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INTRODUCTION

The proper handling of milk samples prior to bacterial analysis
“has been somewhat of a problem to dairy processors of South Dakota.
There have been, and still are, many queries by these people about

the treatment of a milk sample prior to the determination of a bac-
terial count., Should the milk samples be frozen prior to determining
the number of bacéeria? If it is feasible, what effect will the
freezing have on the number of bacteria found? No tangible informa=-
tion about this problem has been found in the literature.

‘Standard procedures emphasize mainly the icing of milk samples
before analyzing for numbers of bacteria., In this study a comparison
has been made of the iced and frozen samples from the bacteriological
viewpoint.

The objective of this study is to determine the effect of frozen

storage of milk samples on the numbers of bacteria.



REVIEW OF LITERATURE

The effect of refrigeration and freezing on the microflora of
.milk is of paramount importance in the dairy industry. Some work has
been done on the problem concerning how milk should be handled prior
to bacteriological analysis.

Pennington (13) in a study of so called "clean" and "market
milk" kept at -«1.67°C to - 0.55°C found a very significant increase
in the number of bacteria despite the fact that milk was semi-solid
with ice. In her snmmary’she states,

Bacterial growth at the end of the week, even in the
¢cleanest milk which contained as low as 300 organisms to the
Ce.Ce was pronounced. There was steady increase in the number
of organisms for 5 or 6 weeks, and at their maximum they num-
bered hundreds of millions. OUccasionally they passed a billion

mark per C.cC.

Certain species of bacteria such as Bacillus formosus, B. solitarius

and B. raveneli were especially resistant to cold and were the pre-
dominating species found.

Ravenel, Hastings and Hammer (16) studied the effect of storage
at 0°C and «9°C on the bacterial flora of 2 grades of milk. One was
considered the best obtainable and the other was a mixed dairy milk
of fair quality. There was no increase of bacteria in the milk held
at =9°C for periods of 160 to 203 days. However, in the milks stored
at 0°C there was a significant increase in the bacterial content which

caused an increase in acidity, an increase in the percentage of soluble



nitrogen, and a decrease in total nitrogen content, due probably, to
the liberation of free nitrogen. Keith (6) studied the effect of

freezing on Bacillui coli in milk. He contends that bacteria are not

. killed by the low temperature but bacterial longevity is apparently
impaired by a destructive metabolism. Frozen foods like milk, cream
and eggs favor the survival of bacteria at low temperature, because
they maintain physical conditions which protect the bacteria.

| Reed and Reynolds (17) investigating the effect of low tempera-
ture on the growth and activities of bacteria in milk, discovered

that at the temperature of ~1°C, Bacillus putidum, B. aerogenes,

B. ecyanogenes, B. proteus vulgaris, B. coli, B. subtilis, B. fluores-

cens liquefaciens, B. prodigiosus, Bacterium lactis acidi, Sarcina

lutea, Oidium lactis, Microspora tyrogema and M. citricus were all

able to grow. Considerable variation was noted in the behaviour of
different organisms at this temperature. Some of them as B. lactis
acidi, and others belonging to the acid producing group, increased at
first but decreased under long and continued storage at this tempera-
ture. Others like M. tyrogena grew slowly at first but made consid-
erable growth during the period of continued storage. Milk that was
low in acid might have been considered sweet, but had actually under-
gone marked chemical change which influenced its quality.

Olson et al. (11) studied changes in bacterial counts and flavor
of concentrated and recombined milks during storage at low temperature.

Results of their studies showed more growth of bacteria in the recombined



milk, prepared from the concentrated milk, than in the concentrated
milk itself. There was flavor dete:ioratioﬁ and poor keeping quality
of recombined milk Qhen compared with the concentrated milk. The
‘keeping quality of the concentrate was found to be 2, 3 and 5 weeks
after storage at 7°, 4e and 1°C respectively. These periods exceeded
those for the commercially prepared concentrated milk. The differences
were due to post-pasteurization contamination. There was no semblance
of coliform bacteria. During summer months, the temperature of water
used for recombination may reach 70°C or higher. This and other
conditions of holding may influence the bacterial growth and keeping
quality. |
Hillard and Davis (4) studied the effect of freezing temperatures
upon bacteria and concluded that intermittent freezing temperatures
exert a more effective germicidal action upon bacteria than continuous
freezing. The decline is much less in milk and cream, as compared with
tap water, when freezing temperatures are applied. This is caused by
the physical protection of bacteria provided by the colloidal and solid
matter suspended in the suspension. As far as destruction of bacteria
is concerned, the degree of cold below freezing is not an important
factor. There is no critical temperature below freezing where the
germicidal effect is greatly emhanced. The death rate of B. coli is
much higher in frozen solid media than in that which is not solid and

