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INTRODUCTION

Recent changes in milk production and handling practices
have necessitated reappraisal of certaln bacterlological tests,
With the growth of bacterla in raw mllk greatly retarded by
more efficlent cooling procedures, tests applied directly to
the raw milk are not always effective in detecting faulty pro-
duction prac@ices, As a consequence, tests for specific groups
of bacteria as indices of insanitary production procedures are
being viewed with heightened interest,

Among these tests for particular groups of bacteria, the
laboratory pasteurized count of raw milk has been advocated as
a means of evaluating certain production procedures on the farm,
The time honored method for the enumeration of bacteria in milk
has been the Standard Plate Count. The thermoduric count of
milk is determined in the same manner as the Standard Plate
Count except that the milk is subjected to laboratory pasteur-
izatlion previous to plating,

Although generally conceded to be the most preclse pro-
cedure for estimating the bacterial population of milk, the
agar plate method 1s not wilthout limitations., No one medium
incubated at a given temperature for a given period of time can
be expected to inltlate dr promote growth of all baoteriaJ.typés
present in milk, Furthermore, preliminary investigatlions have
indicated that condlitlons satisfactory for growth of bacteria

in thelr normal state are not equally satisfactory for growth



of organisms which have been subjJected to heat treatment of
sublethal intensity.

From the foregoing, it is evident that standard plating
procedures may not reveal the true thermoduric flora of labo-
oratory pasteurlzed milk, Therefore, further knowledge of some
factors which might influence the enumeration of heat-treated
bacterla seemed desirable. This study was ﬁ;dertaken to deter-
mine the effect of the plate incubation temperature, length of
the incubatlon period, oH of the plating medium and type of
bacteriological peptone used in the plating medium upon the
enumeration of pasteurlzation-resistant bacteris in milk., The
effect of these varlous factors upon the enumeration of spe-
clfic types of thermoduric bacterla was consldered as well as
thelr effect upon the quantitétive determination of these

organilsms,



REVIEW OF LITERATURE

The general subjJect of thermoduric bacteria in milk has
been reviewed extensively by Hileman (42), Thomas et ai. (90)
and Foster et al. (35). Some of the applications and limi-
tations of tests for thermoduric bacteria in milk have been re-
viewed by Johns (50). Thefollowing review will be restricted

primarily to the enumeration of thermoduric bacteria in milk,
Sources and Significance of Thermoduric Bacteria in Milk

Hileman et al. (44) believed that micrococci, found in the
cow's udder, contributed to the thermoduric flora of milk,
However, Gibson and Abd~El-Malek (36) were unable to support
this view. They falled to find any pasteurization resistant
bacteria in milk aseptically drawn from the udder., In later
confirmatory work (3%,37) these workers concluded that the udder
was not a primary source of thermodurlec micrococci, Mellmann
and Bryan (55) reported that thermoduric bacteria were present
only in negliglble numbers in aseptically drawn milk,

The presence of thermoduric bacterlia in mllk has been re-
ported by many investigators (10,57,59,92,93) to be primarily
a matter of lmproperly cleaned and sanitized dalry farm
utensile. After reviewing the subject, Thomas et al. (90)
stated that a high incidence of thermoduric bacteria in raw
mllk was an index of persistently poor production methods at

the farm ag opposed to an occasional omigsion of efficient
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sterilization, Barnum (16) reported a marked decrease in the
number of farm violations on the 1tems of cleanliness and sani-
tizing of equipment in the Denver, Colorado area, Heattributed
this improvement to a combinatlion of laboratory pasteurization
tests and follow-up by the Health Department., He further re-
ported that dalry producers in the Denver market were mone-.
tarlily penalized for milk with thermodurdc counts in excess of
10,000 per ml, Raw milk supplles showing two successive thermo-
durlc counts in excess of 30,000 per ml, were excluded from the
market for 5 days.

Egdell et al, (29) stated that, where effective cleansing
and sterillization of delry utensils have been carried out, the
thermoduric plate count should not exceed 1,000 per ml, c¢f milk,
They concluded that a thermoduric count exceeding 10,000 per nml,
was indlcative of a bulld-up of thermodurlc organisms on parts
of the utensils or equipment. McKenzie et al. (57) suggested
that thermodurlec counts of raw milk exceeding 10,000 per ml,
provided evidence of unsatisfactory production methods but Johns
(50) decided that such a standard was unduly lenilent,

The incidence of thermoduric bacteria in the raw milk sup-
ply has been shown to be influenced by the season of the year.
Thomas et al., (90) observed that the thermoduric colony count
of milk produced under poor to failr hyglenic conditions was
genefally much higher in summer than in ﬁinter. Where mllk was
produced under extremely good hyglenlic conditlions the thermo-

durlc count was occaslonally slightly higher in winter than in
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summer, but the magnitude of the count was much lower in this
case,

The influence of cooling on the thermoduric count of milk
was studied extensively by Thomas et al., (94%). Numbers of
thermoduric bacteria increased slowly in milk held at a temper-
ature of 3¢ to 5o C, The combined effects of milk cooling and
utensil cleanliness upon the thermoduric count of raw milk sup-
plies was investigated by Thomas et al. (92). They observed
that milk inadequately cooled did not have higher thermoduric
counts than properly cooled milk when utensil sterilization was
good, When utensil sterilization was poor, milk cooled ef-
ficiently did not show lower thermodurlc counts than milk cooled
inadequately.

Clegg et al. (23) observed that samples of milk could be
held up to 24 hours after production without significant change
in the thermoduric count if the storage temperature did not ex-
ceed 20° C, They falled to detect any changes in the thermo-
duric flora of raw milk during periods of storaze up to 24
hours at 18 C.

It 1s generally agreed that thermoduric bacteria do not
adversely affect the keeplng cuallty of pasteurized milk in
normal trade channels (77,90,101), However, Smythe (83) re-
ported the zeepling cuelity of the pasteurlzed product to be
conslderably reduced when milk was held at 5¢ to 35 C, for 10
hours prior to pasteurization. He attributed the reduction in

keeplng quallty to the fact that the thermoduric count of the



milk Increased during storage.
Types and Distribution of Thermodurlc Bacteria in Milk

According to Thomas et al. (90), the thermoduric organisms
commonly found in milk are limlted to a few specles of five
bacterial groups: mlerobacterla; micrococcl; streptococel,
aeroblc spore-bearing rods and Gram-negative rods. This author
polnted out, after revlewlng the subject, that the types of
thefmoduric bacteria reported in milk depended a great deal
upon the plating procedures used in thelr recovery from the
pasteurlzed vroduct, He stated that microbacterla generally
dominated the types lsolated from plates incubated at 3%0° C,
Streptococcl were predominant on plates lncubated at 37° C.
Micrococcl were sub-dominant at both temperatures,

Abd-El-Malek (1) laboratory pasteurized bulked and certi-
fled milk samples and incubated the plates at 37¢ and 30° C,
Microbacterla, although appearing in large numbers at 30° C.,
were uniformly absent on plates incubated at 37¢ C, Micro-
coccl appeared in significant numbers in all samples when
plates were incubated at 30¢ C. but were encountered only in
two of twelve samples at 37° C. Gibson and Abd-El-Malek (36)
observed that the predomlnant flora of bulked milk appearing
on plates ﬁfepared after laboratory pasteurlzation and lncu-
béted at 30° C, for 5 to 6 days were streptococci, micrococecl
and corynebacteria (microbacterla), These authors suggested

that the occurrence of largé numbers of corynebacteria in



7

pasteurized milk probably had been overlookéd‘as a result of
incubating plates at 37¢ C, This view has been supported by
other investigators (22,27,35,86,96),

Although failure of microbacteria to form colonles on
solid media at 37° C, has been generally reported, some workers
(58,61) have noted that certaln strains will grow at this
temperature. McKenzie and Morrison (58) laboratory pasteurized
698 semples of raw milk and plated them on Yeastrel Milk Agar
at 37e C; A few of the pasteurization-resistant organisms were
i1solated and identified. They were found to conslst of 16
cultures of cornyebacteria (microbacteria), 25 cultures of
micrococcl and sarcina and 16 cultures of streptococcl. 1In a
later study, McKenzle et al. (59) determined the types of
thermoduric bacterlia present in farm milk cens, Laboratory
pésteurized can rinses were plated and incubated at 30° C, The
thermoduric types present in a total of 654 colonies, statisti-
cally picked, were: mlcrobacteria, 73.l1l percent; micrococel,
10.2 percent; streptococel, 2.7 percent and miscellaneous types
(Gram-negative and filamentous rods), 13.9 percent.

