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SECTION I.

The PLATE METHOD of ESTIMATING the BACTERIAL
CORTENT of MILK - the LIMITATIONS of PROCEDURE
in COMMON USE with SUGGESTED IMPROVEMENTS.



SECTIORN I.

THE PLATE METHOD of ESTIMATING the BACTERIAL
CONTENT of MILK - the LIMITATIONS of PROCEDURE
IN COMMON USE with SUGGESTED IMPROVEMENTS

The plating method of estimating the bacterial
content of milk 1s a development of the procedure intro-
duced by Koch in 1881 for the isolation of pure cultures
of bacteria by means of solid mutrient medim. (1) It
is the most importent method of determining the mumber of
1iving organisms present and is the one most freguently
employed. It is well recognimsed, however, that accurate
counts cannot be obtained by this method, chiefly for the
following reasons:-

(1) Some of the bacteria present are unable to grow
or to form colonies in the medium employed and under the
conditions provided, and therefore sre not counted. (Z—IL,.)

(2) Where a number of orgenisms occur together as, for
example, in a chain or cluster, they may not be isolated by
the manipulations of the teat, with the result that only
one colony 1s formed instead of & mmber of colonies corres-
ponding to the actual number of organ.tam.(% and 13 -I7>

(3) Soms bacteria may be prevented from growing and
forming colonies owing to the presence of others. Such
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"antagoniam” is most likely to occur on crowded plates, or
where there are “spreading" colonies. (2 and }XTE

Further, it has been found that in many instancee
there is & grest veriation in the results obtained from
duplicate examinations of the same sample of milk, especimlly
where the tests are performed by different workers and in
different laboratories. This is undoubtedly due in part to
differences in the technigue and the medium employed, and
also to differences in manipulative siill.(2,!7 ond Iq-2))

Apart from such disturbing factors a very comsider-
able variation mey occur owing to the fact that milk is
not a homogeneous fluid, This is dealt with in Section II.
(See page 30 ).

The plating method of counting bacteria was first
used extensively for the grading of market milk in America,
where in order to obtain more uniform results a standard
procedure was ndopted by Ths Americen Public Health Associ-
ation. (/) A similar method was adopted for the seme
purpose in Great Britain by the Mimistry of Health. (22)
Such methods have not proved entirely satisfactory and have
been the sub ject of a congiderable amount of oriticism,
although not on very well defined grounds.

Accordingly the objects of the present investigation

are as follows:-

(1) To detormine whethsr it is possible to cbtain




equally sstisfactory results by means of a modification of
the usual plating method which involves a marked saving in
materials and also a distinct reduction in the time taken.

(2) To exsmine the general problem of the relisbility
of a limited number of plate estimations as an index of the
bacterial content of samples of milk. This involves the
question of the extent of variation between individual counts
where large numbers of plates are prepared from the same
sample under similar conditions.

{(S) To suggest & procedure for increasing the sccurecy
of the method.

Throughout the work, except where otherwise stated,
the pipettes used were calibrated to delliver 1 cc., and
plates of standard size (10 cm. diameter) were employed.
The counts were made, after imcubation at s7° for 48 hours,
by neked eye examination in a good window light.

A simplification of the O0fficial Method
of Plating.

The procedure prescribed by the Ministry of
Health (22) for the estimstion of the bacterial content
of milk by the plating method is to make dilutions of (a)
1/10, (b) 1/100 snd (e¢) 1/1000. Dilution (a) is prepered
by adding 10 c.c. of milk to 890 c.c. of sterile water;
dilution (b), by adding 10 c.c. of dilution (&) to 90 ec.c.
of sterile water; and dilutiom (c¢), by adding 10 c.e. of



dilution (b) to 90 c.c. of sterile water. Agar plates are
then poured from the respective dilutions, 1 c.c, of
inoculum being used for each plate. Where a large mumber

of smmples are tested, as in the Bacteriology Department of
the West of Scotland Agricultural College which receives
annually over 10,000 samples, this method entails the use of
large quantities of media and much apparatus. The guestion
therefore arose es to whether equally satisfactory results
could be obtained using a simpler and less expensive method
end the following considerations regarding the dilutions pre-
sented themselves.

In meking the plate or colony counts, platea pre-
pared from dilution 1/10, sare only employed in the case of
samples containing less than 3,000 bacteris por c.c. But
these samples are of such & high standard of purity that it
is questionable whether, in the routine examination of milk,
there is any practical advantage to be gained by a more accur-
ate count than that afforded by the 1/100 dilution plates.
Consequently the 1/10 dilution plates are as a rule unnecessary

Most of the milk samples received in the writer's
laboratory are loss than 24 hours old when tested, the age
of the evening milk samples being 20 to 22 hours and that of
the morning milk samples, 8 to 10 hours. In many cases they
come from farms where great care is taken in the production
and treatment of milk. The majority of the semples therefore
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contain less than 30,000 bacteria per c.c. and so plates
prepared from the 1/100 diiution sre generally employed in
making the counts. In samples containing 2 greater number
of bacteria evem although there ars so many colonies on
these plates os to make only sn approxincte estimate possa-
ible, the plate counts in conjunction with the colifomm test,
give a very good indication of the degree to which milk of
this age has been contaminated and thes temperature at which
it has been kept.

it was evident then, that the exiating method
would be simplified and the =amount of work reduced if the
1/10 dilution were omitted snd the 1/100 dilution made by
adding 1 c.c. of the sample of milk to 99 c.c. of aterile
water., A mmber of samples were therefore examined by both
methods, 5, and in s few samples 10, parallel plates being
employed. The milk and the 1/100 dilution bottle were sube
Joected to the same amount of agitation @as in the official
method, 1.e. thoy were sheaken 25 times, dut with a number of
the later smmples the 1/100 dilution bottle was shaken 40
end in a few cases, 100 times. The object of this additional
shaking was to ensure thorough mixing of the inoculum with
the sterile water, A lster experiment, however, proved that
this was unnecessary. (See p.7).

The results obtained by the two methods correspond
very closely (3ee Table 1, pages 25 to 3 ). The differences



between the mean plate counts are alight and inmosl ocases
less than the standard deviations. They are therefore of
no significance.

The proposed method has the advantage of being
not only simpler, but requires less apparatus (fewer
dilution bottles and pipettes), and results in a saving of
time and labour. Less time is spent in performing the
necessary manipulations, and in cleaning, preparing and
sterilizing apparatus, of which much less is required. The
simplicity of the method renders it less liable to error.
Finally, a considerable reduction in the cost is effected.

Before adopting the proposed method, it was con-
sidered desirable to determine whether an agitation of 25
shakes was sufficient to ensure a uniform distribution of
the organisms throughout the suspension.

In the following experiment 25 samples of milk
were employed. Each sample was shsken 25 times as usual,
and the 1/100 dilution prepared by adding 1 c.c. to 99 c.c.
of sterile water. The 1/100 dilution was then agitated and
a set of 20 parallel plates poured after the suspension
had been shaken 25, 40 and, in the case of the last 12
samples, 50 timeasa. The plates were numbered in sequence
as they were poured, so that a comparison could be made of

the results obtained from the first five and from the 20



parallel plates.

It will be seen from an examination of Table 2
(pages 32 and 33 ), in which the results are recorded, that
an increase in the amount of shaking has had no appreciable
influence on the bacterial count, for the differences are,
almoat without exception, less than the standard deviations.
Further, the differences are not in all cases increases.

In several instances the count has been decreased by the
additional shaking, although the decrease i1s too small to be
of any significance. The additional sheking does not appear
to have distributed the organisms more uniformly throughout
the susapension, for the standard deviation, both in the case
of the counts of the first 5 and of the 20 parallel plates,
has not been conalstently reduced. In many samples there
has been an increase, The agreement between the counts
obtained from the 5§ and from the 20 parallel plates sppears
to be quite satisfactory.

As regards the higher dilutions, in the officisal
method for the estimation of the bacterial content of milk,
the plates for the 1/1000 dilution are prepared by taking
as the inoculum for each plate 1 c.c. of dilution (e¢)
1/1000. It would considerably simplify the method and
reduce the work and the amount of apparatus required, if

the preparation of dilution (¢c) 1/1000 were omitted and the




1/1000 dilution plates poured by using as the inoculum 0.l e.oc.
of dilution (b) 1/100. An experiment was therefore carried
out to determine whether as satisfactory results could be
obtained in this way as by the official method. In this
experiment the 1/100 dilution was prepared by the modified
method previously discussed. Five parallel plates from the
1/100 and 1/1000 dilutions were poured, using the procedure
prescribed in the official method. Then other 5 plates from
the 1/100 dilution were poured using 0.1 c.c. for each plate,
the 1liquid being measured by means of a 1 c.c. pipette,
graduated in hundredtha. The results of this expsriment
sre given in Table 3 (pagedi ).

Considering the 1/1000 dilution results by the
two different methods, it is seen that in 13 samples out
of 20, the corresponding means agree fairly closely, the
differences being less than the standard deviations. 1In
the remaining samples, however, they differ widely, these
of the plates prepared by the new method being in some cases
greater, and in others less, than those of the plates pre-
pared by the official method. 1In 1l samples the mean counts
of the 1/100 dilution plates agree fairly closely with those
of the 1/1000 dilution plates prepared by the official method,
but only in 8 aamples do they agree with thoae of the 1/1000

dilution plates prepared by the proposed method.




This method of preparing the 1/1000 dilution
plates was therefore not so satisfactory as the official
one. It waa thought that this might be due to variations
in the amount of inoculum added to the plate, csused by
the use of an ordinary 1 c.c. pipette, graduated in hundredths,
which might be insufficiently exact for the purpose.

To test this supposition the experiment was re-
peated uaing a pipette which is deasigned to deliver 0.1l c.c.
the last drop being expelled. 3ets of 5 parsllel plates
were poured as before. The results are given in Table 4
(page 55 ). It will be seen that in all samples there 1is
very close agresment between the corresponding means and
standard deviations of the 1/1000 dilution plate counts.
Further, in 18 cases out of 25, the mean of the 1/100
dilution plate counts correspond very closely with those
of the two sets of 1/1000 dilution plate counts,

It 13 concluded that the pipette was responsible
for the unsatisfactory results obtained in the previous
experimsnt and that the proposed technique is satisfactory.

The method proposed above is simpler than the
officlal one and requires fewer dilution bottles and pipettes.
At the aame time the results show a close correspondence
with those given by the official method. When eatimmting
the bacterial content of milk, it ia therefore posaible to
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effect a great saving in time, labour and cost, by omitting

the 1/10 dilution bottles, and preparing by the propoased
methods the 1/100 and 1/1000 dilution plates.

The Relisbility of the Official Method.

In estimating the bacterial content of milk by
the plating method, if the organisms are uno#only diatributed
in the milk and in the dilution water, there will be a varia-
tion in the number present in each cuble centimetre of in-
oculum used for the plates and in the number of colonies
formed on the plates. An error will, therefore, occur which
will vary according to the degree of unifarmity in which the
organisms are distributed. The error will be less if a
number of parallel plates are made, a0 that the final
estimate of the bacterial content is based, not on the
results obtained from one plate, but from two or more.

Numerous experiments have been carried out to
determine the extent of this error. 1In many cases parallel
rlates from the same sample were made, five, ten or twenty
parallel plates being prepared. The plates were numbered
in sequence as they were poured, so that a comparison could
be made of the colony counts of the first two, the first

five, and so on. In carrying out these experimenta 1/100
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dilution plates were examined, prepared at first by the
official method, and latterly by the new method previously
discussed. The inoculum was placed directly in the Petri
plate, agar was added and the two then mixed., The distribu-
tion of the colonies on the plates showed that the agar and
the inoculum had been asatisfactorily mixed. Care was taken
to maintain uniformity in the manipulations. The time that
elapsed from start to finish did not exceed 15 minutes, A
freasnh pipette was taken for each dilution snd also for each
set of parallel plates prepared from any one dilution. It
i3 noteworthy that the first plate count of any one set of
parallel plates did not differ significantly from the success-
ive plate counts, nor was there any correlation between the
individual plate counts, and the order in which they were
pourted as would have been found if the pipette effect,
emphasised by Albus (20) in his eritiocism  of Prescott and
Parker ( 25 ), was of resl importance.

The plates weré examined after 48 hours incubstion
at 37°C. Where less then five hundred colonies were found
on a plate, all the colonies were counted; where more than
five hundred colonies were found, the plate was divided into
segments, and the colonies on two or more of these counted.
The aize of the segments depended on the number of colonies
on the plate, but generally the colonies on a half or a




gquarter of the plate were counted. A fow plates on which
a very large number of "pin point" colonies appeared were
discarded.

In order to compare the variations in bacterial
count in a number of psarallel plates prepared from the same
saample, use has been made of the Arithmetic Mean of the
parallel plate counts end of the 3Standard Deviation 2/ )

a3 caleculated by means of the formula:i-

S.D. = \/——i-—d—g: x f,

n
where 4 = the deviation from the arithmetic mean,

n = the number of observations, and

[y e\

f = the correcting factor for low values of n. «
In order to compare the varistion in sets of parallel plates,
each set prepared from a different sample of milk, it is
¢clear that absolute figures such as the mean snd the standard
deviation are useless because different samples may differ
widely in their bacterial content. Accordingly for this
purpose it 1ls necessary to express the variation of esach
set as a function of the mean. Use was therefore made of
a messure of relative diapersion Pesrson's Coefficient of
Variation, (7.) whieh 1s the ratio of the atandard deviation
to the aritimetic mean, expreassed as a percentage, and

calculated by means of the formula:-

« 100 X 3Standard Deviation
Coefficient of Veriation =% g e
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The coefficient of variation obviously cannot de
employed for the comparison of the variations in duplicate
plate counts, as in such cases the standerd deviation is
in-determinsate.

Semples with less than 50 colonies per plate may
give very high coefficients of variation as a result of the
low values of the means. For this reasson, in preference to
the coefficlents of variation for thess semples, the standard
deviations have been used as a basils for comparison.

The results of theae experiments are given in
Tables 5, 6 and 7 (pages 30 to LL). The means of the first
2, 5 and 10 and the 20 parallel plate counts have been
caleulated.” In the series of 2 plate counts the actual
deviation from the mean is given, but in the remaining
series the standurd devistion and the coefficient of varis-
tion are reported. Tables 8, 9 and 10 (poges L5 to L7 )
are frequency tables of the standard devistions of the
means of 5, 10 and 20 plate counts respectively of samples
giving less than 50 colonies per 1/100 dilution plate. Thease
tables are combined in Table 11 (page 43 ) where the frequency
is expressed as a percentage. The benefit cbtesined by the
use of a larger number of perallal plates 1s clearly shown
in part (2) of Table 11, for the greater the number of
plates, the lower the pereentage of high standerd deviations.

+In the case of samples for which 20 parsllel
plates were puoured.
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It will be seen from part (1) of Table 11, (in
which the results of all the samples are included), that in
2ll three series (5, 10 and 20 plete) the standard deviation
in over 50 per cent of the samples was leas than 5.0, in over
90 per cent it was leas than 10.0, and only a few exceeded
15.0. This demonstratea the marked uniformity in the plate
counts of samples with a mean count of less than 50 colonies
per plate. This is corroborated by the mean standard devis-
tion in each series., Ses Table 12, (page 4q). These results
show that in samples which give mean colony counts of less
than 50 on the 1/100 dilution plates, there is fairly close
agreocment between the persllel plate counts, the standard
devistion seldom exceeding 15, and being on an average about
5. Such deviations mre not high from the biclogical stand-
point. They represent variestions in bacterial counts which
are of no practical significence in milk analysis.

Tebles 13, 14 and 15, (pages §O to 52), are freguency
tables of the coefficients of variation of the counts of 5,
10 and 20 plates respectively in the case of samples giving
50 or more colonies per 1/100 dilution plate. These tables
are combined in Table 16 (page 53 ) where the freguency is
expreased as a percentage. It will be seen from the Tebles
that 4n the 5 plate seriea, 22.4 per cent of the samples had
coefficients of variation of over 24.4 per cent; in the 10
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plate series, 3I7.3 per cent of the asmples; and in the 20
plate series 50.8 per cent. If the results of the firat
five, the first 10 snd the 20 plate counts for each of the
same group of samples are considered, (see Table 16, part 2),
in the 5 plate series, 30.4 per cent of the samples had co-
efficients of variation of over 24.4 per cent; in the 10 plate
series, 40.5 per cent; and in the 20 plate series, 50.8 per
cent. The magnitudes of the coefficlonts of variation have
risen to semo extent according to the number of plate counts
from which their satimation has been made. It would therefore
appear that the correcting factor,f(seec page !2), has not been
suf ficiently great to coupensate for the lower nuzber of obe-
servations in the 5 and the 10 plate sets of coumts. The
values of the coefficients of variation for the 20 plate seta
are the most relisble, as they heve been estimated from the
largest number of plate counts.

Considering therefore the results of the series of
20 plate counts, the coefficlient of varlation exceeds 24.4
per cent, in 50.8 per cent of the samples giving 50 or more.
colonies per 1/100 dilution plate. The parsllel plate counts
of such samples vary consideradly. This varlation is so great,
even in the case of a set of plate counts with a coefficient
of variation of only 25 per cent, thet it constitutes a serious
aource of error in the estimation of the bacteriacl content of
milk by the officlal method, even where two plates are used for
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each dilution. For example, individual plates bdelonging

to a parallel set with 2 mean count of 250 and a coefficient
of variation of 25 per cent will yleld counts ranging from
188 to 312 so that if only two plates have been used and
their colony counts are at the upper limit of the range ths
bacterial content may be estimated as 31,200 instead of
25,000. 8Similarly if the colony counts are at the lower
1limit of the range the bacterial content may be estimated
as 18,800. In the case of samples with higher coefficlents
of varistion the range of variation of parsllel plate counts
is much greater.

The wide range of variation between parallel plate
counts which may occur in the case of samples whose mean
plate counts are 50 or over, can be clearly brought out as
follows. The percentage difference between the mean of the
two lowest plate counts and that of the two highest for each
sample 1s calculated by means of the formula -

Percentage difference _ ()t1 - Xp) x 100
g i

Where x.l = the mean of the two higheat plate counts

Ry - P, ¥ 2. ® lowest plate counts, and
Y = the mean of the 20 plate counts.
The results so obtained from samples whose mean plate
counts are 50 or more are given in Tsbles 17 and 18 (pages 5i
to 57 ), the latter being a frequency table of these percentage
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differences, It will be soen from Table 18 that in 69.4
per cent of these somples ths percentage difference is 50
per cent or more, in 26.1 per cent of the samples it is

100 per cent or more. The significance of such differences
botwoen plate counts in the case of samples of which the
average bacterial comtent is 32,000 or 100,000 is shown in
Table 19 (page 58 ), This Tadble gives the nuubers of
bacteria estimated from plate counts which differ by 25, &0
and 100 per cent, It is evident from Tables 17, 18 and 19,
that if only two plates are poured for each dilution and
the average bacterial content of the milk is over 5,000 there
is a possibility of a serious error arising when making
bacterial estimations of approximately 70 per cent of the
sanmples, due to the fact that both plate counts msy happen
to fall at the highar or the lower limit of the range of
variation. The probability of this occurring is 1 in 965.

A still greater error would be possible if bacterial counts
wore to be Judged by single plates of each dilution.

From a conslderation of the various points discussed
above 1t therefore appears clesar that in a very high pro-
portion of semples, of which the average bacterial content
is 5,000 or more (1.e. the mean plate count is 50 or more),
the plating method of estimating the bacterial content of
milk may yield highly misleading results if only one, or

even two, plates are poured for each dilution.




. =18~

The question arises as to whether more reliable
results can be obtained by the use of more than 2 plates for
each dilution. As 1t was the practice to number the plates
in sequence as they were poured, it was possible to calculate
the means of the first 2, 5 and 10 and the 20 parallel plate
counts (See Tsble 5, pages 3b to03Q). A comparison of these
means, obtained from 120 samples, 1s expressed graphically
in Pigures 1, 2 and S. A logarithmic scale has been employed
80 as to cover the range satisfactorily. If the mesn count
of 20 plates iz taken as the standard, 1t 1s evident that
the results of 5 and 10 plate counts are much more reliable
than those of 2.

A comparison of these means 1s slso given in Tables
20, 21 and 22 (pages 5Q to (7), the moans of the 20 plate
counts being agaln taken as standard.

The actusl differences between the mean of the
firat 2, 5 and 10 plate counts respectively and that of the
20 plate counts are given and elsc the percentage differences,
the latter being determined from the formulat-

Percentage difference _ (M., - M, ) x 100 where M

20
%20

equals the mean of the 20 plate counts, and K, equals the

20

mean of the first 2, 5 or 10 plate counts respectively. The
percentage difference may be either poaitive or negative
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according to the value of 'x being less or greater than the
velue of My,. Tables 23, 24 and 25 (pages 62 to 70) give
the frequency of these percentage differences, e separate
table belng employed for each series of comparisons. These
three tables are combined in Table 26 (page 7! ), where the
frequencies are expressegd as percentages of the number of
samples, viz 120. Fifty-one semples with mean counts of leess
than 50 colonies on the 1/100 dilution plates have been in-
eluded in the tsbles. In such samples the actusl differences
between the mesan counts obtained fram the 2, 5 or 10 plates
and from the 20 plates are genertlly very small but owing
to the effect of the low value of the mesns, the percentage
differences between the mean plate counts are in socme in-
stances high. The marked uniformity of the parallel plate
counts of such semples is clearly shown by Tables 27, 28
and 28 (peges T2 to 74) which give the frequencies of the
actual differences between the mean colony counts of 2, 5 and
10 plates, and of the corresponding 20 plates. In only a
very small proportion of the samples is the difference be-
tween the means greater than 5.0. These tables are combined
in Table 30, (page 75 ) where the rroquonglu are expressed
as percentages of the number of semples.

Table 23 (page (3 ) shows that in 36.5 per cent
of the samples, the mean colony counis of the first 2 plates
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differ by more than 19.4 per cent from those of the corres-
ponding 20 plates. The percentage of samples, however, is
reduced to 21.5 per cent when a deduction of 15 is made as
& percentage allowance for 18 samples having mean plate
counts of less than 50. In the case of these 18 samples
with low mean counts, although the percentage difference
between the means of the first 2 and the 20 plate counts is
over 19.4 the actual difference is of no practical importance.
If the mean of the 20 plate counts is taken as a standard,
it is obvious that in e large proportion of the samples,
vig: 21.5 per cent, the mean count of zAplnton is not satis-
factory. For example, in the case of one ssmple, N0.56
(Tables S5 and 20, pages 3% and (/ ), the mean of the 2 plate
counts was 339, and the mean of the 20 plate counts 240, the
percentage difference between the means being 41.3 per cent.
Vsing only 2 plates, therefore, the bacterial content of
this sample would be estimated as 33,900 instead of 24,000.
It 1s evidemt from Tables 21 and 24 (pages (2 to
bl and page (q) thob: the results obteined from the use of 5
parallel plates are more satisfactory. In 49.3 per cent of
the samples the difference between the mean count of S
plates and that of 20 plates does not exceed 9.4 per cent.
In 19.1 per cent of the samples, 1.e. 23 samples, the differ-
ence eoxceod 19.4 per cent. These 23 ssmples may be divided
into three groups.

