 

readinG the same test we have some Idea as to the space 

which the upper meniscus apparently occupies. 

Using the specIal lighting system and magnifying 

glass that was used in this study, it was easy to see .ow 

much space was occupied by the upper meniscus which appeaî 



. 

FIGURE XIV 

Ulose-Up of Maified Fat Column 
in Reading Device 
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to cover at least 2 raduatïons (equivalent of .2 in the 
percontae) on the 8 percent milk bottle necks. The 

photograph of this readinG device (Fis. XIV) cives an 

idea of the aid Given the reader in usinG such a liGht, 

XIV. Comparison of Milk fron' Different Breeds on the 

Final Fat Test as Determinod by the Babcock and 

Mojonnier Methods on Both Fresh and Com- 

osite Scmples of 1111k 

To determine the effect that milk from different 
breeds would have on the results by the Babcock and I.o- 

jonnier method of testing the followinG experiment was 

conducted: Milk from three different breeds at the Col- 

lege dairy farm vms collected separately each day for a 

period of one month and tested for fat by both the Mojon- 

uier and Babcock methods, Seven and fifteen-day coin- 

posites of the daily samples were also carried and tested 
by the two miethods. Standardized procedure was used. in 
all cases of hand1in and testinG of the fresh and coin- 

posite samples. The fresh samples in all cases v;ere tes- 
ted by the Liojonnier method within 6 hours after milk- 

ing. The Babcock test on the sàme samples were all corn- 

pleted within 9 hours after milking. 

The results of this experiment are surunarized in 

Table XXXIV. It an be seen by these data that the dif- 
ference on the same sample of milk by the two methods of 
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testin were greater, on the average, for s8mples of 

milk known to contain a reater percentage of large fat 

globules. 

This is in line with the theoretical belief that 

where a greater number of large fat globules are present, 

nore of the fat will 'oc thrown into the neck of the 'cot- 

ties b:1- centrifugal force and therefore a higher reading 

will be derived on these samples of milk b the 3abcocl: 

method of testing. 

These results are in agreement with the findings of 

bailey (4) who found that the excess of the abcoc1c read- 

ings over the oese-Qott1ieb results was greatest with 

the samples from the Channel Island breeds. 

The greater difference between the two methods of 

testing on composite samples was also ap::arent in this 

test. It can be seen b the data in Table )OcIV that 

therè ias a definite increase in this difference with an 

increase in the time the samp].øs were held. however, the 

increase, although greater in the majoritj of cases on 

the JerseT milk, was not consstentlj hi&her for that 

breed. Such resulls would suggest that some other cause 

was responsible for the difference than the size of the 

fat globules where prcserved samples were used. 

It might be said that such an investigation as this 

wo id have to be carried over several lactations before 

an definite conclusions would be made. 



Table XXXIV. Effect of the Breed of the Covi on the Final Fat Test by the Babcock and 

Mojonnier Methods of Testing on Fresh and Composite Samples of bulk 

. 

Babcock Babcock : LIoJoinier :Babcock Babcock 

Breed Daily Babcock Composite : Mojonnier Mojonnier Composite :Daily Compos. 
of Average Composite Lower : Daily Composite Lower :Luore More 

Cows Fat Test Than Daily: Average Than Daily:Than Than 
:Mojon. LIojon. 
:Daily Compos. 

'7 
/0 

C7 

/0 /0 ) 0 ¡Q jo 

7-Day Composites Trial 1 

Holstein 3.351 3.270 .081 : 3.276 3.240 .036 : .075 .00 
Ayrahire 4.008 3.990 .018 : 3.965 3.925 .040 : .043 .065 

Jersey 5.496 5.470 .026 : 5.373 5.345 .028 : .123 .125 

7-Day Composites Trial 2 

holstein 3.000 2.990 .010 : 2.946 2.923 .023 : .054 .067 

Ayrshire 3.461 3.470 (/.009 : 3.425 3.395 .030 : .036 .075 

Jersey 5.687 5.650 .037 : 5.588 5.538 .050 : .099 .112 

15-Day Composites Trial i 

Holstein 3.129 3.170 (,.041 : 3.113 D4 .073 : .016 .130 

Ayrshire 3.824 3.690 .134 : 3.777 3.573 .204 : .047 .117 

Jersey 5.685 5.670 .015 : 5.572 5.492 .080 : .113 .178 

l5-Day Composites Trial 2 

Holstein 3,136 3.120 .016 : 3.052 2.98 .066 : .084 .134 

Ayrshire 3.463 3.460 .003 : 
. 
3.407 o.306 .101 ¡ .056 .154 

Jersey 5.739 5.720 .019 : 5.629 5.57o .056 : .110 .147 

H 
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DISCUSSIOI\T 0.? RESULTS 

PART II 

In the experiments conducted to determine the ef- 
feet of variations from standardized procedure in the 

sampling, preserving and teting milk for fat, it was 

found that most of the variations had a definite effeet 
on the final fat test. 

An average decrease of .10 In the percentage resul- 
ted when preserved 7-day composite samples of milk viere 

stored in sterilized rubber stopered bottles, kept in 

the laboratory each day for four hours before the bottles 
were returned to the refrigerator at 400 and not ro- 
tated to incorporate the cream and moisture after each 

daIly addition of the milk. 

An average decrease of .14 in the percentage resul- 

ted when 7-daj composite. samples of milk were stored at 

room temperatures at all times and when the bottles were 

not sterilized, in the beginning. 

15-day composite samples of milk, stored In stoni- 
ized bottles shoved a decrease of .06 in the percentage 

by the i3abcock method when the samples were not suffic.- 

iently stirred daily to incorporate the cream and mois- 

tune and the bottles remained in the laboratory for four 

hours each day before they viere returned to the 4Q0 
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refrigerator for storage. 