Hucker (47) noted that laboratory pasteurized milk held at
20° to 20° (., for 4 hours previous to pasteurizaticn contained

relatlvely large numbers of Streptococcus thermoohilus, The

same milk held at 10° C. for any length of time previous to
pasteurlizaztion tended to yleld a mixed flora and rarely ylelded

S. thermophllus after pasteurization.




The thermoduric streptococcl of milk were studled ex-
tensively by Abd-El-Malek and Gibson (2)., Milk samples were
~ examlned for thermodurlc flora after laboratory pasteurization
at 63° C. for 30 minutes, Of 54 samples of pasteurized milk

examined, 33 ylelded streptococel, 8. thermophllug was de-

tected in 28 of the samples, Streptococcus bovis in 25,

Streptococcus faecalis in 6 and Streptococcus kefir in 5,

Pasteurized milk held at temperatures of 10° to 22¢ C, until
becoming tainted ylelded S. keflr and S. faecalis at the lower

temperatures and S. thermophllus and 8. bovis at the higher

temperatures.
O0f the non-sgporulating bacteria present in milk, those be-

longing to the specles Microbacterium lacticum have been re-

ported to be the most heat resistant (76,98). Doetsch and
Pelczar (27) determined the heat resistance of 18 cultures of
microbacteria by heating broth suspensions of the organisms to
85 C, for 2.5 minutes, Of the 18 cultures, three, classified
as g. lactiocum, survived the heat treatment. The heat re-
sistance of 18 strains of M. lacticum and three strains of

Microbacterium liguefaclens was determined by Turbett et al,

(97) by heating in both broth and milk media, A temperature of
68c C, for 30 minutes was suggested for differentiating between

specles of the genus Mlcrobacterium, This time-temperature

comblnatlion was found to be above the critical zone for M.

liquefaciens and below that for M, lacticum.

Speck (86) isolated 49 strains of microbacteria from milk



handling equipment, commerclally pasteurlzed milk, laboratory
prasteurized milk, raw milk and Cheddar cheese and examined them
for various characteristics including heat resistance., Five ml.
of litmus milk were inoculated with 1 drop of a lU-day culture
grown at 30°¢ C, and immedlately laboratory pasteurized., All
cultures were found to survive 62.,5° C, for %0 minutes, Micro-
bacteria, 1solated from a varlety of dairy products by Nashif
and Nelson (61); never constituted a large percentage of the
countable bacteria in unpasteurized products, However, micro-
bacteria commonly sccounted for a majority of the countable
colonleg from pasteurlized products, These authors were able
to 1solate only microbacterla identifiable as M, lacticum and
called attention to the possible close relationship of the

microbacteria and members of the Mlcrococcaceae family.

Abd-El-Malek and Gibson (3) made a detalled study of
staphylococel and micrococcl isolated from milk and milk uten-
slls, They devised a clagsification system by which the vari-
ous strains of this group could be arranged in a continuous
serles, At one extreme were placed the pathogenlic staphylococcl
and at the other the thermoduric, seprophytic micrococcl. The

series was dilvided into three maln groups, one of vwhich was

designated as the dairy micrococcl. Members of this group were
described as thermoduric sugar fermenters which occurred
freqguently on deiry equipment and in pasteurized milk, Two

specles, conforming to Micrococcus luteus Cohn emend Lehmann

and Neumann and Micrococcug varlans (Dyar) Migula, were in-
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cluded in the dairy micrococel group.

In a study of the thermoduric flora of 100 samples of bulk
cooled milk, Buchenan (22) found that mlcrococci ordinarily
were the predominant thermoduric bacteria in milk having a
thermoduric count of more than 10,000 per ml, Streptococci ac-
counted for 20 to 30 percent of the cultures lsolated from
samples having a thermodurlc count of more than 1,000 per ml,
Microbacteria accounted for less than 12 percent of the thermo-
duric population in all samples., Other thermoduric bacteria
reported by thls author were spore-bearing rods, actinomycetes

and "Arthrobacter types."

Foster et al, (35) stated that spore-bearing organisms
were practically always present in raw mllk but usually in low
numbers, Other workers (1,22,3%6) have reported that spore-
bearing rods constituted a small portion of the thermoduric
flora of milk with a high thermoduric count. The low heat-
resigstance of the vegetative cell as compared with.that of the
spore for bacteria of the genus Bacillus has been noted (102).

Certain rather lnert and ill-deflned Gram-negative bacteria
that eventually produce an alkaline reaction in litmus milk, a
variety of anaeroblc spore-formers and lactobacilli have been
reported in negliglble numbers among the the~modurlc flora of
milk (22,35,90). After examining the heat resistance of lacto-
bacillli found in Cheddar cheese, Slatter and Halvorson (&2) re-
ported that the majority of these bacterla were killed by
pasteurization at 143° F. for 30 minutes or 160e F, for 15
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seconds, However, these workers concluded that, occaslonally,
lactobacilll might contribute significantly to the thermoduric
flora of milk,

Some confusion has exlsted concerning the occurrence of
thermoduric coliform organisms in milk, In a recent study,
Glenn and Olson (38) isolated 67 coliform cultures from milk
before or during processing and found that only three of the
cultures survived laboratory pasteurization of 1U43e F., for 30
minutes, Only the most.heat-resistant gstrains survived this
tlme-temperature combination in commercial holder pasteuri-
zatlon. These authors stated that a count of less than 1 per

ml, could be expected in the cooled milk,

Effect of Pasteurlzation Methods on the Bacterial
Count of MAlk

The particular method employed in pasteurization of milk
has been shown to affect the bacterlal count of the finlshed
product. Parfitt (69) and Quin and Burgwald (75) observed that
laboratory pasteurlzation tended to give lower counts than com-
mercial pasteurization at elther 162¢ F, for 15 seconds or 1llh3e
F. for 30 minutes. These reports have been confirmed by Varma
et al, (99), Comparison of milk pasteurized in the laboratory
at 145 ¢, for 30 minutes, commercially by the high-temperature
short-time (HTST) method at 162¢ F. for 16 seconds and com-
merclally by the holder method at 145° F., to 150° F. for 30
minutes showed that laboratory pasteurlzed milk had the lowest
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count, Laboratory pasteurized milk had better keeping quallty
than milk pasteurized by the HTST method but not as good keep-
ing quality as that pasteurlzed by the holder method.

Some reports (42,90) have revealed that milk pasteurized
by'the holder method usually had a lower bacterial count than
millx pasteurized by the HTST method., After examining the bac-
terial flora surviving both methods of pasteurlzation, Hileman
et al. (44) concluded that the higher survival of bacteria in
milk pasteurized by the HTST method was due primarily to the
abllity of certain micrococcl to survive this method in greater

numbers.

Methods for Enumerating Thermoduric Bacteria in Milk

Although the thermoduric count of milk is commonly deter-
mined by an agar.plate count of laboratory pasteurized milk (9),
several simpler and less expensive methods have been suggested.
These include the oval tube method of Myers and Pence (60), the
bottle culture method of Heinemann and Rohr (40), the Astell
roll tube method (11), the Bacto-strip technique (51) andmicro-
scopic examination of pasteurized milk with incorporation of
speclal stains for differentiation of living and dead bacteria
(43,55,56).

Although generally conceded to be less accurate than the
agar plate method, the modifled methods have been proposed as

routine screening tests for detecting thermoduric bacteria in
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milk, Egdell et al, (30), using an incubation temperature of
30e C, for 72 hours, reported that thermoduric colony counts of
laboratory pasteurlzed milk determined by the roll tube or agar
strip methods were lower than those obtalned by the standard
agar plate method, -Fischer and Johne (33), after comparing
various methods for detecting thermoduric bacteria in milk,
found that the oval tube method ylelded counts in much closer
agreement with the plate count method than did microscoplo

methods,

Factors Influencing the Thermoduric Plate Count

Temperature of plate lncubation

Incubatien at 37° C. for 2 days was adopted in the early
19th century in most countries for the offlclal grading of milk,
This incubation temperature was used because 1t was belleved
that animal pathogens that might be present in milk would have
an opportunity to develop at their optimum temperature (105).
Although the incubation temperature of 37°¢ C, for the Standard
Plate Count was used universally for a perliod of over 20 years,
1t was reallzed that 1t did not give the maximum colony count
and that many of the more common bacteria from milk developed
slowly at this temperature. As early as 1908, Helnemann and
Glenn (41) suggested that since péthogenic bacteria were always
dif ficult, and in most cases impossible, to find in milk, an

incubation temperature of 37° C, had no real advantage over
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room temperature incubation, They reported that incubation ai
20° C. was superior to 37°¢ C., because both a higher count and
a better differentlal count were obtained,

With the introduction of improved plating medla and the
demonstration that slight variations in incubator temperatures
around %2¢ C, affected the counts of replicate plates much less
than around 37°¢ C. (70,71,87), the whole question of incubation
temperatures was reopened for dlscusslion and investigation,

After making comparative counts on replicate plates made
from pasteurized milk and incubated at various temperatures
renging from 20° to 47¢ C, for 4& hours, Pederson et al. (71)
concluded that the maximum number of colonies developed at an
incubation temperature of 31.3° C, They found that the average
count at 37.2° C, was only U5 percent of the average count at
31.%7° C. and the average count at 35,7° C. wasonly 69,2 percent
of the count at 31,3° C., In a more detalled investigation,
Pederson and Yale (70) studied the effect of incubation temper-
atures of 21°, 25°, 30°, 320, 35°, 37e¢, UKo and 55e C, for 48
hours on replicate plate counts of 50 pasteurized milk gamples,
They found that the average maximum plate count occurred at 32e
C. and recommended the adoption of this temperature of incu-
bation as the standard, |

Wilson et al, (103) took exception to the recommendation |

of Pederson and Yale (70) and stated that an incubation temper-
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ature of 32°¢ C, was optimum only if the incubation period was
limited to 2 days. They concluded that, in this sense, &
fictitious pleture of the real incubation requirements of milk
organisms was given,