is at a slightly lower temperature. Crystallization results in a



mechanical crushing which is a significant germicidal factor in
causing the death of bacteria at 0°C or beiow.

According to Sherman (18) there is slow growth of bacteria in
' pasteurized milk held at 0°C when compared with raw milk. The keeping
quality is 2 to S'timci that of raw milk containing the same number
of bacteria., The improved keeping quality of pasteurized milk is
caused by the entire destruction of certain kinds of bacteria. This
is shown when the addition of a small quantity of raw milk decreases
the keeping quality of pasteurized milk. The bacteria which cause
such spoilage near the freezing point, are gram negative, non époro
forming rods belonging to the genus Pseudomonas. |

Johns and Berzins (5) in their study on the effect of freezing
on the standard plate count of milk, found that freezing was not very
effective in killing bacteria. Most of the organisms in pasteurized
milk and cream are gram negative and resistant to freezing. There
were greater numbers of organisms surviving after 48 hours than after
24 hours, with no reason given. There was a higher rate of surviving
bacteria in fast freeiing than in slow freezing.

Palmer and McCutcheon (12) studied the effect of variatioms in
the time of plating, on the counts obtained. They studied the effect
of holding samples under refrigeration for 24 hours at 42°F before
plating. The plates were made 6 hours and 24 hours later than the
usual time of plating. A total of 105 samples were plated representing

32 creameries. It was noted that 87% of the samples, after 6 hours



refrigeration, showed a decrease in numbers. Similarly there was a
decline in counts in 68% of the samples which were refrigerated for

24k hours. In holding the milk samples under refrigeration for 12-20

" hours and an additiomal 6 hours refrigeration time, there is distinct
reduction in the bacterial count. Wwhen such refrigeration is continued
for a total of 48 hours, the results suggest that the bacterial plate
count tends to increase.

Dahlberg (3), in his study, collected 108 samples of different
lots of pasteurized milk in July and October. These samples were
examined for standard plate counts and coliform counts. The milk was
stored for 4 days at three different refrigeration temperaturea.' It
was found that coliform bacteria increased more rapidly in numbers
than the standard plate count. The coliform types were less than 0.02%
of the total bacteria in freshly pasteurized milk. The percentage of
coliforms did not increase in October at 35-40°F but an increase of
1.12% in 4 days was observed in July and August. At 45-50°F and 55-60°F
the coliform bacteria comprised about 5% of the total count in October,
after storage for 4 days. But after 4 days storage at 45-50°F, the
coliform count was 68% of the total count in July-August and 50% at
55-60°F., The coliform bacteria grew more rapidly in summer weather
thén in cool weather.

Murry and Coey (10) investigated the effect of freezing and
storage on the bacterial flora of pasteurized milk. They concluded

that freezing and limited storage has no effect on the normal flora



of pasteurized milk. When contaminants of the coli-aerogenes group
were added, their numbers were not reduced Sy freezing., The changes
which occurred in thQ bacterial content between the 3rd and 4th month
dealt with physical changes.

Chaffee (2) studiod the bacterial counts in pasteurized milk
held in refrigerated storage. There was no appreciable increase in
the bacterial content in good quality pasteurized milk, even after
126 hours of storage under proper refrigeration. Occasionally there
was a decrease in counts. Poor quality pasteurized milk produced an
increase in the bacterial content even under ideal refrigeration
storage.

Randall (14) in his study of frozen homogenized milk for army
use stated that the duration of time in which milk remained normal
depended upon the freezing temperature and storage time. Milk was
found normal for 115 days when frozen and stored at «32,8°C. However,
the best results were obtained when it was frozen and stored at -40°C.
Good gquality homogcnizod milk could be stored up to 120 hours at
1.67°C, before freezing, without any changc‘in keeping quality.