A deoreae of .00 xesuited in ie percentage of the 

15-dar preserved composite samples of milk tested by the 

Babcock method when the bottles were shaken vigorously 
each day after the addition of .the portions of milk and 

where the bottles were kept at room temperature for four 

hours daIly before they were returned to the 4Q0 F. re- 
frigerator (sterilized bottles used). 

Jhen the preserved 15-day composite samples viere 

stored at room temperatures a all times and when unster- 
ilized bottles were used, a decrease in the percentage of 

.n resulted. The above increased fat losses were prob- 
ably clue largely to the condition of the ssmples which 

caused difficulties in sampling. Iany of the samples 

riere moldy and in poor condition. 
An experiment to determine the relative efficiencies 

of mercuric chloride and foxnalin as a preservative of 

samples of milk stored under various conditions, namely: 
400 F., 70_800 F. ifl the dark, and 70-80° F. exposed to 

daylight, gave results which showed that mercuric chlor- 
ide was more effective than formalin in preventing a de- 

dine in fat tests on the preserved samples when they 

were held at low temperatures. Holding the samples at 
low temperatures, whether held for one week or one month, 

cud not change the results materially. There were no con- 
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sistent results to show that formalin was superior to 

mercuric chloride in preventing the decline in tests 
at miher temperatures. A decrease of between .05 and 

.10 in the percentage resulted when the composites were 

held at 70_000 F. regardless of the preservative used, 

the time held, or whether exposed to 1iht or riot, 

Comparisons between mercuric chloride and formalin 

as preservatives on milk samples stored for one and two 

weeks at temperatures of 4Q0 F. and also at 70_800 P in 

reßular composite bottles and also in sealed and pre- 

measured eight per cent milk test bottles, showed that 

a decrease in test resulted even when the samples were 

stored and preserved in pre-measured and sealed test 
bottles. Erratic differences resulted in these tests. 
1/2 cc. íormalin did not preserve the 6-ounce sample of 

milk for 14 days when stored at 70-30° F. in this exper- 

ment. 1.7hen the samples viere preserved with formalin, 

it was found to be more difficult, in all, cases, to o'o- 

tain a true emulsion between the fat and serun even after 
heat in to 1100 F. 

Saponin, an emulsifying agent, added to composite 

samples along with the preservative, prevented the small 

decline in the 15-day composites handled according to 

standardized procedure and tested by the Liojonnier method. 

Saponin did not prevent the small decline of .02 by the 
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Babcock method of testin with 15dtç composites hold at 

40° F. It did not prevent the decline of .056 on 7-day 

composites stored at room temperatures. 

LIeasurin the milk samples for the Babcock test at 

temperatures from 680 F. to 80° F. showed no difference in 

the final fat test. however, when the 17.6 cc. sample was 

obtained from milk at 1000 F. the test was lower by .046 

than when the sample was obtained from milk at 680 F. 

'Th.en the sample was measured from milk at 1200 p, the 

test was lower by .083 than when the sample for the test 
was measured from the same milk at 550 F. Those decreas- 

es in tests were due to the expansion of the milk, which 

would give a smaller weight of milk per unit volume at 

the hiier temperatures. 

Varying the water bath temperature f rom 150° F. to 

i;o° F. ifl ten degree intervals then tempering the same 

tests for the Babcock readin.s, save a higher average 

test for the temperature above 1400 and. a small but 

consistently lower reading for the temperatures below 

140° F. This difference amounted to a plus .046 at 150° j, 
and a minus reading of .010, .011 and .013 for the ten 

degree intervals from 130° F. to 110° F. here again the 

differences due to expansion and contraction of the fat 

can be seen. 
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Glymol added to milk tcsts to remove the upper raen- 

iscus caused a decrease of .J$2 in the percentage of fat 
compared. to the percentages before the g1-mol was added. 
This decrease is in close aroement with the results re- 
ported by ilunziker (19) who found. that a reduction of .20 
was obtained in the babcock tests ven lymo1 was used. 

Sulphuric acid of standardized strength, temperature, 
and amount, used on 24 milk tests gave uniform clear fat 
columns and consistent results, whereas, tests from the 
same sample using non-standardized acid at room tempera- 
tiare, and. using estimated amounts to coidpensate for the 
roater strength and higher temperature, gave fat columns 

that were charred and. results that were variable. This ex- 
periment emphasizes the value of the standardization of 

reagents used in the test. 
.7hen standardized acid and procedure were used in the 

testing of 96 separate 17.6 cc. charges of milk from the 
same semple but when the bottles were on1 accurate to 
within .02 cc. of the correct capacitr for an B milk 
test bottle, a range in test was obtained between 4.10 
and 4.20, or a maximum difference between any two tests 
of .10. 52 per cent checked exactl,r with the average of 

4.15, 39.5 per cent tested. .05 hIgher than the average, 
and 8.4 per cent tested. .05 lower than the average. 

Vînen the specified speed of a centrifuge was varied 



200 R.P.M. above and below the correct speed in testing 

triplicate samples of the zarne milk the results vieie 3.606 

for the average test when whirled at 200 R.P.L. below tue 

correct speed, 3.808 when whirled at the cori'ect speed, 

and 3.S17 when whirled at 200 above the correct 

speed. This shows a difference greater than .10 in the 

percentage for the correct speed over the lower speed and 

a difference of .009 hi&her when the greater speed was 

used. In another run usina six different sainles of milk, 

rnakng six tests on each sample and using speeds of 100 

R.P.. above and below the correct speed the results ob- 

tamed were 4.17 for the low speed, 4.16 for the correct 

speed, and 4.20 for the higher speed. Several theoretical 

reasons could be advanced for the cause of these differ- 
ences, but suffice it to say that since different tests 
are obtained by different speeds of centrifuging, the 

specified speed should be used in making the test. 
During a recheck of 524 S.C.C. milk test bottles, 

using a Bweau of Standards certified mercury burette 

of tested accuracy, all were found to be within the toi- 
erance. 46 per cent were found to hold between 1.582 

cc, and 1.500 cc. mercury and 54 per cent viere found to 

hold betv:een 1.300 cc. and 1.615 cc. mercury. 

