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In the first section of this experiment, 4 different
treatments (2 medla - potato dextrose agar and malt agar,
in combination with each of 2 bacterial growth inhibitors -
acid, end rose bengal and streptomycin) for determining
the yeast and mould gounts in butter were compared. Sixty-
four butter samples obbained at random from commercial
creameries were used. Five plates were prepared per
treatment.

The analysls of variance of the-codhts for all samples
combined indicated significant differences between medies at
(P = 0.05) and between bacterial inhibitors at (P = 0.05).
However, the variance for the interaction between media and
inhivitors was significant, and when this was used-as the
~error term the variances for media and inhibitors were not
significant. Comparison of the interactions indicated
that the treatment of malt egar with acid was inferior to
all other treatments.

In the second section, 2 treatments (potato dextrose
agar with either aureomycin or rose bengal and streptomyecin)
were compared using the same butter samples as above. Four
plates were prepared per treatment. The méan éount for the
medium cantéining the aureomycin was significantly higher
then that for the medium to whieh the rose bengal and strepto-
myein were added, but the pattern was not identical for all

samples.

Further, more specific studies are required to determine




why all the treatments used did not support equél numbers
of yeasts and moulds and why all cultures did not react

to the trestments in the same manner.
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INTRODUCTTION

Yeast and mould counts are used as a measure of sani-
tation in the manufacture of butter. The damaging effects
of certain yeasts and moulds which are of tremendous im-
portance, may be greatly reduced through eradicating the
source of contamination by means of strict sanitary control,
and through frequent checking by routine microbiological ex-
amination, Yeast and mould counts provide a reasonably
good indication of the conditions under which the butter was
manufactured, even though they do not accurately measure
either the quality of the raw materiel or the keeping qual-
ity of the finished product. High yeast and mould counts
usually mean faulty methods of manufacture, e.g., inefficient
pasteurizetion, unsanitary churns, pilpes and fittings, or
other contamination of the butter after pasteurization.

Yeast and mould counts, as well as other microbiolog-
ical determinations, are relative rather than absoluts.

The oxygen tension, pH, humidity, temperature, and nutrient
requirements of the different species of yeasts and moulds
are too variable to permit optimum growth for all the
different species of yeasts and moulds when a standard
procedure is used. Uniform methods are essential, how-
ever, or no standard can he set, and the results at
different times and from different locations will not be

comparable. It is therefore necessary that methods are




used which will provide the optimum conditions for the
greatest number of organisms.

One medium may give higher counts of yeasts and
moulds than another, but from a practical point of view
this does not necessarily mean that such a medium is to
be preferred; other factors such as simplicity and
uniformity in preparation, as well as cost, must be taken
into account. Many different media have been tested in
order to find the most suitable one for the determination
of yeasts and moulds in butter. The Official Method for
the Examination of Dairy Products (1953) prescribes the
uge of either acidified mslt agar or acidifled potato
dextrose agar.

The acidified media mentioned above were also used
by soil microbioclogists for the eﬁumeration and isolation
of soil fungi (moulds). In soll microblological work,
however, the acid is now gradually bheing replaced by a
mixture of the dye rose bengal and the antibiotic. strepto-
myein as the bacteriostatic agent.

The purpose of this lnvestigation was to assess the
reletive efficiency of different combinations of basie
media (agars) and bacterial inhibitors used for the
determination of yeasts and moulds in butter. Media to

which a mixture of rose bengal and streptomycin was added
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as a bacteriostaetic agent were compared with media which
were acidified (pH'B.B + 0.1) to inhibit bacterial growth.
Aureemycin alone was also compared with the rose bengal

and streptomycin mixture, using one common basic medium.




REVIEW OF LITERATURE

The Conventional Method

In Canada a tentative method for the determination
of ysasts and moulds in creamery butter was suggested by
Hood and White (1928). At that time the acceptance of
the use of leboratory methods for determining the yeast
and mould count of pasteurized butter made necessary the
adeptlon of a standard procedure for routine analysis.

The American Dairy Sclence Association, through its
Committee on Bacteriologicel Methods, suggested the
adoption of uniform procedures for the detection of
micro-organisms in butter. For the determinstion of
yeasts and moulds in butter the acid-plate method was
suggested (1930).

White and Hood (1931) undertook a study of methods
for determining numbers of yeasts and moulds in butter
and of the effects of different pH levels on the growth
of yeasts and moulds. The suthors found that yeast
counts in butter were equally satisfactory when a medium

of pH 3.5 or pH 4.2 was used. They also stated that a

pH of 3.5 had no detrimental effect on the growth of bubter

yeasts, and no apparent differences in gize of coloniss or

of rapidity of growth could be observed.
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The Committee on Bacteriological Methods of the
American Dailry Science Association (1933}, published
a revised report on the methods of analysing dairy prod-
ucts ineluding microbiological analysis of butter. In
addition to minor changes in the general procedure, they
suggested the use of three new medis.

l. Potato dextrose agar.
2. Baecto dehydrated melt agar.
3., Baeto dehyérated wort agar.

Parfritt (1933), during the same year, compared several
medis to determine their effect upon the yeast and mould
count in butter. His conclusions were that whey agar
prepared by rennet coasgulation produced the lowest yeast
and mould count, that the difference between dehydrated
agars prepared by the Digestive Ferments Company (whey,
malt and wort agars) was slight, and that in order to
obtain cbmparative &east and mould eounts either dehydrated
whey, malt or wort agars should be used.

A more thorough investigation of the relative merits
of seversl media for the enumeratlion of yeasts and moulds
in butter was undertaken by Shadwick {(1938). The six
media he compared were:

1. Preshly prepared potato dextrose agar.
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2. Dehydrated potato dextrose agar.
3. Dehydrated peptonized milk agar.
4, Dehydrated malt agar.
5. Dehydrated whey agar.
6. Dehydrated wort agar.
The procedure he followed was based on the methods
suggested by the Committee on Bacteriel Methods of the
American Dairy Secience Association (1933). TFrom the
results he obtained, he observed the following:
"It is not possible to note any definite
tendencies for any one of the culture
media used to give consistently higher
chunts although it should be noted that
in practically all instances the mould
counts were appreciably lower than the
yeast countsh,
The results appearéd to indicate a tendency for higher
counts among the duplicate plates poured with the potato
- dextrose agars, which apparently was not so consistently
exhibited by other media. The author further stated that
in a study of comparative methods and medls for determining
the yeast and mould counts in butter it was extremely
hazardous for one worker to abttempt to draw definite con-
clusions from the results obtained because there were

conflieting data, and alsoc because the personal equation

might unduly prejudice the interpretation of results.
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The Use of Dyes and Antibiotics as
Bacteriogtatic or Bacteriocidal Agents

The bacteriostatic or bacteriocidal actions of many
dye-stuffs (biological stains) have been known for meny
years. The use of rose bengal for the isolation of soil
fungi was originally suggested by Smith and Dawson (1944).
They compared media contﬁining rose bengal at a concen-
tration of 1:15,000 with media to which 0.1% and 0.3% boric
acid respeqtively had been added. The counts on the medis
containing the dye were 100% to 200% higher than those from
the media containing boric acid. Rose bengal at a con-
centration of 1:10,000 was too toxic and reduced the counts
of fungil somewhat.

Littman (1947) observed that the growth of many
pathogenic fungl was retarded or completely inhibited on
strongly acldified dextrose agar. He suggested, there-
fore, the use of a medium composed of 1% dextrose, 1% pep-
tons, l.5% oxgall, 2% agar, 1/100,000 crystal violet, and
30 units of streptomyein per ml of agar. Crystal violet
and streptomycin when used together in oxgall agar inhibited
the growth of both Gram-positive and Gram-negative bacteria
from heavy inocula of feces, sputum and other grossly contam=-
inated specimens. Moulds and yeasts grew as non-spreading,

well-separated colonies which were easy to isolate in pure




culture.

Martin (1950} noted that although the medium suggested
by Littman was exeellent for the dstermination of total
numbers of fungi, the growth of some forms was retarded
80 greétly and the colour of all was so intense that a
considerable portion of the colonies had to be transferred
to other media before 1dentifiecation could be made. The
substitution of 1/30,000 rose bengal for the crystal violet
improved the medium in this respect. Martin also noted
that several common soil fungi would not grow on a medium
gufficiently acid to prevent growth of all bhacteria and -
aetinomycetss. He compared the growth of a considerable
number of pure fungi on three different medis; each
medium was acidified and rose bengal and streptomyein was
added to each one. He found that the substitution of rose
bengal and streptomycin for sulphurie acid (pH 4) in fungus
agar increased the kinds of fungi isolated by approximately
14% and the numbers as much as 100%. It appeared that the
greater part of the increased count was duse to the develop-
ment of types which were senslitive to the acigd.

Similar results were obtained by Martin and Harding
(195Q). They stated that rose bengal and streptomycin

were esgsentially as effective ag acid in preventing growth
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of bacterla and of streptomycetes, The use of the new
medium increased the kinds of fungl by approximately 27%.