(1) Sampleas, 9 in number, which gave mean plate counts




of less than 50. (See Table 31, pege Jb). It will be

seen that the actual differsnces between the means of the

5 and of the 20 plate counts are of no practical significance.
The high values of the percentage differences are due to

the low values of the means.

(2) Samples, 4 in number, with very high mean plate
counts (See Table 32, pago'” ). Owing to the large mmber
of colonies on the plates, only an approximate count could
be made, and this may be partly responsible for the large
differences between the mean counts.

(3) Samples, 10 in mumber, giving irregular plate
counts (See Table 33, pago’[?). In only 5 of these samples,
vig: Numbera 218, 14, 66, 198 and 23,are the differences
between the mean counts so great as to give misleading re-
sults where only 5 plates are used.

With the exception, therefore, of about 4 per cent
of the samples, of which the plate counts are highly irregular,
reliance can be placed on the mean counta obtained from the
five 1/100 dilution plates, provided thet the bacterial con-
tent of the milk does not exceed 50,000 or 60,000 organisms
per ¢.c., 1.e., that the nmumber of colonies on the plates
does not exceed 500 or 600.

Tebles 22 and 25 (pages b5 to (7, and page 70)
show that there is a very close sgreement between the mean
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counts of 10 and 20 perallel plates. In only 2.9 per
cent of the samples does the difference between the mean
counts exceed 19,4 per cent, and if allowance is made
for the samples with mean plate counts below 50, then
only 4.1 per cent, i,e0,. 5 samples, exceed this differ-
ence. It will be seen from Table 34 (page 79) that in
only 2 of these 5 samples, viz; Numbers 14 and 23, are the
differences between the mean counts so great as to give
misleading results, where only 10 plates are employed.
It should be noted that where the mean plate count is
not above 50, a very close agreement exists between the
means obtained from 10 and from 20 parallel plates, the
actual difference between the means in all instances
being less than 4.5.

It 1s spparent that the results obtained from
10 plate counts are more trustworthy than those obtained
from 2 or 5. The 10 plate method, however, suffers from
the disadvantage that the requirements in media and
apparatus are high and apart from the question of cost,
the method is consequently not suitable for the routine
exanination of milk. Purther, it has been shown that the
S plate method yields results which appear to be suffici-
ently reliable for this purpose.
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Suggestad procedure for the more accurate
sstimation of the bacterial content of
nlk‘

In the routine examination of milk for bacterisl
content, the following method is recommended. Omit the
1/10 dilution bottle and 1/10 dilution plates, and prepare
the 1/100 end 1/1000 dilution plates by the modified
mothods previously discussed. Use 5 parallel plates for
the 1/100 dilution and 2 plates for the 1/1000 dilution.

As has slready been shown, in samples whose
counts amount to as nmuch as 50,000 or more organisms
per c.c., the above method yields relisble results. Vhen
the bacterial content exceeda 50,000 organisms per c.c.,
e.g. up to 100,000, a reesonable degree of relisnce can
be placed on the results obtasined, owing to the large
number of 1/100 dilution plates, which can be used to some
extent to confirm the results of the two 1/1000 dilutiomn
plates., But if it is desired to obtain fairly accurate
estimates when the counts ere in the neighbourhood of
100,000 organisma per c.c. at least 5 plates nust be
used for the 1/1000 dilution.

Nevertheless the possibility of the occurrence
of & serious srror is not completely eliminated even where
5 plates are used, for in 4 per cent of the samples the
estimates may be highly misleading. Therefore in grading
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milk by this method, where the bacterial count exceeds

the count which is the limiting standard for the grede,
the results should be confirmed by means of a second test
upon snother semple. Y¥hile this is advigable where five
plates are poured for each dilution, it is essential where
only one or two plstes are poured, otherwise a milk supply
may be condemned unjustly. It must, in fect, always be
borne in mind that the most reliable information in regard
to the degree of purity of any given milk supply is ob-
tained not from single teats, but from a series of tests
performed at intervals over a period of several months,

or preferably over a full year.
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TABLE 1.

(Individual plates in order of inoculation)

OFFICIAL METHOD PROPOSED METHOD
RO . Of ’ no - °f ’
Colonies C.V. Colonies CeVe.
sample per s.D.® (per per « (per
No. plate Heoan cent) Plate Mean 8.D. cent)
83. 43 43
43 41
41 42 1.5 3.6 42 42 1.4 3.4
42 40
40 42
84. 579 644
589 599
544 570 47.4 8.3 584 596 35.1 5.9
516 566
822 604
85, 146 118
144 117
143 144 2.4 1.7 119 117 53 4.6
141 121
146 109
B86. 84 86
85 85
87 86 1.8 2.1 81 85 2.8 33
86 87
88 87
87. 171 155
223 177
187 189 23.7 12.5 170 156 22.9 14.7
175 150
189 126

2.5 - Standard Deviation corrected (See page |2)
4
CeV. = Coofficient of Variation (see page 12)
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ZABLE 1. (Contad)
OFFICIAL METHOD PROPOSED METHOD

No. ©ofF + Do, of +
Colonles C.V. Colonies C.Ve.
Semple per ( x (per

= per par
No. plate Hean S.D. cont) plate dean S.D. cont)

1084 960
1128 928
as, 1172 lo68 69.1 6.5 1018 1015 85.0 8.4
902 1112
1024 1056
68 87
66 94
89. 67 67 2.0 2.9 8e B8 4.3 4.9
64 85 =
3 85
106 116
109 100
90. 104 106 3.0 2.9 104 112 9.0 8.0
103 109
124
51 49
53 63
ol1. 71 56 11.0 20.1 51 o4 7.5 13.8
46 S8
52 49
. S
12 7
93. 9 10 1.8 18.3 16 9 5.5 60.8
12 10
10 )
624 602
556 494
S4.54 621 592 34.5 5.9 S84 560 47.8 8.5
576 568
583 551

/4 1/100 dilution shaken 50 times.
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TABLE : {Contd)
OFPFICIAL METHOD PROPOSED METHOD
Yo.of No. of
Colonies Colonies C Ve
Semple per C.V. per ( per

No. plate Mesn S.DJfp.cent) plate Mean S3.D. cent)

55 65
55 63
96. #f 57 58 4.8 8.2 61 59 7.0 11.8
58 51
65 54
24 10
17 14
16 15
18 13
96. gf 15 17 3.6 20.9 13 15 3.1 20.8
17 20
17 16
14 19
11 16
16 14
52 54
48 53
60 57
48 49
97. #f 64 56 6.2 11.2 64 56 5.4 9.9
59 48
52 56
60 54
61 52
51 62
123 141
102 143
98, 119 123 3.1 2.5 113 124 19.8  16.0
168 121
104 104

/4 1/100 dilution shaken 50 times.
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TABLE ; (Contd)

QOFFICIAL METHOD PROPOSED METHOD
No. of No. of
Colonies Cs Vs Colonies C. V.
Semple  per (per per { per

No. plate Mean S.D. cent) plate Mean S.D. cent)

167 103
170 108
99. 170 70 2.9 1.7 114 113 7.0 6.3
170 1l¢
171 110
23 19
20 18
i & : 16
21 13
100. 17 19 2.1 11.%2 13 25 30.0 1200
18 16
19 16
18 14
17 17
18 104
v 3
o o
5 S
8 4
101. 7 g 2.0 23.8 4 5 2.3 45.8
7 10
10 6
11 6
11 7
6 4
102, 133 100
132 127 -
135 152 6.8 5.1 134 115 16.9 14.7
137 106
122 : 108
66 110
77 78
103. 68 69 6.5 9.3 65 75 24.6 32.8
75 64

63 56
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TABLE

l. . (Contd)

OFFICIAL METHOD

PROPOSED METHOD

No. of No, of
Colonies C.V. Colonies C.V.
Sample per (per per (per
No. plate lieen 8.D. cent) plate. Mean S.D. cent)
23 24
26 23
20 25
27 19
104. 21 23 2.3 9.9 24 23 6.3 27.2
2 11
23 35
24 24
22 24
22 22
215 186
213 184
105. 230 213 16.9 7.9 196 191 6.5 S.4
190 196
219 193
159 151
154 139
106. 177 155 16. 2 1l0.4 162 156 16.2 10.2
142 171
144 172
137 125
174 128
108. 138 151 22.8 15.1 155 139 16.0 11.5
136 134
172 152
19 26
24 29
23 22
24 22
100. 35 23 6.2 27.0 24 24 4.8 20.0
29 19
18 21
24 16
14 29
21 290




ad30=

TABLE 1. (Contd)
OFPICIAL METHOD PROPOSED METHOD
No. of TR s e
Colonies C.-Ys Colonies CeVe
Sample per { per per (per
No. plate Mean 35.D. cent) plate Mean S.D. cent)
11 23 E
14 22
17 22
24 22
110. 12 13 4.8 37.0 19 23 4.6 20.0
9 25
o0 21
0 39
13 17
14 21
11 16
37 17
24 25
17 23
5 5+ 9 15 22 7.8 35.2 19 20 3.0 15.2
17 20
26 17
22 18
18 21
22 20
31 47
33 45
38 52
36 38
112. 35 35 S.4 9.5 38 41 5.9 15.5
3B 38
38 33
31 39
31 39
S8 44
15 12
25 16
27 12
113. 18 22 8.5 25.1 11 13 2.4 17.5
30 11
22 16
24 15
18 12
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TABLE " (Contd)

OFFICIAL METHOD PROPOSED METHOD

Bo. of No. of
Colonies C.V. Colonies C.V.
Sample per (per per (per
¥o. plate lean S.D. cont) plate Mean S.D. econt)

56
33
36
S7
249. 35 37 3.5 9.4
34
38
37
37
45

35 4.2 11.9

Q898HRU8TY,
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TABLE 2 (1)

COUNTS of FIRST FIVE PARALLEL PLATES

25 Shekes 40 Shakes 50 Shakes

Sample

No. Mean > P » Meon 2.D. Mean S.D.

Count Count Count

142 20 4.6 15 5.5
143 174 29.4 204 54,7
144 294 57,7 323 40.6
145 82 45,9 60 B.7
146 8 S.4 12 2.7
147 27 8.1 27 9.0
148 148 22.1 187 24,9
149 113 18.0 127 l10.8
150 189 62,9 210 52.6
151 149 36.3 129 25.3
1562 442 639.6 826 745.4

53 420 108.5 6569 206.9
154 108 116.86 103 o4.1

208 22 4.0 20 4.5 24 4.4
209 108 5.5 112 4.0 122 O.4
210 7S 9 5.1 41 4.2
211 31 3.2 41 3.9 35 1.3
213 37 2.9 37 3.5 36 S.1
214 29 5.6 31 «8 50 2.1
215 33 4.1 33 S.1 33 2.2
216 67 8.6 72 2.2 71 4.9
217 49 1,5 40 6.1 43 5.5
218 111 10.4 106 15.8 59 20.9
221 21 2.2 23 2.1 26 5.5
222 18 2.3 22 5.1 21 1.8
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TABLE 2. (11)

COUNTS of TWENTY PARALLEL PLATES

£5 Shakes 40 Shekes 50 Shakes
8”1. Nean S.D. Maan S.D. ¥Masan S.D.
No. Count Count Count

142 13 7.2 14 4.1

143 163 25,7 176 58.0

144 306 50.2 326 29.0

145 94 3l.4 84 25.2

146 9 2,5 10 J.1

147 25 5.5 30 5.8

148 144 19.3 139 18,9

149 108 32.8 120 12,3

150 211 57.8 238 68.1

151 1352 26.3 1586 18.5

152 548 468.9 729 480.5

153 485 110.3 743 200.3

154 119 59,3 113 32.4

208 21 2.8 21 3.6 23 2.6
209 99 12,4 116 12.7 121 8.2
210 40 5.2 39 6.6 40 5.4
211 o4 .7 36 3.6 36 4.2
213 36 3,3 36 4.8 36 S.4
214 30 2.7 30 1.3 30 2.3
2156 33 2.9 33 Sel 33 2.6
216 65 TY 67 7 .0 73 5.8
217 4% 4.1 46 8.8 46 7.4
218 103 24.6 66 28.4 66 22,0
221 23 2.5 24 2.6 24 1.5
222 19 J.6 20 4.3 20 2,5

ML L, S WTEN




2°¢8 ¢°¢ge a0y y°ve e°LBT 229 g°99 £°888 QCel S4T
o°'s 8°21 9T 1°¢e8 2°eg 2e8 1°8 L°2BeT PTILY g8t
L A- e°eT oeT e°61 g'ee ) ¢ 1°8 0°L8 180T 84T
9°y2 L*1e 621 e 211 84T 0°1 L8 848 361
g°08 e*22 80T g°¢ 2°g 1] g°og 8°861 189 18T
e°¢e 2°%1 19 3°e8 L°9T és 'y gy ées o6t
e*L8 T°4 4 6°cYy v°y ot p°o1 6°18 61T PLT
9°ST L' 4 38 A ¢ 0°¥y B3 8°1 g8°é ees L8
g'eT o°e 28 €08 ey 12 g’e L8 188 84T
6°31 9°2 02 8°Le e°9 4T 8°¢ 9°¢ art 8681
g8°¢e L6 8T 6°0T | A ¢ 4 ¢ a°s 9°T gL 161
6°ST 2°s L 4 ¢ 1°9T e't 8 c°ye 2'1e 16 84T
8°6e 8°y gl 2°61 L3 1 4 ¢ 1°9 L°® 1 84 OLT
L'Y8 L'e 1§ 9°1T 2°1 (02 ¢ 6*é o°eg oe e6T
o° 0¥ oy 0T ¢°og 1 FA vy 1°y g6 S4LT
8° 14 g°9 6 9°28 92°g 122 o L°89 g°o0¢ 4 4 L4T
g°ge 8°2 8 3° 4T 0*x 9 9°21 L' 62 68t
e° 19 g2 4 rAs AT ¥ y°ce L ot 361
Q°LL 8° T €01 0°1 T 10 ¢ s°T /A 61
8°LL 8° 4 g%4 9°T 8 g*ve | A 8T 98T
(3ue0 aed) jJunon (3uUe0 Jed) une) (3ueo Jed) qunon ‘oN
o> .O .Q.m s.: o>oo oQ.ﬂ 5.’ 0>00 QQQW a.’ .ﬂ&.m
pouszex pesododd poy3en TWIITIJO

*0007/T uoTanTId *00T/T wor3nTid

)

SINAOD HIVId HALd

‘e ITEVI




=35=

4.

FIVE PLATE COUNTS

TABLE

Dilution 1/1000

O0fficial Method

Dilution 1/100.

Proposed Method

Coefficient
of Variation ¥

Mean S.D,

Cosfficlent
of Variation %

Coefficient of Mesn S.D.

Variation %.

Mean S.,D.

Sample

¥No.
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TABLE 6.

SAMPLES for which only 10 PARALLEL PLATES were poured.

RESULTS OBTAINED from the USE of 5 and 10 PARALLEL PLATES
in ASCENDING ORDER of MEANS of 10 PLATE SERIES.

First &6 Plates 10 Plates

Sample Mean Standard Coefficlent Mean Standaerd Coefficient
No. Plate Deviation of Variastion Plate Devistion of Veristion

Count (per cent) Count (per cent)

122 2 1.0 49.7 2 9 45.0
138 2 1.0 49.7 2 8 39.7
127 2 1.1 7.5 2 9 47.0
101 4 1.0 24.9 5 2.3 45.8
137 5 s 3.0 6 1.4 23.7
136 6 1,8 30.3 7 2.4 36.0
128 7 2,5 35,0 K4 1.8 26,2
125 13 2.8 21.8 12 2.0 16.4
1156 13 2.5 18.9 13 2.1 16.5
113 12 2.5 20.4 13 2.4 17.5
140 12 2.2 18,0 14 3.5 24.8
96 13 2.2 l6.6 15 JS.l 20.8
119 14 Seb 26.7 186 9e7 235.9
133 17 2.5 14.4 18 2.0 11.3
139 17 1.8 10,7 18 2.8 16,7
131 19 37 19,7 20 3.6 17.8
211 20 4.0 22,3 20 3.0 15.2
104 23 2.7 11.8 23 6.3 27 .2
110 22 1.8 8.9 23 4.6 19.9
109 26 3.0 13.8 24 4.8 20.0
126 7 4.4 16,3 24 4.9 20.1
100 20 3.1 15,3 25 29,7 11.2
116 S0 b.6 18,7 28 4.9 17 .6
130 29 6,1 20.9 28 5.0 17.8
141 30 1.7 5.8 28 5.2 18.7
132 26 4.3 16,5 28 5.9 21.0
182 28 4.0 14.5 28 6.4 22,9
167 40 42,7 106.8 31 29.8 96.1
114 30 4.7 15.8 S1 3.8 12.2
249 32 3,95 10.8 36 4.2 11.9
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TABLE 6. (Contd)

SAMPLES for which only 10 PARALLEL PLATES were poured,

RESULTS OSSAINED from the USE of 5 and 10 PARALLEL PLATES
in ASCENDING ORDER of MEANS of 10 PLATE SERIES.

Pirst 5 Plates 10 Plates.

Mean Standerd Coefficient Mean Standard Coefficient
Sample Plate Deviation of Veriation Piste Deviation of Verlstion

No. Count (per cent) Count {per cent)
1138 34 12,1 28.4 36 9.5 24.5
120 26 6.3 24.2 36 32.4 89.9
125 359 6.3 16.1 97 5.8 15.8
112 44 70 15,8 41 5.9 156.5
129 53 7D 13.7 48 9.0 18.8

o7 56 6.5 11.8 5b 5.4 9.9
134 81 14.4 177 75 16.2 21.6
199 76 14.8 19.6 81 12.6 16.6
135 102 12.7 12,4 95 17.8 18,7

50 93 11,0 11.8 99 14.4 14.6

™ 101 35.4 35,0 107 25,7 24.0
154 103 34.1 33.1 109 25,5 25.4
124 124 12.35 9.9 112 16.5 14.7

67 167 49.0 29.4 168 335.2 10.7

&8 203 13.2 6.5 1786 90,7 5l1.8
117 200 12,9 G 181 30,1 16.6

69 194 52,7 26,6 225 55,6 24.7
200 273 €7.6 24.8 282 67.9 24.1

76 306 22,9 y £ 287 5.9 1.2
158 459 226,.8 49 .4 526 195.1 36.2
1563 859 206,9 31.4 729 199;2 275

158 1808 44.2 9.4 2398 33.1 1.4
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TABLE 7.

SAMPLES for which only 5 PARALLEL PLATES were poured.

RESULTS OBTAINED from the USE of 5 PARALLEL PLATES,
in ASCENDING ORDER of MEANS.

5 PLATES
Sample Wean Plate Standard Toeiiicient ol
No Count Deviation Variation
¢ (per cent.)
3 4 5.3 81 .7
194 p o p 4 21.8
22 9 2,5 27 3
93 9 5.5 80.8
2286 10 «8 7.8
196 16 o7 20.4
e 16 4,0 25.9
186 18 4.4 24.5
2 18 8.5 47 .35
28 20 Sa 15.8
233 20 l.6 7.8
92 26 2.9 11.2
189 29 Se7 12,6
193 30 Se0 9.9
30 32 6.0 187
226 37 2.6 7«0
83 42 l.4 S.4
177 44 00.2 68,7
32 45 6.7 14.8
29 50 10:1 20,2
238 52 S0 5.7
236 54 2.5 4.6
91 54 79 138
95 59 70 11.8
25 59 4.0 6.7
223 68 1251 173
34 69 10:2 14:8
33 71 5.6 7.9
1901 75 1l.6 2.2
103 75 24.6 02,8
2359 83 1357 2,0
86 85 2.8 Sed
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T ABLE 7 (Contd)

SAMPLES for which only & PARALLEL PLATES were poured.

RESULTS OBTAINED from the USE of & PARALLEL PLATES in
ASCENDING ORDER of MEANS

5 PLATES
Sample Mean Plate Standard Coefficient of
No, GCount Deviation Variastion
(per cent)
89 88 4.3 4.9
240 o1 8.7 3.0
224 91 d.4 Se7
172 91 3l.2 34.3
175 92 4.1 4.4
Sl 29 13.5 13.7
36 100 14.8 14.8
246 110 5,0 4,6
99 111 7.0 6.8
176 111 6.7 6.1
90 112 9.0 8,0
102 116 16.9 14,7
856 11%7. 5.5 4,6
244 118 4.4 327
174 119 21.9 18.4
98 124 19.8 16.0
241 125 4.8 3.8
230 132 5.9 4,5
1 132 290.2 68,4
108 139 16,0 11.6
188 145 5.6 3.8
245 146 4.5 S.1
87 156 22,9 14,7
106 159 16.2 10.2
105 191 8.5 3.4
36 196 42,7 21,9
231 227 8.1 3.8
24 242 47 .4 19.6
178 251 8; 3.5
248 262 12,2 4.6
242 266 15,6 S.l
107 290 54,3 18.7
227 338 17.8 5.9
229 338 17 .8 5.9
243 354 13.2 Se7
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TABLE 7. (Contd)

SAMPLES for which on{z S5 PARALLEL PLATES were poured.

RESULTS OBTAIRED from the USE of 5 PARALLEL PLATES in
ASCENDING ORDER of MEANS,

S PLATES
Semple Mean Plate Standard Coefficient of
No. Count Deviation Variation
(per cent)
237 360 7.l 2.0
234 442 8.6 1.9
& 504 435.3 86.4
187 533 9.8 1.8
190 539 24,56 4.5
94 560 47 .8 8.5
B84 5956 35.1 5.9
180 833 64.7 10.2
181 651 198.8 30.5
228 813 38,0 4.8
192 879 8.7 1.0
88 1015 85,0 8.4
247 1024 8.0 8
179 1081 87.0 B.X
173 1335 888.3 66 .5
232 1495 70.6 4.7
5 1574 9k.6 5.8
185 1714 138:3 8.1
2356 4497 100.4 2.2



TABLE 8.