In trials to determine the effect o:T variations in 

the calibrated portion of milk test bottles on the final 
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rat determination, it was found that where the differen- 
ces in the calibrated. portion of the necks were great 
enough, there were very noticeable effects on the re- 
suits of the test ori the sanie sarn1e of milk. Then two 

sets of rechecked bottles, twelve to a set, found to con- 
tain in the calibrated portion between 1.535 and 1.595 cc. 
mercury for one set, and between 1.605 cc. and 1.615 cc. 
niercurj for the other set, were used in testing duplicate 
samples of milk there was an average difference of .067 

in the percentae of fat in the first run and .075 in 
the second run greater for the bottles of the smaller 
capacïties. i1he above results were obtained in the lab- 
oratory where the samples were tested according to stan- 
dardized procedure and the tests were read to the nearest 
.05 per cent. 

'.7hen the same bottles were used in a cc:mercial lab- 
oratory and the regular staff tested two sets of 24 sam- 

ples of milk each, the results were .038 reter in the 
first set and .045 groater in the second set for the bot- 
tles of the smaller capacities in the calibrated portion. 
The readings in the latter case were only made to the 

nearest .10 per cent. 

ieading 24 tests as they came from a heated centri- 
fuge maintained at 180° F. and again after tempering the 
same tests for five minutes in a water bath at the correct 
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reading temperature of 136° F. gave results ifl the aver- 
age tests that viere .046 higher for the tests that were 

read incorrectly from the centrifuge at 1000 F. Ilere 

again viere obtained higher tests due to the expansion of 

the fat which covered a greater cubic content at the higher 
temperature. 

In a series of trials where four groups of 12 tests 
each were read after remaining in a 

at 138° F. for 5 minutes and again 

bath for 1 hour, the results showed 

apparent difference in the readings 
two periods. 

To ascertain the importance of 

water bath maintained 

fter remaining in the 

that there was no 

of the tests at the 

regulating the tern- 

perature of the water added to the test bottles before 
the third centrifuging period, 56 duplicate samples tes- 
ted at the College 1&oorator and 72 duplicate samples 

tested in the Portlid Central Testing Laboratorj were 

used. The effect of adding water at a temperature of 

175-180° F. to the test bottles shov.recl that the fat col- 
urnns migrated downward from 1 to l-1/2 inches when tern- 

pered. The fat migration gave a slight but consistently 
higher average reading which amounted to .019 in the per- 
centage. The cause for these hier readings was not 

known. It is probable that in migrating downward under 
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reduced pressure, compared to that which the fat is sub- 

jected to in centrifuging, the fat. column has a tendency 

to cover a greater cubic volume. 

In the studies with the various sarnplin devices 

the sarnplin tray proved to be an alci. in securing repres- 

entative samples of milk deliveries at milk plants and as 

a means of getting a test of the final vat of milk with- 

out the necessity of making the actual vat test. There 

the proportional ssmpler vms compared to the 3/4 ounce 

dipper, used to take equal amounts of milk daily, it vias 

found that \illere &reat variations occurred in the test 
and the amount of milk sampled for the same composite 

sample there were variations in the tests, of the coni- 

postes taken by the two methods. Although variations 

such as those tried would not be expected in milk dcliv- 

enes by the same producer, the trials were made to de- 

termine the importance of securing proportionate amounts 

of milk for composites where such variations do occur. 

The statement is generally made that duplicate tests 
on whole milk by the Liojonnier method of testing should 

check within .02 in the percentage. In a series of dup- 

licate tests on samples of milk by the ojonnier method, 

over 17 consecutive days, the results obtained showed an 

average difference of .0064 between duplicates with a 

maximum difference .015 and a minimum of .000. 
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This, therefore, should be satisfactory evidence 

that very accurate results can be obtained with the 

Mojonnier method when a standardized technique is used, 

Then pasteur±zed milk was used for 15-day composite 

samples there viere no significant inci'eases between the 

differences normally found in tests by the Mojonnier and. 

Babcock methods of testing when fresh samples were used. 

The results of these tests showed a decrease of 077 in 
the percentage for the Mojonner method of testin com- 

pared to the Babcock method on 7-day corrosite samples, 

and a decrease of .074 on the 15-day compote samples 

tested by the Mojonnier method. Thus, it apars that 
pasteurization was effective in destroying the activ- 
ity of the agent which causes lower tests on stored sam- 

pies for the 15-day period over that which accompanies 

the ztorin of samples for 7 days. This decrease, amount- 

ing to .03 in the percentage was found where raw milk was 

used. 

Then duplicate tests by the Babcock method viere made 

on 1044 samples of fresh milk according to standardized 
procedure, it was found that 64G sets (61.9 percent) were 

exact checks, 380 sets (36.4 percent) varied .05 in the 

percentage and only 18 sets (1.7 percent) varied as much 

as .10 in the percentage. This observation was ignif i- 
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cant in showing the great reu1aritj at which duplicate 

tests can be expected to acree and the scarcity of varia- 
tions of .10 in the percentage where controlled measures 

are tal:en in executing the ana1yss. 
Using a special lighting system and magnifying glass 

tl:at was employed in this study, it was easy to see how 

much space was occupied by the upper meniscus in the Bab- 

cock milk test. This covered at least .2 per cent on the 

calibrated scale. This lighting system vías a bi help in 

determining the exact position of both the upper and the 

lower meniscus in this study. .7ithout such a 1iht, it 
is doubtful whether accurate results could have been ob- 

t ai ned. 

There were found to be greater differences between 

the Babcock and Mojonnier methods of testina on the same 

sample of Jersey milk than there were between the two tests 
on the Ayrshire and Holstein milk when fresh samples from 

the above breeds v;ore tested daily during a month's period. 

