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A STATISTICAL EXAMINATION OF THE SIGNIFICANCE
AND COMPARATIVE VALUE OF MILK AGAR FOR RAW

AND PASTEURISED MILK

BY HAROLD BARKWORTH
Dairy Bacteriologist, South Eastern Agricultural College, Wye, Kent

Hiscox et al. (1932) have shown that the addition of 1 per cent, fresh unheated
skim milk1 to the official medium (Ministry of Health Memo. 139/Foods)
recommended for making routine plate counts of milk increases the number
of colonies on the plates. Hiscox and her co-workers tested samples of both
raw and pasteurised milk but made no statistical test of the significance of
the increase in count. Thomas (1934) also published results for 264 samples
of raw milk tested on both standard and milk agar and states: "The addition
of sterile milk to the standard agar has a favourable influence on the number
and size of the colonies that will develop in the examination of raw milk
samples." The value and importance of milk agar would be further enhanced
if it could be shown that not only was growth freer but also that the increase
in colony numbers was statistically significant. Barkworth (1935) made a
statistical examination of Thomas's figures and also of 134 samples of raw
milk of his own testing. He agrees with Thomas on the better size of colony
and claims that the increase in colony numbers is statistically significant.
Later Pro van (1935) presented results for pasteurised milk, but based his
conclusions on the arithmetic values. He remarks strongly on the improved
growth. In the present paper a statistical analysis is made of Provan's results,
on the same basis as previous work (Barkworth, 1935), i.e. the logarithm of
the plate count, and the figures for pasteurised milk are compared with those
for raw milk.

In considering any possible increase in recorded count three questions
arise: the amount and variability of the increase, the significance of the
increase, and the possible correlation of the increase with the count on standard
agar. After taking the logarithm of the plate counts the figures were treated
by the method of analysis of variance using the sample totals, the treatment
totals and the interaction between these two. The interaction could have been
calculated direct from the differences, but the method employed gives in-
formation on the variation between samples. Significance between variances
was tested by the z test of Fisher (1930, p. 194), and the t test (loc. cit. p. 99)

1 The milk ia added to the agar broth after this has been adjusted and filtered, and the
medium is then ready for tubing and final nitration.
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was used to test significance between means. Variability of increase was
expressed as standard deviation, using the formula

/S(x-xf 1

In examining any effect due to the addition of 1 per cent, of milk to the
medium we must remember that the 1/10 dilution plate of a routine milk
count with standard agar is in itself a 1 per cent, milk medium, being made
of 1 ml. saline containing 0-1 ml. milk and 10 ml. of agar medium. The milk
ratio falls off rapidly on further dilution and in the 1/100 and 1/1000 plates
is 1 : 1100 and 1 : 11,000. On the other hand, corresponding plates poured
with 1 per cent, milk agar give final milk ratios of 1 : 55, 1 : 100 and 1 : 108-9,
using 10 c.c. agar and 1 c.c. of inoculum. It must also be borne in mind that
results are based on the limits of 30-300 colonies per plate, so that the 1/10
plate only covers results up to 3000 colonies per ml. and so on. Having regard
to the final milk ratio it is obvious that the 1/10 plate must receive separate
treatment. The results for the analysis of variance for this and the remaining
dilutions are seen in Table I, and in Table II are given the other statistical
values.

PASTEURISED MILK

From Table II it will be seen that the increase is significant at all levels
of count and it should be particularly noted that while the increase is only
0-06 for the l/10th plate, for the l/100th and l/1000th plates the figures are
0-31 and 0-48. This suggests that high counts in pasteurised milk are largely
due to just those organisms which will not grow on standard agar. Good
processing will give results of five to ten thousand per ml. and these counts
requiring milk agar start at 30,000 per ml. and are just the stage where faulty
operating is indicated. Hence the importance of using milk agar for pasteurised
milk.

It will be noticed that taken over all plates, that is between dilutions, the
correlation between the count on standard agar and the increase is significant.
The correlation within dilutions is not significant until the l/1000th plate is
reached.

EAW MILK

Table II shows that there is no correlation between the increase and the
count on standard agar, but the increase is practically always significant, even
with the 1/10 plate.

A 1/10 plate of standard agar has a milk ratio of 1 : 100 and with milk
agar the ratio is 1 : 55, so that the figures suggest that at least at this level
2 per cent, milk agar might be even better than 1 per cent.
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SUMMARY

The use of 1 per cent, milk agar gives a significant increase in colony
numbers for both raw milk and pasteurised milk at all levels of count. There
is a marked increase with pasteurised milk on the 1/100 and 1/1000 plates.
Milk agar also gives better colony growth, tending to more rapid and accurate
counting. With raw milk there is no correlation between the increase and the
count on standard agar.
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