Hesseltine (1952) investigated the possibility of
growing and isolating yeasts in the presence of aureomycin
which had been found to be highly effective against Gram-
positive, Gram-negative and scld-fast bacteria. Three
different concentrations of aureomycin were employed; 50/g,
250/g and 500Mg per ml of medium, They were tested on 14
types of yeasts. At a concentration of 59#g,»6 types grew
as well as on the control without aureomycin; 7 types had
their growth slightly retarded over the control and 1 had
its growth reduced to one half the control. Higher con-
centrations yislded only poor growth.

Bakersplegal and Miller (1953) compared oxgall, cerystal
violet, streptomycin and penicillin as bascterial growth in-
hibitors in the platings of soil fungi. They found that
oxgall at a concentration of 1:100 and 1:40 compared
favourably with erystal violet dye, streptomycin and
penieillin G in repressing the development of bacteria in
so0il platings. Crystal violet was less effective than the
other three at the concentrations employed.

Miller and Webb (1954) compared acid, rose bengal and

oxgall as bacterial inhibitory agents for the isolation of
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yegsts Trom séil. The medium used was potato dextrose
agar. The authors stated that on the average, more yeasts
were found when rose bengal was used. In one series of
semplings, however, more yeasts were isclated on the medium
t0 which oxgall had been added.

Olson and Bonner (1957) reported the results of a
‘comparison between the yeast and mould eount in cottage
 cheese obtained on acidified (pH 3.5) potato dextrose agar,
and potato dextrose agar to which 100 ppm of aureomycin had
been added. 0f 105 samples of commercial cottage cheese
82 showed a higher count on the plates poured with the agar
containing the aureomycin. The average number of colonies
per plate on the aureomycin agar was 115, whereas the aver-
age Tor the plates with the acidified agar was 89 - an
inerease of 25% on the aureomyocin agar.

Taber, as reported by James (1959), suggested replacing
gstreptomycin with neomyein which is themmo-stable and may
therefore be sterilized with the medium.

Application of Statistics
to Microbiologieal Data

Fisher, Thornton and McKenzie (1922) were the first to
apply theoreticsal sﬁatistics to platingsrof bacteria from
soil. They showed that platings of bacteria follow a

Poigson distribution, and suggested the chi-square test,
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whether a set of platings may be econsidered a random sample,

using'yf = as an index of dispersion to check
and if eny deviation from the Poisson distribution were
significant. The authors concluded that it was possible
to obtain complete conformity with the theoretical distrib-
ution, and that any significant departure would imply a
lack of randomness of sampling, or faulty technique result-
ing in too great a variation in individual data.

Waksman (1922) introduced the concept of standard
deviation, standard error and probable error into soil
bacteriologigal work, and the use of the coefficient of
variabllity as a measure of reliability for the estimation
of numbers of bacteria, of actinomycetes and of fungi in
soil. He noted a considerable increase in the probable
error in determining numbers of fungi as compared to
numbers of bacteris gnd numbersuof actinomycetes. This
increase was dus %o the faet that the fungi exist (in the
soil), both in the form of spores and in the form of aerial
mycelia, and because of the great abundance and wide vari-
ations in numbers of spores formed in a single head of
many fungi. We should, therefore, accept results with g
higher coefficient of variability and allow for a lower

level of significance for testing the'Xf’values. The
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aubhor stated, however, that if & high enough dilution was
-employed (1/100 of that used for bacteria) the probable

error and'the goefficient of variability were appreciably

reduced.

Wilson and Kullman (1931) showed that the chi-square
test may be used to deﬁenmina whether observed variations
between replicate plates on Rhizobia are dus to chance or

to technique. The caloulated values of X will be dis-

tributed in & known manner if the replicate samples are
from a Polsson series.

Jensen (1934) found that when applying goodness of
fit bests to soil fungi, the results were within the per-
miggible 1inmits., This meant that the findings of Fisher,
Thoraton and MeKenzie (1922) with regard to bacteria could
be applied also Hto soil fungi.
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MATERTALS AND METHOD

Preliminery Studies

A measure of the variation which might be expected
with mixed yeast and mould cultures obtained from commer-
¢ial butter samples was determined from a number of prelim-
inary platings. The plating technique used has been
desoribed in the "Standard Methods for the Examination of
Dairy Products" (i953). Twenty plates were preparsed for
each of 7 cultures. These plates were incubated at TOOF
for 5 days before counts were made of the number of
organisms on each plate,

Additional tests were carried out to determine the
size of sample necessary in order to obtain reliable re-
sults. Two of the series (V and VI) mentioned above,
and an additional set of 50 plates (Series VIII) were used.
Each of these series was subdivided into groups of 2 acc-
ording to the manner in which the plates had been poursed.

Thus, plates 1, 2 and 3 were included in group I; 4, 5 -
and 6 in group II, ete. Similarly, this same data was
subsequently divided into groups of 4, 5 and 6 plates.
The means and variances of these groups are compared in = ¢

Table 3.
It is to be expected that, where quantity (number)
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determinations of a particular event are made and where

that event occurs with a uniform low probability, the
distribution observed will be that of a Poisson. A

humber of workers (Fisher, Thornton and MeKenzie, 1922;
Wilson and Kullman, 1931) have indicated that the organisms,
particularly bacteria and moulds, in thelr experiments have
followed a Poigson distribution. Where this has been the
case the results must often be transformed before the data
may be analyzed using normal curve methods {e.g., Analysis

of Variance). In order to determine the nature of the
material used here, a series of 200 plates was prepared
uging a butter-water suspension with a count of approximately
35 yeasts per ml. The suspension was prepared by the
dddition of 55.5 ml of sterile butter to 500 ml of sterile
distilled water (1:10 dilution). To this was added an un-
known yeast colony from a plate taken at random. The
inoculated suspension was shaken for one half hour on a
mechanical shaker after whieh time 2 pilot plates were pre- = -
vared %o check the approximate yeast count in the suspension.
One ml of the suspension was delivered onto the plates, and
they were poured with 10 mi of ascidified (pH 3.5 * 0.1) malt
agar, | After solidification, the plates were incubated at
70°F for 5 days. The stock suspension was kept refrigerated

during this peried.
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A count was made of the organisms on the pilot plats
after 5 days, and the stock solution wes diluted with a
sterile water-butter suspension until a ysast count of
from 30 to 35 was obtained. The adjusted yeast suspension
was plated out onto 200 plates (1 ml per plate) starting
with plate No. 1 and continuing systematically to plate No.
200, Each plate was poured with 10 ml of acidified malt
agar and ilncubated at 70°F for 5 days. Counts were made
of the number of organisms on each plate. The counts were
grouped according to size and then tested against the ex-
pected normal and Poisson distributions following the
methods outlined by Snedecor (1946).

Main Study
The purpose of this sbudy was to assess the relative

efficiency of 5 different treatments used in determining
yeast and mould eounts in butter. The experiment was

divided into 2 seetions.

Section I Th the first section, 2 basic media, potatoe
dextrose agar and malt ager, wers compared when in combin-
ation with each of two additives, tartaric acld and a mix-
ture of streptomycin and ross bsngal. The 4 treatments
possible are listed below.

{(a) Potato dextrose agar, plus acid (pH 3.5 ¥ 0,1)
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(b) Malt agar, plus aeid (pH 3.5 } 0.1)

(c) Potato dextrose agar plus rose bengal (1:15,000)
and streptomycin (30 Y per ml of medium)

(d) Malt agar plus rose bengal (1:15,000) and
streptomyein (30 Y per ml of medium)

The e xperimental procedure outlined in nStandard Meth-
ods for the Examination of Dairy Products" (1953) was
followed exclusively in the preparation of the acld plates.
In the preparation of the non-acid (rose bengal and strepto-
mycin) plates, the dye was added before sterilizing the
medium and the heat-labile antibilotic was added aseptically
to the remelted medium jJust prior to pouring the plates.
Butter samples were taken at random from shipments obtained
from provincial creameries. For each sample studied, 5
plates (subsamples) were used 50 measure the effect of each
treatment. In all 64 samples were studied. An analysis
of variance was carried out for each sample and for all
samples combined. Because of the lack of continuity

(uniformity) frem one sample to another all data were

transformed (L/individual plate eount) prier to conduct-
ing the overall analysis.

Secetion IT Subsequently it was decided to determine
the effect of aureomyein on yeast and mould éounts and a

second experiment was conducted in which aureomycin at a
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eoncentration of IOO'V per ml of medium was compared with

a streptomycin and rose bengal check. The basic medium
used was potato dextrose agar. The experimental pro-
cedure was similar to that used in Section I. The check
plates were prepared as before but in the preparation of
the other treatment, the dye was omitted and the strepto-
mycin was replaced by aureomycin. For sach treatment in
each sample, 4 plates (subsamples) were used. The 64
samples studied wers the ches used in the first gection.
Each sample was analysed separately (t-test) and e combined

analysis of wvariance was carried out on all samples using

transformed data ( /Individual plate count).
The ectual yeast and mould eounts obtained on the 4
treatments used 1ln section I, and on the 2 treatments used

in gection II, are given in Appendix I and II respectively.
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RESULTS AND DISCUSSION

Preliminary Studies

The individual counts of the 7 series of 20 plates
used in meassuring the variation which occurs in yeast and
mould cultures are presented in Table 1. The counts of

an eighth series consisting of 50 plates are given in

Table 2. It was apparent from these data that the variation
in this material was rather high. The coefficients of
variability were 28.9, 25.6, 33.9, 61.0, 11.1, 25.1, 13.8

ahd 20.7 respectively for series I to VIII. The lowest
variation was associated with those series which had high
average counts. (The values were 4.9, 3.7, 3.6, 4.0, 25.4,
5.9, 66.5 and 33.8 respectively for series I to VIII.)

