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ABSTRACT

In view of the changes in the production of gradeA milk during the last 10 to 15 years, it is necessary
to evaluate testing methods and determine how closely they correlate with farm-production conditions.
Dilution of microorganisms, resulting from increased
milk production per farm, and modem refrigeration
systems have limited the reliability of the Standard
Plate Count. Present methods of bacterial testing,
with lenient maximum limits and frequent lack of
lJournal Paper No. J-6017 of the Iowa Agriculture and Home
Economics Experiment Station, Ames, Iowa. Project 1050.
'Present addrcss: American Dry Milk Institutc, Inc., Chicago,
Ill. 60006.

milking~time

inspections, may permit many undesir~
able sanitary violations to go undetected.
Emphasis on esthetically acceptable production
conditions makes it mandatory to check on production
practices. Milking~time inspections provide an ideal
method because they can serve an educational as
well as a regulatory purpose. Also, they detect un~
desirable practices that otherwise might go unnoticed.
Since only a few milking~time inspections are made,
it would be desirable to designate a species or group
of microorganisms to serve as a sanitary indicator
that could supplement farm inspection, but no such
indicator organism has yet been recognized.
Much past work has attempted to correlate results
of bacterial tests with each other by using samples
of unknown history without regard to age and previous storage temperature. Often, production con~
ditions were not known. Consequently, the significance of a count could not be ascertained. In this
study, there was complete control over the sample
beginning at the farm. The senior author, a former
Heldman, inspected the farms at milking time, collected the samples, and analyzed them personally.
During his visits, scores were also assigned for pro~
duction conditions. After analysis, the results of
seven bacterial tests and the leucocyte count were
correlated with the farm inspection score to determine
the ability of each to evaluate production conditions.
The results of the bacterial tests and the leucocyte
count were also correlated.

Milk produced on 30 grade-A dairy farms located within
50 miles of Ames, Iowa, was sampled during a 2O-month
period. Each farm was visited at least 30 min before milking began on a day when the bulk tank was empty. The fridividual farms were numerieally rated using the score card
shown in Fig. 1; the card emphasized cleanliness and sanitization of milk-contact surfaces. The highest possible score
was 100 potnts, and violations were scored according to tIleir
seriousness. For example, the penalty was· more ~evere for
moisture remaining in equipment. if the equipment was not
sanitized before it was used. If no violation was observed
for an item, the maximum possible score was assigned. The
maxinlum score was six for all items except use of the strip
cup and clcanlincss of thc cows, for which thc maxinlum
score was five. If thcre was a serious violation of an item,
the minimum score of 1 was assigned. Each farm receiv.ed
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Milk from 30 grade-A farms was subjected to bacteriological tests including the Standard Plate, total, coliform, psychrophilic, thermoduric, and enterococcus count, resazurin reduction time, and leucocyte count to determine the correlation
between these tests and farm production conditions. Faml
conditions were evaluated at sample collection time by a
farm score, which was based mainly on sanitation.
After collection and immediate transportation to the laboratory, half of each sample was stored at 3.3 C for 72 hr,
the remainder was preincubated at 12.8 C for 18 hr after
st:Jrage at 3.3 C for 54 hr; determinations were then performed. TIle leucocytc count was determined on the fresh
sample.
The psychrophilic count was the only bacterial test that
showed -;iinificant correlation with the farm score. For
samples stored at 3.3 C for 72 hr, all comparisons among
bacterial counts showcd significant correlation except: psychrophilic count vs. resazurin reduction timc; coliform count
vs. resazurin reduction time; and, coliform count vs. enterococcus count. For preincubated samples, all comparisons
among bacterial counts showed significant correlation except:
psychrophilic count vs. resaZllrin reduction time; coliform
colmt vs. resazurin reduetion time; and, coliform (''Ount vs.
thermoduric count. Higher correlations were obtained on the
preincubated samples for all bacterial tests except the thermoduric count. Within this experimental dcsign, preliminary
incubation did not inlprove the ability of the bactcrial tests to
show statistically significant correlation with the farm scorc.
TIle leucocyte count showed significant correlation with the
farm score, but not with the bacterial test results.
Evaluation of data shows that the bacterial test results are
not highly correlated with farm produetion conditions as
measured by farm score. Milking-time inspections are necessary to assure that recommended practices are used in gradeA milk production.
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DAIRYMAN _ _ _ _ _ __