FREQUENCY TABLE of the STANDARD DEVIATIONS of the MEANS

of SAMPLES 3ivini/

FIVE PLATE SERIES

colony counts of less than 50 on the
100 dilution Plates.

(first 5 plates of 10 and 20 plate series included)

Frequency, expressed

Standard Deviations Frequency as & percentage of
Number of tamples.
0 - 4.4 €5 61.9
4.5 9.4 20 28.6
9.5 ~ 14,4 8 7.6
14.5 19.4 - -
19.5 - 24.4 - -
24.5 - 29.4 - -
29.5 - 34.4 1l o9
34.5 99,4 - -
39.5 - 44.4 b | o9
Over 44.4 - -

Total Number of Samples -
Mesn of Standard Deviations

106.
4.9



TABLE 9.

PREQUENCY TABLE of the STANDARD DEVIATIONS of the MEANS

of SAMPLES giving oolons counts of less than 50 on the
1/100 dilution Plates.

TEK PLATE SERIES

(first 10 Plates of 20 plate seriss included)

Frequency, expressed
Standard Deviations Frequency as a percentage of
Number of Samples.

0 = 4.4 48 55.2
4.5 = 9.4 32 36.8
9.5 = 14.‘ ‘ 4.6
14.5 . 19.‘ - -
19.5 - 24,4 - -
24.5 - 29.4 - -
29,5 = 34.4 S S.4
Over 54,4 - . -

Total Number of Samples - 87

Mean of Standard Deviations - 5.5
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TABLE 10.

FREQUENCY TABLE of the STANDARD DEVIATIONS of the MEANS
of SAMPLES givivleolon counts of less than 50 on the

00 dilution Plates.

TWENTY PLATE SERIES

Frequency. expressed

Standerd Deviations Frequency as a percentage of
the Number of Samples
o - 4.4 g6 51
4,5 = 9.4 24 47
2.6 - 14.4 4 2
Cver 14.4 . - -
Total Number of Samples - Bl.

Mean of Standard Deviations

- ‘.8



TABLE 11,

FREQUENCY TABLE of the STANDARD DEVIATIONS of the MEAKS of
SAMPLES giving colony counts of less than B0 on the 1/100

dilution plstes.
The Prequencies are oxgrassod as percentages of the Number

Samples.
Part I. Part 2.
All Semples In one Group of Samples
Standard
Deviations 5 10 20 5 10 20
Plates Plates Plates Plates Plates Plates
0 - 4.4 61,9 56.2 81 51 56,9 S1
‘.5 ) 9.4 238.6 36.8 4? 35.3 57.3 47
P9 -~ 14.4 7 a6 4,6 2 13,7 5.9 e
14.5 ~ 19.4 - - - - - -
19.5 -~ 24.4 - - - - - -
2‘.5- 29.4 - - - - s -
29-5 S 5‘.‘ ‘.9 3&'4 - e L -
“.5 - 59.‘ - - - - = -
39.5 - 44.4 .9 - - -, - —

0‘01' 44 - 4 - - - o B -~
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TA BLE 12.

~
J

The Medn Standard Doviationgof the Mean Counta
of Samples giving colony counts of less than
50 on the 1/100 dilution plates.

IN ONE GROUP OF

ALLL SAMPLES SAMPLES
Series of Funber Meen Number Mean
Parallel Plate of Standard of Standard
Counts Semples Deviation Semples Deviation
5 plates 106 4.9 51 5.0
10 plates 87 5.5 51 4.9

20 plates 51 4.8 51 4.8




TABLE 13, :

/

FREQUERCY TABLE of the COEFFICIENTS of VARIATION of the
SAMPLES giving colony counts of 50 and over, on the 1/100
dilution Plates.

FIVE PLATE SERIES

(first 5 Plates of 10 and 20 Plate meries included)

crepiistans, g g B gy
(per cent) Frequoncy the Number of Samples.
0 - 4.4 26 17,0

4.5 - 9.4 o4 22,1

9.6 - 14.4 o0 19.5‘

14.5 - 19.4 21 13,6

19.5 - 24.4 9 5.4

24.5 - 29.4 10 8.5

20,5 - 34.4 5 DeS

94,5 - 39.4 3 2.0

39.5 - 44.4 - =

44.5 - 49.4 5 3.3

49.5 - 54.4 2 1.3

54.5 - 59.4 - -

59.5 - 64.4 3 2,0

64,5 - 69.4 3 2.0

69.56 - 74.4 - -

Over 74.4 3 2.0

Total Number of Samples - 154.
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TABLE 14.

Frequency Table of the Coefficients of Variation
of the Samples giving colony eounts of 50 and
over, on the 1/100 dilution Plates.

Ten Plate Series

(first 10 plates of 20 plate series included)

Coefficlent of Frequency, expressed

variation as a percentage of

per cent Frequency the number of Samples
0 - 4.4 2 2.3
4.5 - 9.4 4 4.7
9.5 -14.4 16 18.6
14.5 ~19.4 i8 20.9
19.5 -24.4 14 16.3
24.5 -29.4 8 9.3
29.5 -34.4 e 7.0
4.5 -39.4 5 5.8
39.5 -44.4  § 1.2
44.5 -49.4 2 2.3
40.5 -54.4 1 1.2

54.5 -59.4 - -

59.5 -64.4 e 2.3
64.5 -69.4 4 1.2
69.5 ~74.4 2 2.3
Oover 74.4 4 4.7

Total Fumber of Samples 86.
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TABLE 15.
TWENTY PLATE SERIEE.

Frequency Table of the Coefficients of Variation
of tho Samples giving colony counts of S0 and over,
on the 1:100 dilution plates.

Coefficients
of Frequency, expressed
Variation as a percentage of
_per cent. Frequency the number of Ssmples.
0~ 4,4 - -
4.5 - 9.4 6 8.7
9.5 - 14.4 10 14.5
14.5 - 19.4 11 15.9
19,5 - 24.4 7 10.1
24,5 - 29.4 10 14.5
29,5 - 34.4 9 13.0
34.5 - 39.4 4 5.8
39.5 - 44.4 2 2,9
44.5 - 49.4 - -
49.5 - 54.4 1 1.5
54.5 - 59.4 2 2.9
59.5 - 64.4 1 1.5
64.5 - 69.4 2 2.9
69.5 - 74.4  § 1.5
over 74.4 3. 4.3

Totel Number of Sauples - 69.



TABLE 16.

Frequency Table of the Coefflclients of Variation of
the Samples giving cclony counts of 50 and over, on
the 1/100 dilution Plates. The Freguencies are
expressed as percentages of the Number of Semples.

PART 2. PART 2,

ALL SAHPLES IN ONE GROUP OF SAMPLES

Coefficlents
of Variation

per cent. 5Splates lOplates 20plates 5plates lOplates 20plates

0 - 4.4 17.0 2.3 - 7.2 - -
4,5 - 9.4 22,1 4.7 B.7 10.1 5.8 8.7
9.5 -14.4 19.5 18.6 14.5 27.5 21.7 14.5

14.5 -19.4 13.6 20.9 15.9 17.4 18.8 15.9
19.5 =24.4 5.4 16.9 10.1 7.2 "18.0 10.1
24.5 -29.4 6.5 9.3 14.5 10.1 8.7 14.5
20.5 -34.4 3.3 7.0 13.0 - 8.7 13.0
34.5 -39.4 2.0 5.8 5.8 2.9 5.8 5.8
30.5 -44.4 - 1.2 2.9 s 1.4 2.9
44.5 -49.4 S8 2.3 - 5.8 2.9 -

49.5 -54.4 1.3 1.2 1.5 2.9 - 1.5
54.5 -59.4 - - 2.9 - - 2,9
59.5 -64.4 2.0 2.3 1.5 4.3 2,9 1.5
64.5 -69.4 2.0 1.2 2.9 1.5 1.4 2,9
69.5 -74.4 - 2.3 1.5 - 2.9 1.5

Over 74.4 2.0 4.7 4.3 2.9 5.8 4.3




TABLE 17.
‘&

\ 4
The percentage difference between ths mean of the
2 lowest and that of the 2 higheat counta of each
set of parallel plate counts, in the case of samples
giving colony counts of 50 and over on the 1/100

dilution plates.

The samples have been arranged in ascending order of
means of 20 plate series.

Difference be-

Mean of Mean of tween the mean
the 2 the 2 Difference between of the 2 lowest
Mean of lowest highest the mean of the 2 and that ef the

Sample 20 plate Plate Plate lowest and that of &2 highest plate

No. Counts Counts Counts the 2 highest plate counts expressed
counts as & percentage.
203x 56 48 63 15 26,7
44 65 52 83 31 47 .7
218 66 36 113 ™ 116.6
78 67 50 89 39 58.3
216 67 52 74 22 32.8
53 68 853 87 34 50
51 69 54 111 57 82.6
79 72 52 90 38 52.8
166 79 51 115 64 81
199 8l 67 107 40 49.4
145 84 52 124 72 85.7 .
161 85 31 194 183 191.7
168 88 66 116 50 56.8
43 99 65 109 44 48.9
74 101 75 130 55 54.5
11 106 75 144 69 65.1
203 110 102 123 21 19.1
38 111 87 194 107 096 .4



Mean of
the 2
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TABLE 17. (Contd)

Mean of
the 2

Difference be-
tween the mean

Difference between of the 2 lowest

the mean of the 2

and that of the

Mean of lowest highest 1lowest and that of 2 highest plate
Sample 20 plate plate plate the 2 highest plate counts expressed
No. Counts counts counts counts as 8 percentege.
183 112 96 142 47 41.9
49 116 83 153 70 60.3
209 116 94 1356 41 35
47 120 56 183 127 105.8
149 120 lo2 137 35 29.2
15 126 86 178 92 75.0
151 135 108 164 56 41.5
148 139 122 178 56 40.3
165 139 110 177 67 48.2
63 161 89 568 479 297.5
220 l62 14 19 5 Jel
10 166 95 246 151 o1
59 166 127 204 77 46.5
62 166 115 239 124 T4.7
157 175 126 266 140 80
143 176 122 197 75 42.6
16 178 114 269 155 87.1
18 191 136 290 154 80.6
65 195 120 374 254 130.2
14 198 13 543 530 267 .7
23 221 101 843 742 335.7
207 230 16l 286 125 54.3
7 232 96 300 204 87.9
150 238 131 345 234 98.3
56 240 144 386 242 100.1
57 246 203 357 154 62.6
169 260 60 523 463 17.8



Mean of
the 2

Kean of lowest
Sample 20 plate plate
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TABLE 17.

llean of Difference between
the 2 the mean of the 2
highest 1lowest and that of
plate the 2 highest plate

(Contd)

Difference be-
tween the mean
of the 2 lowest
and that of the
2 highest plate
counts expressed

No. councs counts counts eounts as a percentage.
6 299 109 400 291 97 .3
200 312 199 517 318 101.9
20 314 211 413 202 64.3
46 314 270 361 91 29
66 326 192 492 300 92
144 326 284 370 86 26.4
26 359 308 397 89 24.8
8 367 3506 859 553 150.7
201 435 305 583 278 63.9
64 437 160 558 398 91.1
198 475 249 1054 806 169.4
60 553 383 1286 903 1635.3
a7 573 472 663 191 333
37 674 288 1276 988 146.3
183x 698 316 1438 1122 160.7
152 729 100 1516 1416 194 .2
197x 751 350 1780 1430 180.4
21 772 337 1264 927 120.1
196x 815 506 1260 754 92.5
61 866 600 1242 642 74.1
202 1628 977 2480 1503 92.3
54 1724 415 2600 2185 126.7
205 2242 2016 2644 628 28.0
203y 3045 2340 3888 1548 50.8
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TABLE 18.

FREQUENCY TABLE of the PERCENTAGE DIFFERENCE between the MEAN
of the 2 LOWEST and that of the 2 HIGHEST COUNTS of each SE?T
of 20 PARALLEL PLATE COUNTS.

SAMPLES with MEAN PLATE COUNTS of 50 and OVER.

Percentage Difference between the Frequency, axpressed
Mean of the two lowest Plates and as & percentage of
that of tie two highest. - Prequency the Number of Samples.
0 - 9.‘ 1 1.5
9.5 - 19.4 2 2.9
19,6 = 29.4 6 8.7
29.5 = 39.4 3 4.3
39.5 - 49.4 9 13.0
49.5 - 59.4 7 10-1
59,5 = 69.4 B 7.2
69,56 = 79.4 S 4.3
T79.56 = 89.4 7 10.1
89,5 = 99.4 8 11,8
99.56 - 109.4 3 4.3
109,56 - 119.4 b § 1.6
129.5 - 139.4 b & 1.6
139.5 - 149.4 1 1.5
149.6 - 159.4 1 1.5
159,56 - 169.4 3 4.3
169.6 - 179.4 - -~
179.5 - 189.4 - -
189.5 - 189.4 S 4.3
Over 199.4 S 4.3

Total Number of Samples - 69,




TABLE 19,

Percentage Difference
between the Mean of

the 2 Lowest Plates Average Mean of Mean of
end that of the 2 Bacterlial 2 Lowest 2 Highest
Higheat, Content Counts. Counts,
é

25 32,000 28,000 36,000

100,000 8% ,500 112,500

50 32,000 24,000 40,000

100,000 75,000 125,000

100 32,000 16,000 48,000

100,000 50,000 150,000
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TABLE 20.

COMPARISON of MEAN COUNTS USING 2 and 20 PLATES, in
ASCENDING ORDER of MEARS of 20 PLATE SERIES.

First 2 Plates 20 Plates
Semple Mean Plste Mean Plate Percentage
No. Count. Count. Difference Difference.
204x 1 2 1,0 50.0
205x 3 3 (¢} 0
164 4 4 0 (o}
170 4 5 1 20.0
204 3 5 2 40.0
80 8 & 2 33.3
163 8 6 2 33.3
159 G 8 1 12.5
162 16 8 8 10
199x 7 8 1 12,56
19 10 10 0 ¢
146 13 10 3 30.0
196 21 190 11 11¢C.0
202x 11 11 0 c
160 12 12 0 0
204y 13 12 1 8.3
142 11 14 S 2.4
81 14 16 2 12.4
200x 11 18 ¥ SE,.9
1586 24 19 B 2€.35
70 18 19 4 2l.1
39 22 20 2 1¢.0
222 24 20 4 20:0
208 19 21 2 9.
62 25 22 1 4.6
201x 25 22 3 13,6
71 17 23 6 26,
41 25 24 1 4,
221 23 24 1 4.2
45 19 25 6 24.0
171 29 28 1l -1
40 S0 29 1 3.5
42 30 29 1 3.5
219 S4 20 5 17.2
82 30 30 0 0
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TABLE 20. {(Contd)

First 2 Plates 20 Plates
Sample Mean Plate Mean Plate Percentage
No, Count Count Difference Difference
147 2l 30 9 30.0
182 26 30 4 13.3
206 26 30 4 13.3
214 31 30 1l 3.3
212 24 32 8 25-0
2156 33 33 0 0
211 42 36 6 16.7
213 37 : 36 1 2.8
171x 45 39 6 15.4
210 37 39 2 5.1
55 S 40 3 7:5
72 39 41 2 4.9
48 59 42 17 40.5
197 45 44 1 2.3
217 36 46 10 21.7
75 51 48 3 6.3
263x 53 56 3 5.4
44 60 65 5 7,7
218 113 66 47 71.2
78 6% 67 0 0
216 71 67 4 6.0
53 60 68 8 11.8
51 101 89 32 46.4
79 72 72 0 0
166 64 79 156 19.0
199 82 81 1l l.2
145 52 B4 32 8.1
161 71 85 14 16.5
168 80 88 8 9.1
43 €5 80 25 27.8
74 83 101 18 17.8
11 128 106 22 20.8
203 107 110 3 2.7
38 lo04 111 7 6.9
183 103 112 9 8.0
49 1385 116 9 7.8
209 113 116 3 2.6
47 105 120 156 12;5
149 135 120 16 12;8
156 133 1286 7 5.6
151 109 135 26 19.3

148 1635 139 24 17.3
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ABLE 20. (Contd)

First 2 Plates 20 Plates
Ssmple Mean Plate Mean Plate Percentage
No. Count Count, Difference Difference
165 143 139 4 2,9
63 107 161 54 33.5
220 176 162 14 8.6
10 153 166 13 7.8
§9 165 166 11 6.6
62 136 166 30 18.1
157 234 175 59 35,7
143 176 176 0 0
18 137 178 41 7 23,0
18 175 191 16 8.4
85 205 196 10 5.1
14 16 108 182 91.9
23 131 221 20 40,7
207 lal 230 69 30,0
. 252 232 (4} 0
150 241 238 S 1.5
86 339 240 99 41.5
57 210 246 36 14.6
169 231 260 29 11.2
6 356 299 o7 19,1
200 2256 312 87 27.9
20 306 314 8 2.6
46 S44 314 S0 9.6
66 216 326 110 33.7
144 327 326 1 e}
26 377 369 18 5.0
8 402 367 35 9.5
201 391 435 44 10,1
64 527 437 90 20,6
198 278 475 197 41.5
80 449 5863 104 18,8
17 561 : 873 12 2;1
37 837 674 137 20,3
183x 442 698 256 36,7
152 923 729 194 26,6
197x 1780 751 1029 137.0
21 337 772 435 56.4
196x 1069 8156 254 3l .2
61 1055 868 189 21.8
202 1956 1628 328 20.2
54 1076 1724 648 97 .6
205 2127 2242 1156 5.1

203y 2992 3045 53 1.7




TABLE 21,

COMPARISON of MEAN COUWIS using & and 20 PLATES, in
ASCENDING ORDER of MEANS of 20 PLATE SERIES,

First 5 Plates 20 Plates
Sample Mean Plate Mean Plate Difference Percentage
No. Count Count Difference
204x 3 2 1 50.0
205x 2 3 1 33.3
164 4 4 0 0
170 4 s 1 20,0
204 2 5 3 60,0
80 7 6 1 16.7
163 6 6 0 0
159 10 8 2 25.0
162 11 8 3 37.5
199x 7 8 1 12.5
19 10 10 0 0o
146 12 1o 2 2.0
196 13 10 3 30.0
202x 11 11 0 0
160 15 12 3 25,0
204y 14 12 2 16.7
142 15 14 1 75
81 14 18 2 12,5
200x 16 18 2 11.1
155 20 19 | -]
70 17 19 2 1036
39 22 20 2 10,0
222 22 20 2 10.0
208 20 21 1l 4.8
62 23 22 1l 4.6
201x 22 22 0 0-
71 21 23 2 8.7
41 23 24 1l 4.2
221 23 24 1l 4.2
45 25 25 (o] 0-
171 29 28 1 9.6
40 33 29 4 13.8
42 30 29 1l 3.5
219 30 29 1l 3.5
82 30 30 0 0
147 27 30 ) 10.0
182 28 30 2 6.7
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TABLE 21. (Contd)

Pirst 5 Plates 20 Plates
Sample Measn Plate Mean Plate Difference Percentage
No. Count Count Difference
206 22 30 8 26.7
214 31 30 1 SeS
212 26 32 6 18,8
216 33 33 0 0
211 41 36 5 15,9
213 37 o6 l 2.8
171x 41 39 2 5.1
210 38 39 1 2,6
56 37 40 3 7e¢5
72 39 41 2 4.9
45 49 42 T 16.7
197 46 44 2 4.5
217 40 46 6 13,0
75 47 48 1l 2.1
203x 54 56 2 S.6
44 63 65 2 3.1
218 106 €6 39 59:1
78 61 67 6 9.0
216 78 67 5 75
53 58 68 10 14;7
51 79 89 10 14:6
79 7S 72 1 1.4
166 65 79 14 17.7
199 76 81 5 6.2
145 60 84 24 28,6
161 71 85 14 16,5
188 91 88 3 S.4
43 81 80 9 1060
74 88 101 13 12,9
11 125 106 19 1759
203 108 110 2 1.8
<8 106 111 5 4.5
183 111 112 1 9
43 123 116 7 6,0
209 112 116 4 Seb
47 lo2 120 18 15,0
149 127 120 7 5.8
15 130 126 4 3.2
151 129 1356 (3 4.4
1438 157 139 18 13.0
1656 154 139 16 10.8



TABLE 21. (Contd)

First 5 Plates 20 Plates
Semple ¥ean Plate Mean Plate Difference Percentage
No. Count Count Difference
63 110 161 51 o137
220 187 162 5 J:X
10 150 166 16 9.6
69 168 166 8 4.8
62 149 166 17 10.2
167 233 175 68 Sd.1
145 204 176 28 15.9
16 140 178 38 21 .4
18 197 101 6 Ded
65 172 106 23 11.8
14 59 198 139 70.2
23 120 221 101 45.7
207 203 230 27 11.7
7 245 232 13 5.8
160 210 238 28 11,8
56 275 240 35 14,6
87 224 246 22 8.9
169 289 260 29 1l.2
6 308 299 9 o.0
200 273 312 39 12:56
20 306 314 8 2s
46 316 314 1 S
86 219 326 107 S84
144 323 326 3 o8
26 363 359 4 i3l
8 043 367 24 6.6
201 408 4556 27 6.2
c4 554 437 o7 22,2
188 271 475 204 4239
60 4635 563 20 18,
17 524 o573 49 8.6
S7 551 674 123 18.3
183x 5190 698 179 25,6
1562 82¢ 729 el 13.5
197x 1031 751 280 37 .3
21 758 772 14 1.8
196x 1120 815 S$05 37 .4
61 1000 866 1354 16.5
202 2045 1628 417 25,6
54 1433 1724 291 16.
206 2169 2242 B3 2.4

203y 2906 3646 139 4.6
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TABLE 22.

COMPARISON of MEAN COUNT® using 10 and 20 PLATES,
in ASCEFNDING ORDER of 20 PLATE SERIES.

