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INTRODUCTION

The increasing time between processing and consumption
of milk has made the growth of organisms in this interval of
great importance., Of particular interest are organisms which
grow at the low temperatures used for milk storage. Organisms
which grow at low temperatures usually have been conslidered
slow growers and rather inert in thelr action on milk. Due
to the large numbers of these organisms found in the samples
of pasteurized milk examined after storage for 1 week at
3°¢.,, it was declided that a more detailed investigation should
be made of the growth and biological reactlions of some of the
organisms lsolated to evaluate thelr role in mllk quality.

The obvious criticism to the use of pure cultures would
be that they would behave in & different manner in pure
culture than they would in mixed flora such as would be
found 1In pasteurized milk. While this criticism may have
some merit, the information obtalned under controlled con=
ditions should be sufficlently important to overcome the
undesirable effects resulting from a slightly changed environ-
ment.

The numbers of organisms and the damage done by them in
a8 bottle of milk prior to consumption probably are influenced
to some extent by fluctuating tempersature of holding, such

as that resulting from removal and return to the refrigerator



~2‘

during use of the bottle, size of inocule provided by
recontamination, optimum growth temperature of the organisms
and many others. Because of this wide range of Important
factors 1t was decided to conduct this work in a manner
whieh would check a consliderable number of these varilables,
and 1f possible, provide the processor with some indication
of how important these organisms are to him and what limita-
tions he must place on his present and future operations to
ensure a product with good keepling qualitles.

The use of heat or ¢hlorine, for sanitizing dairy
equipment just prior to use 1s a common practice in the dairy
industry. Some bacteria commonly escape destruction by
these methods and are able to contamlinate pasteurized pro-
ducts. The behavlior of organisms subjected to sub-lethal
doses of heat or chlorine may be altered, so & check of this
faet may be helpful.

It 1s hoped that the elucldation of some of these
factors and thelr effect on the growth of low temperature
organisms in milk may be of use to the processor in hils

struggle to provide a good product to the consumer.
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REVIEW OF LITERATURE

For the sake of convenience this section has been
divided into several sub-sections, each of which covers

¢closely related material.

Plating Temperature for Psychrophilie Bacteria

The tenth editlon of Standard Methods for the Examina-
tion of Dalry Products (1) recommends that enumeration of
psychrophilic bacterlia be done by incubating plates for 7
days at 5°C. This procedure requires considerable time and
large quantitles of equipment which may not be available in
some laboratories., A commercial company is interested in
results as soon asg possible and a long procedure would glve
results only after the product beilng tested had passed
through consumer channels and further procducts were belng
processed. There are many references in the literature
which show that low incubatlon temperatures are not
necessary for enumeration of psychrophilic baecterle unless
& count of them alone is required.

Nelson and Baker (Ll) found that the most satisfactory
temperature for the enumeration of psyechrophilie bacteria
in stored samples was 25°C. for 3 days. They pointed out
that the temperature at which a‘sample was held prior to
plating influenced the effect that different lncubation
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temperatures had on the count obtained. They suggested a
quick practical test for organisms that grow at refrigeration
temperatures. This consisted of holding the sample at 10°C.
for 3 days. Shorter incubation times gave indlecatlons of
the presence of high counts., They suggested that 1f counts
rose as high as 200,000 per milliliter after storage at
10°¢, for 2 days, conslderable doubt should be raised about
the sanltary conditions under whiech that milk was produced.

Watrous et al. (78) plated pasteurized milk and in-
cubated plates at 5, 25 and 35°C. and found that 25°C. gave
consistently higher counts than 35°C.; the advantage in-
creased as storage under refrigeration lengthened. After 6
days storage the counts on plates incubated at 5 and 259C.
approached the same magnitude. Essentially the same results
were obtained when they plated chocodlate milk and light
cream. A somewhat similar result was observed by Atherton
et al, (2), as they found that inecubatian of plates at 32,
26 and 20°C. resulted in nearly identical counts. At 10°C.
the counts were low at first but were nearly equal to the
others after 6 days of holding.

Several workers have reported (31, 54, 15) that 20-25°C.
was the optimum temperature for growth of many organlsms

growing at rérrigeration temperature.
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Types of Bacteria Growling at Low Temperatures

The literature on the types of organisms growing at
refrigevation temperatures is qulite extensive. However,
very few workers have attempted to isolate and i1dentify
organisms beyond the genera to which they belonged and many
workers only classed them according to the nature of the
changes they produced.

Jezeskl and Macy (31) plated creamery water supplies
and butter samples and isolated caseolytic and lipolytie
eultures capable of vigorous growth at 8°C. The cultures

were classified as to genera, 28 being Pseudomonas, five

Flavobacterium, one Achromobacter and one & lactose~

fermenting yeast. Some of the same genera were implicated
by Thomas and Chandrasekhar (71). Garrison and Hammer (26)
enriched milk and eream by holding at 5-7°C. for several
days and plating. The same was done with 1lce cream, butter
and water. They studied [j96 cultures in detall and placed

them all in the genus Pseudomonas.

Rogiek and Burgwald (66) isolated low-temperature
organisms and found that 54.47 percent were inert, 28.1L
percent were acld-forming and 17.36 percent were alkali-
forming. These percentages were found to change when
cultures were incubated at 35°C. They concluded that only
11,19 percent were true psychrophilie bacteria and that they
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were all alkali-forming, gram negative bacilli., Watrous
et al. (78) reported that acld producing organlisms were
inhibited at 5°C. so inert forms and alkall producers pre-
dominated after prolonged storage. Thomas et al. (72)
isclated 231 cultures of psychrophilic bacteria and found
that 2 percent developed acid clot, U percent slight acid
and 9 percent peptonization. Ayres and Johnson (5) found
that holding raw and pasteurized milk at 10°C, resulted in
an inecrease of peptonizing bacteria in pasteurized milk.
and a much smaller increase in raw milk.

Some workers identifled the cultures isolated,
espeeclially when a specific defect was involved. Pennington
{cly) found that organisms especially resistant to cold were

B. formosus, R. solitarius and B. ravenel. They were

present in nearly pure culture after prolonged storage.
Gainor and Wegemer (25) isolated a capsulated organism re-

sembling Alcaligenes viscosus from ropy pasteurized milk,

This organism was capable of good growth at u.5°C. and did
not grow a£ temperatures above 35.5°C. In England, Morgan
(39) found that cans which were returned to the producers
in one area were heavily contaminated with a chromogenic,

curved rod whieh was identified as Vibrio unduls snd came

from the can washer detergent tank which had been contami-
nated from the outside of cans being washed and would then

contaminate clean cens. Newnman (45) isolated organisms of
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the Pseudomonas group from three samples of bitter milk,

They grew well at 4°C. but 1little or not at all at 37.5°C.

One culture was identified as Pseudomonss ovalls. Morrison

and Hammer (Ll) checked the distribution of Pseudomonas

fragl and found it present in 16.l percent of 176 lots of
milk delivare& in Iowa. The organlisms were not found in

17 lots delivered in Kentucky in June but were found in 4O
percent of L0 deliveries in December at the same plant. Of
the Iowa daiéy plant water supplies inspected, 9.7 percent
were Infected, Soll and equipment likely to come in contact
with milk were examined and 51,8 percent contained the

organism., Pseudomonas fragl was found in 25 of 35 samples

of barnyard soll examined.

Growth of Psychrophilic Bacteria

Growth of bacteris usually is considered to be greatly
reduced by refrigeration. Certain organisms are known to
grow at btemperatures below 10°C. but their rate of growth
usually is considered to be slow at first, followed by a
slow, steady rise to high levels. Dsahlberg (18) illustrated
this point when he showed that milk stored for Il days at
I15-50°P, (7.1~ 10°C.) showed a slight decresse in standard
plate count after 1 day, began to rise after 3 days and had
inereased from 12,000 to 180,000 after 4 days., If milk was
stored at 55~60°F. (12.6-15.6°C.), counts decreased the
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first day, inereased the second from 12,000 to 134,000 and
exceeded one million thereafter. These figures do not glve
a completely accurate picture about the behavior of psychro-
philiec bacteria as the plates were Incubated at 379C., a
temperature at which not all psychrophilie bacterlia are able
to grow, Roglek and Burgwald (65) showed that the mesophilic
count in fresh milk was always higher than the psychrophllic
count, while after 1 week storage at low temperature the
position was reversed, although both types Iinereased., Watrous
et al. (78) showed that raw milk heaving a low initisl con-
tamination with psychrophilic bacteria may have a psychro-
philie count which exceeds the total count at 35°¢, after
storage for 10-20 days in the refrigerator. Pasteurlzed milk
from the bottler showed no psychrophillc bacteris, but the
count on the saeme milk was extremely high after 15 days
storage. Conn (16) stated that milk stored at 50°F, (109°¢C.)
or lower would stay sweet for a long time but conteln many
bacteria of a more unwholesome type than 1f storage was at
& higher temperature. Such milk was made unfit for market
although perfectly sweetb.

Ayres et al. (l) showed that milk with an initial count
of 4,000 per milliliter showed no lnecrease after storage
for 2l hours at L.}4°C., while at 10°C. the count increased
to 13,000 and at 15.5°C. it inereased sbout 1.5 million.
When milk was held at L.4°C. the growth was slight, even
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after 96 hours., When milk was held at 10°C. for 96 hours
the count was just as high when the initial count of the
milk was low as when 1t was high. Leete (36) stored 55
samples of pasteurized milk for 5 days, When storage was
below 4O°F. (4.4°C.), 27.2 percent of samples showed an
increase in count} when storage was between 40 and L5°F,
(Lo and 7.1°C.), 37 percent of samples showed an increase;
and when storage was between L5 and 50.8°F. (7.1 and
10.4°C.), 73.8 percent of the samples showed an increase
in baeterial count.

Torrey and Rahe (7l) showed that at lce box temperature
the rate of Increase of bacterla in the cream and skim milk
portions was practically identical, but increase in tempera-
ture favored the latter. They reported that abrupt changes
in temperature from 5 to 30°C. caused a striking bacteri-
olysis and suggested that it may be an expression of
bacterial antagonism,

Some workers reported a rate of growth at low tempera-
tures in excess of those ususlly assoclated with psychro-
philie bacteria, ZXKiser (35) isolated cultures and found
that 80 percent produced visible colonles in six days at

0°C. His growth curves for an Achromobacter sp. yielded

generation times of 0.98 hours at 25°C., 4.8 hours at 7°C.
and 30.7 hours at -4°C, Greene and Jezeski (27) found that

& strain of Aerobacter aerogenes which grew at low tempera-

tures had a generation time of 12.2 hours at 5°C., L.l



hours at 10°C. and 2.2 hours at 15°C., Ayres et al. (3)

found Pseudomonag organisms very prevalent on cut-up poultry.

These bacteria were capable of falrly rapld growth at L.l
and 10°C. Deterioration appeared in 6-8 days at the former
temperature and 2-~3 days at the latter.

