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(1)
INTRODUCTION

The rapid growth of the dairy industry which began
in the latter half of the nineteenth century necessitated
the development of chemical tests for determining the compo-
sition of dairy products. Chemists devoted much study and
labor in devising methods which would be both accurate and
rapid. As a result of these researches a large number of
tests were developed, Many of the methods possessed consid-
erable merit and a few were so satisfactory that the rest
did not come into general use. The basic principles of all
the tests now in use were discovered between 1880 and 1890.

The Babcock method* for the determination of fat,
first published in 1890, has gained world wide recognition.
It was devised originally as a test for the fat in milk, but
was soon adapted to other dairy products, including cheese.

Roese* published his method for the determination
of fat in 1888, The principle was based upon the solubility

of fats in ether.

*Babcock, S.M. a new method for the estimation of fat in
milk especially adapted to creameries and cheese factories.
Wis. Agr. Expt. Sta. Bul. 34. 1890,

*Roese, Bruno, Analysis of milk: fat determinations Zeit-
schrift fur angewandte chemie. Abst. in Jour. Chem.Soc.,
54: 1135, 1888.
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Gottlieb™ in 1892, modified the Roese method by
changing the quantity of reagents used. The method is now
known as the Roese-Gottlieb method, and may be used Zor the
deternination of fat in all dairy products including cheese.

In 1917, J. J. Mojonnier® improved upon the Roese-
Gottlieb method by inventing a special ether extraction flask
and apparatus which reduced the time of the test from three
hours to thirty minutes. The Roese-Gottlieb test using the
Mo jonnier ether extraction flask is the test now advocated by
the Association of 0fricial Agricultural Chemists (A.0.A.C.)
(2) for the determination of fat in dairy products.

Along with the fat test, tests for total solids or
moisture wers developed. The moisture test and the fat test
are the most important determinations made on dairy products.
The earliest methods of total solids analysis involved the
use of mathematical formulas based upon the butterfat test
and the specific gravity. 0f course, this method could not
be applied to solid dairy products. Tor accurate determina-

tions various gravimetric methods were soon devised. In all

*Gottlieb, B. Bstimation of fat in wilk. Milkerei lLeitung
1892, II Landw. Versuchs. - Stat. 40: 1. Abst. in Jour. Chem.
Joc. 62: 549, 1893.

"Mojonnier T. and Troy, H.C. The technical control of dairy
products. Chicago, 1lst id. 1922.




(3)

cases a weighed quantity of the dairy product is dried to con-
stant weight at about the temperature of boiling water. The
better known methods include the A.0,A.C. method (2), the
Mojonnier method (4), the Brabender method (3), and the method
recommended by the American Dairy Science Association (7).

Today, the Babcock method for the fat analysis of
cheese (1) (7) is used in the majority of laboratories be-
cause of the speed with which it is run. However, the method
has very definite limitations in accuracy. An estimation
nust be made for a reading in the first decimal place. For
more accurate work the Roese-Gottlieb method or its Mojonnier
modification is used, Either method will check within 0.03%
on duplicate samples. The mere fact that a laboratory is
using the Roese-Gottlieb method, however, is no guarantee of
accurate results, The operator of this test must use quanti-
tative technique and must be absolutely sure of the purity of
the reagents employed.

Difficulties are also met in the moisture or total
solids analysis of cheese using the various techniques and
pieces of apparatus available today. There are so many
different types of drying ovens in use that it is difficult
to find all of the techniques used. A brief survey shows
that drying temperatures vary from 80° C to over 150° C,
some using vacuum, some not. The size of sample varies from
0.5 gram to 10 grams and weighing procedures vary with the

operator., By far the most common method used, utilizes an
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electric oven at about 100° ¢ without vacuum, and a sample of
about two grams. This procaedure would follow A.Q.A.C. (2) if
vacuum were used in the drying process. It is evident that
hers, there is a definite need for correlation of the various
methods employed.

The neaed for accuracy in such tests is particularly
felt today baecause of the more precise methods used in the
wanufacture o cheese and because of controls on composition
imposed by federal and state authority.