First 10 Plates 20 Pleates

Sample Mean Plete Mean Plate Difference Percentage
No. Count Count Pifference
204x 4 2 2 . 100
205x S 3 0 C
164 4 4 (¢] o
170 4 5 1 20.0
204 S S 2 40.0
80 6 & 0 c
163 é 6 0 0
169 8 8 0 0
lege 10 8 2 26,0
19¢x -] 8 2 256.0
19 10 10 0 (6]
146 12 10 2 20,0
196 11 10 1 10.0
202x 10 11 1 9.1
160 15 12 3 25.0
204 14 l2 2 16,7
142 14 14 e 0
81 18 16 0 0
200x 19 i8 1 5.6
165 19 19 0 ¢
70 19 19 ¢ 0-
39 21 20 1 5.0
222 22 20 2 10.0
208 21 >3 8 0 0-
52 21 22 1 4.6
201x 22 22 4] 0-
71 24 23 1 4.4
41 s4 24 0 0
221 24 24 0 0
45 23 25 2 8-
XX 30 23 2 7e1
40 29 29 0 0
42 29 29 0 0
219 28 28 1 3.5
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TABLE 22, (Contad)

First 10 Plates 20 Plates Percentage
Sample Mean Plate Mean Plate Difference Difference
No, Count Count
82 29 30 1 Sed
147 28 30 2 6.7
182 28 30 2 6.7
206 29 30 ; | S el
214 30 30 0 0
212 26 32 & 12.56
215 33 33 0 0
211 38 36 2 5.6
213 37 36 1l 2.8
171x 40 59 2 2.6
210 42 39 3 77
56 1Y 40 - 2.6
72 42 41 2.4
48 45 42 i i 2.4
197 45 44 : A 2.3
21%7 43 45 3 6.5
75 48 48 0
203x 56 56 -
44 85 65 2 S:l
218 W €6 11 16,7
78 84 67 3 4.5
216 70 87 3 4.6
53 62 68 6 8.8
51 73 69 3 4.4
79 73 e l 1.4
166 81 79 2 2.5
199 8l 8l 0 0-
145 81 84 ] 3.6
16l 115 85 30 38,3
168 88 83 3 Sz
43. 85 80 S 5:6
74 7 101 4 43
11 114 106 3 7 «6
203 110 110 0 0-
38, 104 111 7 6:d
183 119 112 7 6.3
49 124 116 8 6.9
209 109 116 v 6.0
47 125 120 3 2.5
149 119 120 3 .8
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TABLE 22. (Contd)

First 10 Plates 20 Plates

Sample dean Plate Mean Plste Difference Percentags
No. Count Count Difference
15 116 128 10 Te¥
151 128 138 ¥ 5.2
148 . 146 139 7 5.0
1656 142 138 3 2.2
€3 186 16l 36 21,7
220 1656 lée S 1.6
10 141 166 25 156.1
53 12 l6C 4 2.4
62 1585 166 63 | 6.6
167 203 176 31 17.7
143 182 176 6 J.4
16 146 178 SE L 13.0
18 135 191 4 ° 231
65 197 196 ;s B 1.0
14 103 198 4213 43.0
23 114 221 107 48 .4
207 229 2830 b o4
7 239 232 7 3.0
180 241 238 3 1.3
56 251 240 b & § 4.6
&7 267 24¢€ s 21 B.b
168 260 260 (3] v}

6 316 20¢ 17 5.7
2C0 282 312 3C 9.8
20 313 314 ;) -
46 wl3 314 3 -
66 265 326 61 18.%7
144 315 326 13 4.0
26 3549 352 16 2.5
8 S87 S67 G 0
201 414 435 21 4,8
64 481 4357 “h 1051
198 495 475 20 4.5
&0 622 553 6% 12,5
17 545 573 28 4.5
o7 721 674 47 7.0
183x 515 698 183 26.
152 758 729 29 4. ©
197x 774 751 23 Sel
21 884 e 112 14. &
196x 916 816 101 12.4
61 979 866 113 13.1
202 1312 1623 184 11.3
54 1779 1724 56 S.2
205 2225 2242 17 «8

203y 2871 3045 174 5.7
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TABILE 23.

COMPARISON of the PENRCENTACE DIFFEFRELCE between the MEAN
OBTAINED from £ with that OBTALKED from 20 PLATES
EXPRESCED es& & FREQUENCY TABLE.

Percentage Difference Frequency, expressed
between Mean of 2 as & percentage of
PLATES & that of 20 Number of Samples.
PLATES . Frequency.
0 = 4.4 28 83,3
4.5 - 9.4 21 17.5 2
9.6 - 14.4 156 12.5
19.5 e 24.4 18 10.0
24.5 -~ 290.4 6 6.0
20,6 - 34.4 9 T
54.5 - 39.4 4 N
30.6 = 44.4 o 4.2
44,6 ~ 49.4 1 ]
4905 - 54.4 1 08
54.5 - 59.4 1 .8
$0.5 -~ 64.4 - -
64.56 - 69.4 - -
69,6 -~ 74.4 3 8
74.5 - 79.4 - -
79.5 - B84.4 - -
84,5 - 89.4 ~ -
89.5 - 94.4 - 08
94.5 - 99.4 - -
Over 899.4 S 245

The percentage difference is greater than 19,4 In 36.6
per cent of the samples, bul If the samples with mean
plate counts of less than 50 are excluded, the figure
is reduced to 21.5 per cent.
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TABLE 24,

COMPARISOR of the PERCENTACE DIFFERENCE between the MEAN
OBTAINED from 5 with that OBTAINED from 20 PLATES
expressed a8 a FREQUENCY 7ABLE

Parcentage Differance Prequency, expressed
betwaen MEAN of & PLATES as a Dpercentage of
end that of 20 PLATES. Frequency Number of Samples.

4.4 1) 29.3

0 -

4'5 - 9.4 24 20.0

9.6 =~ 14.4 22 18.3
14.56 - 19.4 16 13:9
19.6 - 24.4 S 2.5
2'1.5 - 29.‘ 6 Spo
29.5 - 5‘.4 5 ‘.5
34.5 - 39.4 3 2.5
39.6 = 44.4 1 .8
44.5 - 49.4 1l +8
49.6 - 54.4 5 | «8
64.6 = B9.4 1 -8
59.6 - 64.4 1 8
64.5 = 69.4 - -
89.5 = T74.4 1l -8
74,5 =~ 79.4 - -
Over 79.4 - -

The percentage difference is greater than 19.4 in 19.1 ger
cont of the semplea, but if the samples with mean plate

counts of less then 50 are excluded, the figure is
reduced to 11,7 per cent.




TABLE 25,

COMPARISON of the PERGENTAGE DIF-URENCE betwesn the

MEAN obtained from 10 with that obtained from 20
PLATES, expressed as s Frequency Table.

Percentage Difference Frequency, expressed
between Mean of 10 Plates as a8 percentege of
and that of 20 Plates. Frequency Number of Camples.
0 = 4.4 63 52,5
4.5 - 9-‘ 29 24.2
.6 = 14.4 9 7.8
14.5 - 19.4 7 5.8
19,6 - 24.4 3 2.5
24.56 -~ 20.4 4 3.8
29.5 - 54.4 - -
24.6 - 39.4 1 8 %
39.5 - “.4 1 .8
49.5 - 99.4 - -
Over 99,4 1 -8

The percentage difference is greater than 19.4 per cent
in 9.9 per cent of the samples, but if the samples with
Mean Plete Counts of less than 50 are excluded, the

figure 1is reduced toc 4,1 per cent,




TABLE
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26.

COMPARISON of the PERCENTAGE DIFFERENCES between the
MEANS obtained from 2, 5 snd 10 PLATES respectively
with that obtsined from 20 PLATES, expressed as a

FREQUENCY TAZLE.

Percentage Difference
between Mean Count of 2,

—

Per Cent Samples

S5 or 10 PLATES and 2 Plsate S Plate 10 Plsate
that of 20. Series. Series . Series
0 = 4.4 23.93 29,3 52.5
4.5 =~ 9.4 17.5 20.0 24 .2
9.6 = 14.4 12.5 18.3 7.9
14,5 - 19.4 10,0 13.9 5.8
1905 - 24.4 10.0 2.5 255
24,5 - 29.4 5.0 5.0 Sed
29.5 - 34.4 75 4.5 -
04,5 - 39,4 b 2:5 .8
99.5 = 44,4 4.2 8 8
44,5 = 49.4 .8 .8 14T
49,5 - 54,4 -8 +8 -
54,5 - §9.4 .8 8 -
53.56 = 64.4 - -8 -
€4.5 -~ 69.4 - - -
6905 - 74-4 08 08 -
74.5 - 79.4 - - -
7995 - 84.4 - - -
84.5 - 89.4 - - -
83,5 - 94.4 o8 - -
94,5 - 99.4 - = =
Over 99.4 2.8 - «8
— e ———— e ——
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TABLE 27,

COMPARISON of the ACTUAL DIFFERENCE between the MEAN
obtained from 2 with that obtained from 20 PLATES ,
expressed as a FREQUENCY TABLE. SAMPLES giving MEAN
COLONY COUNTS of less than 50 on the 1/100
Dilution Plates.

Actual
Difference hetween Frequency, expressed
Meean of 2 PLATE a8 @ percentage of
COUNTS & that of 20 Fregquency the Number of Samples,
4.6 - 9.4 10 . 19.6
9.6 =~ 14.4 2 Se9
Over 19.4 - -

Total Number of Samples 51.
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TABLE 28.

COMPARISON of the ACTUAL DIFFERENCE between the MEAN

obtained from 5 with that obtained from 20 PLATES,ex-

pressed es a FREQUENCY TABLE. SAMPLES giving MEAN

COLONY COUNTS of less than 50 on the 1/100 DILUTION
PLATES .

Actual Difference
between Mean of 5 Plate

Prequency, expressed
as a percentage of

Counts and that of 20. Frequency the Number of Samples.
O - ‘.‘ “ 9002
4.5 - 9.4 5 9.8
Over 0.4 - -

Total Number of Samples - Bl.,
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TABLE 29,

COMPARISON of the ACTUAL DIFFERENCE between the MEAN
obtained from 10 with that obtained from 20 PLATES, ex-
pressed as a FREQUENCY TABLE. SAMPLES giving  MEAN
COLOKY COUNTS of less than 50 on the 1/100 DILUTION PLATES.

Actual Difference between Frequency, expressed
Mean of 10 Plates Counts as a percentage of
and that of 20, Frequency the Number of Ssmples.
0 - 4.4 51 100
Over 4.4 - -

Total Number of Samples - 51,
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TABLE J30.

COMPARISON of the ACTUAL DIFFERENCES between the MEANS
obtained from 2, 5§ and 10 PLATES respectively with that
obtained from 20 PLATES, expressed as a FREQUENCY TABLE.

SAMPLES giving MEAN COLONY COUNTS
of less than 50 on 1/100 DILUTION PLATES.

Actual Difference between Per Cent Semples.
Mean Count of 2, 5, or 10

PLATES and that of 20 2 Plate 5 Plate 10 Plate

PLATES . Series Series Series

4,5 = 9.4 19.6 9.8 - o

9.0 = 1l4.4 S3.9 - -

14.5 - 19.4 200 - -

Over 19.4 - = =




TABLE 31,

SAMPLES with MEAN PLATE COUNTS of less than 50, and
with a PERCENTAGE DIFFERENCE between MEANS of 5 snd

20 PLATES of 19.5 per cent or more,

Sample 5 Plates 20 Plates Difference Percentage
No. Mean Count Mesn Count between Means Difference
204x 3 2 1 50,0
205x 2 3 1 333
170 4 5 1 20.0
204 2 ) S 60.0
159 10 8 2 25.0
162 11 8 3 37.5
196 13 10 3 30,0
160 16 12 S 25.0
206 22 30 8 26.7




7 T=

TABLE 32,

SAMPLES with HIGH MEAN PLATE COUNTS and with a
PERCENTAGE DIFFERENCE between MEANS of 6§ & 20
PLATES of 19.5 per cent or more.

Sample 5 Plates 20 Plates Difference Percentage
No. Mean Count Mean Count  hetween Means Difference
183x 519 €98 179 25;6
197x 1031 761 280 37.3
196x 1120 8156 305 37.4
202 2045 le28 417 25.6
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TABLE D .

SAMPLES with irregular PLATE COUNTS and with a PERCENTAGE
DIFFERENCE between MEANS of 5§ and 20 PLATES of 19.5
per cent or more.

Seample 5 Plates 20 Plates

i RSO . sk ey TR
218 105 66 39 59.1
1456 60 84 24 28.6
63 110 161 61 Ol .7
187 233 176 58 33.1
lé 140 178 38 21.4
14 58 198 139 70.2
66 219 326 107 32,8
64 - 534 437 97 22,2
198 271 475 204 42.9

23 120 221 101 45.7
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T A B L E 34.

SAMPLES with MEAN PLATE COUNTS of 50 and over with
a PERCENTAGE DIFFERENCE between MEANS of 10 and 20

PLATES of 19,5 per cent or more.

Sample 10 Plates 20 Plates Difference Percentage
No. Mean Count Mean Count between Means Difference
161 116 3 e 30 35.5

63 196 161 35 21;7
14 103 198 95 48.0
23 114 221 107 48 .4

183x 5156 698 183 26.2




SECTION 1I.

THE INFLUENCE of the CREAMING PROPERTIES of MILK,
AGITATION and HOMOGENISATION on the BACTERIAL
CONTENT end DISTRIBUTION of ORGANISMS in the FLUID.

A A - S G . T ——
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SECTION II.

THE INFLUENCE of the CHEAMING PROPERTIES of MILK,
AGITATION and HOMOGENISATION on the BACTERIAL
CONTENT and DISTRIBUTION of ORGANISMS inm the FLUID.

In estimating the bacterial content of a fluid by
the plating method 1t eppesrs that the difficulties in ob-
taining uniformity of counts for duplicate tests muay de in-
creased in the case of milk, because this liquid is hetero-
geneous in mature end the bacterial contaminants are liable
to occur, not only as groups or individuals freely dispersed
in the liquid but also in association with metter in suspen-
sion, especisally the clusters of fat globules, Conseguently
the bacterial counts are likely to vary with the extent to
which the clusters of fat globules ure broken up or aggregeted
by the manipulations.

An investigation was carried out to determine:-

(1) The Anfluence of the creaming properties of milk
on the numbers and distribution of organisms end

(2) The effect of {(a) prolonged shaking of the 1/100
dilution end (b) homogenisation of the milk on the mean plate
count and uniformity of parallel plate counts.
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The Influence of the Creesming Properties of

Milk on the Numbers and Distribution of

Organisms

Samples of fresh milk a few hours old were tested
for bacterial content. Then each was divided into two parts,
the one being poured into an ordinery sample bottle and the
other into a separating funnel. The sample bottles and separ-
ating fumnels were deposited in a cool place. After 24 hours
the skim milk in each separasting funnel was separsted from the
eroam, The whole milk in the ssmple bottles, the skim milk
~and the cream were then tested separately for bacterial con-
tent, 20 parallel plates being poured. The results are given
1anﬂe55(pmpqd).

The mean plate counts of the skim milk samples are
very low compared with those of the cream due evidently to
ého fact that many bacteria have been conveyed to the surface
by the rising fat globules. There is, however, no definits
relationship between the mean counts of the skim milk and of
the cream. The mean plate counts of the cream samples sare
in most instances higher than those of the corresponding whole
milk samples of the same age, but there is no definite correla-
tion.

It is evident from these results that if the cream
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is not properly mixed with the rest of the milk, an accurste
estimation of the bacteriel content cannot be obtained. The
ordinary shaking method appears to be satisfactory for the
general distribution of the fat clusters throughout the rest
of ths milk because there is little or no variation in
duplicate fat tests in the mumerous instances where these
have been performed. (An error may occur where a sample
bottle containse so much milk that it is imposaible to agi~-
tate the milk properly by shaking, or where the cream is
sticking to the lower part of the stopper and the neck of
the bottle). The shaking, however, may not de sufiicient

to break up the qlnstama of fat globules, If this is the
state of affalrs an even distribution of the fat ;lobules
throughout the milk and the water employed in preparing the
dilutions camnot be obtsined. Parallel plate counts of the
organisms 1in such fluids will be irregular. This supposition
affords an explanation of the irregularity of perallel plate
counts, BHevertheless, it nust be remenbered that in a large
proportion of the semples the parallel plate counts are
uniform. It 1s likely that irregulsrity of parallel plate
counts 1s due to several factors of which the two most ime
portant would seem to be:-

(1) oeccurrence of the organisms in clusters or groups
of varyin; size.

(2) wuneven distribution of the fet globules.
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The Influence of prolonged Shaking of the 1/10C

dilution on the mean plate Count and on the

uniformity of parsllel plate Counts.

The 1/100 dilution was prepared by the modifisd
method discussed previously, and then hand sheken by the
of ficial method up to 1000 times. In a few instances it
was shaken for an hour in an end over end shaker running at
40 revolutions per minute, but this practice was asbandoned
as signs of churning were seen. Twenty parallel plates were
poured sfter 40, 500, end 1000 shakes respectively, and
after one hour in the shsaker.

It will be seen from Table 36, (1) & (11) (pageqi
and(2 ) in which the results are reported that in those
samples of which the mean plate counts were less than 50,
the prolonged sgitation has not sltered the value of the
mean count eppreciably. In general the differences bstween
the mean counts of the plates poured after 40 shakes and

after prolonged shaking are of no significance, being less

gy mn
than8," + S5 where 5, and S, are the standard devia-

tions of the respective means under consideration | 7..)

Further, the prolonged shaking does not appear to have ree
sulted in the distribution of the orgsnisms becoming more
uniform throughout the suspension, for in neither the 5 nor



the 20 plate series has the standard deviation been consis-
tently reduced, 1imn a number of instancea there being found
an increase. The agreement betwsen the counts obtained from
the 5 and from the 20 parallel plates appears to be guite
satisfactory.

In the samples whose mean plate counts exceeded 50,
prolonged shaking has frequently resulted in an increase in
the mean plate count. This increase is generally greater
in samples with high counts; in most of the samples having
counts ranging between 50 and 150, the increase is of 1little
or no significance. The number of somples was insufficient
for eny conclusions to be drewn as to the existence of any
relation betweon irregularity of distribution of the organ-
isms in the dllution water and an increase in the count on
prolonged shaking. But in the case of samples, Number 161,
152 and 169, whoso mean counts had very high coefficients of
variation, prolonged agitation has resulted in & large in-
crease in the mean plate counts of the firast two sammples and
a slight decrease (after 1000 shakes) in the mean plate count
of the last one. There is fairly close sgreement between the
mean counts obtalned from the 5 and from the 20 psrallel
Plates. Prolonged shaking does not appesr to have distridbuted
the organisms more uniformly througchout the suspension for,

with few exceptions, the coefficlents of variation have not
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been significantly reduced. In a mumber of instances,
especially vhere the mean counts are high, there has been
an increase.

The results seem to indicate that no advantage is to
be gained by increasing the period of shaking. It is possi-
ble that o Jdifferent type of motion in which the suspension
is subjected to a vibratory treatment might bring sbout a
more satisfactory dispersion. There is no doubt, in view of
the high values of the coeffieient of variation, that asome
method which will give & more uniformly distributed sus-

pension of the organisms is urgently reguired.

The Influence of Homogenisation of the Milk on

the Bacterial Content and Uniformity of Parallel

Plate Counts

An experiment was performmed to determine whether
more uniform plete counts may be obtained when the fat
clusters are broken up and the globules composing them are
so finely sub-divided that they no longer tend to rise to
the surface. Samples were taken from specimens of fresh
milk prior to and after homogenigsation and estimations were
made of thelir bacteriel content. In order to make sllowance

for the effect of bacterial multiplication in the milk during



homogenisation, corresponding saspleas of the untreated and
homogenised milk were teated simultaneously. The milk was
homogenised at a pressure of from 2000 to 3500 pounds per
square inch by means of a dalry homogenising plent with e
cepacity of 10 gmllons per hour. Prior to use the machine
was scalded by exposure to boiling water for 10 minutes and
then allowed to cool. The temperature of the unhomogenised
milk was approximately 10°C. and that of the milk passing
through the machine was not allowed to exceed 40°c. The
time taken for the treatment dld not exceed 10 minutes. The
results of this experiment are recorded in Table 37 (pageQd ),
the samples being arranged in order of the mean counts of the
homogenised milk samples. Twenty perallel plates were
employed throughout the experiment. 1In 5 instances the
bacterial content was not estimmted prior to homogenisation.
The results are not i1llumineting probably due to
the fact thet theo samples of milk in most instances were
only a few hours old, sc that the cream had not 'gathered!
nor the bacterie multiplied to any extent. In all samples
the mean plate count of the milk prior to homogenisation
is much lower than that of the milk sfter treatment, but
there is no definite relationship between them. PFurther
there is no significant difference between the coefficients
of varistion of the cocrresponding mean counts; thus the



average coefficient of veriation of the mean counts of all
the samples prior to homogenisstion is 13.5 vhile that

of the mean counts of the corresponding homogenised ssmples
is 12.8. The coefficients of variation of the homogenised
milk samples, however, would probebly have been lower but
for the fact that in many sauples the plate counts were

over 300 or 400 snd consequently there mas & greater error
in making the actual counta., On the other hand, the co-
efficients of veriation of some of the unhomogenised milk
semples are high owing to the effect of the low values of
the means. It 1a.prdbnble that in most samples the organisms
occurred singly, in paira or in smell clusters, fairly
uniformly distributed throughout the milk and only to a
limited extent in contact with the clusters of fat globules.
If this supposition is correct, and 1t is supported to scme
extent by the fect that in none of the unhomogenised milk
samples iz the coefficient of varietion high, the process of
homogenisation would have 1little influence on the unirorniéy
of parallel plate counts. The higher bacterial counts of
the homogenlised milk samples appear to be due largely to the
bresking up of the bacterial clustera by the treatment into
smalleor cell-groupings and single c¢olls. There wohld be
little contemination of the milk during homogenisation as
not only was the machine carefully scalded prior to use but
the first portion of the treated millkk was discarded.
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S UMMARY

(1) The ecream has & much higher bacterial content
than the underlying milk end therefore if not properly mixed
with the rest of the milk an accurate estimate of the bacteri
content will not be obtained. While the offielal shaking
method appears toc be satiafactory for the distridbution of the
clusters of fat globules throughout the milk, it may not be
gsufficient to break up these clusters and disperse the organ-
isms in contact with them,

(2) Prolonged shaking of the 1/100 dilution by hand
does not appear to dlstribute the organisms more uniformly
throughout the fluid but it frequently incresses appreciably
the values of the mean counts of samples which contain large
numbers of bacteria. There seems, however, to be little
advantage to be gained by prolonging the period of shaking
by hand.

(3) Homogenisation increases considerably the values
of the mean counts of samples of milk. This is apparently
due to the breaking up of clusters of bacteria. It does not,
however, bring about a more uniform distribution of the
bacteria in comparsatively fresh samples probably owing to
the fact that in such samples the bacteris most frequently
oceur singly or in amall groups and not in association with
the clusters of fat globules.
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TABLE 37,

The Influence of Homogenisation of }ilk on the

Bacterial Content snd Uniformity of Parallel Plate

Counts. The Teble is based on the Results obtained

from the use of 20 Parallel Plates, the Results be-

ing arranged in Ascending Order of Heans of the
Homogenised Samples.