There are indlcatlons that some coliform organlsms
grow at low temperatures and so Influence the validity of
the coliform counts used as an index of sanitation when
stored samples are axamined; Bardsley (8) stored L samples
of ice eresm at 89°C., for varying lengths of time. The first
sample showed an increase in count after only 5 hours, while
coliform bacterlia and enterococci showed no increase, The
second sample, stored for 18 hours, showed no inerease, but
after 6 days an inecrease in total count and in count of
enterococeci was noted. A third sample, with high initial
count, stored for 2 days, showed an increase in coliform and
total eaunta; while enterococci remained the same. Dahlberg
(19) found that the coliform bacteria in pasteurized market
milk, held at refrigeration temperatures, lncreased more
rapldly than the total count. He also found (18) that
coliforms increased in milk held at 45-50°F. (7.1-9.9°C,)
and 55«600F. (12.6-15.6°C.).
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Lag Phase of Psychrophllie Bacteria

There are many conflicting reports in the litérature
about the lag phase encountered In bacteria at low tempera-
tures., Palmer and MeCutcheon (49) concluded that bacterial
counts in milk stored at L2°F. (5.5°C.) began to increase
after & total holding period of 48 hours. Chandrasekhar (1l)
found that 1l out of 12 samples had colony counts of less
than 100,000, whereas only 6 out of 12 had less after 2l
hours at 3-59C. storage, indicating growth in that short
interval., Venkatsaraman (77) reported the lag phase in
organiams isoclated from fish muscle to be 12 hours at 21°C,.
and 6-8 days at 0.59C. Penfold (53) reported that if maxi--
mum growth of organisms was inhibited by placing at 2°C. for
12 minutes, growth contlnued without lag when returned to
normal temperature, but when held cold for longer periods
the lag phase tended to reappear. Greene and Jezeski (27)
reported a long lag phase for organlsms grown at low tempera-
ture, while increased temperatures resulted in decreased lag
phases, Similar results were reported by Penfold (53) and
Hess (29). Other workers reporting long lag phases for
orgenisms at low temperstures include Chaffee (13), Trout

et al. (76), Burgwald and Josephson (11) and Dshlberg (18).



Growth Temperatures of Psychrophllic Bacteris

The survivel of organisms and thelr abllity to grow at
very low temperatures may be of importance to public health
as well as belng of great importance to the practlical dairy
man trying to produce a good produect. Weinzirl and Gerdeman
(79) found that storage of ice cream at -10°C. or above, did
not prevent all bacterial multipliecatlon or inerease Iln count.
Prucha and Brannan (61) reported that lce cream held in
storage with an aversge temperature of -}4°F. (-20°C.) con-
tained viable typhold organlsms after 2 years and l} months
of storage. Jones and Lochhead (32) reported that Miecrococci

resisted freezing better than other bacteria, Food polsoning
strains were found unable to multiply at L.4°C. but when
held for 2 months at L4OC. they did not lose their ability
to produce enterotoxin. Zobel (80) concluded that marine
bacteria were able to multiply in water as cold as -1,9°C,
He suggested that there were indications that bacteris would
withsteand freezing to asbsolute zero, Hess (29) found that
total crop of cells obtalned with organisms of marine origin
was greater at 0 and 3°C. than at 20 and 37°C. Prescott
and Bates (38) observed that freezing reduced the numbers of
organlisms in water. Very small numbers perslsted for aome,>

days but there was no appreclable increase over periods up
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to 11 days.

Reed and Reynolds (63) added pure cultures to sterile
skim milk and incubated at several temperatures, All the
organisms studled grew to some extent at -1°C. Some in-
creased for the first 3 days and then decreased. This was
characteristiec for bacteria having higher growth optima,.

The other group grew slowly at first but increased steadily.
The organisms that grew best at low temperatures usually
were assoclated with unclean practices., Pennington (5U)
found that bacteria In milk increased in numbers when
temperatures were malintained at or a little above 0°c.

Milk was kept from a few days to 2 years at 29-31°F.

(-1.6 to -0.6°C.), Milk with counts as low as 300 per
milliter ylelded high eounts at the end of 1 week. Continu-
ous exposure to the low temperatures resulted ln a semi-
frozen milk but bacterial numbers still lnereased into
millions. Garrison eand Hammer (26) studied [96 cultures
isolated from milk, cream, lce cream, butter and water by
enrichment at 5-7°C. In broth, all cultures grew at 7°C.,
most at 3°C. and all at 32°C. but a considerable number
failed to grow at 37°C., although a few grew at L5°C,

Fablan and Trout (22) studled frozen, pasteurized cream
for a period of 1 year when storage was at -5 to -10°9F.
(=20.5 to -23°C.). Bacterlal counts decreased during the

year. The same result was observed by Babcock et al. (6)



when they studled frozen homogenized milk. Ravenal et al.
(62) found that at -9°C. there was no increase in bacteria
but at 0°C. there was a marked increase. They found that
storage of cream at 33-4J0°F. (0.5-4.4°C.) excluded the grbwth
of lactic bacteris but did not exclude growth of putri-
fective organiasms, Conn and Esten (17) reported that in
milk held at 10°C. the lactlc bacteria were not favored, the
delay in growth being 2-3 days, followed by uniform growth

of all types of bacteria, The lactic acid producing bacterisa
did not always grow but neutral snd liquefying bacterla grew
rapidly. They found no difference in effect on bacteria
between 10 and 1°C. except on rapidity of growth. They re-
ported large numbers of bacteria after prolonged storage at
1°C, and pointed out that milk may not be wholesome just
because it is sweet. Prescott and Bates (57) stated that
certain types of spoilage organisms adapt themselves to
temperatures assumed to be inhibitorj to decomposition
processes.,

Haines (28) studied the minimum temperature of growth of
‘several types of bacterie and found that staphylococel did
not grow below 10°C., most strains of B. coli, B. proteus
and micrococcl stopped growing in the range 5-0°C. Some
strains of B. proteus were capable of growth at 0°C. Many

stralns of Achromonacter, Pseudomonas and yeasts grew rapidly

at 0°C. and down to -5°C,



Lochhead (37) isolated 20 distinct species of bacteria
from frogen soll and found only one which grew better, three
which grew equally well and 16 which grew poorer at 3°C, than
at 20°C, He suggested that these bacterlie were cold enduring
rather than true psychrophilic bacteria. He concluded that
most bacteria of frozen soll were incapable of growth at 3°C,

Morris (Ij0) stored milk at atmospheric temperature and
4°C, overnight. He found a large increase in colony count
end a shortening of methylene blue reduction time in both
cases, The isolated cultures grew over a range of L to 37°C.

Kennedy and Welser (3L) isolated 15 pure cultures and
grew them at varying temperatures with the optimum being the
temperature at which there was the most rapid increase in
cell numbers., They found that 7 of the 15 had their optima
¢loser to 10 than to 20°C., 5 had optima closer to 20°C. and
3 grew best at room temperature. Erdman and Thornton (21)
reported that not one of the 722 cultures isclated by them
grew at 35.5°C,

Park (51) isolated 60 species of bacteria from milk and
found li2 developed good growth at the end of 7 days at 39°F,
(3.89C.)., He found that the bactericidal effect of clean
milk acted for 12-1ly hours at the low temperature but was
reduced when higher temperatures of storage were used, A
similar result was observed by Trout et al. (75) as they

found the bactericldal effect was nearly lost if storage was



at 60°F. (15.6°C.). They pointed out that the germicidsal
effect only was of value to producers who used good pro-

duction practices.

Pasteurizatlion Reslstance of Psychrophilic Bacterla

There has been much discussion on the subject of whether
or not psychrophilic bacteria will withstand pasteurization
temperatures, Thomas and Chandrasekhar (71) found that
laboratory pasteurized raw milk produced no colonies after
21 days at 3-5°C. and that 35 pure cultures showed no survival.
Further evidence for complete destruction of psychrophilic
bacteria by pasteurization was presented by Roglck and
Burgwald (66), Watrous et al. (78), Chandrasekhar (1l) and
Olson et al. (4B).

Erdman and Thornton (21) found that L of 722 psychro-
philic 1solates survived pasteurization., Powell (56) flash
pasteurized cream and stored for 10 days at 35°F. (1.6°9C.).
Counts made every 2 days ylelded a flat growth curve with
only a slight rise. The results can not be considered
definite evidence for destruction of psychrophlilic bacteria
as plate incubation was at 37°C. Kennedy and Weiser (3l)
isolated 15 pure cultures able to grow in the cryophilic
range of 5 to 2500. Pure cultures were lnoculated into

sterile milk and laboratory pasteurized at 145°F. (62.8°C.)



- 17 =

for 30 minutes., Only one culture had no survivors, eight
had reduction in numbers of 90 percent or over, five wers
reduced 50-90 percent and two were reduced less than 50
percent. Kaufmann and Andrews (33) found that pasteurlization
provided a small margin of safety with some pure cultures
studied and suggested that some organisms may survive the
high~temperature, short~time process when heated 1in whole

milk,

Keeping Quality of Milk Contalining Psychrophilic Bacteris

Many of the organisms which grow at low temperatures are
inert in milk and produce llttle or no change, while others
produce changes which are even more undesirable than acid
production., It was suggested by Phillips and Thomas (55)
thet holding good quality milk on the farm at LO°F. (L.4°C.)
for 2l hours improved 1ts keeping quality, as 1t reduced
bacterial counts. Nickolas and Anderson (46) kept pasteur-
ized milk wilth counts below 94,000 per milliter at LO°F.
(4.4°C.) for an average of 17.2 days before detectable spoil-
age occurred. Two batches of raw milk remained unspolled for
i and 7 days, respectively, when stored at LO°F. (L4.4°c.).
They pointed out that the variastion in keeping time of the
different samples was attributed to differences In the type
of initial contamination. Troutvgg al. (76) found that in
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some cases hlgh plate counts were needed before off-flavors
developed, but in most cases counts of 500,000 were suffi-
cient to yield flavors such as stale, unclean, cheesy and
bitter. Standard plate couﬁts were used a3 a measure of
numb&ra but no information was glven about the temperature
used for plate incubation and the types of organlsms present
in cases where a low count was found to cause the defect may
not have been enumerated.