This is what might be anticipated where the number of
miero-organisms delivered per plate ig not strietly con-
trolled and the presence of an unbroken spore head could

greatly influence the count on any one plate, This would

be of greater significance where the mesn number of organ-
isms per plate is low and numerically small deviations

would be expressed in & greatly increased variation. This

may account for the extremely high coefficient of variability
for series 1IV. In general, the variation of these mixed

yeast and mould oultures was high and this may be important
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TABLE 2

for Series VIII

Counta Per Plate

30
28
24
20
217
29
29

26

27
31
22
22

25

15
2l
24
30
217
30
20
26
217
24
22
19
28

17
217
30
32
20
32
25
24
26
24
35
34
38

33
28
34
25
13
22
33
24
23
31
33
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in detecting small differences between treatments.
The high variation observed in these serles raised

the question of the number of subsamples which must be

used within each treatment in order to obtain a reasonably
reliable estimate of performance of that treatment and
which will permit selection of those treatments which per-
form most efficiently the funetion required of themn. It

follows that the greater the size of sample, the more

confidence we place in our estimate and the more readily
(other things being equal) we will be able to detect small
significant differences. However, because the numbers of
plates which can be physically accomodeted is limited and
because it would be desirable to use btreatments on a num-
ber of samples rather than on & single sample, the number
of subsamples must be kept to a reasonable level. The
mean and standard deviations of the subgroups within series
V,'VII and VIII are presented in Table 3. A survey of
this data indicated that the subgroups provided reasonsble

estimates of the means of the series, i.e., the mean and
sbtandard deviation had not changed apprecliably with re-

duction in numbers from 20 or 50 to 3, 4, 5 and 6. Vari-

ation appeared to be quite uniformly distributed with no
indication of consistent increases or decreases in number

from the first to the last plate. The final criterion in
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TABLE 3

Means and Standard Deviations of the Différent
Groupings in Series V, VII and VIII

Series V »
Number of Plates Per Group
20 6 5 4 3
X o X o X o X o % o
25.4 2.8 23.8 3.0 23.6 3.3 23.5 3.6 22.7 4.2
24,6 2.6 25.8 1.1 25.3 1l.3 25.0 1.0
26.7 2.6 24,2 3.4 24,0 2,3 25,7 1.2
28.0 1.6 26.8 3.4 23.7 3.5
27.5 1.3 25.7 3.3
27.7 2.1
Series VII
Number of Plates Per Group
20 6 5 4
T °© % o % o % o % o
66.5 9.4 58.5 8.5 57.6 9.2 60.0 8.6 59.7 10.5
66.5 6.8 66.6 7.2 59.8 0.2 57.3 8.2
75.5 6.5 72.6 9.0 67.8 4.9 67.3 2.8
69.2 6.8 175.0 8.3 65.7 3,3
70.0 7.5 78,0 7.0
7%.0 6.1
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TABLE 3 - Continued

Series VIII
Number of Plates Per Group
50 6 5 4 3
X & X o X o X o X ¢
26.3 5.3 26.3 3.7 25.8 3.9 25.5 4.4 27.3 3.1
26.2 3.7 28.4 1.9 27.8 1.5 25.3 4.7
23.7 2.7 21.0 3.7 25.5 4.4 27.3 1.6
24.8 3.6 26.2 4.3 21.3 4,5 25.0 5.2
23.5 6.1 23.6 3.2 26.8 4.7 20.3 5.1
25.2 3.9 26.8 5.8 24.8 2,2 27.0 3.0
33.7 3.3 25.4 4,3 22.8 5.6 25.3 5,1
25.3 6.4 32.8 5.3 28.5 5.7 24.3 2,6
24.4 1.8 24.8 1.0 21.3 5.9
28.8 4.9 35.0 2.2 29.7 2.6
25.0 8.8 25.7 6.0
25.5 5.0 24.7 1.1
35.7 2.1
31.7 3.2
20.0 6.3
26.7 5.5
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determining sample size was the standard error of a mean
difference. It may be seen that in our caleulation of
the difference needed before treatment means were signifi-
cantly different (least significant difference), ons of
the values used was subsample number (i.e., number of
samples used in the calculation).

- E.M.S.(Varignce) x 2
L.8.D. FEde/Subsample No.

This meant that if the error mean squares (or the
standard deviations or variances) were equal, then the
L.S.D. needed when 6 subsamples were used was\/%?
(approximately 2.8) times as large as that required when
50 subsamples were used. The value was 3.5 when only
4 subsamples were used. When 20 subgsamples were com-
pared with 6 and 4 subsamples, the values were 1.80 ana
2.25 respectively. This also meant that in materisl
such as we had here, where the variance averaged about
52 = 25 or less (ses Table %), there must be a_difference
of apprbximately 6 units (2 x /323&.&) between means be-
fore they would be regarded as being significantly
different. It is extremely unlikely that a difference of
less than 6 units would be of any practical significance
to the dairymen who must use this technique, i.s., ths
treatments would have to have greater differences before

the one c¢ould be regarded as bebtter or easier than the
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other. Thus, it would seem that sample sizes of from
3 - 6 would be adequate for our purposes here.

The counts of the 200 plates used in studying the
distributien of yeasts in a sterile water-butter suspension
are presented in Table 4. The mean count for all plates
was 33.8 with a standard deviation of 7.00 {C.V. = 20.7%).
The individual counts were grouped according to magnitude.
When this grouped data was tested againgt the Poisson
distribution expected with this mean, the ** value of
32.17 exceeded that permissible (0.05 = 26.30; 0.01 = 32,00)
with 18 - 2 = 16 degrees of freedem. If in a Poisson dis-
tribution the mean = variance, the poor fit here may be
explained on the basis of the higher variance (mean = 33.8;
variance = 48.43) of this data. = This was further supported
by the original dete whieh placed approximately one-guarter
of the individuals in the extremes of the distribution.

The 'value for the fit of this data to the expscted normal
distribution is 9.95 (P = 0.10). This meant that the in-
dividuals were so distributed that we were justified in
using normal curve methods of analysis. A squars root
transformation of the original data would improve the con-
tinuity of the data,

This transformetion was applied to the actual yeast and

mould counts of less than 50 organisms per plate. All the
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TABLE 4

Counts of Yeasts on the 200 Plates Used to Study

the Distribution of Platings of Yeasts

Count per Plats

50
38
24
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counts were transformed for the overall analyses of

variance in Sections I and II.

Main Study

Section I (Comparison of 4 treatments). The means
for each of the 4 treatments in each of 64 samples used in
this study are presented in Table 6. A survey of these
results suggests that no treatment is consistently superior
throughout. A summary of the analysis of varignee for
each sample is presented in Table 7. It may be seen from
these analyses that it was not possible to detect signifi-
cant differences in all samples. This was not surprising
in view of the high variation in this msterial and the
small number of micro-organisms in many of the samples.

In order to overcoms this difficulty the data from all
samples was combined and analysed (Table 5). This analysis
detected significent differences between samples (P < 0.01)
and between treatments (P < 0,01). The total variance
for treatments may be pertitioned into wvarisnces due to
dlfferences between media, differences between additives
and interaction. Each component part hed one degree of
freedom and was significent when tested against the experi-
mental srror.

The implied superiority of one medium over another or
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TABLE 5

Combined Analysis of Varianee for the 64
Samples of Section I

33%?22133 d.f. M. S. F(cale) F(0.05) F(0.01)
Samples 63 251,25 39.89 1,39 1.59
Treatments 3 111.06 20.01 2.65 3.89
A 1 27.40 4.94 3.89 6.76
B 1 29.40 5.30 3.89 6.76
AB 1 54.26 9.78 3.89 6.74
Exper. Error 189 5455 10.26 1.27 1.40
Sampl.. Error 1024 «54 - - -

Total

1279
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TABLE

6

Average Number of Organisms
Per Treatment in Each Sample

Treatments
{a) (b) (c) (d)
Potato
Dextrose _
Potato Agar plus Malt Agar
Dextrose Rogse Bengal plus Rose
Sample Ager plus Malt Agar and Strepto- Bengal and
No. Acid plus Acid  myecin Streptomycin
1. 26.0 24.0 15.7 26.8
2- 404 4'0 6 4.6 732
3. 1.7 1.6 2.8 2.4
4. 2.2 3.2 3.0 3.1
5. 4.0 2.6 4.0 4.6
6. 8.2 4,2 8.8 7.8
7. 5.4 3.5 540 6.0
8. 302 209 300 3'4
9. 5.2 3.0 6.0 5.8
10. 3.4 4‘.9 304 3'9
11. 10.4 8.8 10.4 11.0
12. 2.2 2.5 1.6 2.6
13, 1.8 1.8 1.4 2.0
14. 4.1 4.2 3,8 4,6
15. 3.4 2.2 4.0 2.8
16, 5.8 2.8 3.6 3.6