BEFORE HOMOGENISATION AFTER HOMOGENISATIOR
Mean Coafficlent Mean
Plate Standard of Plate Standard Coefficlentd
Semple Count Deviation Veriation Count Deviation Variation
per cent per cent
249 42 5.1 12.0 62 8.7 14.0
263 53 5.7 10.7 112 9.9 8.9
266 - - - 125 8.8 7.0
212 32 6.8 21.3 158 14.5 9.0
260 - - - 399 32.3 16.2
265 - - - 221 13.1 5.9
287 - - - 351 23.2 6.6
250 76 16.8 22.1 385 66.4 17.2
264 - - - 417 39.9 9.6
254 126 14.0 11.0 457 64.9 14.2
219 29 2.2 7.7 663 59.7 8.9
261 69 5.7 Bed 685 58.0 8.5
252 126 7.7 6.1 701 40.6 5.8
220 182 14.4 8.9 72 100.2 13.0
255 276 3l.4 11.3 967 104.4 10.8
251 305 34.2 1.2 1073 94.8 8.8
262 - - - 1132 157.4 135.9
258 999 188 .6 18.9 1926 508.7 26.4
257 553 75.3 13.6 2954 476.1 16,1
259 1266 238.9 18,9 4752 8l8.1 17.2
256 1011 205.9 20.4 4802 631.7 13.2
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SECTION ITI.

THE OCCURRENCE of COLIFORM
in MILK.

BACTERTA
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SECTION I1I.

THE OCCURRENCE of COLIFORM BACTERIA in MILK.

Of 211l the conmon non-pathogenic bacterial con-
taminants of milk the coliform organisms are generally re-
cognised to be the most important. Many of them occur
comuonly in intestinsl metter and are characteristic of
animal excrements, while others occur less frequently in
faeces but are fairly common in the soll, and even on cereal
greins end other foods (27 . 0 ) Their presence in milk
is considered generally to be due to ita contamination,
directly or indirectly, with animasl excrementa. Therefore the
Coliform Test is widely used in determining the purity of
milk.

The test as carried ocut by the Bacteriology Depart-
ment of The West of Scotland Agriculturel College by the
Durhem's fermentation tube method, involves the use of three
test tubes of bile-salt lactoase bouillon with Andrade's
indicator. One tenth c.c. of the milk ias added to the first
test tube; 1 c.c. of the 1/100 dilution (equivalent to 1/100
c.c. of the orliginal semple) is added to the second test tube
and 1/10 e.c. of the 1/100 dilution (equivalent to 1/1000 e.c.
of the originsl sample) 1is added to the third test tube.
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The inoculated medium is incubated at 37°C. for 48 hours and
then examined, the presence of both acid and gas being re-
garded as = "positive" reaction.
An investigation was carried out to determminete
(1) the prevalence of coliform bacteria in milk;
(2) the influence of season upon their prevalencs;
(3) the correlation, if sny, between the presence of
coliform bacteria in milk and the total bacterial

content, and

(4) the types of coliform bacteria cammonly present in
milk.

The Prevalence of Coliform Becteria in Milk.

Table 38 (pages 152 & 153) gives the prevalence of
coliform bacteria in 21,565 samples of market milk. The
samples were generally bulk ssmples, taken without warning from
the milk of 1individual farmers on arrival at a creamery or
dairy. They were therefore typlcal of the genersl supplies.
The tests were carried out at intervels of a month and in most
instances extended over & period of several years. In record-
ing the results, the farmers have been placed in groups accord-
ing to the district, creamery or dairy to which they belong,
and the resulta of each year's tests are given separately.

The following is 2 sumery of the results givem in
Table 38:-
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Results of Coliform Test

Percentage of

Ssmples 1/10 c.camilk 1/100 c.c.milk 1/1000 c.c.mil
48,3 - - -
21.4 + - -
14.0 + + . -
16.3 + + +

It i3 probable that these results are much better
than those generally obtalned from semples of milk for the
following reasonst-

(1) Arrangements were made in the despatch of the samples
so that they could be tested on the seme day. C(Con-
sequently the samples of morning milk were tested at
an age of from 8 to 10 hours and those of evening
mille at an age of from 20 to 22 hours.

(2) Meny of the sanples were from creameries and dairies
whose supplies have been submitted to such tesats
for a mumber of years. In these instances thers
is frequently after a time a distinct improvement in
the purity of the milk due to the greater care taken
in 1ts production and treatment. This improvement
is evident when a comparison is made of the results
of succeasive years tests of samples from the same

group of farmms. (See Table 38).




The Influence of Season on the Prevalence

of Coliform Bacterias in Milk

A comprrison of the resultas of the tests of samples
from the same group of farms reveals the fact that the proe
portion of ssmples which contain coliform bacteria in 1/10 c.c.
(hereafter referred to as coliform positive semples), varies
widely during the year. The proportion of these semples is
generally ruch higher during the summer and early asutumn than
during the rest of the year. (See Tables 39 to 44 (pages 5L
to 15Q), snd Figures 4 to 9). Rach teble and figure gives
the results of the monthly tests of samples from the one
group of farms. These monthly tests in the case of each
group of farms were generally performed on the same day, and
the mean of the minimum and maximum atmospheric temperatures
for that day is given in the table and corresponding figure.
It is therefore possible to determine whether or not this
seasonal variation in the proportion of coliform positive
sawples is due lsrgely to atmospheric temperature. It is
evident that there is s distinct correlation between the
proportion of coliform positive samples and the mean of the
minioum and maximum atmospheric temperatures, the proportion
of coliform positive samples being generally larger the
higher the atmospheric temperature. The fact that the correls-
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lation 1s not perfect indicates that there may be other
seasonal factors.

The effect of atmospheric temperature on the pro-
portion of coliform positive samples is probably due largely
to its influence on the rate of multiplication of the bacterial
contaminents both in milk which has not been cooled and on

utensils which have not been properly sterilised.

The Relation of Total Bacterial Content to the

Presence of Coliform Bacteria

To determine whether there is any relationship be-
tween the total bacterial content of milk and the presence of
coliform bacteria, the results of the tests of 21,857 samples
were examined. Estimations were made of the average bacterial
content of the coliform positive samples, i.e., the samples
containing coliform bacteria in 1/10 c¢.c., and of the coliform
negative samples, 1.e., the samples containing no coliform
organisms in 1/10 c.c. The results are given in Tsble 45
(pages l(fO'f(al)‘ the samples being arranged in groups as in Table
38. A few additionel sasmples (288) have been included. These
samples were omitted from Table 38 owing to the fact that no
coliform test had been made for 1/1000 c.c. amounts. It will

be seen that 1n all the series of tests the average bacterisl
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content of the coliiform negative samples is less than that
of the coliform phsitive. The ratio of the former to the
latter veries fron 1 : 1. 6 to 1 : 11.b, The average bacterial
content of ell the coliform negative ssmples (10,458 in
number) is 25,294 and of all the coliform positive ssmples
{11,399 in number) is 160,577. The ratioc of the former to
the latter is 1 ¢ 6.3,

The higher total bacterial content of the colifomm
positive samples may be due to several fectors of which the

following sppear to be the most important:-

(1) Higher initlal contamination of such milk, not only
with coliform baéterin but aslso with others, eas a
result of faulty methods end especially in wam
weather, contaminated utenails.

(2) The multiplication of coliform and other dacteris in
uncooled mllk. Samples of uncoocled milk mot only
give in many instances coliform positive tests but

they generally contain lesrge mumbers of bacteria.

If the results of the monthly testa of samples
from the same group of farms are examined, it will be seen
that there 13 a well marked correlation not only between
the average bacterial content and the proportion of colifomm

positive samples, but also between the average bacterisl
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content and the mean of the minimum and maximum atmospheriec
temperatures. (See Tebles 39 to 44 (peges I54 to /5Q) and
Figures 4 to 9). The reasons for this correlation become

evident from a consideration of the factors Jjust mentioned.

The Types of Coliform Bacteria which occur in

Cows' Milk.

Three hundred and fifty-nine cultures of colifomm
bacteria were isolated from samples of market milk during
a period extending fram the middle of November to the
middle of April (hereafter referred to as the "winter period")
when the cows were confined bo the byres and not at pasture.
Three or four cultures as a rule were isolated from each
sample of milk, Then an additional 438 culturea were
isolated during a period extending from the middle of June
to the beginning of November (hereafter referred to as the
"Summer period"), when the cows were at pasture for the
whole or part of the day. In this cese only one culture was
isolated from each semple of milk, &s 1t had previously
been found that in most instances cultures, which had been
isolated from the same s ample, were identical in type. The
total mumber of cultures isolated was 797,
Method of Isolation.

The cultures were isolated from Durham's fermentation
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tubes containing MaecConkey's bile-salt lactose peptone water,
vwhich had been smployed in the routine examination of milk

for purity and showed acid and gss production. Three loop-
fuls of the culture were transferred from the fermentation
tube to a tube of sterile 0.85 per cent. salt solution or
peptone water. Two tubes ("A"™ and "B") of melted MacConkey's
neutral-red bille-salt lactose ager at 43°C. were then in-
oculated, three loopfuls of the saline or peptone water sus-
pension being transferred to tube "A" and three or four
loopfuls of the inoculated agar in tube "A"™ to tube "B".

The egar was poured into plates and these were incubated at
s7°c. for twenty-four houra or until the colonies had developed
sufficlently to be picked off. Some types of coliform bacteria
when living under serobic conditions, do not produce sufficient
acid in this medium for their colonies to have a rose-red
colour. Therefore pure cultures were prepared not only from
rose-red surface and deep colonies but also in many instances
from pale surface colonies.

In order to confirm the fact that the colonies selected
were those of coliform bacterias, cultures were prepared from
them in Durheam's fermentation tubes containing lMacConkey's
bille~-salt lactose peptone water and Andrade's indicator. The
cultures were incubated at 37°C. and sll those which showed

acld and gas production were stroked on agar slopes. Cultures
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which did not produce acid end gas in the Durham's tubes
within fourteen daoys were discarded. The egar slope cul-
tures were incubsted at 37°C. for twenty-four hours and then
placed until required in a cool dark cupboard. They wero
transferred to frosh agar slopes et intervals of four weeks.
Mlethod of Identification.

For the identification of thess cultures the
following teats were employed, an agar slope culture twonty-
four hours old being used &s the inoculum in each instance.

A. Permentation of Glucose , Saccharocse, Dnlcitol.Adonitol,
Inulin, jiannitol, Raffinose and Salicin.

The fermentation was earrled out by means of
Durham's fermentation tubes, the medium consisting of peptone
water with Andrade's indicator and 0.5 per cent of the sugar
or glucoside. The tubes sfter inoculetion were incubated at
37°C. They were examined daily. If there was no evidence
of acid and gas production within fourteen days the test
was recorded zas negative. If acid was produced but only a
trace of gas, as sometimes occurred in the case of saccharose
and imlin fermentaztion, the test was repeated. If the
results of repeat tests were still indefinite the culture
was repleted in lacConkey's bille-salt lactose agar by the
method alro%y described. The plates were incubated and a
representative colony was picked off and transferred to
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MacConkey's bile-salt lactose ppptono water. If the
organisms produced acid and gas in this medium, an agar
slope sub-culture was prepared and them the identification
tests were repesated.

All the cultures isolated during the first period
fermented mannitol with production of acid and gas end
therefore none of the cultures isclated during the second
period were tested in this sugar.

B. Action on Milk.
Sub-cultures in litmus millk were prepared from the

ager slope cultures and incubated at 37°C. for aeven days to
determine whether the orgenisms produced a psrmanent acid
reaction and curdling.

C. The Methyl-red and Voges-Prosksuer Reactions.

Sub=-cultures were prepered in a peptone water medium
containing 0,5 per cent peptone, 0.5 per cent glucose and
0.5 per cent dipotassium hydrogen phosphate. After three
days incubation at 37°C. each culture was divided into two
portions. The reaction of the first portion was tested by
adding two drops of & solution of methyl-red. (A solution
of 0.1 gram. methyl-red in 300 c.c. alecohol, made up to
500 c.c. with distilled water). The other portion was tested
for acetyl-methyl-carbinol by sheking it up with a strong
solution of caustic potash and keeping it at room temperature
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for a few hours, the Voges-Preskauer test. In some instances
where the Methyl-red and Voges-Proskouer reactions did not
correlste, repeat Voges-Prosksuer tosts were made using sub-
cultures 24 and 48 hours old.

D. Production of Indole.

Cultures in peptone weter medium were incubated
at 37°C. for ten dayas and then tested for indole by means
of Ehrlich'a rozindole resgent and s satursted solution of
potagaium persulphate. For this test Witte's end Feir-
child's peptone powders were employod.

E. Liguefaction of Golltjin.

Two tubes of gelatin medium were heavily inoculeted
from each agar slope culture and the mouths of the tubes
covered with rubber caps. One tube was kept at 37°C. and
the other at room temperature. The former was examined at
intervels of a2 few days, the tube being placed in cold water
for a few hours to permit the gelatinif undigested by the
bacteris, to solidify. If the gelatin failed to solidify,
the tube was kept for s further twonty—f&ur hours et room
tempersture before the reaction was recorded. In some in-
stances there wes & delay in the sclidification of the
gelatin. This was genersally observed in cultwres whieh
digested tho gelatin after a further period of ineubation.
Cultures which did not digeat the gelatin after twelve weeks
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incubation st 57°C. were recorded as non-liquefiers. The
calture kept at rcom temperature waes exsmined weekly. If
there was no evidence of liguefaction after elght weeks, it
was incubsted st 37°C. and examined at intervals in the same
manner as the other tube., If there was no evidence of
liquefaction after four weeks' incubation, it was recorded as
a non-liguefier.

F. Ability to grow in Koser's Citrate Medium.

The medium employed consisted of 1.5 grams. sodium
axmoniwn hydrogen phosphate (microcosmic salt), 1 gram.
potassium dihydrogen phosphate, 0.2 gram. magnesium sulphate
and 2 grams. sodium citrate in 1000 c.c. distilled water.

It was tubed in 10 c.c. amounts in test tubes which had been
speclially clesned by boiling in a solution of sodium hypo-
chlorite and rinsing in distilled water. Sterilisation was
carried out in the autoclave.

The tubes were inoculated from agar slope cultures
by means of a platinum needle, a very small quantity of
inoculum being used. They were then incubated at 37°C. and
examined daily. Cultures which rendered the medium turbid
within ten days were termed positive, those which falled to
do this were termed negative. Where the reaction was negative
or where only a faint turbidity was produced, the test was

repeated in duplicate. It was considered necesssry in view
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of the mmall quentity of inoculum employed to confirm in
this way the fact that the inoculation of the medium had
been properly carried out in the first instance.
G. Motility.

The orgsnisms were grown in peptone water medium.
The method at first adopted was to incubate the cultures
at 37°C. end exsmine them for motility at the end of 6,
8 and 24 houra. Organisms which appeared to be non-motile
wore re-examined, fresh cultures in peptone water being
prepared for this purpose. In the caose of non-motile
bacteria at least two, and in many instances, four or five
re-examinations were made. The other method employed was
to keep the peptone weter cultures at room temperature and
test them for motility at the end of twenty-four and forty-
eight hours. This gave much better results than the first
method as the orgsnisms were generally more actively motile
at room temperature. Further, there was a great reduction
in the proportion of cultures which were apparently non-
motile in the first tests but proved in the later tests to
be motile.
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TYPES of COLIFORM BACTERIA found in MILK

The general characters of the cultures isolated were
as follows:~ small Gram-negative, non-sporing bacilli; csap-
able of growing at 37°C.; fermenting glucose end Jactose with
formation of acid and gasj producing cosgulation and permanent
acidity of milk within seven days at 37°C.; s a rule not

liquefylng gelatin but occasionally as in the case of B.
és fer as possible according to HNacConkey's method (49 )

and arranged u order of mqm « See Table 46 (pngosl(ﬁ-t,l(gb:
s e g
and also the following:-
and
- B. 'laeCaﬂkgE's.No.Vl' (B.communior)
and &8l1ls80 e followings-

B. "MacConkey's No.71" (B.communior)

¢clo

Distinguishing characters:- acid and gas produced
in mamnitol, saccharose and duleciteol but not in adonitol and
inulin; indole reaction positive; Voges-Prosksuer reaction
nogative; gelatin not liguefied; motile.

Addltional charscters:- acld and gas produced in
raffinose; Xoser reaction negative; methyl-red reaction
positive.

Fumber of cultures isolated during the winter period
(when cows were not at pasture), 127; during the summer period
(when the cows were et pasture), 66. Total number isolated
193.

One hundred and eighty-one eu;ﬁuros gave positive



reactions (i.e. produced acid and gas) in salicin; 12 gave
negative reactions.

B."MacConkey's No.34" (B. colil communis)

Distinguishing characters:- acld and gas produced
in mennitol end duleitol, but not in aaccharose, adonitol and
imalin; indole positive; Voges-Proskeuer negative; gelatin
not liquefied; motile.

Additionel characters:- acld and gas not produced
in raffinocse; Koser negetive; methyl-red positive.

Number of cultures 1solsted during the winter period,
553 during the summer period 40. Total number isolated 95.
Four cultures were atyplcal; of these 3 produced acid and gas
in raffinose and 1 gave a positive Koser reaction.

Sixty-nine cultures gave positive resctions in
salicin and 26 gsve negative roactions.

B."MaeConkey's No,108" (B.closcae)

Distinguishing charscters:- acid and gas produced
in manritol and saccharose, but not in adonitol, dulcitol and
imilin; indole negative; Voges-Proskeuer positive; gelatin
liquefied; motile.

Additionel characters:- eacid and gas produced in
raffinose; Koser positive; methyl-red negative.

Number of cultures isolated during the winter, 32,
during the summer, 39. Total number isolated 71l. Eighteen



cultures were atypicel. Sixteen did not liquefy gelating

of these 3 gave negetive Koser reactions end 2 gave neutral

methyl-rod resctions. Two cultures vhich liquefied gelatin,

wore atypieal in that they gave negative Xeoser roactions.
Sixty-four cultures gave positive reactions in

salicin, 7 gave negative reactions.

B. “"MacConkey's No,1l03" (B.lactis serogcnes)

Distinguishing charscters:- eacid and gas produced
in mammitol, saccharose and adonitol, but not in duleitol
and inulin; indole negative; Voges-Proskauer poasitive;
gelatin not liquefied; non-motile.

Additional characters:- acid and gaa produced in
raffinose; EKoser positive; methyl-red negative.

Furber of cultures isolsted during the winter, 103
during the suumer, 51l. Total number isolated 61. Nine
cultures were atypical, 5 gave neutral methyl-red reactions
and 4 gave positive.

A1l the cultures gave positive reactions in saliein,
B. "MacConkey's No.l"

Distinguishing characters:- acid and gas produced

in mannitol and adonitel, but not in saccharose, dulcitol
and imilin; indole positive; Voges-Proskauer negative;
gelatin not ligquefied; motile.

Additional chsracters:- acid and gas mnot produced
in raffinose; Koser negative; mothyl-red positive.
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¥unber of cultures isolated during the winter, 283
during the sunmer, 17. Total mumber of cultures isclated 45.
Three cultures were atyplcal; of these 2 produced acld and
gas in raffinose and 1 gave u positive KXoser reaction.
Forty-two cultures gave positive resctions in salicing

S gave negative reactions.

B. "lacConkey's No.7"
Distinguishing characters:- acid and gas produced
in mannitol, but not in seccharose, dulecitol, adonitol and

inulin; indole negative; Voges-Proskauner negetive; gelatin
not liquefied; motile.

Additional characters:- acid and gas not produced
in reffinose; Koser positive; Methyl-red positive.

Number of cultures isolated during the winter, 17;
during the sumer 26, Total mumber isolated 43. One culture
was atyplical in that it gave s Koser negative reaction.

Thirty cultures gave positive reactions in saliein

end 135 gave negative reactions.

B. "MacConkey's No.4"

Distinguishing characters:- eaecid and gas produced
in msnnitel, but not in saccharose, dulcitol, adonitol and
imulin; indole positive; Voges-Proskeuer negative; gelatin not
liquefied; motile.

Additional charscters:- acid and gas not produced
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in raffinose; Roser negative; methyl-red positive.

Fumber of cultures isoleted during the winter, 10;
during the summer, 16: Total mumber isolated, 26. One
culture was atypicel in that it fermented reffinose with
production of aeid and gas.

Thirteen cultures gave positive reactions in salicin
end 13 gave negative reactions.

B. "MacConkey's No.106"
Distinguishing characters:- =acild and gas produced
in mennitol end saccharese; but not in adonitol, dulcitol

and imulin; indole positive; Voges-Proskesuer negative;
gelatin not 11qu§fiod; motilé.

Additionel charecters:- acid and gas produced in
reffinose; Koser negative; methyl-red positive.

Furber of cultwres isoclated during the winter, 14,
during the summer 8. Total number isolsted 22,

3ixteen cultures gave positive reactions in ssliein,

6 gave negative reactions.

B. "MecConkey's Ho.98"

Distingulshing characters:- acld end gas produced
in mennitol, saccharose, adonitol and imalin; but not in
duleitol; indeole negative; Voges-Proskauer positive; gelatin
not liguefied; non-motila.
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fdditionel characters:- acid and gas produced in
raffinose; Koser positive; methyl-red negative.

Number of cultures isoleted during the winter, 23
during the summer, 19. Total number isoleted 21. Two
cultures were atypical in that they gave negative Koser
reactions. All the cultures gave positive reactions in
saliecin.

B. "MacConkey's No,73"

Distinguishing characters:- acid and gas produced
in mannitol, ssccharose and dulcitol but not in adonitcl and
1nuliﬁ; indole negative; Voges-Proskauer positive; gelatin
liguefied; metile.

Additional characters:- scid and gas produced in
raffinose; Koser positive; methyl-red negative.

Number of cultures isocleted during the winter, 4;
during the summer, 15. Total nurber isoclated 19. Thirteen
cultures were atypical, Ten did not liquefy gelatin. Of
these 1 was Koser negative and 2 were methyl-red neutral.
Three cultures which liquefied geletin were atyplcsl in that 2
were mothyl-red neutral and 1 methyl-red poaitive.

All the cultures gave positive reactions in saliecin.



=-114-

B. "MacConkey's No.65"

Distinguishing characters:- aclid and gas produced
in mammitol, saccharose, dulcitol, sdonitel and inulin;
indole positive; Voges=Proskauer positive; gelatin ligue-
fied; non-motile.

Additional characters:~ acid and gas produced in
reffinose; Koser positive; methyl-red negative.

Number of cultures isolated during the winter, 3;
during the summer, 1l4. Total number isolated 17. One
of these cultures did not liquefy gelatin. B. "MacConkey's
No.65" 1is boculinr in thet there is s direct correlation
between the indole and Koser reactlons.