Greene and Jezeskl (27) reported that keeping time of
milk was increased from 1 day at 30°C. to L days when the
temperature was lowered to 10°C. A further drop to 5°C.
added 12 more days to the keeping time, The effect was even
more pronounced in a further drop to 0°C., where keeping
time was prolonged an additional 16 days. Kaufmann and
Andrews (33) reported that 68 percent of the samples they
stored at L7°F. (8.3°C.) showed evidence of spoilage on the
eighth day when initial contamination was less than 10 per
milliliter. Burgwald snd Josephson (11) concluded from their
work that milk of good keeping quality could be expected to
retain excellent bacteriologlical and flavor qualities for
at least | days in summer and 6~7 days in winter if stored
near 40°F. (4.4°C.). They reported that psychrophilic
bacterie 1In milk were responsible for the deterioration but
that psychrophilic or mesophilic counts were not an indiecation

of potential keeping quality during storage at LO°F. (L.4°C.).
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Similarily Olson et al. (48) pointed out that psychrophilic
bacteria counts on fresh milk were not a good indlcatlon of
keeping quality, as low inlitisl counts often preceded very
high counts after storage. They found that plants wlth good
bacterial records in the paét usually produced a product
wlth better keepling quality than those with poor past records.
Burgwald et al. (12) found that reconstituted milk and
the concentrate from which 1t came, stored for 10 days at
3~ OF, (1.1-6.6°C.), resulted in psychrophilic counts
higher than the mesophilic counts. They reported that the
reconstlituted milk had a poorer keeplng quallity than the
concentrate and implicated the tap water used for recon-
stituting. The water was shown to contain both psychrophilic
end mesophilic bacteria, When milk was pasteurlzed after
processling, bottled and cooled in the bottle, keeping quality
was Ilmproved over normal methods of handling. Essentlally
the same results were reported by Olson et al. (47), as
they found that bacterlal growth took place at a greater
rate in recombined milk than in concentrate from which 1t was
prepared when storage was at L, 7 and 10°¢, They used
sterlle distilled water for reconstituting the milk., These
findings were contrary to those of Rosenberger et al. (67) as
they found that dilution with sterile distilled water and
in sterile equipment had no effect on changes 1in bacterial

count on holding. Any differences found could be attributed



to dilution in preparetion,

Thornton et &l. (73) found that special grade cream
could be obtained with twlce-e-week delivery if cooling was
below 50°F. (9.9°C.) and with weekly delivery if cooled
below 45°F. (7.19C.). They also reported that a 59F, differ-
ence in storage temperature made s marked difference in the
keeping quality of cream stored from L0-50°F. (L4.4-9.9°C.).
However, they suggested that long storage of cream at 50°F,
(9.9°C.) or below probably would result in bacteriologically
induced flavor defects that were not now encountered in

churning cream.

Sources of Psychrophillie Bacterla

If psychrophilic bacterlia sre to be controlled, an
understanding of their source 1s very important. Organisms
whiech grow at low temperature are usually assoclated with
water and soil. Contamination of dairy products takes place
by improper procedures which allow contaminated water or
soll to come into contact with dasliry products or the equip~-
ment used for processing and handling.

Morrls (L0) found that sources of contamination included
well water on farms and cans returned to the farm from the
factory. Thomes et al. (72) reported that air in clean cow
houses contained from 1,000 to 15,000 psychrophiliec bacteria

per square foot of surface (original suthor's terminology),



while feed and swabbings from flanks and udders of cows

all showed a widely variable number of psychrophilic
bacteria., Provan (60) pointed out an important fact when
he stated that water for dalry use must first meet require-
ments for domestlic use and then be further evaluated for 1ts
use in dalry plants, as types which have no significance to
public health may provlide a problem in dairy plants.



EXPERIMENTAL METHODS

Source and Isolatlon of Cultures

Pasteurized milk was obtalned from commercial sources.
The milk was held at 3°C. for one week of enrichment. Dilu-
tions were made from the milk and plated on Tryptone Glucose
Extract (T.G.E.) agar (20), Plates were incubated for 10
days at 39., after which single colonies were plcked into
litmus milk and grown at 5°C. for 10 days. Each culture was
further purified by at least three single colony isolations
prior to use., All cultures were grown in 10 percent recon-
atituted milk-solids~not-fat, with litmus added, which had
been autoclaved for 20 minutes at 15 pounds steam pressure.
Cultures were carried at 5°C, and'tranaferred every 10 days.
A culture 10 days old was used for inoculation purposes

throughout this work unless specifically mentlioned otherwise.

Characterization of Cultures

All cultures were characterized in an effort to obtailn
representatives of a variety of specles. The descriptions
given in Bergey's menual (10) were used as the criteris in
plecing the organisms in a tentatlive classification.

A synthetic medium containing 0.5 g. MgSo),, 0.8 g.
K§P0), 20.0 g. NH,Cl and 1.0 ml. ‘of 1.6 percent alcoholie



solution of brom eresol purple per 1,000 ml, of distlilled
water was used to check the organisma reaction on carbohy-
drates. Glucose, fructose, galactose, maltose, lactose,
suerose, mannitol, sorbltol, arabinose and raffinose were
used a8 carbohydrate substrates. Just prior to inoculation
1 ml, of sterile carbohydrate solution, to represent 0.3
percent carbohydrate in the tube, was added to the basal
medium, Tubes were inoculated, incubated for 3 days at 25°C.
and resd for acid production.

Routine bilochemlical and morphololcal tests were con-
duected according to the Manual of Methods for Pure Culture
Study of Bacteria (70).

Flagella stains were made according to the Fisher and
Conn (23) modificatlion of the Bailey method (7).

Tyrosine and trytophen assays were made using a pro-
cedure similar to one outlined by Hull (30). The determina-
tion was made by placing 5 ml. of the sample to be tested in
a test tube. To the sample was added 10 ml. of 0.72N
tricholorcacetic aclid, the teat tube was shaken and then
allowed to stand for 10 minutes. The mixture was filtered
through a Whatman L2 filter paper and 1 ml. of the filtrate
added to a 125 ml. Erlenmeyer flask., To the flask was
added lf ml. of distilled water and 10 ml. of sodium carbonate-
quadrafos solution. (The latter solution was prepared by

adding 75 g. of anhydrous sodium carbonate and 10 g. of
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sodium btetraphosphate and diluting to 500 ml. with distilled
water.) To the flask was added 3 ml. of Folin-Ciocalteaus!
reagent, previously diluted 1:2 with water. The mixture was
stirred and allowed to stand for 5 minutes to develop color.
The color was measured Iin a Klett-Summerson colorimeter using
a 645 me« wave length filter. To convert the colorimeter
readings to micrograms, a standard curve was prepared using
tyrosine for the standard solution. All runs were sasccompanied
by a blank sample of milk in whieh organisms had not been
Zrown.

Growth of organisms at 37°C. was checked by inoculating
cultures Into nutrient broth and on T.G.E. agar slants and
immersing in & water bath at 37 ¥ 0.1°C., The tubes were
placed in the water bath so the water level was above the

surface of the culture medium.

Growth Curves for Comparison of Growth of Cultures
in Sterile Skim Mllk and Laboratory
Pasteurized Milk

Sterile skim milk was prepared by autoclaving a 10
percent suspension of milk-~solids-not-fat for 20 minutes at
15 pounds pressure, The lesboratory pasteurized milk was pre-
pared by obtaining fresh, raw milk from the milk department
of Iowa State College and pasteurizing at 61.7°C. for 30
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minutes, followed by rapid cooling and holding at 3°C., until
the followlng morning. When growth c¢urves were to be run on
either type of mllk the milk was inoculated, shaken and
divided Into screw-cap test tubes so a separate tube was
avallable for each sampling at each temperature., Uninoculated
controls were run with the laboratory pasteurized milk.
Holding of tubes was at 5, 10, 21, 25 and 32°C. All tubes
were inverted every 2L hours to mix the cream layer. Incu-
bation of plates was at 25°C. for 3 days, as suggested by
Nelson and Baker (lLl).

Growth Curves for Other Purposes

All other growth curves in this work were carrled out
in sterile skim milk. BSamples were held in a slngle bottle
Tor each temperature and samples were taken at the indicated
times., Ager used, tempsrature of holding and temperature of
incubation of plates were varied to fit each experiment and
will be given as each experiment is outlined in the results

section.

Caloulation of Generation Time

The genersation time is a measure of the rate of growth
of 8 culture and was c¢alculated for various intervals of
some of the growth curves. The formula g = T log 2

log b -~ log &
was used, where g was generation time In minutes, T was time
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interval in minutes, & wes count at the beginning end b

the count at the end of time T.

Heat Treatment of Cultures

Time required for cultures to reach treatment temperature.

The time required for the culture to reach water bath
temperature was checked by means of a properly standardized
iron~constantan thermocouple attached to a voltmeter and a
galvanometer. The electrodes were placed in 10 x 75 mm.
soft glass test tubes containing about 1.5 ml. of milk, One
electrode was placed in cracked ice and the other in the
water bath at the temperature of heating and the voltage
measured, The time required for the heat to generate the
voltage was considered as the time required for the tubes to

reach water bath temperature.

Partial heat lnactivation.

The culture to be treated was sealed in 1.5 ml. amounts
into 10 x 75 mm. soft glags test tubes and completely immersed
in the water bath for the required length of time. On
removal from the water bath the tubes were placed in ice
water, As soon as possible the tubes were opened and 1 ml.
transferred to 99 ml. of sterile skim milk, plated for zero
time, divided inte three screw cap test tubes and held at 5,

10, and 25°C. for growth curves. When required, the heat



treated cultures were further diluted.

Chlorine Treatment of Cultures

Partiel destructlion of bacterla by chlorine was
accomplished by adding 1 ml. of a 1:100 dilution of culture
to 10 ml, of the appropriate strength of chlorine solution.
The mixture was shaken and allowed to stand for 1 minute
and 1 ml. was then transferred to 99 ml. of sterlle skim
milk and plated for zero time. To check the count of un-
treated culture, a control was run using sterils distilled
water In place of the chlorine solution. The milk containing
the treated culture was divided into three se¢rew caep test
tubes for holding at 5, 10 and 2500. for growth curve
studles.

Strength of chlorine solution was determined by the
thlo~sulfate method as outlined in The Milk Industry Founda-
tion Laboratory Manual (38). The resulting amount of avail-
able chlorine was divided by two, as one atom of chlorine
is equivalent to two molecules of thlosulfate. This

correction was pointed out by Roadhouse and Henderson (6l).
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RESULTS

Before studying the behavior of the lsolated organisms
it was advantageous to know as much as possible about the
organisms and at least tentatively identify them. The in-
formation obbtained is listed under the numbers used to desig-
nate them in the balance of this work. Fifty isolates from
ten sources were collected to begin the work on the project.
Sereening tests indicated that many of the isclates were
very similar, so elght organisms were selected, on the basla
of their dissimilarity, for use in the project. A ninth

organism Pseudomonas fragi, was obtained from the Iowa State

College Dalry Baecteriology Laboratory collectlon. The tests
used for characterization of these organisms were carried
out at 25°C. for 3 days unless other conditions are specifi-

cally mentioned.

Description of Cultures

Culture 1

Morphology. Gram negative rod, single or in palrs.

Polar flagella. Non-spore forming.

Cultural Characteristlces.

Growth Temperature. Crows at 5-32°C, not at 37°cC.

Fluorescence, FProduced in milk,

Agar 8lant., Filiform, greenish.




Agar Colonies. Clrcular, flat, entire, opaque,

greenish white.
Broth. Turbild, slight pellicle.

Potato Slant., Dirty brown, heavy growth.

Blochemical Charscteristics.

Litmus Milk. Unchanged at 3 days, alkaline after

prolonged inecubation,

Fermentation. Acid from glucose, fructose,

mamnitol, sorbltol and arabinose.
Nitrates. Not reduced.
Gelatin. Not liquefiled.

Tyrosine and Tryptophan. Not released.

Tentatlve Clagsification. Pgeudomonas ovalls.

Culture 3
Morphology. Gram negative rod, single or in palrs.

Polar flagella., Non-spore forming.

Cultural Characterlistics.

Growth Temperature. Grows at 5-32°C., not at 37°C.

Fluorescence. Produced iIn milk,

Agsar Slant. Thin, slightly spreading growth.

Agar Colonies. Flat, erose, rough and granular,

viscid, opaque, grey.
Broth. Turbid, sllight pellicle.