SAMPI_E NUMBER _ __

Very Poor
]

3

Excellent
5
6

Bulk Tank
Solids
Milking Machines
Solids
Moisture
Inflations
Milk hoses

Sanitation
Bulk tank
Pipeline (tote pails)
Milking machines
Udders
inflations between cows

+

Udders
Use strip cup
Individual udder towels
Clean cows
Clean udders
Misce'naneous
TOTAL POINTS

Figure L Example of score card used in determining
numerical rating of grade-A dairy farm milking facilities and
procedures.
a score of six for the miscellancous item, unless a sanitary
violation, not represented elsewhere on the score card, was
.,
observed.
Sample collection and dispensing
Mter milking was completed, a sample was aseptically
collected from thc bulk tank and placed in a sterile quart
fruit jar for prompt refrigerated transportation to the laboratory. At the laboratory, the sample was immediately dispensed by a lO~ml manual continuous syringe into four sterile
15 x 125 mm rubber-stoppered test tub€;ls and seven sterile
20 x 125 mm screw-capped test tubes. After each test tube
was filled, it was immediately placed in an ice~water bath.
After all test tubes were filled, they were placed in a 3.3 C
air incubator, except for one screw-capped tubc used for a
leucocyte count. The tubes were divided into two equal sets.
One set was stored at 3_3 C for 72 hr, and the other set
was stored at 3.3 C for 54 hr and then at 12.8 C for 18
hr. The latter treatment constituted preliminary incubation
(PI). The storage at 3.3 C simulated the storage treatment
that milk would be· subjected to in industry before being
analyzed.
Analysis of samples
After the 72-hr storage period, the milk samples were removed from the air inenbators and analyzed. Procedures
given in the 11th edition of Standard Methods for the Examinatwn of Dairy Products (1) were followed unless a different
procedure is specifIed. Thebaotcrial tests performed were:
thermoduric (TdBG), coliform (CC),· enterQGQQC.lUS (EC)"

REsULTS AND DISCUSSION

Correlation coefficients (r) among the seven bacteria.l tests, the leucocyte count, and the farm score
for the two storage treatments are presented in Table
L
Comparisons with the farm score
The only statistically significant r value between a
bacterial test and the farm score was with the PBC.
Improperly cl~aned and sanitized milk-contact surfaces, especially the bulk tank, are conducive to the
development of a large psychrophilic population.
Since an unclean surface cannot be effectively sanitized, it may become a reservoir for psychrophiles.
The bulk tank has a much larger surface area than
other equipment, and the milk is in continual contact with it, whereas the milk is only in transitory
contact with much of the other equipment. Since
the bulk tank often has milk in it when the inspector
or Heldman visits, it may be in an unsanitary state
and yet not be detected. For this purpose, the score
card was heavily weighted for cleanliness and sanitizing of milk-contact surfaces. Hence, a significant
relationship would be expected between the farm
score and the PBC. If many of the psycbrophiles
had not also been enumerated by the SPG and TC,
one would expect much closer correlation ef the
farm score with the PBC than with the SPC or TC.
. The agreement between the PBC and the farm
conditions was. better than with the SPC or the Te.
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Pipeline (tote pails)
Solids
Moisture