The U.S.D.A. (6) has set a standard of 39 maximum
moisture and a minimum of 50% fat on u dry matter basis for
cheddar cheese. Horty-six of the forty-eight states have
adopted similar regulations. 7To meet these requirements pro-
cossors have developed more precise methods of manufacture
based on the analysis of the Lfinished product. Meeting these
reguirements is not the only concern of the manufacturer. The
economics of the situation tells him that Yat in excess of
the requirements does not improve the cheese, but merely
wastes the most expensive ingredient. Similarly, he kunows
that a lower moisture cheese is usually a higher quality
cheese.

Viith these problews confronting him, the cheese
maker relies heavily upon the analysis report of his own labor-
atory, of his buyer's laboratory and of state and government
laboratories.

In the fall of 1946, following a series of reports

from various cheess factories that there seemed to be a wide
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discrepancy in the results of cheese analysis made by commer-
cial, state and government laboratories, a series of prelimin-
ary tests were made Ly the Utah State Agrioultural College
dairy products laboratory with the cooperation of six labor-
atories in Utah, Idaho and California. 7The results of these
tests tentatively confirmed the earlier report. It is evi-
dent that we need to know a graat desl more about this prob-
lem.

This study was instituted as an attempt to deter-
mine the extent of disorepancy in cheddar cheese analysis by

nine commercial, state and government laboratories, and the

int o testing

reason for it. A furthor goal was the improves
procedure so that comparable results could be obtained from

all laboratories.




REVIEW OF LITERATURE

This particular problen arises Zrom an innediate
need for more precise methods of analysis. The probleun is
current; a progressive industry is having growing puins
which the chenmist must relieva.

Only one reference and that unpublished, mentions
this problem. Price (5), in the spring of 1947, announced
that this was a national problem, not Jjust a local one. The
same difficulty has teen met by the National Cheese Institute
and research started to soive it. %The attuck has been upon
entirely different lines, howaver, with the emphasis placed
upon the sawpling of the cheese. None of their work to date
has been published.

The problem as met here, bypasses the sampling and
concentrates on actual analytical procedure. Thus the work

does not overlap but supplements that in progress.
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PROCEDURE

In an effort to determine the variation in testing
among various laboratories, a group of eight laboratories
representing commercial, stute and government interests in
this area were asked to Join in a cooperative testing program.
Those included were the following:

Cache Valliey Dairy Association
SmithZield, Utah
Brooklawn Creamery
Salt Lake City, Utah
Kraft Cheese Coupany
Pocatello, Idaho
llelson~-Ricks Creamery Company
Salt Lake City, Utah
U.8.D.A. Dairy Products Laboratory
San Franeisco, California
State Chemist
Salt Luke City, Utah
Bagto-Chemical Dairy and Food Laboratory
salt Lake City, Utah
Helson-Ricks Creamery Company
Rexburg, Idaho

To protect the anononity of the laboratories, this
list is not in the same order as it appears later in the text.

Samples of cheddar cheese were prepared Tor analysis

by grinding about Zour pounds of triumed cheese in a spmall
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power grinder. The ground cheese was then mixed thoroughly
and placed in screw-cap sample Jars as rapidly as possible to
avoid loss of moisture due to evaporation. The Jars were
filled full %o minimize evaporation in the jars and sealed
with scoteh tape. The Jjars were then dipped in wax to make
then relatively airtight. After proper wrapping the sample
Jars were shipped by parcel post to the cooperating labora-
tories.

Hine Jjars were prepared on each sample of cheese,
aight of which were shipped out. The ninth sample was kept
at the U.S5.A.C. laboratory under refrigeration for 48 hours
to simulate delivery time to the other laboratories and was
then analysed. Analysis by the eight cooperating laborator-
ies was conducted using the procedure currently in use in
that particular laboratory. Resulis were mailed to the U.S.
A.C. dairy department and the results tabulated.

Analysis in the U.S.A.0. laboratory was conducted
using various technigues to duplicate as nearly as possible
the various methods used in commercial, state and government
laboratories. Hoisture analysis was made by the A.0.A.C.
method (8), the Brabender method (8) using a drying time of
fifty minutes at 120° ¢. and the MoJonnier nethod (&). Fat
was analysed by the MoJjonnier ether extraction method (3)
and by the Babcock method (7). 4ll samples were run in dup-
licate. Ten different samples were analysed by each labora-

tory and the results compared.
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Upon completion of analysis of the ten sanples and

report of the results of the

the data compilation, & comple

tieipating laboratory. IFrom

was sent to each ]

these data, the laboratory operator could tell how his results
deviated from the others. It was fairly obvious how accurate-
ly a laboratory was testing.