Reallzing that an incubation temperature of 37¢ C. wasnot
optimum for growth of many of the more common bacteria in milk,
numerous lnvestigators compared this temperature with lower
ones, Most of the comparisons were made between plate incu-
batlon temperatures of 37° and 32° C, Bowers and Hucker (19)
examined 77 samples of pasteurlzedmilk and found, in a majori-
ty of cases, a larger number of colohies developed on standard
Nutrient Agar plates incubated at 32°¢ C, for 2 days thanat the
standard temperature of 37° C, These results were confirmed by
Bradfield (20), Abele (4), Fay and Howard (32) and Hileman et
al. (45). Kelly (53) pointed out that lowering the tempera-
Ture of plate incubation from 37¢ to 32¢ €, resulted in a
greater percentage lncrease in count with vasteurized milk
than with raw milk,

Yale (l0O4), after summarizing 42 reports by 56 laborato-

ries, concluded that the use of the lower incubation tempera-
ture of 32°¢ C, dild not result merely in a constant percentage
increase in count., He stated that incubation at 32¢ C, pro-
duced a greater spread between counts of good and poor quality
milk than did incubation at 37¢ C, As a result of these
studies, the eighth edition of Standard Methods for the Exami-
nation of Dairy Products (6), published in 1941, recognized
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the optional use of elther 32¢ or 37°¢ C., for 48 hours as
temperatures of incubation for the agar plate method,

Workers in England, focussing thelr attention upon the
enumeration of pasteurization-resistant bacteria in milk, com-
| pared incubation temperatures below 32¢ €, wlth the standard
%37° C. temperature, Gibson and Abd-El-Malek (36) have been
glven much of the credit for introducing a lower incubation
Temperature for the agar plate method in that country. They
used an incubatlon temperature of 30° C. for § to 6 days and
suggested that the occurrence of large numbers of thermoduric
bacteria in pasteurized milk probably had been overlooked as a
result of incubating plates at 37° C., After comparing colony
counts of raw and pasteurlzedmllk plated on Yeastrel Milk Agar,
Thomas and Jenkins (95) concluded that incubation for 3 days
at 30° C., as compared with 3 days at 37°¢ C., gave an increase
in count of approximately two times for raw and six times for
pasteurlized milk,

In a study of the thermoduric flora of pasteurlzed milk,
ADbd-Zl-Malek (1) reported that the ratio of colony counts on
plates incubated at 37° C. for 2 to 3 days and 30e C. for 5 %o
6 days varied between 1,2 and 45.,7. Thomas (&9) found that
thermoduric colony counts on Yeastrel Milk Agar incubated for
4 days at 30° C. were, on the average, 12 times those on the
same medium incubated for 2 days at 37¢ C. Using the same

plating and incubation procedures, Thomas et al. (91) reported
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that 80 percent of the milk samples tested gave a higher thermo-
duric plate count with 30° C. lncubation. Many European workers
(25,29,54) now recognize an incubation temperature of 30¢ G, for
3 to 4 days as being optimum for the agar plate method for e-
numeration of thermodurlc bacteria in milk,

Some lnvestigations have shown that incubation temperatures
lower than 30° C. resulted in agar plate counts comparable to
those obtalned at higher temperatures. Rowlands and Provan
(77), after studylng the bacterlological aspects of heat-treated
mllk, noted that there was little difference between counts on
plates incubated at 22¢ C, for 5§ days and those incubated at
30 C, for 3 days. These findings were confirmed by Egdell
and Bird (28). '

Incubation temperatures found to be optimum for growth of
bacterla on plates prepared from commercially pasteurized milk
may not prove to be obtimum for growth of bacteria from labo-
ratory pasteﬁrlzed milk, Commerclally pasteurized milk may
contaln bacterlial contaminants of a non-thermoduric nature in
addition to truly pasteurlzation-reslistant bacteria. However,
investigatlions with commercially pasteurized milk cannot be
excluded entirely when reviewing the subject of thermodurlc
bacteria, Watrous et al. (100) and Atherton et al. (12) ob-
tained appreciably higher counts on commercially pasteurized
milk when plates were incubated at 25° C, for % days than at
35¢ C. for 2 days. Nelson and Baker (67) used incubation
temperatures ranging from 5¢ to 3%5°¢ C. in studying the influence
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of time and temperature of plate incubation upon bacterial
counts of market milk, They found that incubatlon at 25° C,
for 3 days commonly gave the maximum count while incubation of
plates at 35° C, for 2 days frequently failed to detect samples
which gave high counts upon incubation at 32¢ C, or below.
Comparative studles (18,88) of plate.counts on raw and
commerclally pasteurlzed milk following incubation of plates at
37°, 35° and 32¢ C, for 48 hours showed that counts were some-
what higher at 35° C, and still slightly higher at 3%2°¢ C. As a
result of these studies, incubation of agar plates at 32°¢ or 35
C. for 48 hours was recognized in 1948 as standard procedure in

this country (7).

Length of the incubatlion period

It is recognized that the effect which time of 1ncubation
might have upon the agar plate count is dependent upon the incu-
bation temperature employed. However, since there are indi-
cations that the lncubation perlod 1s more critical for the e-
numeration of thermoduric bacteria than for other bacteria in
milk, the significance of the length of the incubation period
upon the plate count will be brlefly reviewed.

Although Standard Methods (9) call for incubation of
plates at elther 32¢ or 35° C, for 4% hours, several investi-
gators have suggested that longer incubation at these and other
temperatures would be advantageous especlally for the enumer-

ation of thermoduric bacteria. Heinemann and Glenn (41) stated
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as early as 1908 that, since milk 1s normally consumed before
the results of bacterial examinations are avallable, bacteri-
ological tests should have as thelr principal objects the im-
provement and control of the general mlilk supply. They con-
cluded that accuracy is of greater importance than quick re-
sults and the loss of a day, in the interest of accuracy, is
irrelevant,

Wilson et al. (103) found that, with raw milk plates incu-
bated at 37 C. for 3 days had only a slightly higher count
than those incubated for 2 days. However, with pasteurized
mllk, an average increase of 22 percent was observed., Rowlands
and Proven (77) reported that, wilth pasteurized milk, colony
counts on plates incubated at 30° and 37°¢ C, were lncreased by
prolonging the perlod of incubation from 48 to 72 hours. Colony
counts in excess of 3%0,000 per ml, were not influenced to the
same extent as lower counts, At an incubatlon temperature of
22¢ C, a minimum incubation period of 5 days was found to be
necesgsary to obtaln a maximum colony count,

Nelson and Baker (67) observed that incubation perilods
shorter than 3 days at 25°¢ C. and 4 days at 21° C, resulted in
lower vnlate counts on certaln samples of pasteurlzed milk, Also,
the smaller colonles formed in the shorter incubatlion tlmes were
more difficult to count, In a study of the effect of tlme and
temperature of incubatlon on the Standard Plate Count of milk,
Babel et al. (1%) found that, with raw milk, incubation for 3

days at 32°¢ or 35° C., gave no increase in count over 2 days of
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incubation. However, with pasteurized milk, the additlional day
of incubation resulted in an increased count, These workers
concluded that the development of colonies on plates prepared
from pasteurized milk was slower than on plates prepared from
raw milk, The same incubation period of 48 hours is specified
in Standard Methods (9) for both raw and pasteurized milk,
Johns (50) stated that the International Dairy Federation has
recommended an extra 24 hours of incubatlon for plates prepared
from pasteurlzed milk, This 1s in reccgnition of the fact that
many bacterla whlch survive pasteurization exhiblt a prolonged
lag phase and fall to form discernible colonies on agar plates
in 48 hours,

The fact that bacteria undergo a prolonged lgg,phase
following heat treatment has been demonstrated by several in~
vestigators, Included among these were Toblas et al. (96) who
obgerved that heat ﬁreatment affected the recovery of a strain

of Micrococcus sp, Slow recovery was found with thls strain

even when the initlal level of survivorswas greater than 100 per
ml, This led them to believe that heat treatment rather than
low survivor level induced the prolonged lag. Using the same

strain of Micrococcus sv., Kaufmann et al. (52) heated cultures

in sterile whole milk at 76° C., for 17 seconds and &2° C., for
£ seconds, They compared growth of unheated and heated cultures
having the same cell population and concluded that heated cells
exhibited a longer lag phase of development than dld unheated

cells, The lag period was not markedly reduced wlth unheated
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or heated cells when the cell level was lncreased from 2,000
.to 20,000 per ml,

The literature appears to be lacklng information pertain-
ing to specific types of thermoduric bacteria contributing to
higher counts after extended plate incubation. Cuthbert et al.
(25), using an incubation temperature of 30° (. reported that
the number of colonles on plates froh laboratory pasteurized
milk showed a marked increase between the second and third day
of incubation., They found no appreclable difference between
the flora developlng on agar plates after 2 days incubation at
30° (0, and that developing subseqguently.