The difference between the two methods of testing was 

greater on the stored samples in the majority.of tests. 
However, this difference was not consistently higher for 

the Jersey breed. All samples from the three breeds 

gave higher readings by the babcock method of testing. 
This difference amounted to between .016 and .123 on the 

fresh samples and between .040 and .176 on the 7 and 15 
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day composite samples. 



146 

SUiAR A1D C0NCLUSICTS 

'ART I 

)urin the period from Mar 1939 to April 1940 a total 
of 2064 tests by the Babcock method and 1032 tests by the 

L:ojonnier method iere made ace ordth to a predetermined 

standardized procedure. A total of 900 dai1 samples of 

milk, 12 five-day, 60 seven-day and 60 fifteen-day corn- 

posite samples of milk viere included in the tests that 
comprised the 10 complote "Units" over the different sea- 

sons of the year. 

1. jhen composite samples viere tested by the Jabcock 

method, the results showed small decreases in the fat per- 
centages as compared to the average daily tests on the 

same samples of milk. These decreases amounted to .016 

for the 5-day composites, .021 for the 7-day composites, 

and .027 for the 15-day composites. 

2. .7hen tested by the Iojonnier method the results 
also showed small decreases in the fat percentag'es v;hich 

amounted to .023 for thé 5-day composites, and .021 for 
the 7-day composites as compared to the average of daily 
tests on the same samples of milk. A greater decrease, 

that amounted to .055 in the percentage, was obtained 

in the average fat test of composite samples stored for 
15 days and tested by the L:ojonnier method. 
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3. The Babcock results averaged approximately .075 

higher in the percentage than the Iojonnier results on 

the saine fresh daily samples of milk. This same average 

difference was obtained with the two methods of testina 
on 5 and. 7 day composite samples of milk. however, the 

average test by the Babcock method was .104 higher than 

the average Lojonnier test on 15 day composite milk sam- 

pies handled according to standardized proceduie. 

4. A statistical analysis dd not sh'i the decreases 

of O1G, .021 and .027 by the Babcock method. on 5, 7, 

and 15 day' composites to be significant. Teither did 

of .023, .021 by the 

Lojcnnier method for 5 and 7 day composites, nor the de- 

crease of .055 by the Liojonnier method for 15 day com- 

posites to be sIgnificant. 

5. The differences between the results obtained by 

the Babcock and Liojonnier method of testing on both daily 

and composite samples of milk were found to be very sig- 
nif ic ant, 
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?ATT II 

With the results of a standardized procedure des- 

cribed in PART I as u basis of comparison, numerous var- 

ïations from standardized procedure vrere conducted to 

dótermine the effect of such variations on the final fat 
test. This comparative study included more than 2000 

individual tests by the babcock method and 165 individ- 

ual fat determinations by the Líojonnier method of testn. 

J_. Decreases from the average daily tests amounted 

to between .04 and .14 in the percentage on 7 and 15 day 

composIte samples stored at 70 F. or above and vrlien han- 

died at variations from standardized procedure. These 

were significantly greater decreases compared to decreases 

of approximately .02 in the percentage for 7 and 15 day 

composites handled according to standardized procedure. 

and were probably caused by a combination of fat decom- 

position and sampling difficulties. 

2. With composite samples the failure to incorporate 

the cream and moisture daily, or allowing the bottles to 

remain out at room temperature long enou each day to be- 

come ;arm before returning the samples to the refrigera- 

tor caused a greater decrease in the fat test than when 

the composites vjere handled according to ideal methods and 

returned to the refrige.'ator promptly after the daily ad- 
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ditions of milk. 

3. iormalin did not prove to be superior to :iercuric 

chloride in preservin composite milk samples regardless 

of the time or temperature at which the samples were held. 

The samples that contained the forinalin enera1ly were 

found more difficult to et into condition for proper 

samp1in than viere the samples that ontained mercuric 

chloride. 

4. Saponin did not prevent the decline in the tests 

of composite samples of milk when tested br the J3abcock 

method. 

5. Varying the temperature of the milk when measur- 

ing the samples with the Babcock method 100 j, did not 

change the final results. 1-lowever an increase of 3O F. 

above normal gave an average reading of .046 Greater than 

normal. 'Jth a variatioi of 650 2. there was a differ- 

ence in the test of .O8, 

6. OElymol added to the fat column to remove the 

upper ineniscus in the Babcock test lowered the average 

fat test .192. 

r/ Standardization of the strength, temperature and 

amount of acid with the Babcock method was found to be 
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necessary if dependable, uniform, and accurate results 
were to be obtained. Differences of .10 between dup- 

licate tests were found to occur when standardied acid 

and equipment was used, but when the calibrated portion 

of the bottles was only within .02 cc. of the correct cap- 

acity of 1.600 cc. 

8. A speed of 100 R.P.M. or more below the spec- 

ifiod speed of a 20 inch diameter centrifuge save results 
that averaged .10 less than the results obtained at the 

correct speed, Speeds of 100 and 200 above the 

specified speed for a 20 inch diameter centrifuge save 

increases of .00e and .0 in the percentage, 

0. Babcock B per cent milk test bottles viere found 

to vary as much as .015 cc. above and below the correct 
capacity of 1,600 cc. in the calibrated portion. Viith 

Babcock S per cent milk test bottles that had.. an aver- 

age variation of .02 cc. in the calibrated portion, 

there was an average difference of .075 in the percen- 

tage on the sanie sample of milk. 

10. Reading the tests as they come from a centrifuge 
maintained at 175180° i. gave average results that viere 

.046 higher than those of the same tests after tempering 

at the correct temperature of l38 F. 



151 

11. The time the test bottles that contained fat re- 
mained in the constant temperature water bath after the 

first 5 minutes had no effect on the final results, 

12. iesults that were .019 higher viere obtained when 

the addition of water to the Babcock bottles before the 

last aentrifuing was of such a temperature (175-l0° ) 

that the fat column migrated at least 1 inch downward in 

the neck of the bottles in tempering at 138° F. 