psychrophilic (PBC), Standard Plate (SPC), and total (TC)
counts. The resazurin reduction time (RRT) also was determined. The bacterial counts were made on duplicate tubes
of milk, and the RRT was determined on a single tube of
milk. Leucocyte numbers were determined on the fresh
milk sample using the Levowitz-Weber method (1).
Thermoduric count. Milk for the TdBC was laboratory
pasteurized as recommended by Anderson and Meanwell (2).
Coliform count. Violet Red Bile Agar (VRBA) was used.
Plates were incobated at 32 ± 1 C for 18-24 hr.
Enterococcus count. Citrate Azide Agar (eAA) of Saraswat, Clark, and Reinbold (20) was used.
Psychrophilic count. The PBC plates were incubated at 7
± 1 C for 10 days.
Total count. The TC was determined by using Eugonfl,gar (EA) (6). Plates were incubated at 21 ± 1 C for '7
days.
Statistical analysis
For statistical analysis, counts of <1 were recorded as O.
The eounts were transformed by taking 10glO (count
1) .
The PI te~t was not conducted on the first six samples, and
leucocyte counts were not determined on thc first five samples because of a change of plans after the experiment was
started. This was taken into account in the data comparisons.
The RRT was not determined on one sample because of a
laboratory accident. Consequently, there is one less degree
of freedom for statistical comparisons involving the RRT.
Critical values were obtained from Principles and Procedures
of S,tatistics (23).
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1.

CORRELATION COEFFICIENTS OF

30

GRADE-A RAW

MILK SAMPLES" RECEIV1NG SPECIFIED STORAGE TREATMENTS

Sample storage
Comparison

a.3 C for 3 days

r'

rd

-0.48
-0.35
-0.35
-0.28
-0.27
-0.18
-0.18

-0.43
-0.33
-0.34
-0.32
-0.29
-0.19
-0.18
-0.64

Standard Plate Count vs.:
Total count
Thermoduric count
Psychrophilic count
Enterococcus count
Coliform count
Resazurin reduction time
Leucocyte count

0.91
0.82
0.80
0.62
0.51
-0.49

0.95

Total count vs.:
Psychrophilic count
Thermoduric count
Coliform count
Enterococcus count
Resazurin reduction time
Leucocyte count

0.87
0.73
0.47
0.41
-0.42

Psychrophilic count vs.:
Thermoduric count
Coliform count
Enterococcus count
Resazurin reduction time
Leucocytc count

0.57
0.48
0.38
-0.30

0.57
0.89
0.70
0.73
-0.56
0.13
0.90

0.57
0.69
0.56
-0.58
0.14
0.49
0.69
0.59
-0.39
0.26

Thermoduric count vs.:
Enterococcus count
Resazurin reduction timc
Coliform count
Lcucocyte count

0.52
-0.57
0.43

0.47
-0.51
0.20
0.39

EnteroL'Occus count vs.:
Resazurin reduction tin1e
Coliform count
Leucocyte

-0.49
0.26

-0.67
0.45
0.20

Resazurin reduction time vs.:
Coliform count
Leucocyte count

-0.05

-0.34
0.14

Coliform count vs.:
Leucocyte count

0.02

---------------- ------"The counts were transformed by taking logarithm,o (count
+ 1) and the resazurin reduction times were transformed by
taking logarithm,o (reduction time
1).
bPreliminary incubation samples were stored at 3.3 C for
54 hr, and then at 12.8 for 18 hr before being analyzed.
<Critical value of r (5%, 28 degrees of freedom) = 0.36.
Critical value of r (5%, 27 degrees of freedom)
0.37.
·Critical value of r (5%, 22 degrees of freedom)
0.40.
Critical value of r (5%, 21 degrees of freedom)
0.41.