At this point the procedure of analysis reconmended
by the subecoumittee for the aualysis of cheese of the American
Dairy Jeoilence assoeiation was sent to each laboratory, not as
a set pattern for testing, but as a reference for improved

technigue. Hach laboratory also reported in detail the tech-

nique employed by them.
A new series of ten semples was then run by each

laboratory in an effort to eliminate the discrepancies of

the first series. These data were then compared with the

first series and changes or improvenents noted.
Procedures employed by each cooperating laboratory

will Le found in the appendix.
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RESULL'S

In analysing the data from the various methods of
analysis employed in the U.3.A.C. laboratory, it was noted
that the average difference between various methods did not
excead 0.3%. This figure was taken as a limit for the range
within whiceh the results from the cooperating laboratories
should fall. Any test within 0.8% of the U.S.A.C. test was
thus considered sufficiently accurate.

The complete results of the analysis of samples
1-10 appear in table 1. The results of the analysis of samp-
les 11-20 appear in table 2. Where laboratories raeported
separate results of replicate tests, results are given as
average. Inasmuch as no one of the three moisture tests em-
ployed at the U.S.A.C. laboratory could be considered super-
ior to any other, an average of the three was tuken. The
Mo jonnier fat test is generally considered more accurate than
the Babeock, therefore the Fformer wus ussed as the U.S.4A.C.
average fat test.

It may be noted from tables 1 and 2 that the Braben-
der test in the majority of cases is the center between ex-
trewes of A.0.4.C. and Mo jonnier. However, there is fairly
good correlation among the three tests. It is a little sur-
prising that the Babecock fut test comes as close to lojonnier
as it does inasmuch as an estimation in the fLirst decimal place

is required in reading the Babcock test.
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ANALYSIS OF DATA

To study the data from the cooperating laboratories

more easily, a graph was drawn of the variation of each test

from the U,S.A.C. test, Because either plus or minus varia-
tion from the U,S.A.C. test is still variation, the differ-
ence was plottel as positive variation. A line graph was

then drawn showing the variation for each sample of cheese,
Separate graphs were drawn for fat and for moisture. An allow-
ed limit of 0.3%, as previously described is indicated on each

graph,

(=4

Figures 1-8 are the graphs on fat analysis and fig-
ures 9-16 are the graphs on moisture analysis,
Figure 1 shows that the fat testing of laboratory

1 is generally quite good with a slight improvement in series

2 (samples 10-30). The me d employel is Mojonnier ether

extraction and the results iﬂiicate competent personnel,
Figure 2 is an interesting picture of what may hap-

pen with a change of procedure, Samples 1-10 were quite con=-

ten sam-

ot
[e]
h
ot
=g
®
-
-
3]
w
c

sistently out. After seeing the repor

ples, this laboratory changed procedure (see appendix) with

q

the resulting improvement in results on samples 11-15., This
is another example of the value of ether extraction in fat
analysis. The erratic results of samples 15-19 may possibly
be explained by the fact that this laboratory was remocdeling.
The samples were held for two weeks before analysis., It is
possible that during this period there was a slight oiling

off of the samples with a resulting loss of fat.
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Figure & shows that laboratory & is having consider-
able difficulty with fat testing. There was a marked improve-
ment from samples 1l to 18 but 19 and 20 were out of range
again. Although the Babeock method is employed here, the
variation should not be greater than 0.5% if the prescribed
method is followed closely. It is of puranount importance
to weigh the cheese into the test bottle with dispatch be-
cause & five minute exposure to the air may cause as nuch
as 0.8 per cent loss of moisture with a corresponding change
in fat composition.

Figure 4 also shows an improvement in the second
series with a trend away from normal on samples 18-20. The
method here is Babcock and the comments on figure & apply
hera also.

Figure 5 indicates that laboratory H made a dis-
tinet improvement in series 2.

Pigures 6, 7 and 8 gshow that these three laborator-
les are doing a fairly consistent Job of testing with none of
the variations exceptionally wide. Particularly noteworthy

are saumples 1l-14 by laboratory ¢ and 16-20 by laboratory 8.
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Figure 9 shows that laboratory 1 is doing a good
job in moisture testing. Samples 4 and 5 are explained by
a faulty thermostat on the drying oven.