~ Composition of plating media wlth speclal reference to bacteri-

ologlcal peptones

Sherman (80) in i9l6 pointed to the advantages o% & carbo-
hydrate containing medium for the enumeration of bacteria in
pasteurized dairy products, Supplee et al. (87) plated 100
samples of market milk on plaln Nutrlient Agar, Nutrlent Agar
contalning 1 percent dextrose and Nutrlent Agar contalning 1
percent lactose., They concluded that, for developing maximum
colony counts, the medium containing dextrose was superlor to
the others, Fay (31) plated 55 cultures of pasteurization-
resistant bacterla on varlious types of medla, He concluded that
sugar was necessary for thelr growth on agar and growth would
occur on Nutrient Agar only i1f the dilution was not greater than

1:100,
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Ayres and Mudge (13) in 1920 reported that appreciably
higher plate counts were obtained from pasteurized dairy
products by the use of a plating medium containing skim milk
powder, These results were confirmed later by Safford and
Stark (78,79). '

It 1s appreclated that bacterlological peptones are only
a portion of the nutrient complex of a,ﬁedium. However, thils
'review wlll be restricted, essentlally, to the roie of bacteri-
ologlical peptones in gedia used for the enumeration of bacteria
in milk,

Prior to the publication of the seventh edition of
Standard Methods (5) in 1939, Nutrient Agar containing beef
extract and peptone as nutrient sources was recommended for use
as a plating medium, Previously, little regard had been given
to the particular type of peptone to be used, Bowers and
Hucker (19) suggested the use of an improved plating medium con-
taining 0.5 percent tryptone (a casein digest peptone), 0,1 per-
cent glucose, 0.5 percent skim milk and agar. Comparing this
medium with Nutrient Agar, plate counts were found to be 36 per-
cent higher on 134 samples of raw milk and 350 percent higher
with 77 samples of pasteurlzed milk, Similar results were ob-
tained by Brzdfield (20) and Curtis and Hileman (24) when plate

counts on the two medla were compared,

Yale (104) summarized 42 reports by 56 laboratories on
23,715 samples of dalry products plated on standard Nutrient
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Agar and Tryptone-Glucose-Milk Agar, He noted that the modl-
fied medium gave a higher count in the majority of cases than
Nutrlent Agar. The average increase in count was greater with
pasteurized milk than with rawmllk, However, 1n some instances
counts on Nutrient Agar were higher than counts on the Tryptone-
Glucose-Milk Agar, Abele (U4) suggested that such instances
could be reduced by the incluslon of beef extract, Conse-
quently, a plating medlum contalning tryptone, glucose, beef
extract, skim milk and agar replaced Nutrient Agar as the of-
ficlal plating medium in 1939 (5).

Several investigators (34,45,62,63) demonstrated that the
Tryptone-Glucose-Beef Extract-Milk agar (TGEM agar) was superi-
or to Nutrlent Agar for the enumeration of bacteria in milk,
especially in the case of pasteurized milk, Nelson (64) com-
pared the colony productivities of Nutrient Agar and TGEM agar,
Unheated and heated pure cultures of Escherichla coll, Baclllus

subtills, Streptococcus liguefaciens, Streptococcus zymogenes,

Streptococcus durans and Staphylococcus aureus were plated on

both medla, He observed that only in rare instances were

differences 1n plate count of the unheated controls possibly
attributable to differences in the medla, However, the TGEM
agar was definitely superior to Nutrient Agar, except for one

straln of S. liguefaclens, for development of the heat-treated

bacteria, Bacterla which had been subjected to heat at sub-
lethal levels were sald to be more demanding in thelr re-

qulrements for growth than were the unheated control organisms,



2l

In a later study, Nelson (65) reported that variations in the
tryptone content of the plating medium and the time of addition
of the bacteriological peptone in the preparation of the medium
influenced colony development by heat-treated bacteria.

BRecause of difficulties encountered with precipitation of
the skip milk in the TGEM medium, studies were undertaken to
find a suitable milk-free medium to replace TGEM agar. Pessin
and Black (73) compared several substitute media for enumeration.
of bacteria in milk. They suggested that media without -ekim
mllk could be prepared which produced colony counts at least as
great as the standard TGEM agar.

Pessin and Robertson (74) compared colony productivity of
five medla wlth that of TGEM medium on 337 samples of raw milk
and 349 pasteurized mili samples., They repdrted that the
greatest colony productivity, particularly for pasteurized milk,
was afforded by a milk-free medlum containing 0.35 percent yeast
extract, 0.5 percent tryptone, 0.1l percent dextrose and 1.,% per-
cent agar, As a result of these studles, Plate Count Agar con-
taining tryptone (a pancreatic digest of casein), yeast extract
and dextrose was officially recommended in 1953 (&) and current-
1y is recognized (9) for the Standard Plate Count of milk,

The role of bacterliologlical peptones in bacterlal growth
has been investigated by many workers., Bowers and Hucker (19)
stated that hydrolyzed caseln served as an excellent source of

nitrogen for bacterial growth, particularly for those organisms
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assoclated with milk. They assumed that the efficlency of
hydrolyzed casein depended upon the large amount of tryptophan
in caseln which became avallable when the casein was hydrolyzed
elther with trypsin or pepsin, Shrader (8l), compared ten milk
plating medla prepared wlth varlious peptones. Peptones were
found to vary in thelr cultural effects and media of different
nitrogen composition were sald to affeect the cultural character-
instics of varlous bacteria, He further stated that bacterlal
culture media must possess the lower nitrogen compounds for
proper growth and that amino aclds in proper concentration were
generally the most important nitrogen compounds for culture
medisa, | —

~ Black (17) reported that 50 different modifications of milk
plating media had been used in comparing the better peptones
generally avalilable for bacteriologlcal use. He concluded that
the better peptones gave comparsble results, Barkworth and
Davis (15) compared various amounts of peptones in media for
the plate count of milk, They reported that, due to the minute
colony size, ease of counting could not be obtained in a medium
containing less than 0.2 percent peptone.

According to Hook and Fabian (46), peptones are prepared

by hydrolysls of proteilns by enzymes, aclds or alkalles. The
composltion of the peptone 1s influenced by many varliables

including the kind of protein hydrolyzed, type of hydrolysis

and extent of hydrolysis. They stated that it was doubtful
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that a standardlzed peptone wopld ever be produced by present
methods, Pelczar and Brown (72), noted that different lots of
the same brand of milk plating agar showed considerable irregu-
larity in colony counts of the same samples of milk, They
devised a reproducible synthetlic medium in dry form which might
serve as a reference standard against which different lots of
peptone medla could be evaluated, These authors concluded that
such a reference medium was needed if the irregular results in-

herent 1n peptone media were to be avoided,

Reaction (pH) of the plating medium

- The literature falled to reveal any comprehensive studles
relating to the influence of the pH of the plating medium upon
the enumeration of thermoduric bacteria in milk. Cooledge, as
cited by Fay (31, p. 352), believed the appearance of pin-point
colonies formed by thermodurics was assoclated with the reaction
| of the plating medlum, The same sample of milk plated on two
media with reactions of pH 6.6 and 7.3, respectively, resulted
in counts of 15,400 per ml., on the former and 317,000 per ml,
on the latter medium, Wilson et al. (103) plated 22 raw milk
samples and 23 pasteurized milk samples on Yeastrel Milk Agar
adjusted to pH levels of 6,0, 6.8 and 7.6. They reported that
for both raw and pasteurized milk, a medium reaction of pH 6.0
was too acid, For raw milk a medium of pH 6.8 was more favor-
able than one of pH 7.6, but for pasteurized milk a medium of
pH 7.6 was more favorable than one adjusted to pH 6.8,
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Nelson (66) studied the effect of media pH upon growth of

pure cultures of Escherichia coll, Pseudomonas aeruginosa,

Streptococcus durans, Micrococcus pyogenes var, aureus and

Bacillus subtilis before and after heat treatment, In general,

the unheated cultures grew on solid media over a much wider pH
range than did the heated cultures. Heat treated S. durans
gave a maxlmum count when the plating medium was adjusted to pH
6.5 to 8.0, while the unheated control gave & maximum count
from pH 5,6 to 9.0.

The effect of pH of the medium in which thermoduric
cultures of streptococcl were heated was investigated by
Iyengar et al. (49)., "The cells were inoculated into tryptone
broth, adjusted to different pH levels, and then heated to 63e
C. for various periods of time. A heating medium at pH &,0
enhanced the survival of cultures after heating at 630 C. for
30 minutes over that obtained in a mgdium at pH 7.0.

The current edition of Standard Methods (9) recommends a
plat;ng hedium of pH 6.9 to 7.1 for the enumeration of thermo-

durlec bacteria in milk by the agar plate method,
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EXPERIMENTAL METHODS
Collection of Samples

Samples of raw mllk, representing can and bulk cooled manu-
facturing grade and bulk cooled grade A supplies, were collected
over a period of one year, Samples were gathered and handled in
an aseptic manner in accordance with Standard Methods (9).
After collection, samples were stored ét.temperatures of 32¢ to
Loe P, for a period not exceeding 24 hours prior to examination,
The 1ndividua1 samples represented elther composites of one ox
more milkings from individual farms or blends of milk from
several farms. A total of 76 samples collected at five process-

ing plants in Iowa were ex&mined.
General Plating and Laboratory Pasteurization Procedures

Except for certain modificatlions necessitated by the
nature of thils study, the plating methods employed were those
outlined in Standard Methods (9). In order to reduce the time
reculred for preparing replicate plates, 1,0 ml, and 10,0 ml,
plpettes graduated in tenths of a milliliter were used., The
1,0 ml, pipettés were used for delivery of 0.1 ml, cuantitles.
The 10,0 ml, pipettes were used for delivery of 1,0 ml, quanti-
tles, A standard plate count at 32¢ C, was made on each milk
sample prior to laboratory pasteurization.