+
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Fann score vs.:
Psychrophilic count
Total count
Standard Plate Count
Coliform count
Resazurin reduction time
Enterococcus L'Ount
Thermoduric count
Leucocyte count

However, the PBC is relatively expensive and timeconsuming. Even though there was better recovery
of microorganisms with the TC than with the SPC,
neither count showed a significant correlation with
the farm score.
The lack of significant correlation of the farm
score with the EC and the CC is of interest because
both groups of microorganisms have been propor.ed
as indicators of production conditions. Some workers
have reported that the CC is not a reliable index of
production conditions (5, 12, 21, 26), but Sherman
and Wing (21), Johns (13), and Fay (9) believed
that, with efficient cooling, the coliform results would
be suitable for this purpose. However, results of our
study show that the CC is not highly correlated with
production conditions on the farm. The low correlation between the EC and the farm score obtained
in this study agrees with the conclusions of White
and Sherman (25). There was no significant rehitionship between the two indicator groups on the samplc
stored at 3.3 C for 72 hr. The bacterial flora varies
from farm to farm so that no specific group can be
expected to be present in relation to the level of
farm sanitation. When the milk samples were preincubated, there was significant correlation between
the EC and CC. The coliforms grow much more
rapidly than the enterococci during PI. The significant correlation indicates that higher CCs were
obtained on PI samples that had the higher ECs.
The r value was not statistically significant between the farm score and the TdBC. This was expected since continued neglect in cleaning and sanitizing over an extended period is necessary for a
thermoduric population to become established (8, 17).
Such continued neglect should not be common on
grade-A farms.
The RRT can not be relied upon to evaluate highquality milk. Only one of the 29 samples stored at
3.3 C for 72 hr had a RRT other than 4 hr. Only
two of the 24 preincubated samples had a RRT other
than 4 hr. This should be remembered when comparing the RRT with other bacterial test results.
Also, the RRT was not Significantly correlated with
the farm score. The inability of the RRT to measure
the quality of adequately cooled milk has been recognized for some time (3, 16, 19, 22, 24).
A significant r value was observed between the
leucocyte counts (determined on fresh milk samples)
and the farm scores. This indicates that the dairyman who ignores recommended cleaning and sanitizing procedures also has difficulty in maintaining
herd health.
The multiple correlation coefficient of the coliform
and psychrophilic count with the farm score gave
a morc comprehenSive measure of production conditions. This value was only slightly higher than the
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Correlation between counts
The r value was significant between the SPC and
the other five bacterial counts and the RRT. The
high correlation between results of the two tests may
be because many of the same microorganisms are
enumerated by both methods. Correlation between
the SPC and TC was higher than the correlation
between the SPC and PBC. These observations were
probably related to the temperature of incubation
employed for the different tests. In the same light
there was a significant correlation between the SPC
and CC. The coliforms were enumerated by both
counts.
There are reports of correlation (7, 10) and lack
of correlation (11, 15, 18, 26) between coliform and
total bacterial counts. Correlation coefficients were
higher on the preincubated samples than on the
samples stored at 3.3 C for 72 hr for all bacterial
tests except TdBC. This was expected because the
temperature used during the preincubation (12.8 C)
is approaching the optimum growth temperature of
most microbial groups found in milk in contrast to
3.3 C storage. The lower correlation coefficient of
the SPC with the TdBC on the PI sample indicates
variable SPC and TdBC responses to PI. In every
comparison with other bacterial tests, the agreement
with the TdBC was lower .on the PI sample.
Correlation values between the TC and the other
six bacterial tests results were statistically significant.
As explained earlier, these correlations were probably governed by the temperature of incubation for
the various tests. Except for the TdBC, the correlation between the TC and the other bacterial tests was
higher for the PI sample than for the sample stored
at 3.3 C for 72 hr.
The agreement between the PBC and results of
bacterial tests that measure many nonpsychrophilic
microorganisms was lower, but still significant. Their
association probably results from the common origin
of contamination. There was no significant correlation between the PBC and the RRT. Since most