All the eultures gave positive reactions in
salicin.

B. "Hacconkoz'l ND.S"

Diatinguishing cheracters:-~ acid and gas produced
in mannitol, but not in saccharose, dulcitol, adonitol and
imulin; indole positive; Voges-Proskauer negative; gelatin
not liquefied; non-motile.

Additionel characters:-~ acid and gas not produced
in roffinose; Koser negative; methyl-red positive.

Nwaber of cultures isoleted during the winter, 5;
during the summer 10. Total mumber isolated 15.
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Three cultures gave positive reactions in salicin

and 12 gove negative reactions.

B. "MacConkey's No.67"
Distinguishing charscters:- acid and gas produced
in mannitol, ssccharose, dulcitol and adonitol but not in

inulin; indole negative; Voges-Proskauer positive; gelatin
not liquefied; non-motile.

Additional characters:- acid and gas produced in
reffinose; Koser positive; methyl-red negative.

Number of cultures isolated during the winter 1;
during the summer, l4. Total number isolated, 15.

Four cultures were atypical; three of these had
neutrsl methyl-red reasctions and one had a negative Koser
reaction.

All the cultures gave positive reactions in
salicin,

B. "MacConkey's No.74"

Distinguishing characters:- ecid and gas produced
in mannitol, saccharose and duleitol, but not in adonitol and
imilin; indole negative; Voges-Proskeuer negstive; gelatin
not liquefied; motils.

Additional charscters:- acid and gas produced in



E

raffinose; Koser positive; methyl-red positive.

Number of cultures isolated during the winter, 43
during the summer, 9. Total number 1solated 13.

Five cultures were atypical, 4 of these gave
negative Koser reactions end 1 gave a negative methyl-red
reaction.

Eleven of the cultures gsve pesitive reactions

in salicin and 2 gave negative reactions.

B. "MacConkey's No.36"

Distinguishing characters:- acid and gas produced
in mennitel end duleitol, but not in saccharose, adonitol and
inmalin; indole negative; Voges-Proskauer negative; gelatin
llgquefled; motile.

Additiomel characters:- acid and gas not produced
in raffinose; Koser positive; methyl-red positive.

Rumber of cultures isolated during the winter, 43
during the summer, 8. Totel mumber isolated 12. Nine of
these cultures did not liquefy gelatin. Eleven cultures

gave positive reactions in salicin and 1 a negative reaction.

B. "MscConkey's No.lol"

Distinguishing chearscters:- acid and gas produced
in mannitol, saccharose and adonitol, but not in dulcitol and
inulin; indole positivej; Vogoes-Proskesuer negative; gelatin



«ll7-

not liquefied; non-motile.

Additional characters:- acid eand gas produced in
raffinose; Koser positive; methyl-red positive.

Number of cultures lsolated during the winter, 5;
during the summer 7. Total number isoleted 12. In 10
cultures there was a direct correlation between the indole
and Koser reactions. Two cultures gave negative Koser
reactionz. All the cultures gave positive reactions in

sanlicin.

B, "MacConkey's No0.35" (B. Schafferi)

Distinguishing characterst:- acid and gas produced
in mannitol and duleitol, but not in seaccharose, sdonitol
and 1milin; indole positive; Voges-Proskauer negative;
gelatin not ligquefied; non-motile.

Additional cherscters:- acid and ga:firoduced in
raffinose; EKoser negative; methyl-red positive,

Number of cultures isolsted during the winter, 6;
during the summer, 5. Total number isoclated 11.

Seven cultures gave positive reactions in selicin

and 4 gave negative reactions.

B, "MecConkey's No.109"

Distinguishing echaracters:- ecid and gas produced

. |
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in mennitol snd saccharose, but not in adonitol, dulcitol
snd imuling indole negetive; Voges-Proskauer negative;
gelatin not liquefied, motile.

Additionsl characters:- secid and gas produced in
ref finose; Xoser positive; methyl-red positive.

Rumber of cultures isolated during the winter, 4;
during the summer, 7. Totel number isolated 11. Two
cultures were atypieel, giving negestive Koser reactions. Of
these one gave & neutral methyl-red reaction.

All the cultures gave positive reactions in saliein.

B. "MacConkey's No.lo2"

Distinguishing characters:- acid and gas produced
in mennitol, saccharcse and adonitol but not in duleitol
and inulin; indole negative; Voges-Prosksuer positive;
gelatin liguefied; motile.

Additional characters:~ acid and gas produced in
raffinose; Koser positive; methyl-red negative.

Number of cultures isolated during the winter, 3;
during the summer, 7. Total number isolated 10. Two cultures
were atypical in that they did mot liquefy gelatin.

All the cultures geve positive reactions in salicin.

B. "MacConkey's No.68"

Distinguishing characters:- acid and gas produced in

_-4
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marmitol, ssccharose, duleitol, and adonitol but not in
inulin; indole negative; Voges-Proskauer negative; gelatin
not ligquefied; non motiles.

Additional charactera:~ acild and gas produced in
raffinose; Koser positive; methyl-red positive.

Number of cultures isoleted during the winter, 2;
during the summer, 6, Total mumber, B.

A1l the eultures gave positive salicin reactions.

B. "MacConkey's Ko,72"

Distinguishing characters:- acld and ges produced
in mannitol, sscchaross and duleitol but not in adonitol and
imulin; indole positive; Voges-Proskauer negative;gzelatin
not liquefied; non-motile.

Additional characters:- acid and gas produced in
raffinose; Koser negative; methyl-red positive.

Number of cultur‘a isolated during the winter, 4;
during the summer, 4i Total number isolated 8.

All the cultures gave positive resctions in Ssliein.

Be. .HB.GC aﬂh;z' -] 30.10"

Distingulishing characters:- acid and gas produced
in mannitol, saccharose and adonitol, but not in dulcitol
end inulin; indole negstive; Voges-Proskauer negetive; gelatin
not liguefied; non-motile.
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Additional chearacters:~ acld and gas produced in
reffinose; Koser positive; methyl-red negative.

Number of cultures isolsted during the winter, 0;
during the sumer, 6.

All the cultures gave positive reactions in salicin.

Anomslous Type "A".

Distinguishing characters:- acid and gas produced
in mannitol, saccharose, adonitol, dulecitol, but not in
inulini indole positives Voges-Proaskauer negative; gelatin
not liguefied; motile.

Additional characters:- eacid and gas produced in
raffinose; Koser negative; methyl-red positive.

Number of cultures isolated during the winter, 53
during the summer, 1. Totel number isoclated 6.

All the cultures gave positive reactions in

salicin.

B. "MscConkey's lo.2" or B, acidi lactieci (Hiippe).

Distinguishing charactors:- acid and gas produced
in mennitol and adonitol], but not in saccharose, dulcitol
and inulin; indole positive; Voges-Proskasuer negative; gelatin
not liquefied; non-motile.

Additional charasctera:- acld and gas not produced
in raffinose; XKoser negstive; methyl-red positive.



Number of cultures isolated during the winter, 03
during the summer, 5.
All the cultures gave positive reactions in saliein.

Anomalous Type "H".

Distinguishing charscters:- acid and gas produced
in mannitol end saccharose,but net in adonitol, dulcitol and
inulin; indole positive; Voges-Prosksuer positive; gelatin
liquelied; motile.

Additional characters:- acid and gas produced in
raffinose; Koser negative; methyl-red negative.

Number of cultures isolated during the winter, 0;
during the sumer, 5. Four of the cultures were stypical.
One of these was Xoser positive end methyl-red positive.
Three did not liquefy gelatin. One of the latter gave a
negative resction in reffinose.

Four of the cultures gave positive reactions in

salicin, one gave a negative reaction.

B. "lacConkey's No.99"

Distinguishing characters:- acid and gas produced
in mannitel, saccharose, sdonitol and inuling but not in
duleitol; indole negative; Voges-Proskauer negatives gelatin
not liquefied; non-motile.

Additional cherscters:- acid snd gas produced in
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raffinose; Koser positive; methyl-red positive.

Nunber of cultures 1soleted during the winter, 03
during the summer, 4. Two cultures were atypical in that
they gave neutral methyl-red reactionsa.

All the cultures gave positive reactions in saliein,

B. "MacConkey's No.105"

Distinguishing characters:- acid sand gas produced
in mannitol, saccharose end inulin, but not in adonitol and
dulecitol; indole negative; Voges-Froskauer positive; gelatin
liguefied; motile.

Additional characters:- =acid and gas produced in
raffinose; Koser positive; methyl-red negative.

Number of cultures isolated during the winter, 33
during the summer, 1. Total mmmber isolated 4. Three cul- : 2
tures feiled to liquefy gelatin and one pgave e positive
methyl-red reaction.

Three cultures gsve positive reactlions in salicing

one gave & negative reaction.

Anomalous Type "E"

Distinguishing charscters:~ acid snd ges produced i
in mannitol, saccharose, adonitol, but not in dulcitol and
imulin; indole positive; Voges-Proskauer positive; gelatin
not liquefied; non-motile.
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Additional chsracters:- acid and gas produced in
raffinose; Koser positive; methyl-red negative.

Number of cultures isolated during the winter, 1;
during the summer, 3. Total nmuiber isolated 4., One culture
gave & negative Koser reaction. In the other cultures there
was a direet correlation between the indole and Koser re-

actions. All the cultures gave positive resctions in sallicin,

B. "MscConkey's No,69"

Distinguishing characteras:- acid and gas produced
in mammitol, saccharose, dulcitol and imulin but not in
adonitol; indole negative; Vogea-Proskauer positive; gelatin
liquefied; motile.

Additioﬁal,chnrncters:- aclid and gas produced in
raffinose; Koser positive; methyl-red negative.

Number of cultures isolated during the winter, 33
during the summer, O,

One culture failed to liquefy gelatin, All the
cultures gave positive sslicin reactions.

B. "HacConkey's No.75"

Distinpguishing characters:- aeacid and gas produced
in mannitol, saccharose and dulcitol but not in adonitol and
imilin; indole negative; Voges-Prosksuer positive; gelatin
not liquefied; non-motile.

Additionel chasracters:- acid end gas produced in
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raffinose; Koser positive; methyl-rsd negative.

NHumber of cultures isolated during the winter, 03
during the summer, 3. One culture was atyplcal in that it
gave a negative Koser reaction,

A1l the cultures gave positive reactions in saliein.

B. "MacConkey's No.loo"
Distinguishing characteras:- acid end gas produced
in mennitol, saccharose and sdonitol, but not in duleitol

and imilin; indole positive; Voges-Proskeuer negative;
gelatin not liquefied; motile.

Addltional charscters:- acid and gas produced in
reffinose; Koser negative; methyl-red positive.

Rumber of cultures isolated during the winter, 13
during the summer, 2. Total number isclated 3. One culture
was atypieel in thst it gave a positive Koser reaction.,

All the cultures gave positive reactions in saliecin,

B."¥seConkey's No.107"

Distinguishing charecters:- acid end gas produced
in mannltol and saccharose, but not in adonitol, dulecitol
and inulin; indole positive; Vogec-Proskesuer negative; gelatin
not liquefied; non-motile.

Additional cheracters:~ acid end gas produced in
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raffinose; Koser negative; methyl-red positive.

Bumber of cultures isolated during the winter, 0j
during the summer, 3.

Two cultures geve positive reactions in salliein,

one gave a negative reaction.

Anomalous Type "BY.

Distinguishing characters:- acid and gas produced
in manniteol, saccharose and imulin, but net in adonitol
and dulcitol; indole positive; Vogea-Prosksuer positive;
gelatin not liquefied; motile.

Additional characters:- acid and ges produced in
raffinose; Koser negative; methyl-red negative.

Fumber of cultures isolated during the winter, 3;
during the summer, 0.

One culture gave a positive reaction in saliecin,

2 gave negative reactions.

B. 'uaeCOnkq;}s No.6"

Distingulishing characters:- acid and gas produced
in mennitol, but not in saccharose, dulcitol, adonitol and

inuling indole positive; Voges-Proskasuer positive; gelatin
not liguefled; non-motile.

Additional characters:- acid and ges not produced



in raffinosej Koser negativej methyl-red resaction negative.
Number of cultures isolated during the winter, 0;
during the summer, 2.
One culture gave a positive reaction in selicin

and 1 & negative reaction.

Anomalous Type "c"

Distinguishing cherscters:- eacld and gas produced
in mennitol, saecharcse and adonitol, but not in dulcitol
and imlin; indole positive; Voges-Proskauer positive; gelatin
ligueflied; motile.

Additional characters:- acid and gas produced in
raffinose; Koser negative; methyl-red negative.

Number of cultﬁros 1solated during the winter, 1;
during the summer l. Total nmumber 4isolated 2. Omneculture
was geletin negetive.

Both cultures gave positive reactions in saliein.

Anomalous Type "L

Distinguishing characters:- acid and gas produced
in mannitol and saccharose, but not in adonitol, dulecitol
and imulin; indole positive; Voges-Proskauer negative; gelatin
liquefied; motile.

Additionel characters:- acid and gas produced in

raffinose; Koser negetive; methyl-red positive.
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Fumber of cultures isolated during the winter, 0
during the summer, 2.

Both cultures gave negative reactions in salicin.

Anomalous Type "Q"

Distinguishing characters:- acid and gas produced
in mennitol and seaccharose, but not in adonitol, duleitol
or inulin; indole negative; Voges-Prosksuer negative; geletin
liquefied; motile.

Additional charscters:- acid and gas produced in
reffinose; EKoser positive; Methyl-red positive.

The nmumber of cultures isoclated during the winter, 03
during the summer, 2,

Roth culfuros gave positive reactions in saliein.

Anomalous Type "R"

Distinguishing characters:- acid and gas produced in
mannitol, saccharose, and adonitol, but not in dulcitol and
irmulin; indole negative; Voges-Proskauver negative; gelatin
liquefied; motile.

Additionsl characters:- acld end gas produced in
raffinose; Koser positive; methly-rod positive.

The number of cultures 1solated during the winter, 03
during the summer, 2. One culture was atypieal in that it



gave a negative methyl-red reaction.

Both cultures gave positive reactions in saliein.

B. "MacConkey's No.33"
Distingulshing characters:- acid and gas produced

in mannitol, dulecitol and adonitol, but not in saccharose
and imulin; indole positive; Voges-Proskauer negative; gelatin
not liguefied; motile.

Additional characters:- acid and gas not produced
in raffinose; Koser negative; methyl-red positive.

¥umber of cultures isolated during the winter, 1;
during the summer Q.

The culture gave a positive reaction in asliecin.

B. "MacConkey's No.66"
Distinguishing characterat- acid and gas produced
in mannitol, ssccharose, dulecitol, and sdonitol but not in

inulin; indole positive; Voges-Proskauer negative; gelatin
not liquefied; non-motile.

Additional characters:- aecid and gas produced in
raffincse; Koser positive; methyl-red reaction positive.

Rumber of cultures isolated during the winter, 03
during the summer 1.

The type is peculiar in that there is & direct
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correlation bhetween the indole and Koser reactions. it

gave e positive resction in selicin.

B. "MacConkey's No.97"

Distinguishing characters:-~ acid and gas produced
in mannitol, saccharose, adonitol and imulin, but not in
duleitol; indole positive; Voges-Proskauer pogitive; gelatin
liquefied; non-motile.

Additional characters:- acid and gas produced in
raffinose; Koser positive; methyl-red negative. Number of
cultures 1solated during the winter, 0; during the summer
l. There was a direct correlation between the indole and
Koser reactions. The culture was atypical in that it did
not liquefy gelatin. It gave a positive reaction in saliein.

- Anomelous Type "D"

Distinguishing characters:- acid and gas produced
in mannitol, but not in saccharose, adonitol, dulcitol and
inulin; indole positive; Voges-Proskmzuer positive; gelatin
not liguefied; motile.

Addlitionel characters:-~ sacld and gas not produced
in raffinose; Koser negative; methyl-red negative.

Nunber of cultures isolated during the winter, 13
during the summer 0.

The culture gave a positive reaction in salicin.
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Anomalous Type "J"

Distinguishing characters:~ acid and gas produced in
mennitol, and saccharose, but not in adonitol, dulecitol
and inulin; indole positive; Voges~Proskasuer positive; gelatin
not liqueflied; non-motile.

Additionel characters:- acid and gas produced in
raffinose; Koser negative; methyl-red negative.

Number of cultures isolated during the winter, 03
during the summer, 1.

The culture gave a positive reection in saliecin.

Anomalous Type "g"
Distinguishing cheracters:- acid and gas produced

in mennitol, saccharoae and dulcitel, but not in adonitol
and imulin; indole positive; Voges-Proskauer positive; gelati
not liquefied; motile.

Additional characters:~ escid and gas produced in
raffinose; Koser negative; methyl-red negative.

Tumber of cultures isolated during the winter, 03
during the summer 1.

The culture gave a positive reaction in salicin.

Anomsalous Type e

Distinguishing characters:- acid and gas produced
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in mannitol, saechrose, adonitol and inulin, but not
in duleitol; indole negative; Voges-Proskauer positive;
geletin liqueried; motile.

Additional characters:- sacid and gas produced in
raffinose; Koser positive; methyl-red negative.

Number of cultures isolated during the winter, 0;
during the summer, 1.

The culture gave a positive reasction in salicin.

Anomalous Type "N".

Distinguishing characters:- acid and gas produced
in mannitol end saccharose, but not in adonitol, dulcitol
and inulin; indole negative; Voges-Proskauer positive; gelatin
not liquefied; non-motile.

Additional characters:- eacid and gas produced in
raeffinose; Koser positive; methyl-red negative.

Number of cultures 1solated during the winter, 0;.
during the summer 1.

The culture gave a positive reaction in salicin.

Anomalous Type "p"

Distinguishing characters:- acid and gas produced
in mannitol, but not in saccharose, adonitol, dulcitol and
inmuling indole positive; Voges-Proskauer negative; gelatin
liquefied; motile.
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Additional characters:- acid and gas not produced
in ref{finose; Koser negative; methyl-red positive.

The number of cultures isolmted during the wintsr,
03 during the summer, 1l.

The culture gave a positive reaction in saliecin.

Anomelous Type "X"

Distinguishing characters:- acid and gas produced
in mennitol, saccharose, adonitol, dulcitol and imlin;
indols positive; Voges~Proskauer positive; gelatin lique-
fied; motile.

Additional characters:- acid and gas produced
in raffinose; Koser positive; Methyl-red negative.

The number of cultures isolsted during the winter,
03 during the summer, 1. The type is peculiar in that
there is a direct correlation between the indole and Koser
reactions.

The culture gave a positive reaction in salicin.

THE CORRELATION between CERTAIN REACTIONS

The Sglicin Reaction

The salicin reaction as proposed by Kligler (61)
and Levine (42 and 50), hes not been employed in distinguish-
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ing the type of bacterium becsuse it was found that there was
no clear correlation between this reaction and the distin-
guishing characters used by MacConkey (2@) in his classifica-
tion, even in the cesse of species which are generally
accepted, e.2. B. coll commnis (B. "MacConkey's No.34"), B.
commnior (B. MscConkey's No.71") and B. cloacae (B.Mac-

Conkey's ¥0.108"). It will be seen from Tsble 47 (pages/biails)
that 69 of the B. coll commnis cultures gave positive re-

actions in salieclin and 26 gave negative; 181 of the B.
communior cultures gave positive reactions and 12 gave ne-
gative; 64 of the B. cloacse cultures gave positive reactions
and 7 gave negative. Roger, Clark and Evans (35) attached
no importance to the salicin teat for purposes of classifice-
tion as they found that 94.6 per cent. of their cultures

gave positive reactions. Thomes and Sandman (62) noted that
salicin was very frequently fermented by lactose positive
organisms. Winslow, Kligler and Rothberg(54) found that
salicin waes fermented by most but not all of the colon group
and by all of the B. serogenes group aend that there was no
clear correlation between the sacchsrose, salicin and dul-
citol reactions. Purther, Bardsley (59) considered Kligler's
method of classificatlion based on the saccharose and salicin
reactions of little significance., In the present investiga-
tion 1t was found that of the 797 cultures 1solated 86.6

per cent gave positive reactions in salicin.

Levine (43 smd 50) noted that cultures which gave
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positive Voges-Prosksuer reactions frequently gave positive
salicin reactions and (64) that there was also e correla-
tion between the indole and salicin reactions. In the pre-
sent investigation 235 or 95.1 per cent of the cultures
which geve positive Voges-Proskauer reactions gave positive
salicin reactions, 404 or 83.0 per cent of the cultures
which produced indole gave positive aalicin reactions. The
salicin reaction therefore correlated much better with the
Voges-Proskeuer reaction than with the indecle reaction.

The Reffinose Remetion.

It has been shown by munerous workers ( 44, 49,
50, 51, 54, 57 and 61) that there is an almost poriect
direct correlation between the ssccharose and raffinose
reactions, i.e., organisms which ferment saccharose with
production of aecid and gas in most instances ferment raffi-
nose with production of scid and gas and conversely. In the
present lnvestigation 567 cultures were tested in raffinose
in sddition to saccharcse and there was a direct correlation
between the two reactions in the case of 560 cultures, 1.e.
88.8 per cent., Of the 7 cultures which failed to give this
correlation 2 belonged to the type B. "iiacConkey's No.1l"; 1
to type "No.4"; 3 to type "No.34" and 1 to the asnomalous type
"H". It is worthy of note that with the exception of type
"H", these types give negetive reactions (i.e., do not produce



155

acid and gas) in saccharose.

In & nuchber of instances vwhere cultures produced
only s21i:ht neidity end troces of ;23 in saccherose, the
reactions in raffinose were of value for confirmatory pur-
poses.

The Methyl-red Rsaction.

There is an almost psrfect inverse correlation
between the methyl-red and the Voges-Proskauer reactions.
Organisms which :ive positive Voges-Prosksuer reactions as
e rule give negative methyl-red reactions and conversely
(37, 38, 40, 41, 43, 49, 50, 51, 53956, 59). In the present
Anvestigntion this inverse correlation occurred in 771
cultures out of a total of 797, i.e., in 96.7 per cent.

The correlation was therefore almost perfect. Of the 26
ntypical\ cultures, 17 gave neutral methyl-red rsactions
(See Table 48, page /bl }. It is worthy of note that with
one exception, a culture belonsing to the snemslous type
"E", =l1 the astypical cultures gave negative Molo':ictim
and 21 of them geve positive Voges-Prosksuer reactions.
Burton and Rettger (47), Chen and Rettger (55) and other
observers found that most, if not 21l, of their atypicel
streins gave positive Voges-Prosknuer reactions. Ruchhoft,
Kellas, Chinn and Coulter (63) ‘ound that there was a

veriability in methyl-red re¢actions in serogenes strains



that were regular in their indole and Xoser reactions
{indole negative, XKoser positive) snd considered that such
strains were"normal members of an aerogenes section that
has considersble varistion in the organic eecid utilizing
velocity of the verious strains".