TABLE 6 - Continued
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7.0

Treatments

Sample

No. (a) (b) (c) ()
17, 3.8 3.2 3.8 4.0
18. 6.8 4,2 6.6 5.8
19. 10.4 10.6 10.0 9.8
20, 2,2 2.2 2.1 2.6
21. 2.4 2.8 3.4 3.4
22. 4.2 3.4 3.8 4.4
23, 2.0 1.9 1.8 2.4
24, 3.8 2.4 . 3.4 3.2
25, 1.8 1.4 2.4 2.0
26, 1.7 2.0 1.8 2.3
217. 4.6 3.2 3.2 4.1
28. 2.8 1.6 2.8 2.8
29. 2.2 1.2 1.8 2.2
30. 6.2 3.6 7.6 6.2
31, 7.2 6.8 7.2 7.2

. 32, 5.2 4.8 4.8 4,8
33, 5.6 5.6 5.6 6.0
34, 5.4 5.2 5.4 5.8
35, 1.4 1.4 1.0 1.4
36, 6.4 6.2 7.0
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TABLE 6 - Continued

Treatments

Sample )

No. (a) (b) (e) (a)
37, 3.6 3.4 3.2 3.6
38, 2.0 2.4 2.2 2.1
39. 2.6 3.2 2.6 2.6
40. 4.2 4.0 3.8 3.8
41. 11.0 11.2 10.6 11.2
42, 1.8 2.0 2.0 1.6
43. 5.0 3.0 3.4 2.2
44, 7.6 6.6 7.7 7.2
45, 7.0 6.4 7.6 8.0
46. 2.5 1.6 2.9 3.2
47. 13.6 11.0 14.6 10.0
48, 8.8 9.2 9.8 9.6
49. 3.2 2.6 3.2 2.8
50. 3.8 2.8 2.8 3.8
51. 6.6 6.8 11.6 7.2
52. 11.0 6.8 10.0 6.8
53. 6.4 6.2 7.4 7.4
54. 7.8 7.4 7.4 7.0
55. T.4 7.0 7.0 8.8
56. 7.4 7.4 7.8 8.4

57- 2-0 106 la8 2-0



TABLE 6 - Continued
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Treatments

Sample

No. (a) {b) (e) (a)
58. 5.4 4.8 4.8 4.4
59. 6.6 6.6 6.8 7.2
60. 7.2 7.8 8.0 8.8
61. 8.5 7.8 7.4 8.0
62. 7.4 4,0 8.2 7.2
63. 1.8 1.4 1.0 2.2
64. 4.4 4.5 4.5 7.1




TABLE 7

Summary of Analysis of Variance (F values)
for Bach Sample Employed in Section I

F Values for Main Effects,
(Treatment Levels)

Szfple éﬁéi& égéitives %ﬁﬁéraction ggg:iigis
1. 11.64 6.28 27.65 Moulds
2 29.00 19.00 5.70 Moulds
% 1.30 15.85 0.37 Moulds
4. <1 {1 <1 Mixed
5. 3.95 23.68 23,26 Mixed
6. 59 .58 41.74 21.57 Mixed
7. <1 2.62 5.11 Yeasts
8. <1 < <1 Mixed
9. 19.23 38.43 11.10 Yeasts

10. 2.89 <l 0 Mixed
11. 1,00 B.45 8.45 Mixed
1z. 27.22 Te%23 1.00 Mixed
13. 3.10 <1 1.70 Mixed
14. 35.10 9.20 <1 Moulds
15. 1.00 <1 6.7 Mixed
Legend:
F(1,16) 5% 1%
4.49 8.53
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TABLE 7 - Continued

F Values

Sample (4) (B) {AB) Types of

No. Media Additives Interaction Organisms
16. 13.05 1.49 11.70 Mixed
11. <1 1.00 2.69 Mixed
18. 52.24 8.62 12.07 Mixed
19. 1.29 3.09 <1 Mixed
20. <1 <1 <1 Mixed
21l. 6.00 67.175 3.75 Moulds
22. 1.25 5.13 32,00 Mixed
23. <1 <1 2.63 Mixed
24, 5.60 <1 3.40 Mixed
25, 5.88 6.48 0 Moulds
26. 1.72 1.24 <1 Mixed !
217. <1 <1 2.9 Mixed
28. 2.42 2.55 2.55 Mixed
29. 2.40 1.30 7.50 Mixed
30. 54,31 54.20 3.57 Moulds
31. <1 <} <1 Mixed
32. <1 <1 <1 Mixed
33. {1 <1 <1 Mixed
34, <1 3.10 1.43 Moulds

35. 1.85 <1 <1 Mixed
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TABLE 7 - Continued

I Values
Sample (A) (B) (AB) Types of
No. Media Additives Interaction Organiams
36. 4,45 <1 <1 Moulds
37. <1 <1 1.64 Mixed
38. <1 <1 1.46 Moulds
39. 2.178 1.61 3.83 Mixed
40, <1 <1 <1 Mixzed
41. 5.91 <1 <1 Mixed
42, <1 <1 2.86 Mixed
43, 32.00 22.11 "2.73 Mixed
44, 8.32 2.21 <1 Mixed
45. <1 11.57 | <1 Mixed
4%. < 8.96 3.38 Moulds
47. 164.73% <1 10.3%9 Yeasts
48. <1 16.75 <1 Moulds
49. 4.70 <1 <1 Yeasts
50. <1 <1 _ 2.09 Mixed
51. 48.04 79 .40 57.26 Mixed
52. 53.98 <1 2.18 Yeasts
53, <1 7.82 <1l Moulds
54, 1.89 1.27 <1 Yeasts
55. 3.45 9.25 Mixed

2.63
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TABLE 7 - Continued

F Values

Sample (A) (B) (aAB) Types of
No. Medis Additives Interaction Organisms
56. <1 15.37 2.74 Moulds
57. <1 <1 <l Mixed
58. <l <1 <1 Mixed
59. <1 <1 <l Mixed
60. 3.11 5.29 <1 Moulds
61. 0 1.70 3.51 Mixed
62. 118.00 100.00 35.95 Mixed
63, 4,60 {1 19.21 Mixed

64. %.63 19.52 : 32.15 Mixed
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of one additive over another was not readily apparent from
Tables 8 and 9. The sample differences were almost
equally divided with respect to media although the differ-
ences in Tavour of potato dextrose agar were often larger,
significantly so in 13 out of 17 instances. The pattern
was similar when edditives were compesred, although the

trend in favour of the rose bengal and streptomycin additive
- was more evident. In 21 of the 23 instances where signifi-
cant differences between additives were noted, the higher
counts were obtalned from media to which rose bengal and
streptomyecin had been added.

" The ihterpretation that these significant differences
reflect qualities of the media or additives per se was
suspect because of the significance of the interaction,
mediar; additives, and the relationship of the variance of
the interaction to the variances of the media and the add-

itives. This may be illustrated as follows:

Components
Source of Varistion @~ D.F, of Variance
Samples (r-1)
Média (4) (m-1) 82 - rs?;p - raszA
Additives (B) (a=1) s2 - ra?,p - mrszB
‘Medila x Additives (4AB) (m-1)(a-1) s2 - rs?,p

Experimental error (r-1){m-1)(a-1) s
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TABLE 8

Average Number of Organisms per Medium,
{(Potato Dextrose Agar and Meslt Agar)

Potato
Dextrose
Agar Malt Agar
Semple No. (a-c)/2 (b-d)/2 (P.D. - M)
1. 20.8 25.4 ~4.6
2. 4,5 5.9 1.4
3. 2.3 2.0 40,3
4, 3.1 3.1 0
5. 4.0 3.6 +0.4
6. 8.5 6.0 +2.5
7. 5e2 4.1 +d.5
8. 3.1 3.1 0
9. 5.6 4.4 +1.2
10. 3.2 3.9 -0;7
1l. 10.4 9.9 +0.5
12. 1.9 2.5 ~0.6
13. 1.6 1.9 0.3
14, 4,0 4.4 -0.4
i5. 3.7 2.5 *1.2
16, 4.1 3.2 +1.5
117. 3.8 3.6 +0.2
18. 6.7 5.0 +1.7]
19. 10.3 10.2 +0.1




TABLE 8 - Continued

Sample No, (a=c)/2 (b-a)/2 (P.D. - M)
20, 2.1 2.4 -0.3
21. 2.9 3.1 -0.2
22, 4.0 3.9 +0.1
23, 1.9 2.1 -0.2
24, 3.6 2.8 +0.8
25, 2.1 1.7 +0.4
26, 1.7 2.1 -0.4
27. 3.9 3.6 +0.3
28. 2.8 2.2 +0.6
29, 2.0 1.7 +0.3
30. 6.9 4.9 +2.0
31. 7.2 7.0 +0.2
32. 5.0 4.8 +0,2
33. 5.6 5.8 0.2
34. 5.4 5.5 -0.1
35. 1,2 1.4 -0.2
36, 6.3 7.0 -0.7
37. 3.4 3.5 -0.1
38. 2.2 2.1 -0.1
39. 2.6 2.9 -0.3
40, 4.0 3.9 40.1