Randall (15) studied the keeping quality of frozem homogenized
ni}k pasteurized at 155°F for 30 minutes. The milk was frozen at
«27°F and -40°F and stored at 14°F, Standard plate counts were made
on the samples of milk before and after freezing and storing under
different conditions. There was a reduction of the plate counts in

each case. This was caused by freezing and storage temperatures or a



change in storage temperature. There was no growth of eryophilie
bacteria. To know whether the bacteria increase faster in the homog-
enized milk which ha& been frozen and then thawed, than in fresh
‘homogenizad milk, a series of samples'of both were kept at different
temperatures. The initiél plate count was performed before storing
the milk and then at the end of the storage period. There was no
significant difference in the bacterial count. The samples of homog-
onized milk were held up to 120 hours at 35°F before freezing and for
89 days in the frozen state at 0°C. There was no appreciable change
in the bacterial content in either case. Babcock et al. (1) studied
the keeping quality of frozen homogenized milk after thawinge. They
stored the samples of fresh homogenized milk at 30.5°C, 12.8°C,
7.22°C and 1.67°C. The flavor changes in frozen and thawed homogenized
milk were quite akin to fresh homogenized milk. The frozen and thawed
homogenized milk could be stored for longer periods than fluid milk
before use. Determination by the standard plate count showed that
there was no significant difference between the frozen, thawed and
fresh homogenized milk from the bacteriological viewpoint. There was
no difference in the acid development measured by titratable acidity
and pH determinations.

Skean et al. (19) worked on long term preservation of fresh
fluid milk and on the keeping gquality of frozen homogenized milk.
They used milk from three different processors in this study. The

samples were placed in a room at «l10°F for freezing. The rest of the



milk was warmed up to 70°F and subjected to bacteriological analysis.
The frozen milk was thawed and examined at the end of 1, 4, 8, 12 and
16 weeks for flavor.'appearance, standard plate count and psychrophile
lcountw There was little deterioration in flavor up to 12 weeks but
there was a distinct dociino in flavor between 12 and 16 weeks. There
was little change in the numbers of bacteria during the frozen period
but the psychrophiles showed a decline during 16 weeks of storage.

| Marth and Frazier (8) in their study of the bacteriology of milk
held at farm bulk cooling tank temperatures and the effect of the num-
ber of bacteria in the original milk, took raw milk samples of qu
bacteriological groups (below 50,000 and over 50,000 bacteria per ml).
They stored the milk samples at 36°F, 38°F, 38°F with periodic raises
to 45°F and to S50°F. At 36°F storage the milk samples with less than .
50,000 bacteria per ml showed little growth after 3 days but a rapid
growth after 4 days in the same sample. At 38°F there was a similarity
in results as compared with at 38°F with periodic raises to 45°F and
50°F, The smaller numbpr of samples with low counts showed a more
appreciable increase in bacterial growth than high count milk at 38°F.
However, some samples did not show any increase in numbers of bacteria
after 2, 3 and 4 days storage at 38°F irrespective of their low or high
count, At 4S5°F there was more rapid growth of bacteria in low count
milk than in the high count milk. At all storage temperatures, accord-
ing to these authors, there is more likelihood of an increase in bac~

terial numbers in samples with 50,000 bacteria per ml than those containing
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lower counts., After two days storage thorq was moré rapid growth of
psychrophiles in low count milk than in high count milk.

LaCrosse and‘Piraux (7) studied the behaviour of milk during
storage at temperatures of 4°C and ?50 and its apparent behaviour when
using "bulk collection;" It was found that the multiplication rate
depends upon the initial number of bacteria in milk. At 7°C the milk
is more prone to organoleptic spoilage. As far as the possible he-
haviour of milk when using bulk collection is concerned, the rate of
multiplication of the total number of bacteria and of psychrophiliec
bacteria is relatively low unless the milk contained a high initial

psychrophilic count.