The laboratory pasteurlzation technique employed was the
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complete immersion method of Anderson and Meanwell (10) as
modifled by Clegg et al. (23). Ten ml, of milk were pipetted
aseptically into a sterile 125 x 15 mm, test tube. The tube
was closed with a sterile rubber stopper and was completely im-
mersed in an electrically heated water bath. Pasteurlzation
was accomplished by heating the sample to 62.5 +0.1l° C, and
holding at this temperature for 30 minutes. The time required
for the sample to reach pasteurizatlon temperature was deter-
mined by the use of & pllot tube of milk with an inserted ther-
mometer, This time never exceeded 5 minutes., Immedlately
following laboratory pasteurization, the tube of milk‘was
cooled by complete immersion in ice water. Before pipetting
milk from the tube for preparation of serlal dilutions, the
tube was inverted 12 times, The upper part of the tube was
thoroughly flamed to guard against possible contamination from

the cooling bath.

Determination of the Effect of Time and Temperature

of Incubation upon the Thermoduric Plate Count

Twelve samples of bulk cooled and 20 samples of can cooled
manufacturing grade milk were examined, Following laboratory
pasteurlzation of the milk samples, & single serles of di-
lutions was prepared for each sample. The required number of
plates were prepared from each sample dllution, Plates were

poured with Plate Count Agar (8) adjusted to pH 7.0 +0.1.
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Duplicate plates for each dilution were incubated as follows:
35 C, for 2, 3 and 4 days; 32° C, for 2, 3 and U4 days; 28¢ C,
for 3, U and 5 days; 21°¢ C. for 4, 5 and 7 days and 10¢ G. for
7, 14 21 and 28 days, Plates prepared from seven of the bulk
cooled samples were incubated at the additional temperature of
5¢ €. and colonies werce countgd at intervals up to 131 days,
Temperature varlations did not exceed +1,0° C, durling incu-
bation of the plates,

At the end of each incubatlon perlod, colonies were counted
wlith the ald of a Quebec colony counter and the location of
each colony was marked with ink on the bottom of the plate,
Varlous colored inks were used to designate colonies appearing
after each respective incubation period. Thls system of color-
coding facilitated subsequent isolation and identification of
bacteria relevant to their ability to form colonles during -
incubation,

Extreme care was exercised in counting colonies, In some
instances this possibly led to counting colonles which, due to
thelir minute size, might have been overlooked in routine labor-
atory practice,

The thermodurlc plate counts were computed by arithmeti-
cally averaging colony counts on duplicate plates and multiply-
ing by the reciprocal of the dilution used (9). Except vhere
noted, only plates having 30 to 300 colonles were selected for

counting. 1Incluslon of plates showlng less than 30 colonles
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was necessary particularly for plates incubated at the lower

temperatures,

Determination of the Effect of Various Bacteriologlcal
Peptones in the Plating Medium upon the Thermodurle

Plate Count

Ten samples of bulk cooled grade A milk, ten samples of
can cooled manufacturling ‘grade milk and six samples of blended
bulk and can cooled manufacturing grade milk were examined,
Following leboratory pasteurization of the milk samples, a
single serles of dilutlons was prepared for each sample, The
reqguired number of plates were prepared from each sample di-
lution. Duplicate plates for each dilution were poured with
each of seven medle prepared wlth various bacteriolqglcal
peptones.

With the exceptlon of the type of bacterlologleal peptone
used in formulation, the composition of all media was identical
to that of Plate Count Agar as outlined in Standard Methods
(8). Tne bacteriologlcal peptones used were as follows:

I. Bacto-Tryptone, B-123 (pancreatic digest of casein)

II. N-Z-Amine Type AS (pancreatic digest of casein)
III, N-Z-Amine Type YT (enzymatic digest of casein)
IV, Edamin (lactalbumin hydrolysate)
V. Soy Peptone Powder (enzymatic digest of soybean meal)

VI. N-Z-Case (tryotic digest of casein)
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VII. Hy-Case SF (acid hydrolysate of casein)
Bacto-Tryptone, B-123, the recommended peptone for Plate Count
Agar, was obtained from Difco Laboratories (26). The other
bacteriologlcal peptones were obtalned from Sheffleld Chemicall
Analyses of these, as supplled by Sheffleld Chemlcal, are
given in the Appendix, Plates were lncubated at %2¢ C, The
colonies were counted after 2, 3 and 4 days.of incubation,
Colonles were counted and marked in the same manner es outlined

previously (p. 30).

Determination of the Effect of pH of the Plating

fedium upon the Thermodurlc Plate Count

S1x samples of bulk cooled grade A mllk, slx samples of
can cooled manufocturing grade milk and six samples of blended
bulk and can cooled manufacturing grade milk were examlned,
Following laboratory pasteurlzation of the milk samples, a
single serles of dilutions was prepared for each sample. The
reouired number of plates were prepared for each sample di-
lution., Duplicate plates of each dilution were poured with
each of five Plate Count Agars (8) adjusted to final pH levels
of 6.5, 7.0, 7.5, 8.6 and 9,1, The six laboratory pasteurized

samples of bulk cooled grade A mllk were plated using Plate

lSheffield Chemlcal Comvany, Inc,, Division of National
Dalry Products Corporation, Norwich, N. Y,
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Count Agars adjusted to additional pH levels of 5.6 and &.0,

All media were prepared from the same lot of dehydrated
base medlum. Except for the variation in pH, the media were
ldentical in composition and method of preparation. A Beckman
po‘centiometerl was used for making all pH determinstlons., Ten
percent solutlions of NaOH or HCl were used in adjusting the pH
of the media prior to autoclaving; The final pH of each medium —
was determined just prior to plating at a temperature of U5e C,
in accordance with Standard Methods (9). Storage, melting aﬁd
tempering did not cause the final »H of any medium to vary by
more than 0,1 pH unlt from the level to which it had been ad-
Justed.

Plates were lncubated at 32°¢ C, and colonles counted after
2, % and Y days of incubation., OColonles were counted and

marked in the same manner as vreviously outlined (p. 30).
Characterization of the Thermoduric Flora

¥1llk samples showlng a wilde varlation as well as some of
those showlng no varletion in thermodurlc count as & result of
the varlous plating procedures were selected for bacterial
flora study. Immedlately after the colonles were counted,
representative colonles from sultable plates were plcked into

tubes of sterile 1litmus milk, Colonies were pilcked according

Liodel 96 "Zeromatic",
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to the random sampling method suggested by Harrison (39).

This technique was used in an effort to obtain a truly random
sampling of colonles from each plate, The inoculated tubes of
- litmus milk were incubated at 32° C, for 3 to 5 days, Follow-
ing incubatlion, a loopful of the contents of each tube was
streaked onto plates of TGEM agar (Plate Count Agar plus 0,25%
non-fat milk solids), Surface colony characteristics were
no?ed on the streaked plates after incubation for 72 hours at
320 C,

To assure the 1solation of pure cultures, a single colony
was picked from each streak plate into a tube contalining 5 ml,
of sterile litmus milk, These tubes were lncubated at 32¢ C.
and the reaction noted at intervals over a li-day period; TGEM
agar slants were inoculated from the litmus milk tubes and incu-
bated at 32° C. for 24 hours, Immediately following incubation
smears were prepared from the slants, stailned, using Hucker's
modification of the Gram stain (85), and examined microscopi-
cally,

A total of 1272 pure cultures of thermoduric bacteria were
1solated. - The 1solates were preliminarily classifled into
genera on the basls of cell morphology, Gram stain, reaction in
litmus milk and colony characteristics., An attempt was made to
verify the genus classiflication and to classify some of the
isolates into species by addlitlonal testing of representative

lsolates, Further cultural and blochemical testlng procedures
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used were esséntially those outlined in the Manual of Micro-
biologlcal Methods (85)., Unless otherwlse stated, tests were
carried out at 32¢ C,

Representative streptococcl were tested for production of
ammonia from arginine according to the method of Niven et al.
(68),t£roduction of acid from mannitol, growth at 10° ¢. in
tryptone glucose yeast broth (9) and production of acid in
litmus milk at 10° and 45 C,

Representative micrococci were tested for production of
acld from glycerol and glucose, ability to utilize NHYHoPOL
as the sole source of nitrogen (21) and catalase production
on Plate Count Agar slants.

Representative microbacteria were tested for liquefaction
of gelatin within 7 days at 28°¢ C., catalase production on
Plate Count Agar slants, growthlin tryptone glucose yeast
broth (9) at 37° C., and hydrolysis of starch within 7 days.

Representative cultures of bacteria prelimigérily classi-

fled as belonglng to the Arthrobacter genus were tested for

growth on Plate Count Agar slants at 37° and 10¢ C,, production
of catalase on Plate Count Agar slants, fermentatlon of glucose,
growth 1n Plate Count Agar deep shake cultures and gelatin

liquefaction at 21e C, Motility was determined by the hanging

drop method on 12 and 24 hour cultures grown in tryptone

glucose yeast broth (9). Spore production by these bacteria

- was tested at intervals over a 30-day perlod on Plate Count
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Agar and Tomato Julce Agar (26), Cells were stained using
Conklin's modification of the Wirtz method (&5).

Representative lactobacllll were tested for fermentation
of lactose, maltose, fructose, sucrose and glycerol, catalase
production on Plate Count Agar, llquefactlon of gelatin and
growth in Plate Count Agar deep shake cultures, -

No cultural or blochemical tests, other than reaction in
litmus milk, Gram-stain, cell and colony characteristics, were
conducted on the spore-bearing rods. Also, no further testing
‘was carried out on a few Isolates which could not be catego-

rized to genus after preliminary testing.