TABLE 8 - Gontinued
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Sample No. {a-c)/2 (b-d)/2 (P.D. ~ M)

41, 10.8 1.2 -0.4

42, 1.9 1.8 +0.1
43. 4.2 2.6 +1.6
44, 1.6 6.9 +0.7
45. 7+3 7.2 +0.1
46, 2.7 2.4 +0.3
47, 14.1 10.5 +3.6
48. 9.3 9.4 -0.1
49; 3.2 2.1 +0.5
50. 3.3 3.3 0
51. 9.1 7.0 +2.1
52. 10.5 6.8 +3.7
53. 6.9 6.8 +0.1
54. 7.6 7.2 +0.4
55. 7.2 7.9 -0.7
56. 7.6 7.9 -0.3
57. 1.9 1.8 +0.1
58. 5.1 4.6 +0.5
59. 6.7 6.9 -0.2
60. 7.6 8.3 -0.7

61, 7.9 7.9 -0.0
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TARLE 8 - Continued

Sample No., (a-c)/2 (v-a)/2 (P.D. = M)
’ 62- 7.8 5&6 "‘202
63. 1.4 1.8 -0.4

64. 4.4 5.8 -1.4
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TABLE 9

Average Number of Organisms per Additive,
{dcid, and Rose Bengal and Streptomycin)

Rose Bengal

and Strepto-

Sample No. %:E%)fz ?gfg?/e Acid - R.B. & st.
1. 25.0 21,2 +3.8
24 4.5 5.9 -1.4
3. 1.7 2.6 -0.9
4. 3.2 3.0 40.2
5. 3.3 4.3 -1.0
6. 6.2 8.3 -2.1
7. 4.4 5.5 -1.1
8. 3.0 3.2 -0.2
9 4,1 5.9 -1.8

10. 3.7 3.6 +0.1
11. 9.6 10.7 -1.1
12. 2.3 2.1 -0.2
13, 1.8 1.7 +0.1
14. 4,2 4.2 0

15, 2.8 Z.4 -0.6
16. 4.3 3.6 +0.7
17. 3.5 3.9 ' -0.4
18. 5.5 6.2 -0.7




TABLE 9 - Continued
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Sample No. (a-b)/2 (c-a)/2 Acid - R.B. & gt.
19. 10.5 10.0 +0.5
20. 2.2 2.3 -0.1
21. 2.6 3.4 -0.8
22, 3.8 4.1 -0.3
23, 1.9 2.1 ~0,2
24, 3.1 3.3 -0.2
25, 1.6 2,2 -0.6
26. 1.8 2.0 -0.2
217. 3.9 3.6 +0.3
28. 2.2 2.8 -0.6
29. 1.7 2.0 ~0.3
30. 4.9 6.9 -2.0
31. 7.0 7.1 -0.1
32, 5.0 4.8 +0.2
33. 5.6 5.8 -0,2
34. 5.3 5.6 -0.3
35. 1.4 1.2 +0.2
36. 6.7 6.6 $0.1
37. 3.5 3.4 +0.1
38. 2.1 2.3 40,2
39. 2.9 2.6 +0.3




TABLE 9 - Continued
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Sample No. (a-b)/2 (c-da}/2 Aeid - R.B. & St.
40. 4 3.8 +0.3
41. 11.1 10.9 0.2
42, 1.9 1.8 +0.1
43, 4.0 2.8 +1.2
44, 7.1 7.5 -0.4
45, 6.7 7.8 -1.1
46. 2.0 3.1 -0.9
47. 12.3 12.3 0
48, 9.0 9.6 -0.6
49. 2.9 3.0 -0.1
50. 3.3 3.3 0
51. 6.7 9.4 -2.7
52. 8.9 8.4 +0.5
53. 6.3 7.4 -1.1
54, 7.6 7.2 +0.4
55. 7.2 7.9 -0.7
56. 7.4 8.1 -0.7
57. 1.8 1.9 -0.1
58. 5.1 4.6 +0.5
59. 6.6 7.0 -0.4
60. 7.5 8.4 -0.9




TABLE 9 - Continued
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Sample No. (a-b) /2 (c-a)/2 Acld - R.B. & St.
61. 8.2 7.7 +0.5
620 5.7 707 "2.0
63. 1.6 1.6 0
64‘0 4‘-4 5.8 "104‘
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It might be seen from this that the varianee for each
of the main effects (media or additives) was made up, in
part, of variance due to interaction between these maln
effects. Where this interaction was significant the amount
added might be sufficlent to obscure the true relationship
betwesn main effects. This difficulty could be overcome
by using the lnteraction as the error term in testing for
gignificance of the main effects. The following results
were obtained when the main effects were tested against the
interaction. '

TABLE 10

Combined Anglysis of Variance. Main Effects
(A and B) Tested Against Interaction (AB).

Source of Var. d.f. M.S. F (eale) F (0.05)
Samples 63 251,25 39.89 1.39
Treatments 3 111.06 20.01 2.65
A 1 27.40 1l 161.00
B 1 29.40 1l 161.00
AB 1 54.06 9.78 3.89
BExper. Error 189 5.55 10.26 1.21
Sampl. Error 1024 0.54 - -

Total 1279 - - -
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In this modification of the anelysis of variance
neither media nor additives contributed significantly to
total variance. This meant that the superiority of the
potato dextrose agar and of ﬁhe rose bengal and strepto-
myein additive was due primarily to the contribution of
the interaction to variance.

Among the 64 individual samples, 18 had a significant
F value for the interaction (AB). When the main effects
A and B of these samples were tested against their respect-
ive .interaction (AB), 8 F values for media (treatment level
A) that were previously significant now showed no signifi-
cance. Of the 8 samples, 6 had a higher average count
for potato dextrose agar. This meant that only 7 samples
had significantly higher average counts for potato dextroge
agar, as compared to the 13 samples indicated previously.
(See page 37).

Similarly, 10 F values for additives (treatment level

B) lost their significance, and only 13 instead of 21 out of

2% samples now showed significant difference in favour of
rose bengal and streptomycin. {See page 37).

A significant interaction implies that the separate
effects of the components of that interaction vary from
those expressed when they occur in combination. This
difference in expression may be one of maghitude or one of

direction. For example, in the terms of this study it
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could mean that the response of one medium to an additive
might be greater than the response of the obther medium
(magnitude difference), br it could mean that whereas
the growth on one me&ium was stimulasted by the use of an
additive the growth on the other medium was depressed
(direction difference). The mean values for the inter-
actions are pressnted below:

(a) Potato dextrose agar plus aecid: 5.3

(b) Malt agar plus acid: 4.6

(¢) Potato dextrose agar plus rose
bengal and streptomyein: 5.2

(d) Malt agar plus rose bengal and
streptomycin: 5.3

The least significant difference for comparison of
thege interactions is 0.52 (P = 0.05). Three of the
interactions (d, a, ¢) were not significantly different
but all were superior to the fourth (b). This could be
interpreted as meaning that there was no difference between
media {(a - b or b - ¢ not signifiecant), or additives (a - ¢
not significant) per se, but the specific combinstion of
melt agar and of tartariec acid depressed fungal growth.

The performance of malt- and potato dextrose agar in
this study was in agreement with that observed in previous
investigations by other workers, (Parfitt, 1933; Shadwick,

1938) who were unable to detect differences between these
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two media. Some differences had been expected in the
perfermance of the additives.

Bisby, Jemlesen and Timonin (1933%) have reported that
in their materiel, 26 of 63 species of fungi found in butter
were normally found in soil. Martin and Harding (1950)
have shown that a medium with a rose bengal and streptomyein
additive supported higher numbers of soil fungi than did a
similar medium to whieh (sulphurie) acid had been added.

If a similar proportion of the kinds of fungl found in butter
also occur in the soil and these meke up a sizeable propor-
tion of the total number of fungi in butter, then results
similar to those obtained by Martin and Harding might have
been expected. If, however, these fungi do not make up a
sufficient proportion of the total, and/or if the unknown
proportion are yeasts, then the difference between media
might be smaller. White and Hood (1931) have reported

that milk yeasts grew equally well at a pH of 3.5 or 4,2.

If this is the case then the acid medium used here would not
inkibit growth and the type of orgeniams x media interaction
might be masked. That this could be a factor may bhe in-
ferred from the 7 pure cultures of yeasts ineluded in the

64 samples in this study. In general, these cultures
showed no differences between medie or additives. However,

the fact that 3 of these yeast cultures did not have signi-
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ficant interactions suggested that the vaniability of
delivery {unbroken spore heads, etc.,) might also have
been a factor. By contrast, in 9 of the 15 cultures

of moulds, significantly higher counts were obtained with

‘the rose bengal and streptomycin additive.