EXPERIMENTAL PROCEDURE

Preparation of Samples: In this study raw milk from different

. milk producers was used. The milk was kept cold in bulk tanks on the
farm.and was thoroughly agitated before removing the samples. Samples
of milk, each representing a different producer were taken and brought
to the laboratory in clean, storilo’k oz. bottles. These sample bot-
tles were kept cold in a container filled with ice until ready to be
used. The bottles were shaken 25 times and approximately 5 to 10 ml
of milk were transferred Qith sterile pipettes to clean, sterile
screw capped test tubes. The test tubes were tightly closed after the
sampling procedure was completed. This procedure was repeated each
time before storage.

Storage Conditions: The raw milk samples were plated for

standard plate count, coliform count and psychrophilic count each time
before storage. The screw capped test tubes containing the samples
mentioned above were placed in the freezing compartment of a household
type refrigerator at the temperature of ~15°C for one week.

The other two storage temperatures utilized were a household
deep freeze at -23°C and a laboratory ultrafreeze at -45°C, The dura-
tion of time in these cases was also one week. The purpose of storage
of the milk samples at the three different temperatures was to check
the temperature effects on the microflora of the milk.

Experiments were conducted to determine the effect of frozen

storage, at intervals of 24 hours, on the bacterial content of the milk.



In this case seven sets of identical milk samples were placed in c¢lean,
sterile screw capped test tubes. All of the milk samples were stored
in the freezing coméartmont of the household refrigerator at -15°C,

" the household deep freeze at «~23°C or the laboratory ultrafreeze at
«45°C until ready to nlﬁ. A set of milk samples was removed from
frozen storage each 24 hours and analyzed bacteriologically.

Bacteriological Procedure: At the end of each storage period,

tko tubes were removed from the freezing chamber, thawed in a water
bath at a temperature of 45°C, well shaken and plated for standard
plate count, coliform count and psychrophilic count. |

Preparation of the plates for determining the individual numbers
of organisms of each type was done as follows:

1., Standard Plate Count: Since this group of organisms implicates a.

large number of organisms, dilutions of 1:1,000, 1:10,000 and 1:100,000
were used, The dilutions were plated and poured with Standard Method
Agar (20). The plates were incubated at 32°C for 48 hours.

2o Coliform Count: Dilutions of 1:100 and 1:1,000 were utilized for

this group of organisms, These dilutions were plated and poured with
Violet Red Bile Agar (20) which is specific for these organisms. The
plates were incubated at 37°C for 24 hours.

3« Psychrophilic Count: The dilutions employed in this case were

1:100, 1:1,000 and 1:10,000, These were plated and poured with Standard

Method Agar (20). The plates were incubated at 7°C for 7 days.
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Counting: A dark-field Quebec colony counter was used for
counting the colonies of bacteria. A hand ially. a mechanical counting
device, was utilized in the process of counting the colonies (20).

. The count per milliliter in each case was determined by multi-
plying the number of colonies counted by the dilution of the individual
plate.

Reduction Tests: These tests were performed for determining the

béctarial activity in the raw milk. Raw milk samples from different
producers were transferred to clean, sterile glass test tubes and
closed with a rubber stopper. The quantity of milk used was 10 ml
each time. The tubes were stored in the freezing compartment of’the
household refrigerator at -15°C and in the household deep freeze at
«23°C, After 24 or 48 hour intervals, the tubes were removed from
frozen storage, thawed in a water bath at 45°C and subjected to the
methylene blue reduction test (20).

Direct Microscopic Count: Raw milk samples from different

producers were kept in the freezing compartment of a household refrig-
erator at -15°C and inva household deep freeze at -23°C. After 7 days
storage, the samples were thawed in a water bath at 45°C, shaken and
0.01 ml of each was put on a glgss slide and spread over an area of

1 cm@, After drying, the milk films were stained using North's aniline
0il methylene blue stain (20) and counted with a microscope. The

Direct Microscopic count was conducted to determine any alteration of

165387 8OUTH DAKOTA STATE UNIVERSITY LIBRARY
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the size of bacterial clumps in raw milk after frozen storage at two

temperatures,
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RESULTS AND DISCUSSION

The contents of Table I are a summation of five trials, which
are shown in Tables VIII, IX, X, XI, and XII in the Appendix. The
information in Table II represents tﬁe data shown in Tables XIII, XIV
and XV in the Appendix.