Effect of the Various Plating Procedures upon the
Recovery of Pure Cultures of Thermoduric Bacteria

Before and After Laboratory Pasteurization

Four isolates, representative of the predominant genera of
thermodurlc bacteria found, were selected for this portion of

the study. These cultures were classifled as Microbacterium

lacticum, Micrococcus varians, Streptococcus sp. and Ar-

throbacter sp, Stock cultures, from TGEM agar slants, were

inoculated into sterile litmus milk and incubated for 24 hours
at 32¢ C, One ml, of the litmus mllk culture was added to 100
ml, of sfterlle reconstituted skim milk containing 10 percent

non-fat milk golids, After the mixture was thoroughly shaken,

10 ml. were transferred to a sterile test tube for laboratory

pasteurlzation.
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A gingle serles of dilutions was prepared for both the
pasteurized and non-pasteurlzed cultures. The recuired number
of plates were prepared from each culture dilution. Duplicate
plates of each dilution were poured with each of the seven
"peptone" media (p. 31) and each of the seven "pH" media (p.
32)., These plates were incubated at 32¢ C. and colonies
counted after 2, 3 and 4 days incubation, Replicate plates,
prepared at the same time for both pasteurlzed and non-pasteur-
1zed cultures, were poured with standard Plate Count Agar,
Duplicates of each dllution were lncubated at 35° G, for 2, 3
and 4 days, 32 C. for 2, 3 and U4 days, 28° C, for 2, %, L4 and
5 days, 2l C. for 3, 4, 5 and 7 days and 10° C. for 7, 14, 21
and 28 days,

A portion of.the non-pasteurized dilﬁted culture was re-
frigerated at 3%8° to 40° F. for 24 hours, shaken thoroughly
and 10 ml, transferred to a sterlle test tube for laboratory
vasteurlzation, Agaln, both the pasteurized and non~-pasteur-

1zed diluted cultures were plated and ilncubated as outlined

above for non-refrigerated cultures,
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RESULTS

The presentation, in concise mathematical form, of a
summary of data developed from a study of this type offers
many problems, The effects of different plating procedures on
the mixed flora of milk are so diverse and the results obtained
so extreme that 1t 1s difficult to reduce themlto terms that
wlll portray thelr true significance. To state, for example,
that a certaln time and temperature of incubation will result
in a higher count 90 peréent of the time 1s meaningless if
nothing 1s saild about the magnitude of the increases, On the
other hand, to say that one method shows a higher average count
than another means little unless data are presented to indlcate
whether the higher average count is a result of many small
lncreases or a few increases of large magnitude. Finally, a
discusslon of the effects of various nlating procedures upon
counts 1s incomplete unless something can be sald about the
partlcular types of bacteria responsible for the wvarlance in
counts,

éecause of the 1lnadequacy of average flgures alone %o
express the comparative effects of different piating methods,
most of the data are presented on an individual sample basis,
Plate count results and thermoduric flora distribution data

are presented elther in the same table or in adjacent tables
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for easy reference,
Classification of Thermoduric Flora

. It should be emphasized that exhaustive tests were not
conducted on each isolate. As a rule, lsolates were grouped
Into probable genera on the basls of certaln preliminary tests,
Then, more exhaustive tests were performed on representatives

of a given group to verify genus or species classification,

Isolates classified as belonging to the genus Arthro-
bacter showed the followlng characteristics:

Morphology: Rods, generally 0.6 to 0.3 by 0.8 to 1.2 microns,
occasionally up to 5.0 mierons in length, Cells
occur characterlistically in palrs. Ends of cells
are well rounded. Gram-varlable, Gram-negative
cells generally predominate a 2k-hour culture
grown on TGEM agar at 32¢ C, Gram-negative cells
tend to be coccoidal in shape whille Gram-positive
cells tend to be rod shaped; both forms appear
frequently in the same culture. Gram-negative
cells may appear as diplococcl or short rods with
lightly stained centers,

Agar Colonles: Circular, slightly ralsed, entire to slightly
undulating margin, 0.2 to 1.5 mm, in dlameter.
Grey-white to pale cream, butyrous texture,

glistening.
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Agar slant (TGEM agar, 24 hours at 32¢ C,): Usually filiform,
grey-white to pale cream, glistening,

Litmus milk: Alkaline after Y to 7 days, slight reduction at
base of tube, occaslonally slight clearing after
L days, slight flocculent surface growth.

Non-motile.

Non-sporulating.

Catalase-positive,

Growth on Plate Count Agar at 10°¢ and 37e C,

Alkaline reaction with no gas in glucose broth.

Gelatin not liguefled within 2 weeks at 21° C,

Aeroblc growth in Plate Count Agar deep shaké tubes, .

Isolates classiflied as belonging to the genus Mlicro-
bacterium displ%yed the following characterlistics:
Morphology: Small rods occurring characteristically in palrs

or singly, 0,3 to 0,6 by 0.8 to 1.5 microns, In
palrs, the cells tend to form a "V" arrangement,
Gram-posltlve, Granulatlion or uneven staining
is common,

Agar colonles: Circular, convex and entire, Generally less
than 1,0 mm, in diameter. Grey-white to greenish-
yellow on Plate Count Agar., With mllk added to
the Plate Count Agar, colonles tend to be grey-

white., Colonles characteristically appear as

"dew-drops", glistening and slightly transparent,
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Litmus milk: Generally acid with occaslonal coagulation after
7 days.

Catalase-positive,

Gelatin not liguefied after 7 days at 28° C,

Growth at 37° C. varlable,

Starch hydroly:zed,

The characterlstics of the lsolates placed in the genus

Microbacterium agree closely with those listed in Bergey's

Manual (21) for Microbacterium lacticum Orla-Jensen, 191G,

Isolates included 1n the Micrococcus genus digplayed the

followlng characteristics:

Morphology: GCocci, 0,6 to 1,2 microns in dlameter, occurring

| in pairs, irregular clusters and occasionally in
tetrads, Cells occasionally slightly elongated,
Gram-positive %o Gram-variable.

Agar colonles: Circular, convex and entire, occasional rough
forms, 1,0 to 2.0 microns in dlameter. Pale
yellow to bright yellow, occasionally white,

Litmus milk: Generally acld, sometimes with weak coagulation
or proteolysls after 7 days.

Acld produced from glucose. Fermentation of glycerol varilable,

Utilizatlon of KHyH»-POy as sole source of nitrogen variable,

CSatalase posltive.

No attempt was made to classify the micrococcl into
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specles. However, on the basis of the few tests that were
conducted, a majority of these lsolates appeared to‘%lbsély

resemble Micrococcusg varlans according to the classification

of Abd-El-Malek and Glbson (3),

Isolates placed in the genus Lactobaclllus displayed the

following characterlstics:

Morphology: Rods, 0.4 to 0.8 by 0.6 to 3.0 microns, occurring
in palrs and short chalns. Gram-positive with
granulatlon or uneven staining.

Agar colonles: Circuler, convex and entire, Less than 1.0
mm, in dlameter, White to golden-yellow.

Litmus mlilk:  Acld followed by reduction in the lower portion
of the tube. Coagulation after 4 to 7 days.

Acid from lactose, maltose aﬁd fructose. No acid from sucrose

and glycerol. M

Catalase-negative,

Mlcroaeropnllic growth in Plate Count Agar deep shake culture,

Gelatin not liguefled.

Isolates classifled as belongling to the genus Strepto-
coccusg showed the followlng characteristics:

Horphology: Spherical to ovoid cells, 0,6 to 1.0 micron in
diameter, occurring in palrs to long chalns.
Gram-positive,

Agar colonles: Circular, convex and entlre, occasionally with

slight undulate margins and depressed centers,
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Glistening grey to dull white. Generally less
than 1.0 mm, in dlameter,

Litmus milk: Usually acid followed by reduction and then acid
coagulation within 3% days., Occaslonally coagu-
lated prior to reduction.

Acid produced in litmus milk at 45¢ C. Growth at 10° C. vari-

able,

Ammonia occasionally produced from arginine.

Mannitol occaslonally fermented,

Unidentified 1solates showed the followlng character-

istics:

¥orphology: Rods, curved and filamentous, 0.6 to 1,0 by 1.0
to 4.0 microns, occurring singly, in pairs and
short chains, Gram-positive, Granulation or
uneven staining common,

Agar colonles: Clrcular, convex and entire, pale yellow to
golden yellow, 0,5 to 2.0 mm, in dlameter,

Litmus milk: Unchanged after 4 days. Slight reduction follow-
ed by soft cozgulation and proteolysis after 7

days. Yellow sediment common.

Isolates included in the group of spore-bearing rods
gshowed the followlng characteristics:
Horphology: Rods of variable size, usually 0,6 to 1.0 by 1.0
to 4.0 microns, occurring singly, in palrs and

chains, occasionally'showing swollen spores,
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Gram-positive to Gram-variable.

Agar colonies: Large irregular or spreading, white to pale
cream, occasionally transparent.