Section ITI  (Comparison of 2 treatments). The

averags counts of yeasts and moulds in easch treatment

and the probability level for the t test for each of the

64 samples are presented in Table 1l. Significant differ-
ences between media were detected in 21 samples, and in 15
of these the higher counts were associasted with the medium
conbtaining aureomycin. Higher counts for this medium were

obtained in 38 samples. The mean count for the 64 samples

grown on medium containing aureomycin additive was 8.7, while

the mean count for the same samples grown on the medium with
the rose bengal and streptomyecin additive was 6.7. The
difference between these two means is significant (P<0.01)
when the mean square for treatments is tested against the
sampling error as an estimate of chance variability. (See
Table 12). However, when the variance for treatments is
tested sgainst the samples x treatment interaction, the F
value is not significant. (See Table 13). This meant
?hat while the medium with the aureomycin additive had a
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TABLE 11

Probability Levels of the t-Tests for the 64
Samples, and Average Counts of Yeasts

and Moulds per Treatment

Average Count

(a) (b)
Rose Bengel
Sample No. P Value Aureomycin and Streptomycin

1. <0.01 13.6 19.9
2. <0.05 3.0 1.6
3. >0.10 7.4 6.4
4, <0.05 1.5 0.5
5. »0.10 3.0 2.6
6. 20,10 13.2 11.9
7. >0.10 16.2 17.6
8. >0.10 16.5 17.2
9. >0.05 2.2 0.7
10. 1 <0,05 17.9 20.2
11. >0.10 13.2 12.0
i2. >0.10 19.8 21.0
13. <0.01 7.3 5.1
14, 70,10 19.0 21.3
15. 20.10 7.2 8.4
16. 70.10 4.3 4.1
i7. »0.10 13.9 1%.0
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TABLE 11 - Continued

Average Count

Sample No. P Value (a) (b)
18. »0.10 3.8 2.9
19. »0.10 9.2 8.9
20, >0.10 6.0 5.5
21. > 0,10 2.4 2.1
22, 70.10 5.1 4.9
23, 70,10 6.8 7.7
24, >0.10 3.0 3.4
25, 70.10 3.3 3.1
26. 70.05 12.3 13.6
27. <0.05 12.0° 10.8
28. 20.10 4,3 2.7
29. <0.01 7.1 2.3
30. >0.10 18.8 -19.0
31. »0.10 4,1 4.7
32. 70.10 3.8 4.5
33. ¥0.10 3.4 2.5
34. »0.10 2.6 2.2
35. <0.01 5.7 4.3
36. <0.05 3.3 2.4
37. 7 0.10 8.6 7.4
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TABLE 11 - Continued

Average Count

Sample No. P Value {a) (b}
38,  <0.01 4.4 1.7
39. <0.01 12.7 10.1
40, <0.,01 16.9 19.5
41, 70.10 3.0 2.6
42, <0.01 9.5 5.0
43, ¥0.10 17.1 18.2
44, <0.01 5.6 7.8
45, <0.01 7.1 4,0
46, ¥0.10 1.7 1.9
417. »0.10 6.9 6.5
48, <0.01 22.5 7.9
49. »0.10 7.1 75
50. <0.01 2.6 1.2
51. 70.10 2.5 2.1
52, 20.10 10.1 9.6
53. 70.10 15.8 16.0
54, >0.10 9.3 10.6
55. 70.10 19.0 19.4
56. *»0.10 20.3 19.5

57 >0.10 3.8 3.3
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TABLE 11 - Continued

Average Count

Sample No. P Value {a) (v)
58. >0.10 11.4 11.5
9. 0.05 1.3 1.9
60. 20.10 14.7 14.8
61. <0.01 6.4 2.6
62. < 0.01 3.3 1.6
63. <0.01 9.2 10.8
64. >0.10 6.6 6.7
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TABLE 12

Combined Analysis of Variance for the 64
Samples of Part II. (Treatments
Tested Againast Sampling Error)

Source of

Variation d.f. M.S. F (cale) F (0.01)
Samples 63 285,34 23.16 1.178
Treatments 1 34,417 37.017 6.73
Exper. Error 63 12.32 1%.24 1.51
Sampl. Error 384 0.93 - -
Total 511 - - -

TABLE 13

Combined Anslysis of Variance. (Treatments
Tested Against Experimental Error,
Samples x Treatment Interaction)

Source of

Variation a.f. M.S. F (cale) F (0.01)
Samples 63 285,34 23,16 1.78
Treatments 1 34,47 2.80 7.05
Exper. Error 63 12,32 13.24 1,51
Sampl..Error 384 0.93 - -

Total 511 - - -
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higher average count, the pattern was not similar for all
the samples, and the trend in the 38 samples with higher
average counts for the aureomycin medium was masked by i
differences in direction and magnitude in the remaining
26 semples.
The lack of consistency in performasnce may have been
a consequence of Gthe small numbers in some samples, and/or
- it may have been due to a fungli x medium interaction which
could be a reflection of differences in additives per se, or
a reflection of differences in concentrations of additives.
This interaction, howsver, could not be measured in‘this
survey experiment.
The question of why one of a number of treatments
(agars plus baecterial inhibitor) supported higher'eounts
of yeasts and moulds cannot be answered from the results

obtained here, and must be determined from other, more

speclific studiles. It is sufficient to suggest that all

the treatments used did not support equal numbers of yeasts
and moulds, and that all cultures did not react to the

treatments in the same manner. It should also be stressed
that although there are indications that certain media sup- = -

port greater numbers of yeasts and moulds this need not

mesn that these are preferred media. What is required is

e medium which accurately meesures relative differences
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between samples and is, at the seme time, physically easy
and economical to produce. Antibioties and dyes may be
preferrsed over acids as bacterial inhibitors even if there
is no difference in fuhgal count because of the ease with
which the antibiotiecs and dyes can be added to the medium,
(no effect on pH, consequently there is no need for a pH
meter), and because they have no effect on the subsequent
Jelling property of the medium.

Combinatiéns of dyes and antibiotics may be preferred
over antiblotics alone bhecause of the tendency of the dye
to reduce the amount of spreading in moulds. This facili-
tates identification and enumerastion of the moulds on the
plate. In this connection it should be pointed out that
yeasts especially are more easily distinguishable on the
coloured medium, At the same time, the presence of two
substances with bacteriostatic action decreases the like-~
lihood of contamination due to the development of bacterial
resistance to one or both of them. By contrast, the con-
centration of either of these additives will not be
sufficiently high to affect adversely fungal growbth.

The chéiee of antibiotic to be used will be influenced
by a number of factors. For example, aureomycin, although
possessing a wider antibacteriasl spectrum and being effect-

ive in smaller amounts than streptomycin, is considerably
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less stable than the latter. A streptomycin solutlon
stored in a refrigerator will retain its activity for at
least three months, whereas a refrigerated solution of
aureomycin should be discarded after two weeks (1952).
Also, mixtures of antibiotics, unless readily available
and stable, possess no advantage over a dye-antibiotic
combination as far as preparation is concerned; whether
they are more effective bacterial inhibitors is a matter

of speculation.
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SUMMARY AND CONCLUSIONS

Preliminary Studies

A measure of the variation which might be expected
within samples with mixed yeast and mould cultures was
determined from a number of preliminary platings. It
was found that the withln-sample variation was relatively
high but wes rather uniformly distributed among 7 series
of 20 plates each, 1 series of 50 and 1 Series of 200
plates respectively. The technique followed could there-
fore be considered to be adequate.

Additional tests were carried out to determine the
number of subsamples per sample necessary to obtain re-
liable results. There was no apprecisble change in
variation when the number of subsamples was reduced from
50 or 20 to 6, 5, 4 or 3 respectively.

In a third test, the counts on 200 plates of yeasts

were tested against the expeeted FPoilsson and normal

distributions. The deviation from the Peissbn distribution

wag significant at P = 0.01l, but the fit to the normsl
distribution was good. This meant that normal curve
methods of anaiysis could be used.

A square root transformstion of the originsl counts

of less than 50 organisms per plate was used in the main
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gbudy to improve the continuity of the data.

Main Study
Section I Four different treatments (media plus

bacterial inhibitors) for determining the yeast and mould
counts in butter were compared. Sixty-four butter samples
obtained at random from commercial creameries wers used.
Five plates were prepared per treatment, The treatments
were:
(a) Potato dextrose agar, plus acid (pH 3.5 * 0.1)
(b) Malt agar, plus acid (pH 3.5 % 0.1)

(¢) Potato dextrose agar plus rose bengal {1:15,000)
and streptomycin {30 Y per ml of medium)

(d) Malt agar plus rose bengal (1:15,000) and
- sgbreptomycin (30 Y per ml of medium)

The anhalysis of variance of the counts for all samples
combined indicated signifieant differences betwsen media
(nain effects = treatment level A) at P = 0.05, and between
bacterial inhibitors = additives (main effect = trestment
level B} at P = 0.05.

However, the interaction media x additives (AB) was
alse significant at P = 0.01, and the interpretation that
the gignificant differences between media and additives
refleoted qualities of the media or of the additives per
Se was suspect. For this reason the main effects A and

B were tested against their respective interaction AB and
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subsequentiy showed-no significant 4 ifferences.

A comparison between the 4 oversll treatment means
(L.S.D.) suégested there was no significant difference
between‘treatments a, ¢ and 4, but all 3 were superior to
treatment b,

The inferiority of treatment b may have been due to
an unfa%ourable response by a greater portion of the spedies

of yeasts and moulds to the malt agar and acid combination.