Potato Slant. Moist, yellowlsh-grey.
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Blochemlical Charscteristics.

Litmus Milk, ?roteolyais with alkaline reactlon

st the top of the tube.

Fermentation. Acld from glucose, fructose,

galactose, mannitol, sorbitol and arablnose.
Nitretes, Not reduced.
Gelatin. Complete liguefaction.

Tyrosine and Trviophan.,. Relesased.

Tentative Classification. Pseudomonas fluorescens.

This culture varled from the description in Bergey's manusl
in that nitrates were not reduced and gelatin liquetsction

was greater than indiceted.

Culture I

Morpholegy. Gram negatlve rod, usually in pairs,
Polar flagella. Non-gpore forming.

Cultural Charscteristics.

Growth Temperature. Growth at 5-32°C., not at 379°C.

Fluorescence. Not produced in milk.

Agar Slant. Flliform.

Ager Colonles. Round, raised, glistening, transglucent.

Broth. Turbid, sediment.

Potato Sleant. Heavy, molst, brownish.

Biochemical Characteristics.

ﬁitmua Milk, Unchenged.

FPermentation. Acid from giucose.
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Nitrates. Nobreduced.
Gelatin. Not liquefiled.

Tyrosine and Tryptophan. Not released.

Tentative Clagsification., Pseudomonas arvilla. The

reactlon of this organism to naphthalene was not checked.

Gulture 8

Morphology. Gram negative rod, palrs or single. Polar

flegella, HNon-spore forming.

Cultural Characteristics.

Growth Temperature. Growth at 5-32°C, not at 37°C.

Fluorescence. Not produced in milk.

Agar Slant, Filiform, undulate.

Agar Colonies. Smooth, round, entire.

Broth. Turbid.

Potato Slant. Raised, glistening, slimy, grey-

brown.

Bilochemical Cheracteristics.

Litmus Milk., Unchanged at 3 days, turned slightly

alkaline after prolonged incubation.

Fermentation. Acid from no carbohydrate tested.

Nitrates. Not reduced.
Gelatin. Not liguefied.

Tyrosine and Tryptophan. 8Slight release.

Tentative Classification, Pseudomonas crucivisse. The

fermentation of phenol and m~cresol was not checked.
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Culture 9

Morphology. Gram negative rod, single. No flagella

evident. Non-spore forming.

Cultural Characteristics.

Growth Temperature. Growth at 5-25°C., poorly at
32°¢. and not at 37°C.

Fluoreseence. Not produced in milk.

Agar Slant. Smooth, glistening, very slight.

Agar Colonies, HRound, entire, ralsed, glistening,

yellow when first isolated but the abllity to produce pig-
ment was lost on repeated sub-culture.
Broth. 8light, gralny growth.

Potato Slant. Slight, yellow growth.

Biochemlical Characteristics.

Litmus Milk. Unchanged.

Fermentation, Acid from no carbohydrate tested.

Nitrates. Not reduced.
Gelatin. Not liquefied.

Tyrosine and Tryptophan. Not released.

Tentative Classiflication. Flavobacterium agquatile.

The temperature optimum for this organism was found to be

5-109¢., in contrast to 25°C. reported in Bergey's manual.

Culture 10

Morphology. Gram negative rod, pairs. Polar flagella.




Non-spore forming.

Cultural Characteristics.

Growth Temperature.

Growth at 5-32°C., not at 37°C.

Fluorescence. Not produced in milk.

Agar Slant.

Thin, limited growth.
Agar Colonies.

Round, entire, smooth, greyish-
whilte,

Broth. Turbld, pellicle,
Potato Slant.

Heavy, greyish-white, butyrous.
Blochemlecal Characteristics.

Litmus Milk,

Complete proteolysis, alkaline.
Fermentalon.

Acid from glucose, fructose,
galactose, mannitol, sorbltol and arabinose.

Nitrates. Not reduced.

Gelatin. Complete liquefaction,

Tyrosine and Tryptophan,

Released.
Tentative Clasgificatlion.

Pgeudomonas sp. Thls
organism did not fit the description of any of the specles

recognized in Bergey's manual,

Culture 11

Morphologyve.

Gram negative rod, short chains. Polar
flagella, Non-spore forming.

Cultural Characteristics.

Growth Temperature.

Grows at 5-32°C., not at 37°cC.
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FPluorescence, Produced in milk.

Agar Slant. Thin, filiform.

Agar Colonies., Flat, entire, opague, grey.

Broth. Turbid, pellicle.

Potato Slant., Slightly viseld, grey.

Biochemlical Characteristics.

Litmus Milk, Complete proteolysis, alkalins.

Fermentation. Acid from glucose, fructose,

galactose and mannitol.
Nitrates. Reduced beyond the nltrite stage.
Gelatin., Complete liquefaction.

Tyrogine and Tryptophan. Released.

Tentative Classification. Pseudomonas fluorescens.

This organism was viscid on inltlal isolation so could be

Pseudomonas viscosa which had lost its viscid character.

Culture 12

Morphology. Gram negatlive rod, single or pairs. Polar

flagella, Non~spore forming.

Cultural Charascterliatics,

Growth Temperature, Growth at 5-32°C., not at 37°C.

Pluorescence. Not produced in milk,

Agar Slant. Limlted, filiform.

Agar Colonles, Flat, entire, clrcular, viscid,

smooth, greyish-white.
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Broth. Turbid.

Potato Slant. Thin, brownish streak, slightly

viseid,

Blochemical Characteristlcs.

Litmue Milk, Unchanged at 3 days, alkaline after

long storage.

Fermentation., Acid from glucose and arabinose.

Nitrates., Not reduced.
Gelatin. Slight liquefactlon after 7 days.

Tyrogine and Trybtophan. Not released.

Tentative Classliflcation. Pseudomonas genlculata. This

organism gave off the May apple odor so could be a Pseudomonas

fragl which 1s very closely related in Bergey'!'s manual., It

did not reduce litmus milk or cause any vislble coagulation.

Culture 13

Morphology. Gram negative rod, single or pairs. Polar

flagella, often more than one. Non-spore forming.

CGulturel Cheracteristics.

Growth Temperature. Grows at 5-329C., not at 37°C,

Fluorescence. Not produced in nmilk.

Azar Slant. Heavy, spreading.

Agar Colonies. Convex, glistenlng, smooth,

butyrous.

Broth. Turbild, sediment.
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Potato Slant. Ralsed, gllstening.

Biochemlcal Charscterlstics,

Litmus Milk, Unchanged in 3 days at 25°C. but

slight acid coagulation at 32°¢.

Fermentation., Acld from glucose, galactose and

arabinose,
Nitrates. Not reduced.
Gelatin., Crateriform ligquefactlion.

Tyroaine and tryptophan. Not released.

Tentative Clagsification. Pseudomonas fragi. This

organism did not produce the acid cosgulatinon and reduction
outlined 1In Bergey's manusl, except at 32°C. It did pro-
duce the charscteristic May apple odor.

All tests used for characterization in this work was
carried cut at 259C, and the results were recorded after 3
days. UHowever, the cultures also were carried &t other
temperatures and gross qualltative differences were noted,
depending on the temperature at which the cultures were in-
cubated. Visible proteolysis was produced in litmus milk by
eulture 3 when held at 5 or 259C., but no proteolysis was
evident in 3 days at 32°¢. although growth did take plece,
ag shown by growth curves at that temperature. Similarly,
reduction was seen at 25°C. These varlations would be of
great interest in taxonomy but a comprehensive study of

the differences was beyond the scope of this work.
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Growth Curves in Laboratory Pasteurized Milk

Laboratory pasteurized milk was inoculated with indi-
vidual pure cultures and then held in a separate screw cap
test tube for each sampling period. A duplicate set of
uninoculated control tubes was carried under identical
conditions, All tubes were shaken every 2l hours to distri-
bute the creem layer. Figure 1 is an example of the type
of growth curve obtained with this procedure., The figure
represents the results obtained when culture 3 was added to
laboratory pasteurized milk. It was apparent from both
sample and control that 21, 25 and 32°C., had a very similar
effect on the growth of the organisms present. The control
and sample were separated at these temperatures only by the
amount of inoculum used, as the resulting curves rise nearly
parallel to each other. This type of relationshlp indicated
that the growth rate of the added pure culture was similar
to that of the flora present in the laboratory pasteurized
milk. At 5 and 10°C. the controls increased very little in
count, while the inoculated samples rose to a level simllar
to that reached at the higher temperatures but the rate of
rise was much slower. This points out a very essential
difference between the surviving organisms and the inoculated
oneg. The surviving organisms grew very slowly at 10°C. and

did not grow at 5°C., although they had a growth rate similar
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to the inoculated cultures when grown at a temperature
favorable to both. The lag phases in the unlinoculated
control at 21 and 25°C. were inereased 12 and 2l hours,
respectively, over the inoculated samples, while at 32°C,

the lag phase was much the same In sample and control. After
the inltial lag perlod, curves at all three higher tempera=
tures rose at the same rate In the samples as in the controls
but to a somewhat lower level at the pesak which appeared at
about L8 hours. Pigure 2 shows the results obtained with
culture 1 with the same procedure. The general plcture was
the sesme as shown in Figure 1, but there were minor differenc-
es, In this case there was some increase in controls that
were held at 5 and 1000., but the inerease represented less
than a 50~fold increase so only represented slightly over
five generations in a period of 192 hours. This difference
varied when different milk sources were used,

All other cultures were checked by the same procedure
and.duplicate growth curves for each showed very similar
results. The inltial counts varied, as the experiments were
spread over & considerable period of time and the milk source
varied from day to day. Despite this variation in milk,
the general picture of the resulting growth curves remained

the same.
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Growth Curves 1in Sterile Skim Milk

The purlflied cultures were inoculated Into sterile
skim milk and growth curves prepared after holding at 5,
10, 21, 25 and 32°C, ©No controls were needed, as periodlc
checks for sterility of the skim mllk indicated a complete
lack of growth, Flgure 3 shows the results for culture 3
grown in sterile skim milk. The population shows the same
general trend as when the organism was grown in laboratory
pasteurized milk., The curves at 21, 25 and 32°C. were
nearly identical, while at 5 and 10°C. they rose to the
same level but at a much slower rate. The 5 and 10°C,
curves were separated by the increased leg phase at the
lower temperature. When growth was initiated at these two
temperatures the populations rose at nearly equal rates and
to a simllar height. This again 1s illustrated in Figure l,
which presents the growth curve obtained for culture 1 grown
in sterile skim milk, The similarity of the two figures
was very great and similar results also were obtained when
eultures 8, 10 and 11 were grown in sterile skim milk.

Some cultures used showed varlation from the general
trend shown in Figure 3 and lj, Culture 9, when grown in
sterile skim milk, grew very slowly, with a lag phase of
aﬁout L8 hours at all temperatures tested and at a much

slower rate, even in the logarithmic phase. Flgure 5 shows
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that growth did not take place at 32°C., a result that was
observed on three subsequent runs. At 21 and 259C. the

lag phase was about 48 hours, followed by a logarithmic
phase which had a rate less than that obtained at § and 10°C.