The Koser Citrate Reaction.

It has been shown by Koser ( b5 and 58 )
that the merogenes - cloacae types of coliform bacteria
(generally methyl-red negative and Voges-Prosksuer positive)
are capable of utilizing the eciltrate radicle as the sole
source of cerbon, while the B. coll communis snd allied
types (generally methyl-red positive and Voges-Proskauer
negative) of faecal origin are uneble to attack this
radicle. Consequently the former grow readily in a
synthetic citrate medium while the latter do not develop.
Eoser found that in some instances organisms resembling
fascal types (methyl-red positive and Voges-Proskauer negat-
ive) but of soll origin, can attack the citrate and develop
in the synthetic citrate medium.

There was a direct correlation between the Voges-
Proskauer and Koser reactions in the case of 664 cultures,
i.e., 83.2 per cent. There were 133 exceptions., (See
Taeble 49, page ;197 ). Hinety-four of the latter were
peculiar in that they gave negative indole and negative

Voges-Prosksuer reactions. These 94 cultures were indole
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negative, methyl-red positive, Voges-Prosksuer negative

end Koser positive. Cultures of this type were frequently
obtained by Koser ( 53 and bb ) from the soll, They
hsve also been isolated from water by Bardsley (59),
Raghavachart (b7) Lewis and Pittmen (3] end Ruchhoft,
Kallas, Chinn and Coulter (féb) They are rerely found

in humen and animel fseces. In the present investigastion

it was found that a positive Koser reaction was not character-
istic of all the cultures which were indcle negative, methyl-
red positive snd Voges-Proskeuer negative as 7 of such cul-
tures were Koser negative.

Fifteen of the cultures which did not give
correlating Voges-Proskauer and Koser reactions were
peculler in that they were indole positive and Voges-
Proskeuer positive. These cultures were indole positive,
methyl-red negative, Voges-Proskauver positive end Koser
negative, There were, however, 23 other indole positive
VOges-Progkauer positive cultures and these gave positive
Koser reactions (moat of the latter belonged to types not
included in Teble 49).

A perfect correlation therefore was not obtained
betweon the Voges~Proskauer snd the Koser citrate reactions.
Exceptions oeccurred most frequently in cultures which were

indole negative snd Voges-Prosksuer negative or indole
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positive and Voges-Proskausr positive.

Reghavacheri ((7) found that there was a well
marked inverse correlstion between the indole and Koser
citrate reactions. Similor results hove been obtained in
the present investigation. OFf the 797 cultures isolated
there was sn iaverse correlation between these two reactions
in 743, 1.¢. 93.2 per cent of the cultures, The Koser
reaction therofore correlated to =2 very much higher degree
with the indole reaction than with the Voges-Prosksuer.

The inverse correlation between the indole and Koser reactions
did not occur in the case of 54 cultures. (See Table 50,

page (b3). Twenty-threo of these exceptional cultures belong-
ed to types which gave positive indole and positive Voges-
Proskeouer rencfions. e.2. B. "MacConkey's Nos.65 and 97"

and "Anomslous Types E, H and X". Such cultures were indole
positive, Voges-Prosksuer positive and Koser positive. A
positive Koser reaction was not characteristic of all the
culturos which gave positive indole angi?ﬁéea-Proskuuer
reactions as in 15 instances such cultures were Koser negative.
it is worthy of note, however, that ell the cultures, 17, of
B. "uaeConkey's No.65" were Koser positive and therefore ox-
ceptional. Of the 97 cultures which gave negative indole

and negative Voges-Proskauer reactiona, only 7 gave Koser

reactions which 414 not correlaste inversely with the indole




reactions. It is interesting to note that most of the
cultures (10 out of 12) of the type B. "MecConkey's No.l0l1l"
were exceptional. Organisms belonging to this type are
indole positive and Voges-Prosksuer negative.

There is therefore a well marked inverse corre-
lation between the indole and Koser reactions of coliform
bacteria, the exceptions occurring most frequently in the
case of types giving positive indole and positive Voges-
Proskeauer reactions (especially B."MacConkey's No.B5") and
in the cesse of type B. "MecConkey's No.l01".

THE OCCURRENCE of FAECAL and NON-FAECAL TYPES of

COLIFORM BACTERIA 1in MILK durins the WINTER and

SUMMER PERIODS

It 1a generally accepted that there are two types
of coliform bacteria (a) faecal types and (b) non-faecal

types.
The Feecel Types are comparatively rare in natural waters

end soil and on grains provided there has been no contamina=-
tion with faeces and sewage, but they occur abundantly in
human and enimal feeces. They are characterised generslly
by producing approximetely equal volumes of carbon dioxide

and hydrogen in the anaerobic fermentation of glucose, i.e.
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they have & "low gas ratio". 1In most ceses they are indole
positive, methyl-red positive, Voges-Proskasuer negative

and Koser citrete negative. B. colil communis (B. "uiacConkey's
No.34") and B. communior (B. "MacConkey's lNo.71") are faecal
types.

The Non-faecal (soil end grain) types ere comparstively rare

in humaen and animal fseces but occur commonly in the soll and
surface waeters and on grains. The most prevalant of these
are the aerogenea - cloacae types., They are characterised
generally by producing over 1.5 times as mmch carbon dioxide
as hydrogen in the anaerocbic fermentation of glucose, i.0.
they have a "hi;h gas retio™. In most instences, but not
all, they ere indole negative. They are generally methyl-
red negative, Voges~Prosksuer positive and Koser citrste
positive. B.lactis serogenes (B. "MacConkey's No.1l03") and
B. cloecae (b. "MacConkey's No.l08) are examples of such types.
Other types (5% and bb) whieh occur commonly in soils
but ere less prevalent than the aerogenes-cloacae types,
resemble faecal types in that they are methyl-red positive
and Vopges~-Proskauer negative. In some instances they are
indole positive, in others indole negastive. They are most
frequently Koser citrate poaitive. KXoser found that such
organiams occurred only in rare instonces in the cultures

he isolated fram faeces and concluded that they were non-faecal
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types and that the citrate reaction therefore correlated

more closely with the source of coliform bacteria than the

methyl-red, Voges-Prosksuer and indole reactions. His

results have been confirmed by Réuchhoft, Kslles, Chimn,

and Coulter ( b3 ) and other cbservers. Conmsequently

the Koser citrate reaction is frequently employed for the

differentiation of faecal from non-faecal types of coliform

bacteria.

It w11l be seen from Tsble 46 (page /b2) and

pages (03 - 152

samples of milk

B.
B.

B.
B.
B.
B.
B.

Iize

"MacConkey's
"MaeConkey's
"MacConkey's
"MacConkey's
"MecConkey's
"lecConkey's
"MacConkey's
"MacConkey's

that the typea most frequently isolated from

ware as follows:~

WINTER PERIOD

Number of Cultures

Isolated Percentage

No.71" s

Nos34" 1es 153
No 0198" 32 8.9
No.70 17 a7
No.lo6" 14 3.9
No.4" 10 2.8
No.1lo3" 10 2.8
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SUMMER PERIOD

Number of Cultures

Type Isolated Percentage
B. "MacConkey's No.71" 66 15,1
B. "MecConkey's No.103" 51 11.6
B. "MacConkey's No.34" 40 9.1
B. "MacConkey's No.108" 39 849
B. "MacConkey's No.7" 26 5.9
B. "MacConkey's No,98" 19 4.5
B. "MacConkey's No.l" 17 3.9
B. "MecConkey's No.4" 16 3.6
B. "MacConkey's No,73" 15 3.4
B. "MseConkey's No.85" 14 3.2
B. "MacConkey's No.67" 14 3.2
B. "MacConkey's No.5" 10 2.3
BOTH PERIODS
Fumber of Cultures
Type Isolated Percentage
B. "iaoConkey's No.71" 193 24.2
B. "MaocConkey's No.34" 95 11.9
B. "MacConkey's No0.1l08" 71 8¢9
B. "lacConkey's No.lo3" 61 YT
B. "MecContey's No.l" 45 5.6
B. "MecConkey's No.7" 43 5.4
B. "MacConkey's No.4" 26 33
B. "MacConkey's No.loe" 22 2.8
B. "MacConkey's No.98" 21 2.6
B. "MecConkey's No.73 19 2.4
B. "MacConkey's No.65" 17 2.1




-143-

B. "MacConkey's Nos.l, 4, 5, 34, 71 and 106" are indole
positive, methyl-red positive, Voges-Proakauer negative

and Koser negative and are therefore fasecal in type. "Nos.
67, 73, 98, 103 and 108" are indole negative, Methyl-red
negative, Voges-Proskauer positive and Koser positive and
are therefore nonefaecsl in type. "No.7" is indole negative,
methyl-red positive, Voges-Prosksuer negative and Koser
posltive; "No.65" is indole positive, methyl-red negative,
Voges~Prosksuer positive and Koser positive. These two
organisms having regard to their indole and Voges-Proskauer
reactions sre indeterminate in type, but having regard to
the Koser reaction sre non-feecsal.

Of all the cultures isolated, 36.1 per cent (i.e.
over one third) belonged to the faecal types, B. "MacConkey's
Nos .34 and 71". The percentage of these types, however,
varied greatly according to period. Thus 50.7 per cent of
the winter cultures werec of these two types but only 24.2
per cent of the summer cultures. The percentage of the soil
type, "No.l08", was the same (8.9) for both periocds. While
that of the soil type, "No.l03", was only 2.8 in the case
of the winter cultures and 11.6 in the case of the sumner.

' The numbers and percentages of indole positive
culturgs:-Voges-Proskauor negative cultures and Koser

negative cultures, which were isolated from milk during
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the winter and summer periods and during the combined periods,
are given in Table 51 (page!éq). As previously mentioned,
during the winter period the practice was to isolate several
cultures fran the one sample of milk, but these most fre-
quently proved to be of the same type, consequently during
the summer only one culture was isolated from each semple.
Owing to the fact that the Koser reaction correlates in-
versely with the indole reaction and directly with the

Voges ~-Proskauer the values in the table for the different
reactions correspond to & great extent. Further, thesse
reactions (indole positive, Voges-Proskauer negative and
Koser negative) argxggaractoristic of the faecal types of
coliform bacteriz than o0f the non-faecal types. It will
be seen from the t:ple that of the cultures isolated from
samples of milk during the winter period, 75.2 per cent

vere indole positive, 8l1.3 per cent. were Voges-Proskauer
negative and 73.3 per cent. were EKoser negative. Of the
cultures isolated during the summer period, 49.5 per cent.
were indole positive, 58.9 per cent. were Voges-Proskeuer
negative and 46.8 per cent. were Koser negative. Of the
total number of cultures isolated, 61l.1 per cent. were indole
positive, €9.0 per cent. were Voges-Proskauer negative and ‘
58.7 per cent. were Koser negative. It is evident from these

figures that there is 2 nuch closer correlation between the
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indole and Koser reactions than between the Voges-Proskauer
end Koser. Aeccordingly Af the Kcser reaction is accepted
as being the most reliable for the determination of the
source of coliform orgeanisms, the indole reaction will be
- more relisble than the Voges-Proskeuer for the same purpose.
These resulta show that the proportion of faecal
to non-faescal types of coliform bacteriz in the samples of
the milk of the winter period was much higher then it was
in the sauples of the summer pericd, If the differentia-
tion of feecal from non-faeeal types is based on the Koser
reaction then in the winter period 73.35 per cent of the
coliform cultures isolated were of faeecsl origin (Koser
negative) and 26.7 per cent were of non-fruecal origin (Koser
positive), i.e. the ratio of faecal to nonefasecasl types
was spproximetely 3:1. In the summer period only 46.8 per
cent of the cultures were of faecal origin and 53.2 per cent
were of non-faecal origin, i.e. the ratio of frecal to non-

faocal types was epproximately l:1.

Conclusions.

Coliform bacteria are of frequent occurrence in
milk. Even where fresh smmples lesas than 24 hours old are
tested, over 50 per cent may give positive coliform tests
with 1/10 c.c. asmounts. The proportion of coliform positive
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samples, however, varies greatly according to season, being
mueh higher in swmmer than in winter. This veriation is
accounted for largely by atmospheric temperature, as there
is a well marked correlation between the proportion of
coliform positive samples and the mean of the minimum and
maximun atmospheric tempoeratures. The effect of the higher
temperature in summer appears to be due to its influence
both on the uncooled milk and on incompletely sterilised
utensils so0 that more repid multiplicetion of contaminating
organisms occurs. Milk which has been contaminated with
coliform bacteria has generally &« much higher total bacterial
content than specimens free from coliform bacteria in 1/10
c.c. samples, and it appeara that in certain cases at least
this excess is partly contributed to by organisms other than
coliform bacteria.

During the colder part of the year when the cows
are confined to cattle sheds and not at pasture, the faeecel
types of coliform bacteria, e.g. B. "MocConkey's Nos.l, 4,
34, 71 and 106" occur much more frequently in milk than the
non-faecal types, e.g. B. "MaecConkey's Nos. 67, 73, 98, 103
end 108". During the warmer part of the year when the cows
are at pasture, the faecal and non-fascal types occur with
almost equal frequency. In the present investigation 73.3
per cent of the cultures 1solated during the winter period

cultures
were faecal in type. The ratio of feeeal to non-raocalnytl
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therefore approximately 3:1. On the other hand, only 46.8
per cent of the cultures isolated during the summer period
were faecal in type, the ratio of the faecal to non-fascal
types being approximately l:1. The importance of these
regults lies in the fact that the presence of coliform
organisms in milk is generselly accepted aa an indication that
it has been contaminated directly or indirectly with feeces.
Non-faecal types, however, are camparatively rere in bovine
faeces according to various observers; therefore in all
probability the nilk.;s contaminated with such types fram
other and less harmful sources, e€.g., hay, straw, silage,
grain and particles of soll or dust derived from the animals
skins or from the atmosphere of the milking sheds.

The greater preponderance of faecal types during the
winter period is in all probabllity to be expleined by the
greater exposure of the milk to contamination with dung, when
the cows are confined to the sheds and not at pasture,

Sumary.
(1) Seven hundred and ninety-seven cultures of

coliform bacteria were isolated from samples of milk and
the degrees of correlation between certain cheracters examined
with the following results:-

{(a) There was no clear correlation between the saliein
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reaction and the distinguishing characters used by MacConksy
in his clsasifiecation. 95.1 per cent of the cultures which
were Voges-Proskeuer positive and 85.0 per cent of the
cultures which wers indole positive geve positive saliein
reactions.

(b) In 92.8 per cent of the cultures exemined there was
s direct correlation between the saccherose snd raffinose
reactions. The corrslation was thersefore almost perfect.

{c) In 96.7 per cent of the total number of cultures
isolated there was sn inverse correlation between the
methyl-red and Voges:Prosksuer reactions. The exceptions
in most instances were cultures of the serogenes-cloacae
type.

(4) There was s direct correlation between the Koser
eitrate end the Voges-Prosksuer reactions in 83.2 per cent
of the cultures., Exceptions occurred most frequently in
cultures which wmere indole negetive and Voges-Prosksuer
negative or indole positive snd Voges-Proskauer pogitive.
There was an inverse correlation between the Koser citrate
and indole reactions in 93.2 per cent of the cultures, the
exceptions occurring most frequently in type B. “lacConkey's
No.101"” end in types giving indole poaitive mmd Voges-
Proakeuer positive reactiona, especially B. “idacConkey's

Y0.65". There was therefore & ruch closer correlation
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between the Koser and indole reactions than between the

Koser and Voges-Proskesuer. Consequently 1f the Koser re-
action is accepted as being the most relieble to differenti-
ate the faecal from the non-faecal types of coliform bacteria,
the indole reaction iz more relisble than the Voges-Proskauer

for the same purpose.

(2) Of the cultures isoleted from samples of
milk during the colder pert of the year (winter and spring)
when the cows were confined to the cattle sheds and not at
pesture, 75.2 per cent were indole positive, 8l.3 per cent
were Voges-Proskauer negatiﬁe end 73.3 per cent were Koser
cltrate negative. Of the cultures isolated from milk
during the warmer pert of the year (summer and autumn)
when the cows were at pasture, 49.5 per cent were indole
positive, 58.9 per cent were Voges-Proskauer negative and

46€.8 per cont were Koser negative.

(3) The types of coliform bacteria most frequently
isolated were B. "MacCbnkey's No.71l , B.communior (24.2
per cent); "No.34" B. coli communis (11.9 per cents ;" No.108"
B.cloacae (3.9 per cent); "No.1l03" B. lectie sertgenes
(7.7 per cent); "No.l" (5.6 per cent);"No.7 (5.4 per cent);
"No.4" (3.3 per cent); "No.l06" (2.8 per cent); ™No.98"
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(2.6 per cent); "No.73" (2.4 per cent)3")No.85" (2.1 per

cnt).

{4). The retioc of fascal to non-faecal types of
coliforn: bacteria was spproximetely S:1 when the cows
were confined to the byres or cattle sheds and it was
epproximately l:1 when they weres =t pasture.

(5). 21,569 samples of milk were examined by
means of the coliform test. In 48.3 per cent of the
ssuples the test gave negative results for 1/10, 1/100
and 1/1000 c.c.; in 21.4 per cent it gave positive results
for 1/10 c.c. and negative results for 1/100 and 1/1000 c.c.}
in 14.0 per cont it pave positive results for 1/10 and
1/100 c.c. and negative for 1/1000 c.c.3 end in 16.3 per
cent il gave positive results for 1/10, 1/100 and 1/1000
c.¢c. It iz probable that these results are better than
those generally obtained for milk,

{6). The proportion of coliform positive sauples
is generally mmch hisher in summer and early asutumn than
during the winter and spring. This seasonal veriation is
largely due to stmospheric temperature, there being a well
marited direct correlation between the proportion of coliform



positive samples and the mean of the minimum and maximum
etmospheric temperatures.

(7). Coliform negative samples of milk generally
contain fewer bacteria than coliform positive. Of 21,857
samples examined, 10,458 were coliform negetive and had an
average bacterizl content of 25,2043 11,399 were coliform
positive and had an average bacterial content of 160,577.
The rotio of the average bacteriasl content of the coliform
negative seamples to that of the coliform positive was
1:6.3, 1.e. the coliform positive samples contained on an

average 6.3 times as meny bacterias as the coliform negative.

(2). There is a well marked direct correlation
between the average baecterial content of a series of
samples, the proportion of coliform positive samples and
the mean of the minimum and maximum stmospheric temperatures,
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TABLE 39.

The Influence of Season and Atupspheric Temperature

on the proportion of Coliform Positive Semples* and

on the Average Bacteriasl Content of Ssmples of Milk
from the same Group of Farms ("F,1").

Average Number of Ssmples per Month - 44,

Proportion Mean of the Hininmmum

of and Maximur atmos-
Coliform pheric temperatures
Honth Average Becterial Poslitive for the Day on which
in which Content per c.c. Samples, ex- Samples
Samples {Coliform Positive  pressed as =& Received.

Recelived % Coliform Negetive) Percentage.

Janmuary 16,798 20.4 3640
February 11,373 11.4 35.0
March 17,664 29.5 40.5
April 25,702 22,7 45,5
May 74,057 56.8 48.5
Juns 216,145 8l1.8 55.6
July 182,956 84.0 57.5
August 36,627 43.0 55.5
September 57,525 75.0 55.5
October 9,377 25.0 45,5
November 10,995 32.0 47.5

+
Samples containing Coliform Organisms in
1/10 c.c.
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The Influence of Season and Atmospheric Temperature on

the Proportion of Coliform Positive Samplest and on the

Average Bacterial Content of Samples of Milk fram the
same Group of Parms ("D")

Average Number of Samples per Month - 24,

Proportion
of Mean of the Minimum
coliform and Meximum atmos-
Month Average Bacterial Positive pheric temperatures
in which content per c.c. Samples, ex- for the Day on
Samples (Coliform Positive pressed as & which Samples
Received & Coliform Negative) Percentage Recelved.
January 26,417 33.3 28.5
February 13,179 16.7 31.5
March 20,713 33.7 39.5
April 42,217 8.7 47.0
May 65,970 52.2 57.0
June 288, 200 81.8 ! 58.5
July 334,279 91.7 52.0
Auguat 355, 217 ‘ 96.5 53.5
September 333,931 79.7 55.0
October 77,332 54.5 55.5
November 18,927 36 .4 38.0
December 15,940 60.0 47 .0

" Samples containing Coliform Orgenisms
in 1/10 c.c.
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TABLE 41.

The Influence of Season and ?emperature on the Proportion
of Coliform Positive Samples”™ and on the Aversge Bacterial
Content of Semples of Milk from the same Group of Parms ("E")

Average Number of Samples per Month - 30.

Proportion
of Mean of the linimnam
Coliform and Maximum &tmos-
Month Average Bacterial Positive pheric temperatures
in which content per c.c. Seamples, ex- for the Day on
Semples (Coliform Positive pressed as e which Samples
Received & Coliform Negative) _Percentage Received.
Jamary 21,304 . 24.0 31.5
February 33,179 35.3 41.0
Mareh £9,407 15.0 42,0
April 33,263 41.0 42.5
Key 46,126 39.0 48.5
June 112,444 63.0 58 .5
July 277,859 96.0 67.5
August 252,431 : 91.0 57.0
September 90,488 62,0 55,0
October 26,131 47.0 45.5
November 9,950 25,0 47 .5
December 11,764 24.0 39.56

* Samples contoining Coliform Organisms in
1/10 c.c.
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TABLE 42.

The Influence of Season and Atmospheric Temperature
on the Proportion of Coliform-Positive Samples* and
on ths Average Bacterilial Content of Samples of Milk
from the same Group of Farms ("X")

Average Number of Samples per Honth - 65.

Proportion
of Mean of the Minimum
Average Bacterial Coliform and Mexinum atmos-
Month Content per c.c. Poaltive pheric temperatures
in vhich of all the Semples Ssemples, ex- for the Day on
Samples (Coliform Positive pressed as a which Samples
Received & Coliform Negative) Percentage - Recelved
January 32,997 29.0 34.3
February 52,538 54.0 42.0
Harch 33,977 36.0 56 .8
April 75,209 87.0 46.3
May 47,676 . 3360 41.35
June 374,274 88.0 53,5
July 654,738 82.0 53.8
' August 82,185 91.0 52.5
September 421,986 94.0 53.0
October 78,259 71.0 48.5
Hovember 57,347 45.3 42,0
December 44,030 70.0 45.5

+ Samples containing Coliform Organisms
in 1/10 c.c.
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TABLE 45.