Secetion IT Two treatments were compared using the
same butter samples as in Section I. Four plates were
prepared per treatment. The treatments wers:

(a) Potato Dextrose Agar plus aureomycin (100Y
- per ml of medium)

(b) Potato Dextrose Agar plus rose bengal :
(1:15000) and streptomycin (30Y per ml of
mediug)

The aureomycin medium had a significantly higher overall
mean count bubt the pattern Was nét similar for all the in-
dividual samples. Of the 64 samples tested, 38 showed
higher mean counts on the medium to which aureomycin had
been added, while for 26 the mean was higher on the agar
which.ésntained the rose benga; and streptomyein. O =

The lack of cbnsisteney in performance mey have been
a oonsequence of the small numbers in some samples, and/or

it may also have been due to a fungl x medium interaction
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which could be a reflection of differences in additives per
se, or a reflectlon of differences in concentrations of
additives; This interaction, however, could not be measured
in this experiment.

The guestion of why one of a number of treatments
(egars plus a bacterial inhibitor) supported higher counts
of yeasts and moulds eannot be answered from the results
obtained here, and must be determined from other, more
specific studles. It is sufficient to suggest that all
'the treatments used did not support equal numbers of yeasts
and moulds, and bthat all cultures did not react to the

treatments in the same mesnner.
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APPENDIX I

Actual Counts of Yeasts and Moulds

Plate Plate Plate Plate Plate
Media 1 2 3 L 5

Sample No. 1 (a) 875 550 660 800 515
b) 610 L75 590 625 610
c) 200 365 195 250 250
|

450 900 750 800 750

Sample No, 2 (a) 18 18 17 20 21
(b) 11 20 24 26 27

(e) 8 21 o4 ' 31

(d) 45 46 50 50 6L

Sample No, 3 (a) 5 2 2 5 2
? (b) 1 6 1 5 2
(e) 13 6 8 10 4

(d) 6 6 7 5

Sample No. & (a) 12 6 8 15 9
(v) 7 11 12 8 12

(e) 11 6 8 14 9

(d 13 11 7 7 11

Sample No., 5 (a) 21 13 13 17 16
(b) a 5 7 3 11

(c) 1 13 - 16 16 21

(a) 26 15 19 2k 20

Legend: (a) Potato Dextrose Agar plus acid (pH 3.5 0.1
- (b) Malt Agar plus acid (pH 3.5 £ 0.1)
(c) Potato Dextrose Agar plus rose bengal (1: 15000)
- and streptomycin (30 Y per ml of medium)
(d) Malt Agar plus rose bengal (1:15000) and
. streptomycin (30 Y per ml of medium)




Sample

Sample

Sample

Sanple

Sample

Sample

Sample

No.

No.

No.

No.

No.

No.

No.,

APPENDIX I - Continued

Plate Plate ~ Plate Pla te Plate

Media 1 2 3 L 5

6 (a) 58 77 85 57 61
B8 3 B m oy

c 9

(a) 60 72 65 53 54

7 (a) 26 31 29 29 30
(b) 12 11 13 14 19
(c) 2 18 35 33 36
(a) 3 29 38 36 39

8 (a) 7 11 10 11 16
(b) 7 5 17 6 11
(e) 5 6 10 11 14
(a) 12 11 8 8 18

9 (a) 20 20 40 37 26
(b) 11 11 14 6 7
(c) 36 34 33 49 34
(d4) 41 33 37 33 25

10 (a) 13 13 12 17 9
(b) 17 17 16 16 17
(c) 11 11 9 11 15
(d) 12 15 12 13 17

11 (a) 110 131 104 90 109
(b) 78 65 78 97 80
(e) 97 118 95 125 109
(a) 128 100 152 112 123

12 (a) 5 L L 5 6
(b) 3 8 6 7 9
(e) 2 2 3 b 3

7 6 8 6 7
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APPENDIX I - Continued

Plate Plate Plate Plﬁte Plate

Media 1 2 3 5

Sample No. 13 (a) 2 2 3 6 3
() 3 5 3 3 3

(c) 1 3 2 1 3

(a) 5 1 6 6 3

Sample No. 14 (a) 19 20 28 8 1k
(b) 18 22 20 13 15

(e) 1h 18 16 11 17

(a 18 26 22 20 21

Sample No., 15 (a) 12 12 10 1 13
P B) 5 3 9 5 5
(e) 12 15 19 25 12

) 9 6 7 11 9

Sample No. 16 (a) 25 33 Lo 31 38
(b) 7 10 Y 13 7

(c) 5 14 17 20 18

(a) 13 18 8 17 11

Sample No. 17 (a) 13 9 15 25 14
(b) 7 12 13 12 10

(c) 12 6 22 20 15

(4a) 28 15 1k 10 15

Sample No. 18 (a) 41 39 - 54 39 60
arpie Toe U %) 26 % 18 19 1%
(c) 43 3 ) 3k 53

(@ 33 2 36 27 30

Sample No. 19 (a) 120 97 12k 109 98
(b) 96 119 110 101 108

(e} 100 100 113 101 105
(@) 106 72 106 92 102
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Sample

Sample

Sample

Sample

No.,

No.

No.

No.

No.

No.

No.
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APPENDIX I ~ Continued

Plate Plate Plate Plate Plate
Media 1 2 3 L 5
20 (a) 6 L 3 5 8
@ & 3 i 2 i
C
(a) 6 6 7 L 9
21 (a) 7 6
SR /A S Z
(e) 13 10 12 10 1k
(da) 10 11 8 12 11
22 (a) 1 19 20 17 18
{(b) 10 11 11 14 11
(e) 20 14 13 16 10
(a) 17 15 ok 26 15
23 (a) 6 4 3 3 6
(b) 3 5 2 E L
(e) 2 3 2 7
(a) 8 8 L 5 3
24 (a) 11 15 14 13 16
(b) 5 11 5 7 9
(e) 13 10 12 11 9
() 12 9 10 10 9
25 (a) 1 Y 6 5 3
(v) 2 3 2 2 i
(c) a 10 8 6 5
(a) 2 3 3 7
26 (a) 3 b 5 3 2
(») H 1 2 3 n
(e) L L 6 1
7 6 6 L L
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No.

No.
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No.

No.

No.
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APPENDIX I - Continued

Plate Plate Plate Plate Plzte
Media 1 2 3 L 5
27 (a) 25 20 oY 17 22
(b) 15 11 6 14 9
(c) 11 17 10 9 7
(a) 19 16 16 27 15
28 (a) 8 10 8 5 9
(b) Ly 3 3 1 3
(c) 8 6 8 12 7
(a) 9 7 8 9 7
29 (a) 6 2 6 6 6
(b) 2 1 2 1 2
(c) L 3 L 2 5
(@) L 3 6 2 11
30 (a) 37 51 42 31 31
(b) 91 17 22 11 12
(e¢) 51 66 59 51 64
(a) 34 33 L1 36 47
31 (a) 59 Lo 57 65 54
(b) 36 3k Eﬁ 55 56
(e) 56 52 51 61
(d) L7 43 59 55 58
32 (a) 29 26 29 27 25
(b) 20 22 28 25 17
(c) 26 30 25 23 23
(a) 2k 23 23 ok 31
33 (a) 3 29 37 31 28
) 3 36 31 25 33
(e) 27 31 30 W1 29
31 34 35 46 29
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APPENDIX I - Continued

Plate Plate Plate Plﬁte Plgte

Media 1 2 3
Sample No. 34 (a) 29 31 18 38 28
(b) 29 24 27 27 27
(e) 32 3k 28 30 25
(a) 36 35 36 2k 38
Sample No. 35 (a) 1 1 5 2 1
(b) 2 3 1 2 2
(e) 2 1 1 1 1
(a) 2 3 2 1 3
Sample No. 36 (a) 33 32 46 50 47
b) 46 43 43 57 53
(c) 33 37 50 38 L1
(a) 39 nn 57 59 k9
Sample No. ) 11 17 9 15 13
ample No. 37 fal o T 15 3 8
(e) 14 10 8 21 6
{d 12 16 9 11 17
Sample No. 38 (a) 6 3 3 5 2
d (b) 7 5 L 5 b
(e) 5 3 6 12 A
(a) 3 3 9 3 5
Sample No. ) 7 7 6 8
ample No. 39 () 2 4 11 8 1
(c) 2 7 7 8 10
(a) 6 8 6 8 7
Sample No. 40 (a) 17 22 20 13 14
(b) 16 18 17 10 18
(c¢) 35 13 15 13

(a) 12 21 17 12 11
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APPENDIX I - Continued