6 for the

At the end of 9 days the count was only sbout 10
21 and 25°C. cultures, as compared to 107 for the 5 and 10°C,
cultures. Some of the poor results obtained may have bsen
due to the poor growth of this specles on most agar media,
making the plate counts rather erratic.

Plgure 6 shows the results obtalned when culture 12
was added to sterile skim milk., This curve was fairly
representative of the result obtained with cultures ! and
13, as well as with 12. Growth was slower at 32°C. than
at 21 and 25°C. This may have been because 32°C, 18 near
the upper limit of growth for many low~temperature arganisms,
Growth at 5 and 109C. rose to a higher level In these cases
than that at 32°C.

In summarizing the activities of the various cultures
in skim milk, on the basis of their growth curves, the
cultures could be divided inﬁc three groups., Group 1 com=-
posed of cultures 1, 3, 8, 10 and 11 showed nearly identical
growth rates at 21, 25 and 32°C. and 1n all cases one of
the three temperatures wasg optimum for increase in numbers
of the orgeanisms, Group 2 contained only culture 9., This

organism dld not grow at 32°C, and had its optimum tempera-
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ture for inerease in numbers at 10°C.; it grew more rapidly
and to a higher‘level at 5 and 10°C. than at 21 and 25°C.
Group 3 included cultures l, 12 and 13, which had growth
rates greater at 21 and 25°C. than at 32°C. The finsal
population level at 32°C. was usually surpassed by that at
5 and 10°C,, although the growth rate usually was greater

in the early stages when holding was at 32°C.

Generation Times of Culbtures Grown in Sterile Skim Milk

The generation time for each sampling interval of each
culture at each temperature was calculated from the growth
curves obtalned in sterile skim milk, The minimum genera-
tion time and the sampling interval from which it came are
recorded in Table 1. The figures in this table indicate
that 21 or 25°C, was the optimum temperature for the increase
in numbers of the majority of the pure cultures studied and
the logeritimic phase was in the first 24 hours after in-
occulation when these temperatures were used. Cultures 8 and
10 were exceptions, as the maximum rate was obtained at 32°C.
with these cultures. When holding temperature was 5 or 10°C,,
the minimum generation time usually was not obtained until

the 2ii~48 hour or the L8-72 hour interval.
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Table 1
Generation Time of Cultures Incubsated at Different

Temperatures in Sterile Skim Milk

Incubation Temperature of Samples

Culture
Number 59¢. 10°¢. 21°c¢. 25°¢. 32°¢,
1 18-728 118-72 12-2l 12-2) 12-2)
255 255 83 90 100
3 u8-72 118-72 12«2l 12-2 12-2l
333 228 83 86 92
I L8-72 25-48 12«2l 1224 2-48
231 217 96 108 188
8 120-168 2L-48 12-21 12-24 12-24
569 369 oL 103 69
9 168-216 72-120 18-72 118-120
285 280 433 133 No Growth
10 L8-72 2L-48 0-2U 0-12 6,12
222 221 108 B2 5l
11 1872 48-72 12-2l 12-24 12-2)
375 285 ol 108 108
12 L8-72 2l -8 0-2l 0-12 122k
217 175 108 83 10L
13 u8-72 2l-148 12-24 0-12 b=12
231 199 80 86 207

&pirst row of figures for each culture 1s the intervel
in which the minimum generation time was obtained.

b nimum generation time in minutes.
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Effect of Varylng Growth Temperature of Culture

Prior to Use ss Inocula for Growth Curves

All previous growth curves were made by using an inocu-
lum whieh had been grown for 10 days at 5°C. In actual
practice many of the contaminants which enter pasteurized
milk may have grown at higher temperaturss prior to entry.
In order to check the effect of the growth of the inoculum
at various temperatures on the growth curves obtained at
5, 10 and 25°C., cultures were grown for at least three
transfers at the various temperatures before use as an
inoeulum, Pigure 7 shows the growth curves at 5°C., obtained
with eculture 3, when the inocula were gfown at 5, 10, and
25°C. prior to use. Figure 8 shows the results of the same
inocula when holding was at 10°C. and Figure 9 shows the
results when holding was at 25°C. From these figures it
was not possible to detect any distinet difference in the
growth curves that could be attributed to the treatment of
the inocula prior to use. All nine cultures were checked in
duplicate by this same procedure and no definite trend could
be established. It was apparent from these data that 1f one
of these organisms conteminated milk, the temperature at
whieh 1t had been grown prlor to 1ts entry into the milk

would have very little effect on its resulting growth.
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Variation in Size of Inoculsa

All previous growth curves were made wlth an initial
inoceulum of 100 up to a few thousand organisms per milliliter.
As 1t 18 posslble that the size of the inoculum may have
some effect on the resulting growth durve, 1t was decided to
test this possibllity with the pure cultures used in thils
atudy.

Cultures 1, 3 and 12 were tested wlth three levels of
inoeulum, the second and third beling 10-fold and 1,000-fold
dilutions of the flrst., Results were similar with the three
cultures on duplicate runs, so a single one will be used to
illustrate the effect. Culture 3 was held at 5 and 25°C.
and the resulting growth curves for a three Inocula were
plotted in Figures 10 and 11, respectively. The plot for
zero time on the lowest dilution in both cases is an esti-
mate, &8 the 1,000-fold dilution was great enough to indi-
cate that the size of the inoculum had llttle or no effect
on the rate of growth at either temperature. The three
curves on each fligure rise on & nearly parallel course,
separated only by the initial distance brought about by
the difference in slize of the inoculum., The final numbers
were not appreciably different for thé three dllutlons at
elther of the temperatures of holding., Placling the point

for zero hour count of the lowest dllution at an arbitrary
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position based on dilution mey not give an exact position
but variation about this polnt likely would not be great

enough to cause any appreciable change in the interpretation.

Effect of Warm-up on Growth Curves of Cultures

Held at 5 and 10°C.

In the normel &l strlbution and consumption of milk
there often are periods of time when the milk i1s held at
room temperature followed by return to low temperature
storage. It was thought desireble to test the effect of a
rise in temperature at different points on the growth of
cultures at 5 and 1000. Cultures 1, 3 snd 12 were selected
for tests in this manner. A quantity of sterile milk was
inoculated with one of the pure cultures and divided into
two parts. One part served as a control and one for treat-
ment., FEach member of the palr was further subdivided into
serew cap test tubes so a single tube was avallable for
each sampling period. A culture grown for 10 days at 5°C.
was used as an inoculum. The samples were held in the air
at room temperature for 3 hours at various times In the
growth curves. All three cultures tested showed essentially
the same response, so culture 12 was selected to 1llustrate
the results. Table 2 shows the counts obtalned when holding
was at 5°C. with room temperature treatments at the 0-3,
12-15 and 24-27 hour intervals. When held at room tempera-



Table 2
Counts per Milliliter Obtalned on Growth of Culture 12 at
5090, when Held at Room Temperature® for 3 Hours at

Different Times during the Holding Period

Intervals at Which Samples Were Held at Room Temp.

Time

Sample 0 to 3 Hours 12 to 15 Hours 2l to 27 Hours
Taken

(Hours) Sample Control Sample Control Sample Control

0 10x102 10x102  16x10° 16x10° 10x10° 10x10°

3 13x10% 1l4x10%

12 14x102 14x102  16x102 12x102 11x102 10x10°
15 22x102 11x102

2l 43x102 18x102  L46x102 21x102  19x10° 20x102
27 11x103 23x102
148 17x104  53x103  18x104 S0x103  12x104 Lox103
72 36x10° 13x10°  68x10° 28x10°  32x10° 2lx10°
96 35x10% 27x10°  L2x10® 30x10°  L5x10%  32x10°
120 20x107 83x10° 19x107 98x10° 9u4x10° 78x10°
1k 38x107 ahx107  32x107 3Lx107  16x107  19x107
168 65x107  27x107  Léx107 L3x107  30x107 Lbx107
216 75x107 63x107  72x107 98x107  82x10’ 95x107

8Room temperature was 23°C., and the samples took about
90 minutes to reach that temperature.



- 58 -

ture for 0«3 hours, the effect was not noticeable until the
culture began to enter the logarithmle phase at 2 hours,
when the sample grew at a slightly greater rate than the
control for a brief interval. The spread remained falrly
constant until 1hl hours, when all effect of treatment was
lost., When treatment was at the 12-15 hour interval, the
difference sgain was noticeable at 2l hours and econtinued.
untlil 1l hours. When treatment was at the 24-27 hour inter-
val the effect took place at once and continued to 1l

hours. It was apparent from these results that the effect

of the short exposure to room temperature was delayed and
resulted in a slightly increased rate of growth during the
transfer from the lag phase to the early logarithmlc phase

or & shortening of the lag phase in the treated samples.
Table 3 gives the counts obtained when holding of the culture
was at 10°C., and the room temperature treatment took place at
the 1l2~15 and 2~27 hour intervals. Results at this tempera-
ture were similar to those obtained at 5°C. The effect of
treatment became apparent about the same time, regardless of
the time it was applied. The treatment tended to shorten

the transitional interval between the lag and logarithmle
phases. This epparently was due to a more rapld attainment
of the logarithmic rate by the treated culture. Once the
true logarithmle rate had been achieved, 1t was essentially

the same for both contrel and treated culture. By the end
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Table 3
Counts per Milliliter Obtained on Growth of Culture 12 at
10°C. when Held at Room Temperaturea for 3 Hours at

Different Times during the Holding Period

Intervals at Which Samples Were Held at Room Temp.

Tinme

Sample 12 to 15 Hours 2l to 27 Hours

(Eﬁ%ﬁ?) Sample Control Sample Control

0 28x102 28x102 29x102 29x102

12 80x102 8lx102 119x102 51x102
15 30x103 12x103
2l L3x1ol 17x10M 70x103 7Lx103
27 55x104 2lx1ol
36 10x106 30x10° 80x10° L2x10°
L8 26x10% 17x10% 27x106 © 18x100
72 87x10° 80x10° 92x100 58x106
96 25%10 18x10 L.A,D L.A.

fRoom temperature was 23°C. and the samples took about
75 minutes to reach that temperature.

bLaboratory accident.
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of the growth period studlied, the counts of the controls
were nearly equal to, and in some cases exceeded, the counts
of the treated samples, This effect 1s undoubtedly due to
the early action of those factors which serve to 1limit finel

organism population,

Studies on Partisl Heat Destructlion

The psychrophilic bacteria are ususlly not considered
to be pasteurization resistant, yet nearly all pasteurized
products In commerce contain some of these organisms., Thelr
presence probably must be attributed to post-pasteurization
contaminatlon from equipment with which the pasteurlzed
product comes in contact. Much of the milk handling equip=
ment, such as pipe lines, vats and bottle fillers, 1is
treated by heat before use. During such treatment it 1s
guite possible that some orgenisms may suifer a sub-lethal
dose of heat, survive and be seeded Into the pasteurized
produect as 1t passes through the equipment. The following
experiments were designed to study the growth of partially
heat-killed cultures and determine the difference in re-
action from a control culture which had not been subjected
to partial heat destruction.