Litmus milk: Rapld reduction followed by proteolysis., Prote-

olysis sometimes preceded by coagulation,

Effect of Time and Temperature of Incubation

~upon the Thermoduric Plate Count

The thermodurlc plate counts of seven bulk cooled manu-~
Tacturing grade milk samples obtained by incuation of plates
at various temperatures are given in Table 1, The distri-
bution of thermodurlic bacteria in these samples 1s shown in
Table 2,

| For this seyies of samples, colonles were picked only
from plates incubated at 32° C. for 2 days. Consequently,
bacterla responsible for counts obtained at other temperatures
of 1ncubatlon could differ somewhat in pronortionate numbers
and tyves. However, certaln trends or relatlionships between
counts obtalned at the varlous incubation temperatures and
Types of thermoduric bacteria contributing to the counts at
32° C, can be noted.

Referring to Table 1, sample K showed a deflinite increase
in colony count as the nlate incubation temperature was de-
creased from 35° to 28 C, This sample, as shown in Table 2,
contained a thermoduric flora of micrococci and microbacteria.

Sample P, also containing a thermoduric flora of micrococcl
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Table 1. Thermoduric plate counts of bulk cooled manufacturing
grade milk samples obtalned by incubation of plates
at various tilmes and temperatures

Sample Incu- Incubation temperature, °C,

no. bation

(sPC)®  time, 35 32 28 21

days
Count/ml,
K -2 29,000 58,000
(2,b400) R' 120,000
140,000 130,000
5 140,000 160,000
7 170,000
L 2 29,000 43,000
(1,700) a 65,000
68,000 37,000
5 68,000 2,000
7 50,000
M 2 930 13,000
(1,400) Z 20,000
21,000 15,000
5 21,000 18,000
7 18,000
N 2 glt, 000 98,000
(5,700) R 84,000
91,000 gL,000
5 9l 000 94,000
7 100,000
0 2 14,000 21,000
(1,700) ﬁ 22,000
26,000 17,000
5 28,000 20,000
7 22,000

dgtandard Plate Count (X103) at 32¢ C. on raw milk

samples,
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Table 1, Continued
Sample Incu- Incubation temperature, ©°C.
no. bation
(sPC)*  time, 35 32 28 21
days
Count/ml.
P 2 71,000 88,000
(4%,700) z 160,000 -
200,000 130,000
3 200,000 200,000
7 250,000
T 2 950 640
(1,100) 3 550
80 360
5 20 390
7 ﬁ9o
Table 2. Distribution of thermodurlc bacteria in bulk cooled
manufacturing grade milk samples (Table 1) deter-
mined by 1solation from plates incubated at 32°¢ C.
for 2 days
Sample MNo, of Distribution of isolates
no, lso- ‘
lates lilcro- Micro- Strepto- Spore-bearing
bacterla coccl coccl rods
K 11 L 7
L 11 2 9 —
M 11 11
N 9 9
0 12 1 11
P 12 2 10
T 10 10
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and microbacteria, showed the same general trend in count as
did sgmple K. However, the difference between counts obtalned
at incubation temperatures of 35¢ and 32°¢ C. was not as great
with sample P as wifi éample K. At the same time, sample P
contained proportionately fewer microbacteria than did sample
K.

The thermoduric colony count obtalned for sample M at an

incubation temperature of 32¢ C, was aboﬁ%}l& times the céunt
obtained at 3%5° C., The flora of this sé;;lé was found to
conslist entirely of mlcrobacteria as indicated in Table 2,

An incubation temperature of 28¢ (. produced the maximum
thermoduric plate counts for samples L and 0. As indicated in
Table 2, each of these samples contained & thermoduric flora
of streptococel and mlcrococcl with streptococcl belng present
in prOpoftionately greater numbers in both samples. Colony
counts for both samples decreased as the lncubatlon tempera-
ture was increased from 28°¢ to 35° C,

Sample N, containing a thermoduric flora of streptococci
only, gave colony counts of relatively the same magnitude at
all four incubation temperatures,

Cf the seven samples examined in this serles, only sample
T gave a higher thermoduric plate count at 35° C, than at the

lower incubatlon temperatures., The thermoduric flora of this

sample was found to consist entirely of spore-bearing rods,

Thermoduric plate counts of five bulk cooled manufactur-

ing grede mllk samples obtalned by incubation of nlates at
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various times and temperatures are presented in Table 3. The
distribution of thermoduric bacteria in these samples is shown
in Table 4, For this group of samples, colonles were plcked
only from plates incubated at 32° C, However, colonlesappear-
ing on the plates at 2 days were distingulshed from those
appearing at 3 to 4 days of incubation,

As shown in Table 3, an appreclable increase in colony
count wa.s obtalned for samples AG, AI and AJ when the plate
incubation period was extended beyond 2 days, Reference to
Table 4 shows that each of these samples contained a mixed
thermodurlic flora of arthrobacters, mlcrococcl and strepto-
coccl. In each case, arthrobacters predomlnated the 2-day
colony count at 32°¢ C, However, the increase in colony count
after 3 and 4 days of incubation at 320 C. was attributable
primarily to micrococci.

Sample AH, having relatively low thermoduric counts atall
incubation temperatures, interestingly showed a higher colony
count at 35¢ and 28°¢ C, incubatlion than at 32¢ C, This sample
displayed a thermoduric flora of microbacteria, micrococcl and

spore-bearing rods,

It will be noted in Table 3 that sample AK showed no ap-
preclable difference in thermoduric colony counts at the vari-
ous incubation temperatures, The thermoduric flora of thils
sample was found to conslst entirely of micrococcl,

The thermoduric plate counts of ten sampleg of can cooled

manufacturing grade milx obtalned by incubatlion of plates at
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Table 3, Thermoduric plate counts of bulk cooledmanufacturing
grade milk samples cbtalned by incubation of plates
at various times and temperatures

Sample Incu- Incubatlion temperature, °C.
no, bation
(SPC)®  time, 35 32 o8 21
days
_ Count/ml,
AG 2 1£,ooo 13,000
(670) i 26,000 23,000 23,000
27,000 2l ,000 25,000 23,000
5 25,000 23,000
7 2L, 000
AH 2 60 140
(9) a 240 150 320
Lgo 250 70 260
5 00 270
7 330
AT 2 11,000 9,900
(400) E 15,000 16,000 17,000
17,000 16,000 18,000 11,000
5 18,000 12,000
7 ] 12,000
AJ 2 8,700 10,000
(320) Z 15,000 19,000 20,000
17,000 20,000 21,000 18,000
5 21,000 19,000
» 7 20,000
AR 2 . 26,000 27,000
(330) E 29,000 30,000 37,000
29,000 70,000 77,000 26,000
5 28,000 30,000
I 33,000

astandard Plate Count (X10J) at 32¢ C, on raw milk
samples,
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Table 4. Distribution of thermoduric bacterla in bulk cooled -
manufacturing grade milk samples (Table 3) deter-
mined by 1solatlon from plates incubated at 32° .

Semple Incu- No, of Distribution of isolates
no, bation 1iso-
time,? lates Arthro- Micro- Micro- Strepto- Spore-
days bacters bac- coccl coccl bear-
terla ing
rods
AG 2 13 9 1
3-4 5 1 ?L
AH 2 12 5 2 5
-t 5 3 e
Al 2 10 7 1 1 1
34 5
AJ 2 11 9 1 1l
3=k 5 5
AK 2 12 12
3-4 5 5

8Time at which colonies had developed on plates,

varlous times and temperatures are summarlzed in Table 5, The
distribution of thermoduric bacteria in these samples 1s shown
in Table 6, By comparing the two tables it can be seen that
diffe;;nces among colony counts at the various incubation
temperatures for any one sample was generally attributable to
the heterogeneous thermoduric flora of the particular sample.
At the same time, lncreases in colony counts obtalned by
extending the nlate incﬁbation perlod were sometimes the result

of fallure of certaln thermoduric types to produce colonies at

S
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Table 5. Thermoduric plate counts of can cooled manufacturing
grade mllk samples obtained by incubatlion of plates
at varlous tlmes and temperatures

Semple Incu- Incubation temperature, °C.
no, batlon
(SPC)2  time, 35 32 28 21
days
Count/ml,
DA 2 1,200 1,700
(5,300) E 1, ,500 1,900 1,900
1,500 2,000 2,000 1,700
5 2,000 1,900
7 2,000
DB 2 19,000 56,000
(1,600) R 63,000 62,000 84,000
,000 63,000 &l 000 72,000
5 gl-,000 82,000
7 &L, 000
DC 2 23,000 29,000
(3,800) & 26,000 36,000 i7,ooo
28,000 76,000 000 26,000
5 L} 000 31,000
7 35,000
DD 2 6, %00 9,000
(3%0) a 8,500 9,700 11,000
9,100 9,800 11,000 8,600
5 11,000 9,200
7 3,500
DE 2 11,000 12,000
(1,600) R 12,000 12,000 12,000 :
12,000 12,000 12,000 13,000
5 12,000 13,000
7 13,000

agtanderd Plate Count (X103) at 32¢ C, on raw milk
sample,
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Table 5. Continued

Sample Incu- Incubation temperature, °©C,
no. bation
(SPC)®  time, 35 32 28 21
days
Count/ml,
DF 2 5,200 7,400
(4g,000) a 6,900 11,000 15,000
7,100 11,000 16,000 19,000
5 : 16,000 24,000
7 25,000
DG 2 200 70
(1,600) 3 400 10 550
430 630 5;0 gzo
5 570 10
7 540
DH 2 15,000 19,000
(180) ﬁ 17,000 22,000 23,000 :
18,000 22,000 2k, 000 19,000
5 2L, 000 23,000
7 2L, 000
DI 2 13,000 18,000
(390) ﬁ 17,000 19,000 21,000
17,000 19,000 21,000 17,000
5 21,000 19,000
7 20,000
DJ 2 550,000 1,000,000 -
(16,000) Z 780,000 1,200,000 1,200,000
870,000 1,200,000 1,200,000 §10,000
5 . 1,200,000 1,100,000
7 1,200,000
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Table 6. Distribution of thermoduric bacteria in can cooled manufacturing
grade milk samples (Table 5) determined by isolation from plates
incubated at various times and temperatures

Sample Incu- Incu- No. of Distribution of isolates
no. bation bation iso-
temp., time,& lates Arthro- Lacto~ Micro- Micro- Others
°C. days bacters ba- bac- cocel
cilli  teris
DA 32 2 10 3 3 4P
3 3 3
D5 35 2 7 1 6
3=4 4 2 2
32 2 5 3 5
3-4 7 1 1 5¢
28 3 & 4 4
DC 35 2 6 2 1 3
3~4 7 7
32 2 8 2 6
3 7 1 5 1
28 3 5 1 3 1d
b A b
DD 35 2 4 1 3
3-4 6 2 4
32 2 10 1 2
3-4 3 3
25 3 6 1 5
Dk 35 29 ¢
32 2 9 9
28 3 9 Q

8lime at which colonies had developed on plales.
be . : .