13. Duplicato tests on milk by the L:ojonnier method 

checked within an average difference of .0064. The max- 

mum variation between duplicates was only .015. 

14. Pasteurization of milk prevented 

difference in results between the Babcock 

method of testing on samples stored for L 

This was probably due to the inactivation 

lipase. 

the increased 

and Liojonnier 

5 days at 40° , 

of the enzyme 

15. Differences of .05 in tests were common between 

the readinGs on the same test read by two different road- 

ers wen a special lighting system was used, and it was 

possible to read the results to the nearest .05 per cent. 

Differences of .10 viere rare when the tests were read by 

two different readers according to the above procedure. 
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1G. The meniscus on the top of the fat co1urn was 

observed, to cover aproxmatoly two of the smallest div- 
isions on the Babcock S per cent milk test bottle, 

17. Errors in determining the exact position of the 
upper meniscus, even under an ideal lLghting system, were 

probably responsible for the differences of .05 in read- 
ings of the Babcock test. 

13. ?esults showed that when milk was received at 
milk plants, the agitation received in dumping was not 

enough to incorporate the cream and serum sufficiently 
to obtain accurate samples. 

10. Comparing the results obtained rjrith the Lojon- 

nier and Babcock methods, the average tests of fresh milk 

from the iloistein and Ayrshire Cows by the two methods were 

in closer agreement than were those from the Jersey cows. 

The amount of free fatty acid present may probably be a 

factor in determining this agreement. 
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APPENDIX 

SALIPLING AND TESTING LIILK FOR FAT BY THE 

BABCOCi LiTI-iOD 

Type and Specifications of Equipment 

L, Centrifugo - The standard oenrifue shall rotate 

when filled to capacity within 50 RSP.L:. of the correct 

speed at all times with a mininrn of vibration. The, pro- 

per specd to use may be ascertained by reference to the 

followin table. y "diameter of wheel" is meant the dis- 

stance between the inside bottoms of opposite cups meas- 

ured through the center of rotation of the centrifuge 

wheel while the cups are horizontally extended: 

.4a1deter of wheel, in inches - 10 12 14 16 18 20 

110, revolutions per minute - 1074 980 909 848 800 759 

22 24 

724 693 

The centrifuge shall be heated electrically or other- 

wise before the bottles are placed in the tester to.a teii- 

perature of 130-140° F. and shall be maintained at this 

temperature, within the tester, during the process of cen- 

trifu2.ng. It shall be provided vith an accurate indicathig 

Fabrenheit thermometer permanently attached. so that the 

temperature within the centrifuge can be ovserved at all 

tines. 
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2. abcocì: Milk Test bottles - The fol1owin specifi- 

cations Ior the milk test bottles by the Association of 

Official Agricultural Chemists shall be used: "Standard 

Babcock test bottle for null: - 8 per cent, 18 gin., 6 in. 
milk test bottle, total heït 150-165 nrni. (5.9-6.5 in.). 
The bottom of the bottle shall be flat, and tho axis of 

the neck shall be vertical when the bottle stands on a 

level surface. The neck shall be cylindrical and of uni- 
form diameter from at least 5 rrn. below the lowest erad- 
uation mark to at least 5 mm. above the hihest. 1e 

top of the neck shall be flared to a diameter of not less 
than 10 mm. The graduated portion of the neck shall have 

a length of not less than 63.5 mm. The totrl per cent 

graduation shall be 8. The graduations shflreprosent 
whole per cent, 0.5 per cent, and 0.1 per cent, respec- 
tively, from 0.0 to 8.0 per cent. The tenths per cent 

graduations shall be not less than 3 mm. in length; the 
0.5 per cent graduations shall be not less than 4 min. 

2n length and shall project i mm. to the left; and the 

whole percent graduations shall extend at least half-way 
around the neck to the right d shall project at least 
2 mm. to the left of the tenths per cent graduations. 
Each whole per cent graduation shall be numbered, the 
number being placed to the left of tho scale." The As- 

sociation of Official Agricultural Chemists state that 
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the maximum error of tue total graduation or any :art 

thereof shall not exceed tuìe volume of the smallest unit 

of the graduation. However., babcock milk test bottles 

used in the State of Oregon shall only be allowed a max- 

iiuuxn error in tue total graduated portion or any part 

thereof not to exceed .005 cc (ml.) The capacity of the 

total graduated portion of the neck shall be, and not to 

exceed, 1.600 cc. (ml.) 

3. Pipette - The milk pipette shall conform to the 

f olloviin specifications of the Association of Official 

gricultural Chemists: 

"Total length, not riore than 330 mm. 
Outside diameter of suction tube, G-8 ri. 
Length of suction tube, 130 mm. 
Outside diameter of delivery tube, 4.5-5.5 mm. 
Length of delivery tube, 100-120 mm. 
Distance of ¿raduation mark above bulb, 15-45 mm. 
Nozzle, straiht. 

. 

"Graduation, to contain 17.6 cc. (ml,) of v;ater at 

200 0. vihen the bottom of the meniscus coincides viith the 

mark on the suction tube. Delivery in 5- seconds. The 

pipette shall be marked Holds 17.6 cc. (ì1 " 

The Association of Agricultural Chemists specifies 

that the maximum error in the graduation shall not exceed 

0.05 cc. However, the pipette used to measure the milk 

charge in the State of Oregon shall onlr be allowed a 

maximum error ïn the actual content not to exceed 0.01 cc. 



iv 

4. Acid Dispenser - The doiice emp1o,-ed to measure 

the sulphuric acid shall be so constructed as to allow 

a 17.5 cc. portion to be delivered. to the test bottle 

accurately and without spilling. A burette which holds 

six 17.5 cc. chures of acid and which can be rapidly 

and accurately filled by means of an air bulb and over- 

flow arrangement is satisfactory for this purpose. 

5. ividers or calipers - The dividers or calipers 

for measuring the fat column shall be of thc needle point 

type with hinge joint d thumb screw tightener. 