Cultures 3 and 12 were selected from the initial tests
in this ares snd were glven heat treatments to kill & high

percentage of the organlsms. A control was run with all



- 6] -

trials by diluting an unheated culture so the initiel con-
centration was In the same range as that expected for the
heat treated culture. Figure 12 shows the results of heating
culture 3 for 7 minutes at 52°C. The count was L6 x 107 per
milliliter prior to heating and the survivor count was 13 x
102 per milliliter, or about 0.0003 percent. The surviving
culture had to be dlluted 1:100 to give a large enough sample
to prepare growth curves at the three temperatures. The
figure shows that the count of the sample held at 5°¢cs re-
mained at less than 10 per milliliter for the first 72 hours
and then decreased to an undetectable level with no re-
appearance by the end of 216 hours. Holding at 10°C. resulted
in the culture remaining at or near zero count for 72 hours,
followed by a falrly rapld rise to the same level as the
control after 216 hours, When holding was at 25°C., the
shape of the curve seemed to be unaffected by the heat de~-
struction, except for an inerease of about 12 hours in the
lag phase. The surviving cells began to increase in less than
2l hours, on a course nearly parallel to that of the control
and equalled it by the end of 120 hours and possibly sooner,
since the datum for one point was not obtained. In many
cases where destruction was not as great as that indicated

in Figure 12, the culture was able to recover at 5°C. hold-
ing but the lag phase was increased to 96 hours or longer,

followed by a normal rise for a culture held at 5°C. This
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type is 1llustrated in Figure 13, where at 5°C. holding
there 1s a drop and a lag phase until 96-120 hours, after
which the culture begins to rise until 1t reaches a level
similer to the control at 216 hours. The lag at 10°C. hold-
ing extends for L8 hours or slightly longer and then rises
parallel to the control until they converge at 168 hours,
Holding at 25°c. apparently prolonged the lag phase slightly,
followed by & rise essentially parallel to the control.
Culture 12 was more heat resistant, both as to tempera-
ture level or time required to effect partial killing and
as to the modified effect on recovery at 5°C. Figure 1l
illustrates the effect of heating culture 12 for 6 minutes
at 60°C, The initial count was 56 x 10® per mi1liliter and
survival was 30 x ZLOLL per milliliter. The survival was consid=-
erably higher than that shown 1In Figure 12 but the effect on
growth during holding at 5°C. was still quite distinct. The
lag phase was prolonged for 72 hours, followed by a rise to
a level slightly greater than the control at 168 hours. At
109C, there was very little increase for the first I8 hours
but the count then rose parallel to the control. Heat
destruction apparently prolonged the lag phase of the culture
growing at 25°C. Only a difference in slope of the growth
curve furnishes a basis for this econclusion, since no count
was made at 12 hours,

One case wes observed where the results obtalned with
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culture 12 were not so pronounced. As illustrated in Flgure
15, destruction was about 99.83 percent when initlal ecount
was 95 x 10° and the heating was for 6 minutes at 60°C,

When the culture was diluted 1:100 and then was grown at
259¢, there was an almost immediate rise of the survivors,
with a lag phase apparently considerably less than 2l hours,
When the heat-treated culture was inoculated and held at
10°C., some retardation beyond that found in the control

was observed, indicating some prolongation of the lag prhase,
At 5°C, holding, the culture population rose from the be=
ginning and Ilncreased 10~fold in the first 72 hours instead
of showing the customary drop. However, the population
increage was much less than that of the control, so a definite
lag phase may stlill be said to exist. Subsequent to this,
the rise was parallel to that of the control. In the many
experiments, using this and other cultures, such repid re-
covery from heat was not encountered again. An explanation
for these different results was hard to find but the phencme-
non may have been due to some lnconsistancy in procedure
which gave & guantitative difference.

To avold the possibility of the phenomenon causedby
heat being characteristie only of the two cultures used,
cultures 1 and 10 were selected at random and subjected to
partial heat destruction, Figure 16 gilves the results ob-

tained with culture 10 and these results are very simllar to
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those usually obtained with cultures 3 and 12, as well as
culture 1, The initial count with this culture was 1l x
107 per milliliter and survival was 60 x 103 per milliliter
after heating for 9 minutes at 52°C., The results were more
distinet then those shown in Figure 1ll, a8 survivors in the
culture inoculated and held at 5°C., showed no increase until
1)) hours. Holding at 10°C. resulted in a drop in numbers,
followed by an increase after 118 hours. The level reached
at both holding temperatures was lower than the control 1in
the 168 hour test period, but may have been similar 1f the
test had been carried longer.

In an attempt to study further the peculiar response of
partlally heat-killed organisms to varliations 1ln holding
temperature, 1t was decided to further dilute the surviving
organlsms and see 1f numbers of organisms had any effect
on recovery, Figure 17 shows that dilution had no more
effect on the heat~treated culture than was observed in
normal dllution of culture. At all three temperatures there

was no notlceable difference caused by dilution of the sample.
Survival of Partially Heate-Insctivated Cultures
on Two Types of Agar

During the course of this work Tryptone Glucose Yeast

Extract (plate count) agar was adopted as the new standard
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plate count agar (1), so it was thought advisable to make

a comparison with the T.G.E. ggar used In the earlier part of
this work., Dupllcate plates were poured from a single set

of samples and dilutlons, one set for each type of agar,

The results for the two agars are plotted side by side in
Pigure 18. An unusual condition is shown in the early stages
of growth. The survival measured on the T.G.E. agar weas
considerably less than that obtained on the new Plate Count
agar; the unheated controls showed simlilar curves on both
types of agar. The counts on T.G.E. agar for 5°C. holding
rogse slightly and remained stable until after 96 hours,

while the count on the Plate Count agar dropped until it was
similar to that on the T.G.E. agar and remained on a fairly
equal level throughout the balance of the growth period.

When stofage was at 10°C., the counts on the two agars were
essentlally the same after 2/, hours and remained almost
identical for the remainder of the observation perlod. At
259C¢. the counts on the new medium indicated a 2l hour lag
phase followed by rapid growth; on T.G.E. agar no such lag
phase was indlicated. The counts on the two agars were almost
exactly the same at 2l hours and beyond. The apparent lag
phase observed on Plate Count agar at 25°C could be due to
enumeration, at zero time, of many organisms which were not
enumerated by T.G.E. agar and were unable to grow in milk,

The organisme able to grow were possibly about the same as
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those enumersted on T.G.E. agar, with the remaining organ-
isms dying off during the first 2L hours. The high inltial
count tended to glve the false appearance of a lag phase due
to the die-off nearly balancing the increase 1in numbers.
When T.G.E. agar was used for enumeration, the hlgh initial
numbers were not counted so no dle-off was observed to counter-
act the growth enumerated by the plate count on T.G.E. agar,
Simllar results were obtalned when culture 12 was grown on
the two agars, Five separate trlals, using culture 3 and
12, gave similar results, indicating thet the difference
between counts on the two media was characteristic, at least
for the two organisms tested.

Table li shows a case where Initial survival was low,
being about Sl x 102 when plated on T.G.E. agar and 2 x 103
when plated on Plate Count sgar., After 2l hours at 5°9C. the
count on Plate Count agar had dropped to slightly less than
that on T.G.E. agar and counts on the two media remalned
nearly equal and dld not rise during 1ll hours, although
both Ilncreased slightly at 168 hours, When holding at 10°C.,
growth began after 72 hours, as indicated by platings on
both agars, This table shows a case of relatively pronounced
inhibition of a culture held at 25°C,, as the increase in
the first 2l hours was considerably lower, on both agars,
than that of the control.

Table 5 shows the result of hest treating culture 12



Table L
Counts per M11liliter of Partlally Heat-inactivated Culture 3 and Untreated
Controls Held at 5, 10, and 259C. and RPlated

on Two Agars

Temperature of Holding of:

Time Type

Sample of . Heat~treated Sample Unheated Control

Teken Agar

(Hours) Used 50¢. 10°¢.  25°c¢, 59¢. 10°cC, 25°¢.
0 35x100  35x100  35x100 79x100  79x100  79x109

2 7hx100  B82x100  10x102 17x101  28x101  96x105

I 61x100  61x100  22x10° 16x102  10x103  16x107

72 27x100 <102 77x100 10x103  27x105  16x107

T.G.E.

96 3x100  11x102  58x107 76x103  18x10%  21x107
120 20x100  L7x103  32x107 88x104 26x10®  22x107
1Lk 30x100 96x102 li6x107 15x102 u3x102 27x107
168 97x10°  37x10 ‘ 13x10°  58x10

0 23x10l  23x10l  23x10l 58x100 58x100 58x100

2l 32x100  38x100  78x101 13x101  22x101  12x106

L8 39x109  L1x100 12x102 23x102  80x102  16x107

72 Plate 22x109 <102  71x10 16x103  20x105  24x107

Count

9  (Difeo) 21x109  11x10°  55x107 76x103 21x102 16x107
120 20x100  32x103  [0x107 8txiod  26x10®  17x107
1 34x109 9uxleg 1, 7x107 57xlog 13x106  19x107
16 77x100  24x10 15x10°  10x107

.-'l"{z‘..



Table 5

Counts per Milliliter of Partially Heat-inactivated Culture 12 and Untresated

Controls Held at 5, 10, and 25°C, when Plated

on Two Agars

Temperature of Holding of:

Time Type
Sample of Heat-treated Sample Unheated Control
Taken Agar
(Hours) Used 59¢. 10°c. 25%¢, 50¢, 10°c. 25°¢,
0 60x100  60x109  60x109 37x109  37x109  37x100
2l 50x101  16x102  5Lx10° jexi0ol  3oxi0l  7ix105
48 12x102  71x102  23x107 1,0x102 10k 20x107
72 21x109 12xiolt  3Lx107 27x10lh  58x10°  3hx107
T.G.E. 6 6
6 86x102  19x10°  38x107 182102  26x10®  36x107
120 9Lx103  87x10®  53x107 Thx105  66x10%  B1x1o7
1 13x102  2ix10]  bixioTl 11x10®  17x107  78x107
16 17x106  L7x107 13x107  17x107
0 17x101  17x10l  17x10d 36x100  36x100  36x100
2l I1x10}  18x102  60x10° 10x10l  [ox102  56x105
18 8L4x10l 67x102  10x107 Whx102  L8x103  19x107
72 Plate 27x102  12x104  32x107 22x10k  6lx105  30x107
Count
56 (Difco) 76x102  27x10®  53x107 Lex105  27x108  37x107
120 86x103 70x108  5Bx107 68x102  50x106 ng107
1y 13x102 21x107  79x107 12x10°  13x107  58x107
168 17x10%  26x107 15x107  12x107

i
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for 6 minutes at 60°C., followed by plating on both T.G.E.
and Plate Count agars. The initial counts were 3/ x 106

and 33 x 106 for T.G.E. and Plate Count agars, respectively.
The zero count on the heat-treated samples, using T.G.E.
agar, was about one~third that obtained on Plate Count agar.
In this case the counts on T.G.E, agar rose quilckly to the
level of that obtained on Plate Count agar and remained
comparable throughout the trials. Again the controls were

very similar for both agars.