The logarithmic averages of the standard bacteriological counts
of raw milk kept in the freezing compartment of a household refrig-
erator, a household deep freeze and a laboratory ultrafreeze for a
period of 7 days are shown in Table I, It is apparent from the results
that there was an increase in the standard plate count of bacteria in
all of the experimental trials except trial 1., This increase in count
hsually occurred when the raw milk was stored in the household deep
freeze and the laboratory ultrafreeze. Thevcoliform count tended to
decrease in the milk during frozen storage in the freezing compartment
of the household refrigerator and the household deep freeze., This is
evident from trials 2, 3, 4 and 5. It was also quite clear from the
results that the number of coliform bacteria was approximately the same
or showed a slight increase over the original count, when the milk was
placed in the laboratory ultrafreeze. There was an increase in the
psychrophile count in most trials when the milk was stored in the
freezing compartment of a household refrigerator, the household deep
freeze and the laboratory ultrafreeze for seven days.

The logarithmic averages of the standard bacteriological counts

of raw milk kept at three different freezing temperatures for intervals



Table I. Logarithmic averages of standard bactériologieal
counts of raw milk kept at three different freezing

temperatures for seven days

16

Original Household Deep freeze Uftra?reozo

‘Trial count (=15°C) (-23°C) (=45°C)
‘Standard plate count
1 620,000 640,000 390,000 195,000
2 1,400,000 1,700,000 2,000,000 2,200,000
3> 600,000 1,100,000 1,100,000 1,200,000
4 490,000 740,000 990,000 1,000,000
5 580,000 700,000 730,000 820,000
Coliform count
e 1,800 2,400 3,400 1,200
2 3,100 1,900 2,400 3,000
3 3,200 1,200 830 34500
h 1,200 540 990 1,300
5 1,700 700 740 1,900
Psychrophile count
1 360,000 490,000 450,000 690,000
2 370,000 800,000 1,300,000 1,400,000
3 260,000 180,000 290,000 390,000
b 100,000 150,000 260,000 280,000
5 100,000 120,000 130,000 140,000

T T T o S



Table II. logarithmic averages of standard bacteriological counts of raw milk kept at
three different freezing temperatures and sampled at intervals of 24 hours
(Count expressed in thousands)

Original
Type of count count 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs 144 hrs 168 brs
Freezing compartment of household refrigerator (~-15°C)
Standard plate 2,900 2,000 2,200 2,100 2,000 2,200 1,800 1,800
Coliform 1 6.1 4 2.4 3. 3 31 2.1
Psychrophile 300 280 - 310 320 2O 330 330 260
Household deep freeze (-23°C)
Standard plate 1,300 1,500 1,200 1,500 1,000 1,000 970 1,400
Coliform 3 1.3 1.7 .65 1.2 1 «75 1.3
Psychrophile 120 270 150 200 160 180 130 180
Laboratory ultrafreeze (-45°C)
Standard plate 1,100 1,300 1,100 1,300 1,100 1,100 1,100 1,200
Coliform 1.8 2 2 2.1 2.4 2.1 2.7 1.9
Psychrophile k70 620 490 460 580 410 10 380

—_— ]

A
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of 24 hours are presented in Table II. Storage in the household refrig-
erator indicated that the standard plate count declined in comparison

to the original counf. The coliform count showed a considerable
Areduction while the psychrophiles rehainod approximately the same when
compared to the originai count. In the case of the household deep
freeze storage the standard plate count increased slightly after 24,

72 and 168 hours. " The coliform count decreased appreciably more than
tﬁe original count, but there was very little change in the psychrophile
count. In laboratory ultrafreeze storage, there was not much alteration
in the standard plate count. The coliform count increased slightly
after 96 and 144 hours, but it again dropped and approximated the
original count., The psychrophile count showed very little change.

The methylene blue reduction test results for raw milk kept in .
the household deep freeze and in the freezing compartment of the house-
hold refrigerator are given in Tables III, IV and V. It is seen from
the results in these tables that the reduction time of raw milk is
prolonged after frozen{storage. The reduction time is also lengthened
by the duration of the freezing time. There is a greater increase in
the reduction time of the raw milk during its storage in the freezing
compartment of the household refrigerator than that shown following
storage in the household deep freeze for the same period of time.