6, Water bath for test bottles - A water bath for 

tempering the test bottles before neasuring the fat 

test sh11 be provided with an indicating thermometer 

and heating device, with thermostat for maintaining a 

temperature of from 135_1400 F. at all times. 

7. 7ater bath for tempering samples - A water bath 

for tempering the samples before securing the 17.6 cc. 

portion shall be provided with a thermometer and device 

for maintaining a temperature of from 6O-7O i. 

8. Hot water tank - A water tank shall be provided 

for heating distilled water or other soft water to be 

added to the test bottles, The tank shall be constructed 

0f non-rusting material and shall be equipped with an in- 

dicating thermometer and heating device for heating the 

water to the proper temperature without contaminating 

the water with oil or other foreign material. 



9. £oading 1m - A reading lamp equipped vjïth a 

magnifying glass shall be provided so the tosts can be 

i'ead to the nearest .05 per cent with accuracy. The 

15.;ht should not be b11nd1n to the e,Tes. The 1it 

should be a slit beun arrangement so that only the neck 

of the bottle is lighted.. The lsrnp should òc equipped 

with holders for holding the bottles in place so that the 

tests can be read with ease and speed. 

lo. Time Alarm - A time alarm clock shall be provided 

so that the measured time in runnin' the test can be de- 

termined accurately. 

11. Acid ternperin device - A device shall be pro- 

vided so that the acid can be maintained at a temperature 

of from 60_700 i. when added to the milk samples. 

12. Acid Hydrometer - An acid hydrometer shall be 

available so that the specific gravity of the acid can be 

determined at recular intervals. 

eagent s 

1. Sulphuric acid. Specific gravity 1,62o at 60° .ì'. 

Sulphuric acid with specific gravity below 1.825 shall not 

be used. Acid with a specific gravity greater than 1.825 

shall be standardized as follows: Use 2 cc. of distilled 

water per 100 cc. ol' acid to be standardized for each 

0.010 reduction in specific gravity at 60° .'. Lo not 
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add water to acid as this is dangerous. 2he acid should 

always be added to thc water slovtly in standardizing and 

then cooled to the proper temperature before using. 

2. Distilled water, or thher pure soft water. 

3. Preservative for composite samples - Mercuric 

chloride (corrosive sublimate) tablets of the 

Ib. i size. 

Sampling Egi4)nient 

i. Saniie otles - The 8-ounce snple bottle with 

tight fittïng rubber stopper shall be used for the 7 and 

8 day composite saraples. The stoppers shall be replaced 

when they become hard or cracked. 

The stopper shall be chained to the neck of the bottle. 

A permanent metal number plate for easy identification 

shall be attached to the neck or stopper of the bottlo. 

A sample bottle with cylindrical body approxiìnctely 135 

mm. hi;1i, with bottoni approximately 60 mm. outide dia- 

meter and opening in neck approximately 30 nun. inside 

diameter with gradual slope from top of nock to shoulder 

for easy cleaning is recorinended. 

2. Stirror - A stirring rod with long handle and 

non-perforated disk shaped bottom shall be provided so 

that tito milk can be strrod thorougily in the cans 

before dumping. The disc should either have a rolled 

edge or be made of material that will not scratch the 
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tin coating on the ïnside of the milk cans during stir- 

r ing. 

3. Sainpling dipper - A 3/4 ounce capacity cylindri- 

cal non-corrosive metal dipper shall be used to measure 

the samples for the composite daily portion. 

4. Crates - Suitable crates shall be maintained for 

storing the samples before tasting. 

Obtainin the Composite S.mples - For 7 and B day coin- 

posite samples the 3/4 ounce diper shall be used to se- 

cure the daily portion. The mili: shall be properly stir- 

red in the cans before dumping. A 3/4 ounce portion of 

each patron's milk shall be transferred to the sample 

bottles daily. Vlhen the shipment consists of more milk 

than the weiiain vat will hold, the milk shipment shall 

be divided into two or more parts. Each part is then 

dumped and a 3/4 ounce dipper of milk from each vat is 

placed in a small clean dry container. The two or more 

3/4 ounce portions are then well mixed by transferring 

from one container to another and a dipper full of this 

mixture transferred to the composite bottle. After the 

addition of each sample of milk to the sample bottle the 

stoppers shall be replaced tightly and the bottles 4ven 

a rotatory motion until all of the cream sticking to the 

sido of the bottle lias been removed. The bottles shall 
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then be gent1 tipped to incorporate any uoisture or 

iiiilk and crern particlec which may have adhered to the 

stopper of the bottles. 

Type and amount of proservative and time of holdn - 

One ruercuric chloride tablet of the No. 1 size is suf- 

uicient for preserv5..ng an 8-ounce sample of first quciity 

milk for 8 d.as. In ctses where the milk is of poor 

quality, two tablets are necessary. Eiht consecutive 

days shall be the maximum time that composite soxnples 

can be stored before bein tested. The samples shci.1 

be tested as soon after this storage period as possible. 

The samples shall be kept unaor refriertion of 35-40° 

F. until just prior to testing. Not more than 48 hours 

shall elapse betv;een the 8day storage period and the 

time of testing, 

Storing the Composites - The samples shall be stored in 

a refrigerator at a temperature of between 35_400 j?, at 

all times and only taken out long enough to add. the daily 

portions. In no case shall they be allowed to romain out 

for niore than 2 hours, or where they are exposed to ex- 

cessive heat or to lirect sunlight. The sam:les shall 

be stored in a locked case o cabinet in the refrigerator 

where they will not be distrubed except for handling in 

making the daily additions. The keys shall be in josscs- 

sion of tho licensed sampler and tester. 
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Tu1flb3ì'ing - The bottics sh].1be kept 1egib1 numoered 

for easy identification, Permanent metal numbers attached 

either to the neck or stopper of the bottles are reconi- 

mended. Identification numbers can also be placed on the 

bottlesbj pastin .tmined. labels on the clec.n dry bottles 

end printLng the numbers on the lcbels with India ini. 