Pla te Plate Plate Plate Plate
Media 1 2 3 Ly

Sample No. 41 (a) 117 118 119 113 130
(b) 118 131 117 137 130

(c) 122 98 116 117 117

(a) 113 120 140 139 123

Sample No, 42 (a) 1 3 5

merel @b 1 d
(c) L 5 L 2 5

(a) 2 2 3 4 2

Sample No. 43 (a) 24 27 23 22 31
(b) 8 12 L 13 11

(e) 3 13 1k 11 17

(d) 7 3 6 2 5

Sample No. W4 (a) 8 18 53 62 63
(b) 8 31 59 Lo L7

(e) 66 55 67 56 5l

(a) 59 57 46 Lk 54

Sample No. 45 (a) 34 47 56 61 48
d () 33 36 G 39 6l
(c) 49 59 58 62 60

(d) 52 56 56 75 75

Sample No., 46 (a) 8 7 11 11 1
, (B) 1 L 3 3 2
(c) 7 11 10 10 5

(a) 5 11 12 12 12

Sample No. 47 (=a) 193 163 190 196 196
(b) 125 123 107 10% 139

(c) 202 195 232 219 215

() 68 103 101 100 123
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No.
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APPENDIX I - Continued

Plate Plate Plate Plate Plate
Media 1 2 3 4 5
48 (a) 79 75 7Y 87 81
(b) 72 80 78 9l 93
(e¢) 85 99 96 99 104
(4) 97 90 104 87 91
49 (a) 10 10 8 12 11
(b) 7 7 6 12 5
(c) 12 8 17 7 10
(a) 6 13 7 7 9
50 (a) 37 16 10 15 8
(b) 10 6 20 11 9
(e) 10 5 9 9 3
(a) 15 21 7 13 17
51 (a) 28 48 61 4 Ll
GRS
c 1
(a) 56 5 69 Zh 51
52 (a) 2 6 12 137 148
R 2 : 8 2 3
cJ
(a) 49 61 47 45 33
CECHEE A T
(ec) 65 47 62 47 Ly
(a) 62 50 59 37 62
54 (a) 63 78 68 50 53
mos % o2 7
C
(a) 38 L1 5l 51 62




Sample

Sample

Sample

Sample

Sample

Sample

Sample

No,

No.

No.

No.

No.

No.
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APPENDIX I - Continued

Plate Plate Plate Plate Plate

Media 1 2 3 4 5
55 (a) 43 49 57 71 62
(b) L0 5k 39 63 46
(e) Lo 50 L1 52 - 55
() 60 50 92 88 108

56 (a) 50 60 53 60 54
(b) 50 L6 61 49 60
(e) 56 59 75 72 51
(a) 6 85 71 56 75

57 (a) 6

(b) N N 3 H 3
(c) L 2 1 7 7
(a) 6 1 IS 6 L

58 (a) 26 32 26 28 29
b) 2k 2k 21 33 25

(c) 23 17 23 30 26

(a 2k 18 22 22 23

59 (a) 33 55 49 Ll L0
b) 32 57 43 57 38

(c) Lé 39 L 50 L6

(a 49 5 6 52 46

60 (a) 51 .59 55 L8 50
(b) 57 56 74 69 60
(c) 55 72 69 68 59
(a) 79 66 81 86 71

61 (a) 89 6k 68 53 93
(b) 62 69 72 56 45
(c) 74 66 L0 9 43
(a) 55 60 79 71 55
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Plate Plate Plate Plate Plate
Media 1 2 3 4 5
Sample No. 62 (a) 55 50 69 46 56
® % 5 8 1 ¢
e
(a) 51 5l 49 an 45
Sample No. 63 (a) 2 3 3 5 2
(b) 2 2 2 1 2
(e) 1 1 1 1 2
(a) 5 2 7 8 3
Sample No. 6% (a) 18 13 17 20 21
(p) 11 20 2k 26 27
(c) 8 21 24 23 31
L5 46 50 50 64
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Sample

Sample

Sample

Sample

Legends
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APPENDIX II

Actual Counts of Yéasté and Moulds

No. 1
No. 2
No. 3
No. k4
No. 5
No. 6
No, 7

No, 8

(a)
(b)

Plate Plate Plate Plate

" Media 1 2 3 4
(@) 176 183 220 165
(b) 300 400 385 550
(a) 8 7 18 5
(b) 1 3 3 3
(a) 85 46 35 57
(b) 64 38 36 28
(a) (1 2 1 3
(b) 1 1 0 0
(a) 8 9 13 7
(b) 5 9 8 5
(a) 400 130 105 110
(b) 260 105 110 115
(a) 250 330 230 240
(b) 350 330 225 340
(a) 300 310 240 245
(b) 335 315 280 250

Potato Dextrose Agar plus aureomycin (100Y

per ml of medium) _
Potato Dextrose Agar plus rose bengal

(1:15000) and streptomycin (30Y per ml of

medium)




Sample
Sample
Sample
Sample
ngple
Sample
Sample
Sample
Sanmple

Sample

No.

No.

No.

No.

Ne,

Neo.

No.

No,

No.

No.

10

11

12

13

14

15

16

17

18
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APPENDIX II - Continued
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Plate Plate Plate Plate

Media 1 2 3 L
(a) 11 L 3 2
() 0 0 2 2
(a) 335 350 3k5 365
(b) 25 455 365 385
(a) 253 150 154 150
(b) 150 130 174 125
(a) Lo L&0 5 50
(g) hzg 515 g&o 00
(a) 54 50 52 56
(b) 22 22 30 29
(a) 320 425 335 365
(b) 390 480 185 375
(a) 38 73 45 56
(b) 6k 83 53 81
(a) P 11 23 16
(b) 22 14 17 16
(a) 214 159 190 210
(b) 221 158 162 142
(a) 8 13 22 16
6 13 11 5
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Sample

Sample

Sample

Sample

Sample

Sample

Sample

Sample

No.

o,

No.

No.

No.

No,

No.

No.

Wo,

No.

19

20

21

22

23

2k

25

26

27

28

APPENDIX II - Continued
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Plate Plate Plate Plate
Media 1 2 3
(a) 110 103 60 71
(b) 76 66 97 78
(a) 64 40 26 21
(b) 46 29 ok 23
(a) 10 8 2 5
(b) 7 9 1 3
(a) 15 21 33 39
(b) 25 35 17 20
(a) 43 50 41 52
(b) 68 50 59 60
(a) 19 8 5 7
(v) 14 11 10 10
(a) 16 3 11 16
(b) 8 6 20 6
(a)' 183 180 132 123
(b) 243 164 171 269
(a) 170 130 133 140
(v) 129 11k 115 109
(a) 27 L3 10 6
5 9 5 10
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Sample

Sample

Sample

Sample

Sample

Sample

Sample

Sample

Sample

No., 29

No, 30

No, 31

No. 32

No. 33

No. 34

No. 35

No; 36

No. 37

No, 38

APPENDIX IT - Continuned

- ‘79—

Plate Plate Plate Plate
Media 1 2 3 Ly

(a) 62 51 46 41
(b) 3 L 8 8
(a) 360 300 305 400
(b) 395 340 375 340
(a) 10 17 23 20
(b) 10 22 32 30
(a) 1k 19 10 16
(b) 17 26 27 12
(a) 15 9 15 9
(b) 16 7 3 2
(a) 22 5 2 Y
(8) 10 H L 3
(a) 27 L0 33 32
(b) 23 20 17 13
(a) 18 6 10 10
(b) L 7 6 7
(a) 123 53 44 86
(b) L5 66 55 55
(a) 13 24 17 25
(p) 2 2 9 1
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APPENDIX II - Continued

Plate Plate Plate Plate

Media 1 2 3 "

Sample No. 39 (a) 18k 152. 132 179
(b) 86 10k 112 106

Sample No., 40  (a) 275 370 235 275
(b) 380 395 380 360

Sample No. 41  (a) 17 b 10 8
(b) 9 7 12 2

Sample No. 42  (a) '98 86 93 87
_ (b) 20 32 2k 25
Sample No. 43  (a) 281 394 304 211
| (b) 299 376 254 402
Sample No. 44  (a) 30 31 28 37
e (b) 21, 25 g8 20
Sample No. 45  (a) 65 48 L2 46
(b) 16 5 27 21

Sample No. 46  (a) 3 3 a 3
(b) 5 2 3

Sample No. 4 (a) 53 L5 42 49
ample No. &7 123 4 49 4o 3%
Sample No. 48 ) 48 517 423 690
aapre 20 E%) 43 76 47 81
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APPENDIX II - Continued

-]

Plate Platae Plate Plate

Media 1 2 3 L
(a) 49 58 48 4o
(b) 60 53 55 56
(a) 9 5 7 6
(b) 1 3 1 1
(a) 5 7 13 2
(b) 6 3 3 6
(a) - 105 107 92 103
(b) 122 100 83 75
(a) 230 310 255 210
(b) 235 290 200 310
(a) 90 85 110 70
(b) 90 120 105 135
(a) 50 Y25 320 350
(b) 10 400 350 345
(a) 465 460 359 375
(b) 320 190 355 3657
(a) 14 13 13 18
(b) 11 15 9 8
(a) 127 105 139 146
(b) 135 129 126 140
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Plate Plate Plat Plate
Medla 1 2 3. L
(a) 2 1 3 r
(b) L L4 2
{a) 201 224 213 226
(b) 161 241 215 262
(a) 43 39 51 33
(v) 5 7 7 8
(a) 12 5 15 13
{b) 2 2 5 2
(a) 93 91 88 72
(b) 106 121 109 135
(a) 36 49 42 48
32 48 5k L4