psychrophillc microorganisms are poor reducers, good
agreement would not be expected.
The correlation coefficient between the EC and
the RRT was statistically significant for both samplestorage treatments. Enterococci, with the exception
of Streptococcus durans, are active reducers so one
could expect a relationship between their numbers
and the RRT.
The r value was not significant between the RRT
and the CC. One would expect a high correlation in
high-coliform count milk since the coliform organisms
rapidly reduce resazurin dye. Milk used in this experiment had a low coliform count and hence the
low correlation. The degree of agreement was much
higher, but still not significant, with the preincubated
sample. Closer agreement between CC and RRT
on the PI sample is probably associated with rapid
multiplication of actively redUCing coliforms during
storage· at 12.8 C for 18 hr.
Thc only significant r value between the leucocyte
count of the fresh milk sample and the bacterial test
results of the preincubated milk samples was with
the TdBC. The reason for this relationship is not
clear. High bactcrial counts frequently result from
contamination, espeCially from the milk handling
equipment, rather than from the udder of the cow.
Effect of preliminary incubation
Within this experimental design, PI did not improve the ability of the bacterial tests to show significant correlation with the farm score. It cannot,
therefore, be considered of much practical value for
application in grade-A raw milk evaluation. With
the PBC (the only bacterial test that showed significant correlation with the farm score), correlation
with the farm score on the PI sample was lower than
the correlation on the sample stored at 3.3 C for
72 hr. Correlation of the PBC with all bacterial
tests except the TdBC was higher on the PI sample.
This resulted from the ability of psychrophillc microorganisms to grow rapidly when the incubation temperature was increased. The microorganisms enumerated by tests other than the TdBC multiplied in
proportion to those enumerated by the PBC. Some
of the organisms enumerated by the other bacterial
tests could have been psychrophiles. Although PI
may increase the agreement between two bacterial
tests, if those results are not an accurate appraisal
of production conditions, the higher correlation is
of no significance in evaluating production conditions.
Results of several bacterial tests, when evaluated
with farm scores, indicate that they would not refleet failure in adhering to recommended procedures
for the production of grade-A milk. Farm inspection
still is a necessary part of quality controL The relationship of farm illlipection to laboratory control
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simple correlation of PBC with the farm score for
the sample stored at 3.3 C for 72 hr. The correlation
was not significant on the PI sample, probably because fewer samples were analyzed for this treatment.
Low correlation between certain bacterial test results and production conditions also has -been observed recently by Atherton (4), and Johns et al.
(14). The low correlation of the bacterial testresuIts with farm scores could be the result of many
factors, the chief being the interaction between different microbial groups in a mixed population, as
influenced by physical and chemical factors. Also
there are limitations of the tests themselves, and a
lack of guidelines for the development of proper
weightage in the score card.
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is quite correctly stated in Standard Methods for the
Examination of Dairy Products (1, p. 10-11) which
emphasizes the importance of milking-time inspections, and further states that laboratory tests in themselves do not constitute a complete quality control
program.
ACL'IIOWLEDGMENTS
Appreciation is expressed to Dr. D. K. Hotchkiss for assistance in designing the experiment and to Dr. D. F. Cox for
assistance in interpreting the results and preparing the manuscript.

1. American Public Health Association. 1900. Standard
Methods For the Examination of Dairy Products. 11th ed.
American Public Health Association, New York. 448 p.
2. Anderson, E. B., and L. J. Meanwell. 1933. Studies
in the bacteriology of low-temperature pasteurization. Part I.
Significance of heat-resisting organisms in raw milk. J. Dairy
Res. 4:213-225.
3. Atherton, H. V. 1958. Quality studies on milk cooled
in farm bulk tanks. Vermont Agr. Exp. Sta. Bull. 610.
24 p.
4. Atherton, H. V. 1959. A field study of the sanitary
care of milking equipment on dairy f~s. J. Milk Food
TechnoL 22:273-278.
5. Ayers, S. H., and P. W. Clemmer. 1918. The significance of the colon count in raw milk. U. S. Dep. Agr.
Bull. 739. 35 p.
6. Baltimore Biological Laboratory, Inc. 1966. Products
f:;r the microbiological laboratory, p. 46-47. 4th cd. Baltimore Biological Laboratory, Inc. Baltimore, Maryland.
7. Bartram, M. T., and L. A. Black. 1937. The detection
and significance of Escherichia-Aerobacter in milk. III. Correlation of total bacterial count and presence of the coliaerogenes group. J. Dairy Sci. 20:105-112.
8. Bird, E. R., J. W. Egdell, and S. B. Thomas. 1956.
The bacteriological assessment of milk production methods.
14th Int. Dairy Congr. (Rome), Proc. (3-part 2):31-40.
9. Fay, A. C. 1960. Reappraisal of the quality control
of milk supplies from farm bulk tanks. J. Dairy Sci. 43 :
116-119.
10. Griffiths, D. G., R. G. Druce, and S. B. Thomas. 1957.
Advisory micTobiological standards and tolerances for raw
milk. J. AppL BacterioL 20:243-250.
11. Henningson, R. W. 1961. Colifonll counts as an