The results of the microscopic examination of the raw milk
samples stored in the freezing compartment of a household refrigerator

and in a household deep freeze for seven days are shown in the Tables
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Table III. Methylene blue reduction test results for raw milk
stored in a household deep freeze (=23°C)

1/2 - “ " - -
11/2 3¢ - - o "
21/2 - 3 3 3 3
31/2 - - - - -
4 1/2 7 - - - | -
51/2 - 7 7 7 7
6 1/2 2,5 5 5 5 5
7 1/2 - - - - -

-~ 7 1/2 1,4 1,2,4 1,2,4 1,24 1,2,4

*Sample identification numbers



Table IV. Methylene blue reduction test results for raw milk kept in the freezing
compartment of a household refrigerator (-15°C)

Reduction Reﬁuction times after frozen storage

time (hrs) O hrs 2h hrs 5 hrs 72 hrs 96 hrs 120 hrs 14k hrs 168 hrs
1/2 " " " - - " - "
11/2 7+ - - " - - - -
21/2 - 7 4 7 7 7 7 -
31/2 1 - - - - - - 7
4 1/2 - - - - - - - -
6 1/2 5,17 1,22,24 22,24 " - - 2 -
7 1/2 14 5,17 5,17 5,17 517,22 5,22 - -
22,2k

7 7 1/2 2’3’“089 2!31“'8! 102'39‘}! 1’2!391" 1’2'3’“" 193039"0 1’2’3'“’ 1'2'3$"'

9,10'11’ 9.10'11’ 8'99100 8'9'100 809010' 8!9'100 5'819'1°l 508‘9‘10‘

18,21,23 14,18,21, 11,14,18, 11,14,18, 11,14,18, 11,14,17, 11,14,17, 11,14,17,

23 21,23 21,23 21,23,24 18,21,23, 18,21,22, 18,21,22,
24 23,24 23,24

T T L T

*Sample identification numbers



household deep freeze (=23°C)

Table V. Methylene blue reduction test results for raw milk kept in a

Reduction Reduction times after frozen storage
time (hrs) O hrs 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs 1544 hrs 168 hrs
1/2 - - - - - - - -
2 1/2 - - - - - - - -
3 1/2 - - - - - - - -
b 1/2 - 13* - - - - - -
5 1/2 2,13,16 2,16 2,16 2,16 2,16 16 16 -
6 1/2 7422 7422 13,7422 13,7422 7413 7+13,2 2 2,16,7
7 1/2 5,17  14,11,5  11,5,14 Se1k4 Se1k,22 522 7:;3 22,13,5
Se
> 71/2 1,3,4,8  1,3,4,8  1,3,4,8  1,3,4,8  1,3,4,8  1,3,4,8  1,3,4,8 1,3,4,8
9,10,11 9,10,17 9,10,17 9,10,11 9,10,11 9,10,11 9,10,11 9,10,11
14,18,21 18,22,23 18,21,23 17,18,21 17,18,21 14,17,18 14,17,18 14,17,18
23,2k 24 2h 23,24 23,24 21,23,28 21,23,24 21,23,24

*Sample identification numbers



Table VI. Microscopic examination of raw milk samples stored
in the freezing compartment of a household refrigerator
(=15°C) for seven days

e ettt a8 Attt - B Bttt eteent oo iAo At P 48P R P AT

Before freezi After r«gg
' Direct clump count Direct clump count

Sample per ml per ml

1 34500,000 3,200,000
2 1,200,000 1,600,000
3_ 1,000,000 1,300,000
b 1,800,000 1,300,000
5 1,500,000 370,000
6 54500,000 51300,000
7 1,100,000 780,000
8 430,000 600,000
9 780,000 1,200,000
10 670,000 1,000,000
1 1,100,000 560,000
12 1,600,000 410,000
13 700,000 330,000
14 1.100;000 480,000
15 1,800,000 890,000
16 300,000 220,000
17 850,000 1,700,000
Log average 1,150,000 881,000