Effect of Varistion of Incubation Temperatures

on Partlally Heat-Inactivated Cultures

It has been shown by Nelson and Baker (L) that the
counts obtained by incubation of plates at 25°C. for 3 days
were equal to, or greater than, those obtalned by incubation
at 5°C. for 10 days, when milk had been held at low tempera-
tures. As other abnormalitles were observed with heat treated
cultures, 1t was declded to test the effect of incubation
temperature on the survival curves of heat treated cultures.
Plating was done in duplicate on T.G,E. agar using the same
set of samples and dilutions, one set of plates being 1in-
cubated at 5°C, and the other at 25°C, Table 6 shows the
results obtained at the two incubatlon temperatures, for
both heat-treated culture 3 and a control sample not subjected

to heat tresatment. The treated culture was heated for 6



Table 6
Counts per Milliliter of Partially Heat-Inectivated Culture 3 and Untreated
Controls when Held at 5, 10, and 25°C. with Plate Incubation at 5 and 25°C.

Temperature of Holding of:

Time Temperature
Sample of Plate Heat-treated Sample Unheated Control
Taken Incubation
(Hours) (°c.) 590¢. 10°¢. 25°c¢. 5°¢, 100°¢, 250¢,
0 Whxiol  lhxiol  Lhxiol 33x10l  hx10l  33x101
2l 18x10}  5ox10:  12x107 31x10%  36x10%  10x100
L8 26x101  25x102  90x10© 11x102  1hx103  12x107
72 66x101  27x103  11x107 20x103  67x105  60x10°
5 2 5 6
96 13x102  32x10°  21x10/ n8x1iod  19x10
120 86x102  16x10% Lexiof 84x105  32x10°
bl 33x103  L9x10®  26x107 14x100  Lé6x106
168 Ibxiolk  18x107 26x10°  10x107
0 60x101  60x101  60x10l 33x10}  33x101  33x10%
2l 7hx10}  8ox10l  22x10% 33x101  33x101  18x10%
18 79x101  24x102  92x100 12x102  70x102  29x107
72 olix101  27x103  1hx107 18x103  72x105  59x10%
25 2 g 6
96 12x10°  30x107  34x107  73x10f  23x10
120 56x102  22x108  37x107 76x105  31x106
1y, 36x103  Lox10®  32x107 13x10°  5ox10®

3
168 Lixiolt  1oxio? 18x10®  1Lx107

- L} -
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minutes at 5200. Initial counts obtalned were L3 x 107 and
37 x 107 for 5 and 25°C., respectively, while respective
survival numbers were 50 x 103 and 1l x 103. The counts
obtained at the two incubation temperatures were very similar
but did show somewhat lower results at the 5°C. holding
temperature durling the first 72 hours. The colonies, obtain~
ed at zero time and at 2& hours for 5 and 10°C. holding of
samples, were very small and difficult to coumt when plates
were incubated at 5°C., but were normal at 25°C. incubation,
After 2l hours all colonies were normal at all holding
temperatures and at both temperatures of incubation. The
untreated controls gave very similar counts at the two
temperatures of incubation. This would tend to indlicate

that the lower results shown in Table 6 for the early stages
of growth at 5°C. holding were due to heat treatment rather
than the temperature of incubation and were probably caused
by the very small colonles belng difficult to count when
plate incubation wes at 5°C. Duplication of this experi-
ment led to the conclusion that incubation at 25°C, for 3
days gave results that were very neearly identical to those

obtained by Incubating plates at 5°C., for 10 days.

Studles on Partlal Destruction by Chlorine

Chlorine is used extensively in the dslry industry to
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gsanitize equlipment Just prior to conbtact with pasteurized
milk., The effect that chlorine might have on orgenlsms
which were not completely killed may be of great importance
to the dalry industry, especlally in view of the different
type of results obtained with organisms subjected to sub=
lethal doses of heat.,

Cultures 3 and 12 were selected for testing in these
trials, The resistance of the orgeanisms to chlorine was
found to be different for each organliasm. In order to get
an initlal count below 10 orgenisms per milliliter it was
necessary to expose culture 3 to about 10 p.p.m. for 1 minute,
while 1t was only necessary to expose culture 12 to 5 p.p.m.
for 1 minute., Filgure 19 shows the results of submitting
culture 3 to 10 p.p.m. of chlorine for 1 minute, followed by
inoculation into milk and holding at 5, 10 and 25°C. The
initlal count, due to dilution required in the procedure,
was only 28 x 105 per milliliter. The figure indicates that
the rates of increase of the treated samples were about the
same as the controls at all the storage temperatures.

The variation of results obtained on two agars when
heat=-treated samples were used, led to a similar experiment
Tfor chlorine-treated cultures. Table 7 gives the results
obtained when culture 12 was partially lnactivated with ©
p.p.m. chlorine for 1 minute., The initial count was 3} x 10k
and survival 60 x 101 when plating was done on T.G.E. agar,

while it was 33 x 101*L and 13 x 102, respectively, when plated
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LOG OF COUNT / mi.

2r SAMPLE CONTROL
5Ce—e & ---- o
I lO°C#——a B -----. 4
25°Ch——— &------- 4
o)
-1 i l l | | ! l | L

O 24 48 72 96 120 144 168 192 216
TIME OF HOLDING (HOURS)

Pigure 19, Orowth of culture 3 at three temperatures
after holding in 10 p.p.ms chlorine for
1 minute,



Table 7
Counts per Milliliter of Partlially Chlorine-Inactivated Culture 12 and Untreated

Controls when Held at 5, 10, and 25°C. and Plated on Two Types of Agar

Temperature of Holding of:

Time Type
Sample of Chlorine-treated Sample Untreated Control
Taken Agar
{Hours) Used 5°¢. 10%¢. 25°¢, 5°C. 10°¢, 250¢.,
0 6x100  6x109  6x10© L8x10L  48x10l  h8x10l
2l 12x100  18x100  90x102 10x102  23x102  65x102
L 13x101  30x102  §8x10° 53x103  9ix1o4  33x107
72 39x102  13x105  22x107 1x105  11x105  3fx107
T.G.E. 6
96 87x103  2ux10®  62x107 372102 37x10®  L8x107
120 17;;102 63x10°  58x107 1Lx106  G2x108  61x107
1y 13x10®  19x107  87x107 23x10% 21x107  70x107
168 39x100  3x107 26x106  29x107

0 13x10° 132109  13x109 38x10%  38x10%  38x10%
2l 12x100  13x100  66x109 96x101  29x102  70x102
48 12x10+  26x102  96x100 62x103  11x102  29x107
72 Plate L2x102 13x105  26x107 13x105 13x106  33x107

Count
96 (Difco) 87x103  21x10®  69x107 36x102  38x10%  53x107
120 11xlog 77x108  69x107 9&x10§ 80x106  56x107
13x10°  2Lx10!  86x107 14x10°  17x10!  79x107

1
16 38x100  29x107 27x10°  27x107
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on Plate Count agar. The two-~fold difference in survival
could not be duplicated, It is apparent from the table that
duplication on the two agars was very close. The same close
relationship was shown for culbture 3. The rates of growth

for treated samples were equal or nearly equal to the controls,
with en indication of adlight lag period at 5 and 10°C. holde-
ing., Samples and controls reached essentially the same level

by the end of the experimental period.

Relationship of Proteolysis and Plate Count

Cultures 3, 10 and 11 were proteolytic to varying de-
grees when measured by the amount of tyrosine and tryptophan
releaged. The level and time of proteolysis in relation to
the plate count may have some practical significance, Sterile
skim milk was Iinoculated with the three cultures, a zero
determination was made and the samples held at 5°C. Sampling
for plate count and tyrosine~tryptophan assay were agaln
made at 96 hours and each subsequent 2 hours thereafter
until a finel reading was made at 288 hours. A control,
carried under the same conditions but with no culture added,
was run at each interval to correct for substances giving
false readings. 4 standard curve was prepared to convert
Klett~Summerson colorimetric readings to micrograms of

tyrosine equivalent. The curve is reproduced in Figure 20.
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The comparison of plate counts and micrograms of
tyrosine equivalent released is plotted in Figure 21 for
the three proteolytic cultures. The results indicated that
there was no definite minimum count above which all cultures
began to release tyrosine and tryptophan, as culture 3 began
to release measurable amounts 72 hours after culture 11,
although the former reached the same count only about 12
hours after culture 11l. The rate of proteolysis had no
relationshlp to the rate of Increase in plate count of the
culture, as the three curves for growth were very close
throughout the test, while the spread in asmount and rate
of proteolysis by the three cultures was very pronounced.
Cumulative prateolysis, rather than enzyme activity during
any one interval, was studled. The data do indicate
proteolysis at a relatively consteant rate for a considerable
period of time after the populatlions approached maximum,
This could be interpreted as indicating no additional enzyme

production after maximum population was reached.
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DISCUSSION

The identification of eight different species or strains
from the 50 isolates indicated the presence of a varied flora
in milk, Some of the specles isolated were inert and would
cause little or no change in milk but some were highly pro-
teolytic and would be undesirable contaminants. No quantita-
tive study was made of lipolysis but some of the species were
lipolytic and would be expected to cause defects In dairy
products 1f present in large numbers. The predominance of

Pseudomonas specles Indicated that this was one of the impor-

tant generea appearing in pasteurized milk held at low tempera-

ture. A Flavobacterlum species also was isolated; thls

orgaenism was chromogenle and may be undesirable in some cases.
The abllity of all these organisms to grow in milk at a
temperature of 3°C. makes them potentisally very important in
the storage of dalry products.

Characterization of the organisms varied in some detaills
from those outlined in Bergey's mahual (10) but the genersal
responses of the organisms were simlilar enough to permit
the assignment of specles designations to all but one of the
isolates used. One of the reasons why all characteristics
did not match may have been the lack of infomation on the
temperature at which the various reactlons were studiéd in

Bergey's classification. Saekaria and Hammer (68) pointed out
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that a difference in type and rate of change produced in
milk was noted wlth some organisms grown at room tempersature,
as contrasted to 379C. They stated that speeific information
about temperature should be given when changes produced in
milk were recorded in descriptions of organisms. All reported
characteristics in the current study were for 25°C., but
varlations were observed when cultures were held at other
temperatures., This ablility to produce varlied reactions de-
pending on incubation temperature may be of practical impor-
tance, Care should be taken in making too broad a generali=-
zatioh about the defect~producing ability of an organlsm
based on its action at only one temperature.

It was evident froam the growth curves of all cultures

isolated, with the exception of the Flavobacterium culture,

that the optimum temperature of growth was at about 25°C.
This tended to indlcate that these organisms were only
facultatively psychrophilic. On the basis of this work,

the culture of Flavobacterlum could be conasidered a true

psychrophilic bacterium.

The processor of dalry products is extremely interested
in the lag phase of organisms growing in milk. The lag
periods of mixed flora in pasteurized milk have been re-
ported to extend to 3-5 days by Burgwald and Josephson (11),
Dahlberg (18) and Chaffee (13) when mllk was held at low

temperatures. A lag phase of this length provides enough
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time, in most cases, for handling end comsumption before
the level of organiams‘becomes great enough to cause
spoilage.