After the ink has dried a coating of clear varnish or 

shellac is aplied ovér the numbers anl label. Such a 

label will rrnain in ood condition for a lonG period 

and will withstand washing ïn soapy water. 

Preparing the Samples for Testing 

1. Couposite scm:les -'jtii properly handled coin- 

posite samples ordinrily the:'e should be no cream stick- 

ing to the side and stopper of the bottles after gently 

rotating for a few seconds. In such case the samples 

shall be placed in the water bath naintained between - 

60-70° F. for at least 1/2 hour before seciin the 17.6 

cc, cha'ge for the test. :rovicver, if it is found that 

some cream sticks to the side of the bottle and stopper 

after gently rotating for a Lev; seconds and it does not 

form an emulsion as in fresh milk the samples shall be 

handled as follows: The bottles shall be placed ifl a 

water bath with thc water of not over 1100 1 tempe'ature 

and the samples heated until the milk has reached a tern- 

perature of at least 100° F. The bottles shall then be 
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rotated. until all of the cream froii the side and stoper 

of the bottles liaS been rnc.de to go into emulsion. The 

samles shall then be placed in the thermostatically 

controlled tomperin 'oath of 6O7O 1. and coiled to 

GO_700 F. before sccrn the 17.6 cc. charge for the 

L LOS L 

2. Daily Fresh mples - Vaen it is desired to test 

sIngle saiples from shipments of milk and there is no op- 

portwiity to make composites, it is only necessary to 

place the sam-ale in the water bath maintained from GO- 

r/QO F. for 1/2 hou.r before measuring the sample for the 

test. 

Directions for Making the Babcock Test 

After properly tempering the milk samples for the 

Babcock test the analysis shall be explicitly carried aLt 

as follows: 

1. oct.ring the ehare ror the test - The samples 

shall be thoroughly mixed by pourth back and forth to 

another container ( a lipped beaker is satisfactory) 

until six separate pourings have ben accomplished. Care 

shall be e;ercised to prevent foaming of the samples. 

The extra container used, in mixing shall be inverted over 



a suitable screen to complete draining bet\Ieon sc-1o. 
Immedite1y after rnixin a 17.6 cc pipette shall be used 

to secure t:c charge of milk in the fo11ov;in manner: 

V.'ith the tip below the surface of the milk the pipette 

shall be filled until the milk passes the mark on the 

neck. Then with the pipette hold perpendicular above - 

the milk and with the riark on the pipette stem ho'izon- 

ta]. with tlìe eyes, the milk shall be allowed to run out 

until the bottom o tue ineniscus of to milk is even vith 
the graduated mark on the pipette. This charße of xìil, 
without losc, hall then be allowed to drain into the 

test bottle With tIe whole tip of the pipette placed 

within the nook of the bottle. The last drop remainIng 

in tii tip of the pipette shall he gently blown from the 

tip into the test bottle. 
2. Adding acid to tue tests - Sulphuric acid, spec- 

ií'ic gravit- at 60° . l.25, at a tclLiperature of from 

60-'70° F. shall be added to he test bottle and mixed 

as follovis: 7hen a sinle test is made the full 17.5 

cc. portion of acid shall be s1ow1 added without spill- 
in to the test bottle. The bottle shall be held in a 

tilted. position and carefu1l rotated so that all milk is 

vashed into i1O bulb of the bottle bj the acid. Oare siU 
be exercised to prevent undue shaking of the bottle and 
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mixing of the milk and acid while adding. The acid-milk 

mixture shall then .e mixed b rotating the bottle in a 

circular ::otion, not shaking, until all of the curd has 

ben completely dissolved and the acid-milk mixture ac- 

quires a dark coffee brown color. Then more than one 

test or a complete centrifuge of tests is made at one 

time, the acid shall be carefully added to all the tests 

before r.iixing and the whole lot mixed at one time. This 

may be accomplished by pl.cThG the bottles in a wooden 

rack properly constructed so that the bottles will not 

be broken while mixing. The rack shall be shaken in a 

rotary motion as with the single bottle. flaen an auto- 

matIe mixer is used, the bottles can be placed in the 

mixer after the addition of the acid to each sanrle pro- 

viding the mixer is kept rotating at all times. 

3. Centrifuging the tests - The tests shall be cen- 

trifuged as soon as possible after the proper mixing of 

a batch of milk sam'les with the acid. The centrifuge 

shall be Properly balanced and heated before the tests 

are put into the tester to a temperature of 130_1400 j?, 

and maintained at this temperature at all times during 

the centrifuging. The eentMfuge shall be run at a 

speed specified for the particular diameter of the wheel 

and not r.iore than 50 RPM below or above the specified speed 

at any tine. The time of centrifuging shall be accurately 

determined by a time alarm clock. The centrifuging time 
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shall be 5 minutes before the first addition of -iater 

to the tests, 2 minutos before the second addition and i 

niinute after the s300nd addition of water to the bottles. 

4. Adding viater to tho test bottles - istilled 

water or other soft water free from oil, rust, or other 

foreign material, of a temperature fron 145_1500 1, 

shall be added to the bottles until the fat rises to 

the lower part of the neck after the first centrifug- 

in time, and to the S per cent mark of the graduated 

portion on the neck after tue second centrifuging time. 

Jare shall be exercised to see that the fat does not 

rise above the top of the graduated portion or the bot- 

5. Tempering the test bottles before readin the fat 

co1un - The test bottle chah be removed from the tester 

and placed in the water bath maintained at a temperature 

ol' frau 135_1400 so that the portion of the neck con 

tainin tìae fat column is below the surace of the water. 

The bottle shall remain in the water 5 minutos before the 

fat column is measured. 