Table VII., Microscopic examination of raw milk danplu stored

in a household deep freeze (-23°C) for seven days

23

== =

ttncomsrsriosrme i
SR S ——

= Before Ireezimg . . After freesing
Direct ¢lump count Direct clump count
- Sample per ml per ml
1 2,600,000 34400,000
2 1,200,000 1,700,000
3 1,100,000 1,700,000
b 1,200,000 1,400,000
5 290,000 680,000
6 570,000 860,000
7 290,000 400,000
8 860,000 460,000
9 34100,000 5,000,000
10 1,600,000 680,000
11 2,000,000 1,800,000
12 1,600,000 1,800,000
13 1,800,000 1,400,000
1k 860,000 1,100,000
13 1,000,000 970,000
16 2,400,000 24 500,000
17 340,000 680,000
18 680,000 910,000
19 460,000 1,400,000
Log average 1,010,000 1,250,000

e =
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VI and VII, It is quite evident in Table VI that tho direct clump
count was less after freezing than before, when the raw milk was placed
in the freezing comﬁartnent of the household refrigerator. After

| storage of the raw milk in the houseﬁold deep freeze, the direct clump
count increased over thé numbers found before freezing, as shown in
Table VII.

The increase in the standard plate count of the raw milk when
stored in a household deep freeze and a laboratory ultrafreeze may be
explained by the fact that the breaking of bacterial clumps occurs
during freezing. This has been confirmed by the results of 0xp§;1n0nta1
work shown in Table VII. There was an increase in the clump count after
one week of storage of raw milk in the household deep freeze. Penning-
ton (13) reported that there was an increase in the number of bacteria
during the storage of milk at a temperature of ~1.67°C and -0.55°C.
According to her, milk was semi-solid with ice at these temperatures.
Some authors (16) have reported that there was considerable increase
in the bacterial content when the milk was stored at 0°C. Reed and
Reynolds (17) were of the opinion that some species of bacteria grew
slowly at first, but made a remarkable growth during continued storage
of milk at -1°C.

There seems to be no major change in the psychrophile count
during the storage of milk at the three different temperatures for
intervals of 24 hours. Similarly the standard plate count was the same

as the original count. There may be several explanations for the
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survival of these organisms at such freezing temperatures. The low
temperatures favor the bacterial longevity Sy diminishing destructive
metabolism. It seems that watery foods like milk, freeze in such a
way that most of the bacteria are puéhod out of the water crystals
with other nonaqueous sﬁspended material and remain in this material
during freezing without being crushed. On the contrary, in pure water
in which the whole mass becomes solidly erystalline, the bacteria have
né such protection and are mechanically destroyed between the crystals
(6)s The faster freezing also aids in the survival of bacteria, The
reason for this is unknown (5). At low tomperatures, as -20°C.rthere
is no precipitation of coagulable proteins of the bacteria and hénce
they survive (9). According to some authors (21) the intracellular
ice does not form in bacteria because a more lethal effect would be
expected at temperatures at which ice would be formed in the cells.
Finally there is a possibility of bacteria becoming dormant
during freezing. The methylene blue reduction tests justify this
assumption. The results in Tables III, IV and V indicate that certain
raw milk samples have longer reduction timeg after freezing than
before. The slower rate of freezing has a more protracting effect on
the reduction time of raw milk than the faster rate of freezing. This
iabindicated by the exposures in the freezing compartment of a house~
hold refrigerator and the household deep freeze. PFerhaps this is

caused by the bacteria entering a dormancy stage during freezing.
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The standard plate count remained unaltered,‘the coliform count
decreased and the psychrophile count was not changed, when raw milk
was stored in the ffeezing compartment of the houseiold refrigerator.

l This can be explained because slower'froozing had a more destructive
influence on the bacteria than faster freezing. The reduction tests
also elucidate this point. VWhen milk was stored in the freezing
compartment of the household refrigerator and this storage was con=-
tinuod, bacteria were killed and the reduction time was prolonged.

The results in Table IV clarify this contention.



27

SUMMARY AND CONCLUSIONS

Raw milk samples from different producing farms were used in

. this study. The samples were transferred to clean, sterile screw
caprd test tubes which were stored in the freezing compartment of a
household refrigerator at -«15°C, a household deep freeze at -23°C or

a laboratory ultrafreeze at -45°C for seven days. After varying times,
the samples were removed, thawed in a water bath at 45°C and plated

for the standard plate count, the coliform count and the psychrophile
count,

The reau;ta indicated that the standard plate count increased
_during storage of the raw milk in a household deep freeze and a labora-
tory ultrafreeze. There was no change in the standard plate count when
the milk was sto