The organisms isolated at low temperatures during thls
work ¢éid not have a lag phase exceeding about 2l hours,
when grown in pure culture, even when held at 5°C. A
similar result was reported by Keaufmenn and Andrews (33),
as their work indicated no lag in organisms held at J7°F.
{(8,39C.)., The response of orgenisms may be more rapld when
grown in pure culture, in sterilized milk, than they would
as nixed flore in commercially pasteurized milk. There 1is
a possibility that organisms that do not normally grow at
low tempe ratures may adapt and so cause an Increase in mixed
flora after a holding perlod for adaptation. Conn and Esten
{17) reported that lactic acid bacterla sometimes developed
at 10°C. but were not favored. Similarily, Bergey's manual
(10) points out that lactic acld bacteria are able to grow
at 10°C. 1In the present study, when pure cultures were
subjected to heat treatment, the lag phase of the survivors
was conslderably extended, particularlly when growth was at
5 and 10°C. This fact may account for the extended lag
period observed in pasteurlzed milk by many wrkers, as the
organisms found in pasteurized milk could be survivors of

pasteurization or, more probably, of heat sanitlizing of
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equipment, Of course the lasg phase could also be becsause

8 large percentage of the organisms present are not psychro-
philliec and only a few are able to grow at low temperature to
ceuse & small increase in numbers in relation to a relatively
high initiel count. Sherman et sl. (69) pointed out that
bacterial growth in pasteurlized milk was much slower at

09C, than in raw milk of substantially the same bacterlal
content. This could mean that the majority of the organisms
present in pasteurized milk were not psychrophilic, as
reinoculation of pasteurized milk with minute amounts of

raw milk decreased its keeping quallty to that of the raw
milk,

The initial numbers of orgenisms present in milk did
not have an effect on the shape of the growth curve obtained.
Low initlal numbers due to dilutlon resulted 1n a growth
curve, parallel to the less diluted sample but separated
from 1t by the difference in initial count. This relation-
ship continued to the end of thé logarithmic phase., This
information was considered important froam a practical point
of view as it pointed out that even a very low level of con-
tamination, if growing actively; could get away to a rapid
start and reach & high level, so sanitation must be thorough
to be effective. In contrast to this, Penfold (53) found
that, if inocula weré large, variations in size were not

important but, 1f inoculs were small, the lag tended to
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increase as the size of the inoculum decreased., Post-
pasteurization contamination of milk with a low concentra-
tion of these organisms could result in counts, at the end
of Li~5 days, which could produce undesirable effects. As
this time intervel is not abnormally long in relation to
present processing and merchandising methods, extreme care
should be taken to avold poste-pasteurization contamination.

When inocula were grown at 5, 10, and 25°C. before use
in preparing growth curves at varlous holding temperatures,
there was little or no apparent difference in the curves.
Hence, the growth range of the organisms must include these
temperatures, When a culture was transferred from 5 to
259¢, there was an immediate increase in the rate of growth,
with little or no apparent lag phase., This pointed rather
conclusively to the abillity of these organisms to grow at
different temperatures within this range without adaptation
being necessary. Kennedy and Weiser (3l;) isolated 15 pure
eultures able to grow in the cryophilic range of 5 to 25°c.
They caution that adaptive mesophilic bacterla must be con-
sldered in this range. This condlition was avolded to some
extent in the present work by enrichment and isolation of
cultures at 39°C. Prescott and Bates (57) repdrted that
certain types of spollage organisms adapted themsélves to
temperatures assumed to be inhibltory to decomposition
processes.

The exposure of samples to room temperature for 3 hours
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during the early period of growth of the culture caused an
accelerated growth rate in the late lag or early logarithmic
phese. The overall result was to slightly shorten the lag
phase, The slight effect observed in this work was in con-
trast to large increases reported by Prescott et al. (59)
for discontinuously refrigerated foods held at 35, LO, 45,
50 and'éooF. The effect was particularily noticeable at
higher temperatures, where spollage occurred more quickly.
Baboock et al. (6) found that the decrease in becteria
observed in frozen homogenized milk was not altered materlially
by exposure to room temperature for [ hours.

The use of heat, chlorine or gquaternary ammonium com=-
pounds for sanitizing equipment prior to use for handling
pasteurized products 1s a common practice in the dairy
industry. The time and temperature of exposure of organisms
to heat treatment may be difficult to control in sanitizing
long pipe lines or assembled equipment. Therefore, the
survival of organisms subjected to sub-lethal amounts of heat
may be a common oCcurrance.

The results obtalned in thls work iIndicated that the
organisms which survived heat treatment had different growth
curves than the same organisms not exposed to heat. The
difference occurred primarily in the lag phase, with the
difference depending on the temperature of holding. In some

cases when survival was low and the milk was held at 5°C.,



the population eontinued to decline on holding in milk until
it was no longer posslble to enumerate viable cells. This
result could be explalned by low surviving numbers with a
die~off, in the early period, greét enough to eliminate
viable organisms. At 10°C. there was recovery after a pro-
longed lag phase, while at 25°C. only a slightly inecreased
lag phase was noted and could be explained by a less severe
die~off or more favorable conditions for initiation of growth
80 recovery took place before all viable cells were loat.
This explanation was at least partially disproved by diluting
the surviving organlisms prior to holding. The diluted sur-
vivors recovered as'readily as the undiluted ones, so ab=
solute numbers of survivors was not the complete answer. In
some cases recovery was made at 5°C. after a prolonged lag
phase and in others the surviving population remained fairly
steble for 8«9 days. These differences may be explalned by
a slight variation of heat treatment, so a slightly more
severe heat treatment resulted in low survival numbers. The
increased heat probably caused greater damage to the sur-
vivors and so made the adjustment necessary for resumed
growth so great that they could not be made before die-off
eliminated all viable cells. When heat was slightly less
severe, recovery was able to take place before all viable
cells were eliminated.

Frayer (2li) found that holding milk cultures at 75°F.
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(34°C.) for varying lengths of time before cooling to LOOF.
(4.4°C.) resulted in varying rates of mortality, depending
on the point in the growth cycle at which the cooling took
place. This work indlcated that the cooling 1tself likely
had en effect on the mortality. If this was the case, re-
duction in count due to cooling after heat treatment of
culture would likely be greater than when reduction was due
to cooling from 75 to LOOF, Similarly, this might explain
why recovery was always better at 10°C., than at 5°C., as
the cooling affect was not so great.

The organisms which survived heat treatment may have
been affected to different degrees, some inactlvated so they
could not grow in milk but could be enumerated on agar,
while others were unaffected. Possibly the unaffected
cultures could multiply at 5 and 10°C. but no increase was
noted because it was balanced by a die-off of the injured
cells. The possibllity that heat-treated cells may grow on
one medium and not another was shown by Nelson (42) when he
found that apparent survival of heat-treated bacteria varied
conaiderably, depending on the media used for enumeration.
In a later paper (L43) he showed that the presence of reducing
compounds was favorable for the initiation of growth of a
grester number of heat Injured cells,

The acceptance of & new agar for standard plate count,
mede during the course of this work, necessitated a com-

parison of Plate Count and T.G.E. agars. Duplicate runs
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using the two agars showed a consistant difference only
in the very early part of the growth curve. The higher plate
counts obtalned on the Plate Count agar may be due to con-
ditions in the agar being wmore satisfactory for the enumera-
tlon of heat-injured cells than when T.G.E. agar was used.
While greater numbers were enumerated on Plate Count agar,
there was possibly no chance for these organisms to survive
in milk so they probably were lost during the first 2l hours
of storage In milk. BSubsequent counts on the two agars were
very similar and subject to die-off and growth conditions
as previously described. Another possible explanatlon could
be that temperary inactivation of some enzyme system 1ln some
of the bacterla may have made it necessary to have a sub-
strate supplied, which was present in Plate Count sagar,
which contains yeast extraect, but was not present in T.G.E.
agar or mllk, The organisms requiring the substrate would
quickly dile out when held in milk. Thus, enumeration at
2y, L8 and subsequent hours showed a similar count on both
agears. This type of heat effect could be operating at the
same time as the previously discussed phenomenon of die~off
and recovery. Here again recovery at 10°C. was more rapid
so the effect was minimized; at 25°C., it was largely masked
by the rapldity of recovery at the high temperature.

Parker et al. (52) found that hypochlorite solutions

were superior to quaternary asmmonium compounds for destruction



-9 -

of pure cultures of various Pseudomonas species. In the

present work it was found that organisms surviving chlorine
treatment were able to grow at all temperatures tested at

a rate very similar to that of untreated cultures, with the
exception of a s8light lag phase noticed in the treated
samples. Despite the small lag phase encountered, the re-
sults Indicated that the killing effect of chlorine approached
an 2ll or nothing effect, in contrast to the effect of heat
which was able to modify the growth of survivors. It could
have been possible that chlorine slightly damaged portions

of the survivors, resulting in a slight lag phase before
multipllication began. However, the effect caused by chlorine
was very small in contrast to that observed with heated
cultures.

A study of proteolysis of three of the isolated cultures
showed that a plate count of about 30 x 107 was sufficient
for proteolysis to become measurable., Similar results were
obtalned by Greene and Jezeski (27), as they reported de-
tectable proteolysis by one culture when the count had
reached l.1 x 108. The amount of tyrosine plus tryptophan
released by the different cultures varied considerably and
was not directly related to the population of the culture.
This variation could be caused by a difference in type of

enzyme produced or could be an actual difference in the
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amount or activity of the enzyme produced. This indlcated
that proteolytiec counts on milk would be of no use in pre=-
dicting the time a defeet would occur or the extent of such
a defect,

Cases of high counts without defects occurring were
obtained with some cultures in this work. Cases of high
counts without noticeable defects also have been reported
by Pennington (54), Conn and Esten (17) and Papadopoulos
{50)., DPrandsaeter (9) reported that high psychrophilic
counts were always assoclated with high proteolytic and
lipolytie counts iIn raw milk., The varled results reported
here indicated that a plate count of psychrophillic bacterilsa
presentywould not be a relisble guide to the potentlal

keeping quality of milk,
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SUMMARY AND CONCLUSIONS

1. Eight organlsms were isolated from commercial
pasteurized milk, On identification, seven were found to

belong to the genus Pseudomonas and one to the genus

Flavobacterium,

2., The growth rates of seven of the eight isolated

organisms and one laboratory culture of Pseudomonas fragi

were similar to crganisma surviving pasteurization at 61.7°C.
for 30 minutes, when incubation was at 21, 25 or 32°C.

3. Eight of the nine pure cultures tested were facul=
tative rather than truly psychrophilic organisms.

e 8ize of inoculum was found to have little or no
effect on the rate of growth or final numbers of orgenisms,

5. Plate incubation for 3 days at 25°C. was found to
glve counts similar to those obtained when incubation was
at 5°C. for 10 days.‘

6. When a culture was partially killed by heat, the
survivors had a greatly increased lag phase when holding
was at 5 or 10°C., but only a small increase was noted at
25°¢,

7. Immediately after heating, largernumbers of sur-
vivors of sub-lethal doses of heat were enumerated on Plate
Count agar than on T.G.E. agar, but by 24 hours this

difference had disappeared.
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8. The growth curves of organisms surviving treatment
with chlorine were not altered to any great extent.

9. The totel cumulative proteolysis and the rate of
proteolysis was found to vary for the three proteolytile

cultures tested.
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