Figure 10 corresponds somewhat to figure £ which
reprosents the same laboratory. VWithout a ehange in proce-
dure on the second series, the tests came abruptly into the
proper range. There was a change of operator on the second
sarles which may explain the improvement in moisture analysis
without a change of procedurs.

Figure 11 indicates that laboratory & was doing a
good Jjob on moisture analysis until sample lé. This trend
away can probably be easily corrected.

Figure 12 shows yuite erratic results of moisture
analysis for laboratory 4 with the second series showing par-
ticular difficulty. One possible explanation for such diffi-
culty may be the temperature of 150° C. employed in the dry-
ing process. Such a temperature is sufficient to cuause decom-
position of the cheese. It was found in charting drying
curves on the Brabender tester in the U.S.A.C. laboratory
that temperatures in excess of l&:OO C. caused decomposition
of the cheese.

Figure 13 indicates that laboratory 6 does Fairly
well. After some variation, samples 19 and 20 cume back into
range. Difficulty here may be partially explained by the
use of a torsion balance instead of an analytical balance.

This applies as well to laboratory 4.
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cratory 6. This corresponds to good fat tests as well,

Figure 15 gives laboratory 7 a good record except

for twe samples. The results here may be considered partic-
ularly good for the equipment used, The drying oven thermos-
tat allows too wide a range of temperature.

Figure 18 shows a remarkable series of moisture

3

because these p

(0]

tests. It is particularly interesting ople
have had a great deal of experience in cheese analysis,

nteresting feature is the fact that this laboratory

g
=
o
ot
o
[¢]
=
-5
w

vsed the same procedure as laboratory 1 which alsc had very
[t is evident that experience and training are

big factors in accurate analytical work.
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(28
CONCLUSIONS

In all cases where ether extraction was used for
fat determination, results ware good. This method is highly
recommanded.

Where the Baboock method or minor variations from
it are used, speed of weighing and attention to temperatures
and clean glassware are highly reconmended.

Drying temperatures should not be less than the
boiling point of water and not greater than 180° 0. for prac-
tical purposes. These temperatures should be adapted to the
device used.

For laboratories with a vacuum oven, either the
4.0.1.0. moisture test or the method employed by laboratories
1 and 8 is recommended as standard procedure.

From the results of the study it is evident that
much work needs to be done with the laboratories doing cheese
analysis. Since here we have attacked only analytical proce-
dures, the errors that sampling procedures may introduce give
Just cause to the ceries of the industry.

A cooperative program of a series of a few sauples
run once or twice & yeur would do much to improve the results
of the laboratories.

The program just completed indicates that some lab-
oratories having difficulties can adapt and turn out consist-
ently good results.

The study has reconrirmed the fact that analytical

balances and well trained technicians are essential,




SUMMARY

1, Because preliminary work indicated that all labor-
atories did not agree in analysing the same piece of cheddar
cheese, a cooperative testing program was instituted.

2. Eight commercial, state and government laborator-
ies cooperated in testing twenty prepared samples of cheese
for fat and moisture with the U.S,A.C. laboratory as control.

3. The first ten samples determined the degree of

o

accuracy of the laboratory. The second ten samples were an
attempt to improve results if improvement were needed.

4, In most cases an improvement was noted in the
sscond series, but not in all cases. Some laboratories test-
ed very well through both series.

5. In a study of results, both good and bad, it was
evident that most laboratories can overcome testing diffi-
culties if they have a control to test against.

f the program indicated that most important
of all, to
experienced

7« A8

ance should

fat determination, results were good. This method is highly
recommended .

9 Where the Babcock method is used, or minor variations
from it, speed of weighing and attention to temperatures and

lassware are highly recommended.




10. Drying temperatures should not be less than the
boiling point of water and not greater than 130° ¢. for
practical purposes. These temperatures should be adapted
to the device used.

11, For laboratories with a vacuum oven, either the
A.0.A.C. moisture test or the method employed by laborator-
ies 1 and 8 is recommended as standard procedure.

12. A cooperative program of a series of a few samples
run once or twice a year would do much to keep the laborator-
ies well correlated.

13, ¥rom the results of the study it is evident that
much work needs to be done with the laboratories doing cheese
analysis. Since here we have attacked only analytical proce-
dures, the errors that sampling procedures may introduce give

Just cause to the eries of the industry.
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