The Influence of Season and Atmospheric Temperature

on the Proportion of Coliform Positive Samples *and

on the Average Bacterial Content of Semples of Milk
from the same Group of Farms ("X")

Average Number of Samples per lionth - 46.

Proportion
of Mean of the Minimum
Average Bacterial Coliform end Maximum atmos-

Month Content per c.c. Positive pheric tempersatures
in vwhich of &ll the Samples Samples, ex- for the Day on’
Samples (Coliform Positive pressed as a which Samples
Received & Coliform Negative) Percentege Received
J‘m‘" 15.444 12.0 35.5
February 17,210 77 35.0
March 19,297 20.5 _47.0
April 32,757 19.6 47.5
May 71,076 36.0 54.5

June 59,143 33.0 49.5

July 190,241 59,0 59.6
August 226,179 72.0 60.0
September 158,231 56.0 60,0
October 17,159 29.0 38 .5
November 10,375 21.0 47.0
Decemb er 10,806 16.0 37.5

+ '
Semples containing Coliform Organlsms
in 1/10 c.c.
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TABLE 44,

The Influence of Season and Atmospheric Temperature

on the Proportion of Coliform Positive Semples? and

on the Aversge Bacterlal Content of Samples of Milk
from the same Group of Farms ("P,2")

Average Number of Semples per Month - 44.

Proportion
of Mean of the Mininmum
Average Bacterial Coliform and Meximum atmos-

Month Content per c.c. Positive pheric tempersatures
in which of all the Samples Semples, ex- for the Day on
Samples (Coliform Positive pressed as a which Samples
Received & Coliform Negative) Percentage Received
January 12,480 20.0 38
February 21,8563 11.11 32.5

Merch 15,011 11.11 39 .5
April 9,550 25.0 46

Mey 23,196 25.6 49.5

June 18,920 22.7 55.0

July 21,934 356 .4 59.0
August 108,845 61.4 60.0
September 183,944 83.7 52.5
October 18,937 30.2 50.5
November 18,673 15.9 45.5
December 11,209 15.9 41.0

+Samples containing Coliform Organisms
in 1/10 c.c.




A COMPARISON between the AVERAGE BACTERIAL CONTINT of COLIFORM NEGATIVE end COLIPORM POSITIVE SAMPLES
of MILK from GROUPS of FPARMS in the SOUTH WEST of SCOTLAND.

COLIFORM NEGATIVE : ‘WPLES

=]l 80~

2. & B L E

COLIFORM POSITIVE SAMPLES

Group Number of (Samples oﬂ-gnd no oo:no-.l (Ssmples contsining Coliform Organisms Ratio of Average Bacteriasl Content
of Semples in Organisms in 1/10 c.s.) in 1/10 c.e.) of Collform Negative Samples to
Farms Year e¢ach Year Number of Averugs Number of Average Hacterial Aversge Bacterisl Centent of Coli-
Baoterial Content form Positive Samples.
Ssmples Content Semples per a.ct.
per o.c.
A. B. (A B ).
A, lat 78 33 15,020 39 150,561 b &2 § N
E. 1st 250 138 27,133 114 95,235 1: 3.5
c. 1st 396 168 45,028 228 242,623 13 6.6
2nd 178 138 51,688 43 53,3956 b 1 D 7 4
D. lst 140 47 42,040 5 74,381 1z 1.8
2nd 207 108 24,874 99 260,732 1z 10.1
ard 274 1256 44,1182 149 165,497 1l: 3.3
4th 248 111 16,100 137 70,877 l: 4.4
B. lst 1566 6b 25,1956 21 94,946 1: 3.8
2nd 354 190 24,684 154 144,554 1z 5.9
Sed 300 201 24,381 29 86,506 1z 2.5
4th 279 164 31,206 115 109,063 1: 3.5
. 1st 570 S20 19,430 250 115,857 Ay 6.0
2nd 528 378 14,830 1566 235,567 TR I
3ra blc 349 14,599 187 qo..m 1t S.4
a. 1st 78R 364 31,275 418 165,848 13 5.3
2nd 566 323 20,839 233 100,653 1z 4.9
3ra 837 366 18,071 17l 46,954 s 2.9
Be lst 603 37T 25,006 228 145,366 1: 5.8
Snd 6156 347 £83.944 268 98,047 1: 4.1
e lst 359 133 30,757 228 211,969 1: 8.9
2nd a7 18 29,293 226 150,338 1z 5.1
3rd 443 a36 21,158 207 " 99,398 iz 4.7
Je lst pé6 248 31,438 718 140,132 1: 4.5
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TABLE 45. (Contd.)

COLIPORM NEGATIVE S MPLES COLIFORM POSITIVE SAMPLES
(Samples contalning no Coliferm (2amples contal Coliform Organisms Ratio of Average Bactarisl Content
Organisms in 1/10 c.c,) in &mm 8.Ca) " e nnwn.nonsnmmnnﬂ: Semples to
Group Number of ~Wumber of Aversge Bacterlal “Wumber oI  AvVerage Pacteriai Aversge Bacterial Content of Coli-
of Samples in Semples Content Seamples Content form Positive Seaples.
FParms Year each year per ¢, o. per 0.0,
A. B. (r: B)

K. st 66 275 18,000 490 157,865 13 £.8

ind 66 343 36,8512 423 115,41 1: 3.2

3rad 689 315 28,860 364 169,742 1: 5.9
L. 1st 72 27 75,100 45 141,222 ’ 1z 1.9

2nd 78 40 17.728 38 86,841 1: 5.0

Srd e 38 85,103 38 138,163 13 2.5
N, 1st 843 229 40,468 814 368,851 1: 9.1

2nd 1145 338 44,052 811 237,465 b &1 5.3

Srd 1319 226 62,281 1083 204,375 1: 4.7
N. 1st 686 418 23,224 285 74,430 b 3.2

£nd 635 409 17,746 226 47,817 1: 8.7

Srd 618 420 14,24) 198 61,707 1: 4.3
0. lst 6s4 351 38,008 343 192,768 1z 4.9

2nd 589 3156 28,941 274 100,129 13 3.5
P. lat 4359 259 23,787 180 77,571 1: 5.5

2nd 848 542 15,958 306 55,968 13 S.4
Q. b ¥] 463 196 37,064 267 103,569 1: 2.8

2n 620 22 24,802 209 123,316 1: 5,0
Re. ist 457 200 47,998 267 166,562 1: V2

2nd 478 238 32,808 24n 111,103 1: 3.4

TOTAL 1,857 10,458 11,399

Ths /iversge Bacterial Content of all the Coliform Negmtive Smumples s - 25.294, and that of all the Colifurm Positive Samples
is - 160,677. The Ratio of the former to the latter is - 1: 6.5.
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TABLE

TYPES of COLIFORM BACTERIA found in MILK DURING the WINTER PERIOD (when the COWS were not at Pasture) and DURING the SUNMER
(when the Cows were at Pasture).

GENERAL CHARACTERS:- Small Oram - Negetive, Non-Sporing Baecilll: Tﬁ.uwmpnoo-o and Lactose with formation of acid and
Gas: Producing cosgulation and permanent acidity of within Seven days at 37°C: as a rule not
liquefying gelstin but occesionally liquefying it slowly.
Type of Agditionsl Mumber of Cultures with
Bacterium Distinguishing Characters Characters Nasber of Cultures Isolsted “agnhouﬂ-wu.mwi‘z
> @ atin;
m E. = Raffinose; K = Koser;
3 M.R. = Methyl-red;
® =8 _m [ WINTER SUMMER MWW.WWMMB n. = neutral Resction.)
@ ..m .m. ﬁ Nu 4 @ o PERIOD PERIOD >
N 4 - [ =4 Ead ® &0 &.T-- - 1-.“
.m ch .m -l ™ 1 8 .m wl M e o
8% 8 3§ $:203% 3 ¢ 8 3%
Q m T = - [+ ” i &5 %4 “ ® X
[ « M ¥ - © (] o ] = per
9 =~ e = M| Total per cent Total per cent Total cent
1. B. "MecConkey's No.71¥ + 4 = = & ¢ @« = & 4+ = & 127 365:4 66 15.1 195 24,2
2. B, "MacConkey's ¥o 34" = ¢ <« « 4+ + o e 4 = = 4+ 55 15.3 40 2,1 96 11.9 R + Muv K+ (1),
3. B. "HacConkey's HO0B" ¢ = <« = 4 = o+ # o+ 4+ + = a2 8.9 39 849 71 8.9 G - wau O=K-(3)3
; G - M,R.n.(8)3 K-(2).
4. B. "NeocConkey's Ho.108° ¢ = 4 & 4+ - F = e + 2+ = 10 2.8 51 11,6 a1 7.7 M.R.+(4)s M.R.n.(5).
6, B, "MeocConkey's No. 17 o « 4 a 4 4 & = 4+ = = & 28 7.8 17 3.9 46 5.8 REe (2); K« (1)
6. B. "MagConkey's No. 7! @ = 2« = 4+ = @ = + - 4+ + 17 4.7 26 5.9 4 5.4 K - Mww
7. B. "MacConkey's No, 4" =« = « <« ¢+ & = =« 4+ = = ¢ 10 2.8 18 3.6 26 3.3 R« (1).
8. B. "HacConkey's ¥o.JOE® & = « © ¢ & e © 4+ & = & 14 3.9 8 1.8 £2 2.8
9. B. "MacConkey's No0.98¥ < « 4+ ¢ &+ = 4+ - = 4+ + = 2 -6 19 4,3 21 2.8 E - (2)
10, B. "MacConkey's No,73" ¢ # =« = 4+ = + + + + + = 4 h % § 15 3.4 19 2.4 G=(7); 0=-K-(1);
ou:.w.s.”n: M.R.+(1);
-.woula” -
11, B. "MacConkey's No.85" ¢ + <+ + + 4+ + + = & & o 3 .8 14 3.2 17 3.1 @ - (1).
12, B. "MecConkey's %0. 57 ® @ =« « 4 4 @ = « = = ¢ 8 1:4 10 2.3 156 1.9
135, B, "NacConkey's Ko.,67" ¢ & ¢ = 4 « + = « & 4 = 1 3 14 3.8 156 1.9 nnMu 3 :.u.u.muw.
14. B. "MacConkey's Ho 74" ¢+ 4 = = + =« = = &+ 4 & & 4 ; O ] 2.1 13 i.6 K~(4); M.R. =(1).
15. B. "NacConkey's o 36" = & « =« 4 o = + + =« + + 4 1.1 8 1.8 12 1.5 0 - Mow
16, B, "MacConkey's oA"Y ¢ =« ¢ = + ¢ = e = + & 8 1: 7 1.6 12 1.5 K - (2).
17. B, "MacConkey's ¥0.36" « + « « 4+ & o @ = = = 8 1.7 5 1.1 11 1.4
18, B, "NacConkey's Wl08® ¢ o « =« 4+ = =« =« + 4+ + 4 4 1.1 7 i.6 1 1.4 uumuwn K-M.R.n.(1).
19, B. "MacConkey's Mal02% 4 « + =« + = & ¢ 4+ 4+ + = 3 3.8 7 1.6 10 1.3 G=(2);
20. B, "MmeConkey's No.88" ¢ + ¢ = 4 = « = =« 4 & + 2 «6 8 1.4 8 1.0
s. B. I..agoﬂ ﬂﬂlqml & ‘P - - - L - - - - - + 4 H.ou. 4 .o 8 1.0
22, B, "NeoConkey's Nod04™ ¢ « + = ¢ = = @ o 4 + = 0 8 1.4 8 .8
25. Anomslous Type "A"... .+ » - *« = = & B e 5 1.4 1 2 (-] «8
24. B, "MacConkey's %o. 8" = = 4 = + 4 o & . e . [+] 5 1:) 6 o8
25. Anomalous Type "H"... C T ® A o e 0 5 T ] o6 G - (2)3 BR-0-(1);

KeM R.+(1)



Type of
Esoterium

B, "MacConkey's No., 99"
B. "NacConkey's No.l05"
Ano=elous Type "E"....
B. "HecConkey's lo. 69"
B. "MacConkey's No. 75"
B. "MecConkey's No,100"

B. "MscConkey's No.107"
Anomalous u.uvo.._wm....
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TABLR . (Contd)
Additional
Distinguishing Characters Charscters Number of Cultures Isolated

2 A e ks » e %
£ 3 8 8 3 2 .85 & § v B8 wormm STMMER QENDAS
$ & 2'a 2 73 .mu e = 8 8 2 PERIODS
§ 2 § F F BEMe3 3 ¢ 3 B R - por
.m A s H 2% S 8§ % = ¥ 7otael Per cent Total Per cent Total cent

B A
N R~ S - T - 0 4 9 4 5
D S S S T 3 «8 1 2 4 N
* - - - * - - - +* ." - 1 ou 3 .4 4 o@
- - - + + - » * Y - + - 3 o8 [+] 3 =
- - - <3 +* - - - - & » - 0 u O-ﬁ u O‘
* - - - > + - - * - - - 1 .. 2 8 3 o4
e N g -, Ak e R ¢ 3 o d 3 3
PO - - - - * i 3 e : | 1] 3 4
- - - - +* + + - - - - - (+] 3 0@ 2 .«
& - * = & e - o - i -} 1 2 2 -
AR e Sy @ % wb e 0 2 8 3 e
P Lok 5 i TR S S T e L 0 2 oD 2 e |
- < = - Sl + » . + & 0 2 5 2 .
- - -+ - - - - - -+ - - - U. ’“ (¢] ” 0“
L T T S . S 0 1 o2 1 ol
TSI S R SRR T 0 o o8 1 ol
= = - - 3 > L d - - - - H Cu O H- O”
* - - - -> » - - - - - 0 H. ON H. OH.
* & - - > <+ - - -+ - - ° F .“ “ .H-
P R s SR PRI NI TR <L SR 0 1 «2 1 ol
+ - - - - - - - > * - 0 1 2 1 P
e A & = > & - = - 0 1 -2 1 P §
* - -* - + +* > - + - . o 1 2 1 «l
- - - * * - + + - - + - o 0 (4]
- - - - > - - e - - > - o ° °
* - - + + - - - - -+ - - 0 0 0

Cultures with Exceptionsl
Cherscters.

M.R.n.(2).
G=(3); M.R.+(1).
"' u.vo

e-(1).

H.h“vo

Ke(1).

a-(1).
.OWO|AH- -

a=(1).

¢ in Ssccharose, Dulcitel, Adonitol, H.Ew»u. ¥snnitol, m-ww»wooo or Salicin oopm' =
L ] n L ] -~

- in .

in Indole, <onoo-w-.oow-=8.. souo-. or I.den-.& eowul. = presence of reaction.

E L]

in .

+*
+ in Gelatin aowml. ™~
-

gelatin liquefied.
gelatin not liquefied.

in Iowm:nﬂ oowi = pressnce of motility.
in

2 Direct correlstion between Indole and Koser reactions.

absence of motility.

absence of reaction.

hold & Oss produced.
Acid & Oas not produced.
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TABLE 47,

The Fermentetion of Salicin by Coliform Bacteria
Isoleted from Milk during the Winter and Summer

periods.
Acid and Gas Acid and Ges YNot
Total produced in produced in
Number Salicin Salicin
of Number of Number of
Type Cultures Cultures Cultures.
B "MacConkey's No. 1" 45 42 3
B "MacConkey's No. 2" 5 5 -
B "MacConkey's No. 4" 26 13 13
B "MacConkey's No. 5" 15 3 12
B "MacConkey's No. 6" 2 1 1
B "MacConkey's No. 7" 43 30 13
B "MacConkey's No. $3" 1 1 -
B "MacConkey's No. 34" 95 69 26
(B coli commmis)
B "MacConkey's No. 35" 11 7 4
B "lMacConkey's No. 36" 12 11 1
B "KacConkey's No., 65" 17 17 -
E "MacConkey's No. 66" : | 1 -
B "MacConkey's No,.67" 15 , 15 -
B "MacConkey's No. 68" 8 8 b
B "MacConkey's No. 69" 3 3 -
B "MacConkey's No., 71" 193 181 12
(R. communior)
B "MacConkey's No. 72" 8 8 -
B “HacConkey's No. 73" 19 i9 -
B "MacConkey's No. 74" 13 11 2
B "MacConkey's No. 75" 3 3 -
B "MseConkey's No. 97" 1 1 -
B "MacConkey's No. 98" 21 21 -
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TABLE 47 (Contd)

Acid and Gas Acid and Gas not

Total produced in produced in

Number Salicin Saliein

of Numnber of Number of

Type Cultures Cultures Cultures
B "MacConkey's No. 99" 4 4 -
B "MacConkey's No.1l00" 3 3 -
B "MacConkey's No.lol" 12 12 3 -
B "MacConkey's No.l02" 10 10 -
B "MacConkey's No.l03" 61 61 -

(B.lactis aerogenes)
B "MacConkey's No.lo4" 6 6 -
B "MacConkey's No,105" 4 3 1
B "MacConkey's No.l0o6" 22 16 6
B "MacConkey's No.lo7" 3 2 1
B "MacConkey's No,108" 71 64 7
(B.cloacae)

B "MacConkey's No.l09" 11 11 -
Anomalous Type "A" 6 6 &
Anomalous Type "B" 3 1 2
Anomalous Type "C" 2 2 -
Anomalous Type "D"  § 3 -
Anomslous Type "E" 4 4 -
Anomelous Type "H" 5 4 1
Anomalous Pype "J" X 1 -
Anomalous Type "K" 1 1 -
Anomslous Type "L" 2 - -
Anomalous Type "M" 1 1 -
Anomalous Type "N" 1 1 -
Anomalous Type "P" 1 1 %
Anomalous Type "Q" 2 2 B
Anomalous Type "R" 2 2 ¥
Anomelous Type "x" 1 1 -

Of 487 indole poslitive Cultures, 404, i.e., 83.0 per cent,
are salicin positive.

Of 247 Voges-Proskauer positive Cultures, 235, i.e., 95.1

per cent are salicin positive.




L4
e

v
T 151 ¢
T 6T

ST

+

+

uog3oeey
pea~-TAY3en
Toagnen

BUOT3080Y~pOY TAY3OM pe3eIosl
pus Jenejsolg-se3dop seany Ny
ueemyoq Jo
UOTEIBTOII0) 300X30 JOoqumy T830L

STHNITAD TVNOILJHOXE 40 HIEWAN

uogao8ey
JoNvHE0ad
-80304

*SU0T30ueY peU-TAUJeN oUj pur JenexsoJdd-s630p
U3 UeOM]O0Q UOTIBTOJII00 OBJIOAUT Ur GATT J0U PIP YOTUA SeInjzInd

ITdV L

uoyg3owey
eTopul

ulu

uHu
60T ON
uB0T ON
uSOT*ON
wE0T°ON
w66 "ON
wvi "OR
u2d "ON
w9 "ON

odL] snoTsmouy

edLi] snoTsmouy

s, Lexuo)ovy,,
8 Lexquo)osn,
8, Lexuo)osH,
8 ;L6 U0 DOBH,
8  AexquodoeNn,
8 LoUODIBH,,
s LoXuoovN,,
s Lexuopony,

odky

M M M M M M @ @



-167-
TABLE 49.

Cultures vhich failed to give a Direect Correlation
between the Voges-Proskauwer and Koser Reactions

Number of
Totel Cultures which
Voges- Number of falled to give

Indole Prosksuer Cultures a Direect
Iype Reaction Reaction Isolated Corralation
B "sMacConkey's ¥No.l" + - 45 1
B "kacConkey's No.6" + + 2 2
B "MacConkey's No.7" - - 43 42
B "MacConkey's No.34" + - 98 1
B "MacConkey's No.36" - - 12 12
B "MacConkey's No.66" + - 1 1
B "HacConkey's No.67" - + 15 1
B "MacConkey's No.68" - - 8 8
B "MecConkey's YNo.73" - + 19 |
B "MacConkey's No.74" - - 13 9
B "MacConkey's No.75" - + S 1
B "MacConkey's No,.98" - + 21 2
B "MacConkey's No.99" - - 4 4
B "MacConkey's No,l00" + - 3 1
B "MacConkey's No.l01" + - 12 10
B "MacConkey's No.l04" - - 6 6
B "MacConkey's No.lo8" - + 71 5
B "MacConkey's No.lo9" ~ - 11 9
Anomalous Type "B" + + 3 3
Anomslous Type "C" + + 2 2
Anomalous Typs "DV + + 1 2
Anomalous Type "E" + + 4 1
Anomalous Type "H" + + 5 4
Anomalous Type "J" + + X 1
Anomalous Type "x" + + 1 1
Anomalous Type "Q" - - 2 2
Anomalous Type "R" - - 2 2




=168~

TABLE 20.

Cultures which failed to give an Inverse Correlation
between the Indole and Xoser Reactions

Number of
Total Cultures which
Voges- Number of failed to give

Indole Proskasuer Cultures inverse
Iype Reaction Reaction Isolated Correlation.
B "MacConkey's YNo. 1" + - 45 1
B "MacConkey's No. 7" - - 43 1
B "MacConkey's No.34" + - 95 1l
B "MacConkey's Yo.65" + + 17 17
B "MacConkey's No.66" + - 1 1
B "HMacConkey's No.67" - 15 |
B "MacConkey's No,73" - + 19 1
B "MacConkey's No.74" - - 13 4
B "MacConkey's No.75" - + 3 1
B "MacConkey's No.97" + + 1l
B "MacConkey's KNo,.98" - + 21 2
B "MzcConkey's No.loo" + - 3 1
B "MacConkey's No.lol" + - 12 10
B "kKaeConkey's No.108" - + 71 5
B "MacConkey's YNo.lo9" - - 11 2
Anomalous Type "E" + + 4 3
Anomelous Type "H" + + 5 1
Anomelous Type "X" + + 1 1
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TABLE 8l.

The Numbers and Percentages of Indole Positive
Cultures, Voges-Proskauer Negative Cultures and
Koser Negative Cultures isoclated from Samples of
Milk during the Winter and Summer periods and dur-
ing the Combined Periods.

WINTER PERICQD SUMMER PERTIOD COMBIRED PERIODS
Numnber Huuber Tumber
of of of

Reaction Cultures Percentage Cultures Percentage Cultures Percentage

Indole

Positive 270 75.2 217 49.5 487 6l1l.1
Voges- 202 81.3 258 58.9 550 62.0
Proskasuer

Negative

Koser 263 733 205 46 .8 468 58.7

Negative
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