Downloaded from http://meridian.allenpress.com/jfp/article-pdf/31/12/388/2397791/0022-2747-31_12_388.pdf by guest on 22 January 2022

REFERENCES

index of the sanitary quality of raw milk. J. Dairy Sci.
44:970.
.
12. Hunter, O. W. 1919. The colon-aerogenes group of
milk. J. Dairy Sci. 2:108-129.
13. Johns, C. K. 1959. Applications and limitations of
quality tests for milk and milk products. A rcview. J. Dairy
Sci. 42:1625-1650.
14. Johns, C. K, L. F. L. Clegg, A. C. Leggatt, and J. M.
Nesbitt. 1964. Relation between milk production conditions
and results of bacteriolOgical tests with and without preliminary incubation of samples. J. Milk Food Techno!. 27;
326-332.
15. Kline, E. K. 1930. Thc colon group of bacteria in
milk. Int. Assoc. Dairy Milk Inspectors, Rep. 19:68-85.
16. LaGrange, W. S., and F. E. Nelson. 1965. Evaluation of dye reduction tests for manufacturing-grade bulktank milk. J. Dairy Sci. 48:1129-1133.
17. Murray, J. C. 1949. The b'Peed of "build-up" of
thermoduric organisms on fann equipment. Soc. Appl. Bacterial., Proc. 12( 2) :20-25.
18. Olsen, S. J. 1953. Investigations into the occurrence
of coliform bacteria in raw milk. 13th Int. Dairy Congr.
(The Hague), Proc. (2) :276-282.
19. Orr, M. J., R. M. McLarty, and S. Baines. 1965.
Further investigations on altcrnate-day collection of bulk
milk. Dairy Ind. 30:278-284.
20. Saraswat, D. S., W. S. Clark, Jr., and G. W. Reinbold.
1003. Selection of a medium for the isolation and enumeration of enterococci in dairy products. J. Milk Food Techno!.
26:114-118.
21. Sherman, J. M., and H. U. Wing. 1933. The signifi(!ance of colon bacteria in milk, with special reference to
standards. J. Dairy Sci. 16: 165-173.
22. Smillie, D. M., M. J. Orr, and R. M. McLarty. 1958.
Bulk milk collection in Wigtownshire. Bacterial counts at
6 and 30 hours. Dairy Ind. 23:560-565.
23. Steel, R. G. D., and J. H. Torrie. 1960. Principles
and Procedures of Statistics. McGraw-Hill Book Company,
Inc., New York. 481 p.
24. Thomas, S. B., J. W. Egdell, L. F. L. Clegg, and W. A.
Cuthbert. 1950. Thermoduric organisms in milk. Part 1.
A review of the literature. Soc. Appl. Bacteriol., Proc. 13( 1):
27-64.
25. White, J. C., and J. M. Sherman. 1944. Occurrence
of enterococci in milk. J. BacterioL 48:262.
26. Wilson, G. S., R. S. Twigg, R. C. Wright, C. B. Hendry.
M. P. Cowell, and I. Maier. 1935. The Bacteriological
Grading of Milk. Dairy Council, Med. Res. Council, Spec,
Rep. 206. H. M. Stationery Office, London. 392 p.