6. Readin the tests - A proper 1ightin sjstem 

equipped with a magnifying ¿4ass, as previously des- 

crlbed, shall be used to illuminate the fat column. 

eed1e point calipers shall be used to measure the fat 

column. The fat column shall be measured in its entirety 



xi-v 

from tho bottoiu of the 1oer meniscus to the extremo 

top of the upper meniscus. flie ca1iers shall then be 

loiïerecl to the bottom of the calibrated scale vthout 
c:.ngin the spread and the redin made on the ca].e 

to the nearest .05 per cent. The tst shall be read im- 

mediately as it is removed from the tempering bath and 

not allowed to cool before roadin. 
7. iiecording - The tests shall be inriediately re- 

corded to the nearest 0.05 of i er cent. 
S. Fetestin - Any sample shall be retested where 

the fat column contains charred material or undissolved 
curd, or when the fat column is milky or brownish in 
color. The ideal fat column has a translucent amber or 

oldcn yellow color. 
O. Churned, frozen or sour milk - Liilk that is 

churned, forzen, or sour shall not be sampled or tested. 
10. Retaining samples - All milk samples shall be re- 

tamed in the refrigerator, properly stoppei'ed. for at 
least 48 hours after testing. This is Thr the pur'ose ' 

re-tsting and checking by the State Department of Agri- 

cultuie. 
li. Cleaning Test ì3otties - The abcock milk tst 

bottles shall be thoroughly cleaned after the test has 

been completed. The following method of cleaning is 
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recoruinended: . The bottles should be emptied of the fat 

and acid mixture while $till v:arm. The bottles should be 

shaken while erûptyin to remove the sediment from the 

bottom of the bottles and to facilitate groper cleaning. 

If a smecial iottle washin aparatus is not available, 

the follovin niethod can be used satisfactoril;-. A lid 

with holes, preferably made of wod and constructed to 
fit over the necks of the bottles, is placed òver a whole 

sot of bottics in the rack. Usin a stick or a locking 

device to hold the lid over the bottlos, the whole rack 

of bottlos is submersed upriht in a solution of alkali 

in water containing soap (a handful of soap powder 

to 2 a temperature of 1400 1 or 

over. Since it is not nccessar to place the hands in 

the water, it is possible to use this hih u temperature. 
Tie container for holdin tho soap solution should be con- 

structed so that the necks of the bottles will be complete- 

l:j submersed and at least one inch below the surface of 

the water. iillin the bottles about 1/2 full vr.th 

solution the tray of bottles is then removed from the 

solution, shal:en, and emptied ii tho .rain br invertina 

the whole tray at one tie. The lid can be easily held 

in place with the hands sO that the bottles are not al- 

lowed to strike one another or fall from the tray. This 

washn process iS repeated for at least three times. 

Before emptying the solution the last time, a test 
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bottle brush is used to remove any material adJaerin to 

the necks. 1ie bottles a:'e then emptied and iinsed in 

soft rinse water 14O . or above in a similar tank but 

without the soap. this rinsing operation is repeato and 

after emptying the bottles are set upriit for a few sec- 

oiids unti]. cool and then inverted. to complete draining, 
The bottles when not in use sho1d be stored in racks 

inverted and v:ero they will not be broken. The above 

operation can be carried out in onlr a few minutes and 

the labor required is neg1iiblc. Such a process 4ves 

a clean shining bottle free freni fat or dirt. All glass- 
ware used in the Labcock test should be perectlj clean. 

Accurate dependable results cannot be obtained unless 

tuis part of the tecimicjue is carried out. 

12. .7ashing Ooìnposite $tniple so;tl:s - All saple 
bottles used for composite samples shall be thorough1 

washed free of all milk or fatty material viith a good 

soap solution and brush. ihey shall be properly rinsed 
and soaked for at least one minute in a solution con- 

taming at least 100 ppm of available chlorine. The 

bottles shall be thoroughly dried before adding t'ne 

milk. The samole bottles shall be stored in a clean, 

dry place in an inverted position where there is no chance 

for recontamination, 
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OAS CJ1 V ITIjTS I I,IL: TESTS 

A curdy or milky fat column may be caused by: 

1. Insufficient acid. 
2. \7eak acid. 
3. Too low temperature 
4. Incomplete mixing. 
5. Placing bottles in 

acid. 

tester beforc reaction is 
completed. 

A dark or charred fat column ìna be caused by: 

1. Too much acid. 
2. Too strong acid. 
3. Too high temperature of acid or milk. 
4. Uneven mixing of acid and milk. 
5. Too long interval between mixin and centrifu- 

Ing when the samples are not being continuously 
shaken. 

Too low tests may be caused by: 

1. Improper sampling of milk when received. 
2. Improper mixing of mill: sample. 
3. Too low temperature of acid and milk. Some of 

the fat is held by the undissolveô. curd. 
4. Insufficient time of centrifuging. 
5. Insufficient speed of centrifuge. 
6. Improper measuring of milk into test bottles. 
7. Lieasuring the fat column at a temperature below 

130° F. 
3. Inaccurate lasswaro 
9. Water in sample bottles when adding the sample. 

10. Samples handled so tmt they are churned ooiled off". 
11. iIoldy or sour sam2los. 

Too high tests may be caused by: 

1. C1iared particles in fat column. 
2. Too high centrifuging speed. 
3. Too long centrifuging time. 
4. Too high centrifuging temperature. 
5. Improper measuring of milk into test bottles. 
6. Reading the tests at temperatures above 1400 F. 
7. Too hot water added to bottles in running tests. 
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8. Lieasurinj the milk charge at temperatures below 

O. Inaccurate glas3ware. 
lO. Samples handled so that thc, are churned or 

"oiled off" or where evaporation is allowed to 
take place. 

Moldy surface on milk samples flay be caused by: 

1. Using unsterilized bottles for storage of sani'les. 
2. Insufficient preservative added. 
3. Too high storage ternoerature, 
4. Improper mixin of the daily portiön, and failure 

to incorporate the moisture and Idilk reuaining 
on the sicic of bottle and stopper daily. This 
leaves part of the milk unprcserved. 