Spore-bearing rods.

Co s e s

Unidentified.

dStreptococci.



Table 6.

Continued

Sample Incu- Incu~- No. of Distribution of Isolates
no, bation Dbation iso-
temp., time,® lates Arthro- Lacto- Micro- Micro- Others
°C. days bacters ba- bac- cocci »
cilli teria
DF 35 2 6 3 2 1
3-4 6 6
32 2 8 5 3
3=4 4 4
28 3 6 6
4 b 3 1d
21 A 7 6 1
5 4 L 3
DG 32 2 6 2 4
3=4 4 4
DH 32 2 8 3
3 5 5
D1 35 2 6 6
3 5 5
32 2 9 2 7
3 1 1
WH 3 6 3 3
DJ 35 2 6 6
3 5 5
32 2 13 13
3 2

the shorter incubation times,

Semple DB gave a thermoduric colony count of bg,000 per

ml, at %5e¢ C, for 2 days compared with a count of 8“,000 per

ml, at 28¢ C. for 3 days.

Table 6 reveals that only one-

seventh of the colonles developling within 2 days at 35° C, wvere

microbacteria while half of those developing wlthin 3 days at
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28e C, were microbacterla., The thermodurlc micrococcl in this
sample apparently produced colonles equally well at both incu-
bation temperatures., The lncrease in colony count upon ex-
tended incubation at 35° C, was attributed to both microbac-
terla and micrococcl, However, the increase in count after
extended plate incubation at 32° C, was the result of delayed
growth of unidentified thermoduric bacteria in addition to
mlcrobacteria and micrococel,

Sample DC was the only sample in this study from which
thermodurlc lactobacilli were isolated, Table 5 shows that
the thermodurlc colony count for thlis sample increased upon
extended incubation at each lncubatlon temperature. Although
thls sample contained qulte a heterogeneous thermoduric flora
(Table 6), the increase in colony count upon extended plate
incubation at 35°, 32° and 28° C. was due almost entirely to
lactobacilll, It should be noted also that lactobacilli ac-
counted for none of the colonles appearing on plates incubated
for 2 days at 35° or 32¢ C, Only one-fifth of the colonles
appearing on plates incubated at 28° C. for 3 days could be
attributed to lactobacilli,

Nelther temperature nor time of incubatlion appeared to
influence the thermoduric colony count for sample DE (Table
5). As shown in Table 6, thls sample contained a thermoduric

flora comprlsed entirely of bacteria of the Arthrobacter genus.

The thermoduric colony count for sample DF increased as

the plate incubation temperature was decreased from 35° to 21e
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C. The thermoduric flora of thls sample consisted essentlally
of mlcrobacteria, micrococei and arthrobacters, Table 6 shows
that, as the plate lncubatlon temperature was decreased,
microbacteria accounted for a greater portion of the first
colonies to appear on the plates. Appreciable increases in
colony count also were obtained for sample DF when the incu-
bation time at the‘various Temperatures was prolonged. At
incubation temperatures of 3%5°, 32° and 28° C, the'increase in
count wlth extended incubation was attributable egsentlially to
microbacteria, However, at the 21° C, incubation température
the increase in count upon extended nlate incubation vas due
primarily to micrococci.

Colonies requiring longer than 2 days to appear on plates
for samples DG and DH at %2¢ C. incubation and for sample DI
at 35 C, incubation were found to be produced by mlcrobac-
terla, HMicrococel in these samples were capable of forming
colonies within 2 days at the incubatlon temperatures of 35e
and 22e C,

Sample DJ gave.a substantially higher thermoduric colony
count at a plate incubation temperature of 3%2¢ C. than at 35e
C.(Table 5), The colony count obtalned at each temperature
was attributable to micrococecl., However, 1t should be pointed
out that, on the basls of the limlted tests performed on these
isolates, the predominant flora on plates at 35°¢ C. differed
in several respects from the flora predominating at 32¢ C, In-

sufficlient tests were performed on these isolates to vermit
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classification to specles,

The average dlstribution of thermoduric bacteria in
samples DB, DC, DD, DF and DI 1s presented in Table 7. Colony
development by the thermoduric microbacterla was enhanced at
the lowgr incubation temperatures, Only 17.2 percent of the
colonles that formed on plates incubated at 35° C. for 2 days
were microbacteria. Of the colonylcounts obtalned at 32¢ C,
for 2 days and 28° C, for 3 days, 25;6 and 45,2 percent, re-
spectively, were attributable to microbacteria. Microbacteria
also accounted for an eppreclable share of the colonies de-~
veloping on plates after extended incubation at 35e, 32¢ and
28e €., The increase in the nortion of the colony count at-
tributable to microbacterla ag the incubation temperature was
decreased was accompanled by an increase in total thermodurilc
colony count,

Table 7 shows that thermoduric lactobacilll were slow in
forming colonles at both 35e and 32° €, incubation. None of
the colonles formed at 2 days of incubatlon at 35¢ and 3%2¢ C.
were attributaﬁle to lactobacilll, However, an appreciable
number of the colonles developlng upon extended plate incu-
bation at 35¢ and 32° C, were the result of growth of lacto-
bacillli, There was some indication that these bacterla were
capable of producing colonles after 3 days of incubation at
28 C., but colony development was favored by extended incu-
bation even at this temperature,

Micrococcl and microbacteria accounted for a major portion



Table 7. Average distribution of thermoduric bacteria in five samples® of can

cooled manufacturing grade milk as affected by time and temperature
of plate incubatlion

Incu- Incu~ Aver- No. of Distribution of isolates, %
bation batiog age iso- )
temp., time, thermo- lates  Arthro~  Lacto- Micro- Mlcro- Others
°(C, days duric bacters Dbacilll Dbac- coccl
count teria
per ml,
35 2 19,000 29 | 17.2 0.0 17.2 65.6 0.0
3l 25,000¢ 28 0.0 25,0 53.6 21,4 0.0
32 2 24,000 43 L, 0.0 25.6 69. 0.0
3l 2¢.000¢ 22 u.Z 22.7 32.4 13.2 22,74
28 a 34, 000 31 0.0 3,2 4s.2 hg .l 3.2°
35,000 8 0.0 50.0 37.5 0.0 12,5¢€
10 7-28 24,000° 30 13.3 0.0 4z.3 43,3 0.0

89

4samples, DB, DC, DD, DF and DI.

bTime at which colonles had developed on plates,
CAverage count at maximum incubation time, S
dynidentified.

€Streptococci.
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of the colonles which appeared on plates within 28 days at 10e
C. It is nbteworthy that the average thermodurlc colony count
after 28 days at 10° C,, for samples included in Table 7, ap-
proximated the average count obtained at 25°¢ C. for 3 days
and 32¢ C. for 2 days.

The thermodurlc counts of ten samples of can cooled manu-
facturing grade mllk obtailned by incubation of plates at vari-
ous tlmes and temperatures are summarized in Table 8, The
dlstributlon of thermoduric bacteria in these samples is pre-
sented in Tgble 9, Sample DL showed no appreciable difference
in thermoduric dolony count at plate incubation temperatures
of 350, 32¢, 28° and 21° C.. Extended incubation of piafes
falled to materlally increase the colony count at each of the
four incubation temperatures., Thls sample contalned a thermo-
duric flora consisting entirely of micrococcl as indicated in
Table 9.

The thermoduric colony count obtained for sample DN at an
lncubation temperature of 3%5°¢ C. was approximately ten percent
of each count obtalned for thls sample at 32°¢, 28°¢ and 21e¢ C,
Examination of Table 9 shows that, while micrococcl were the
only thermoduric bacteria recovered from plates incubated at
350 C,, microbacteria were prominent among the thermoduriec

flora on plates 1ncubated‘at the lower temperatures, Even the

micrococcl in.thls sample preferred the lower incubation temper-

atures as evidenced by thelr delay in forming colonles at 35°
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Table 8., Thermoduric plate counts of can cooled manufacturing
grade milk obtalned by incubation of plates at
various times and temperatures

Sample Incu- Incubation temperature, °C.
no,. bation o
(SPC)®  time, 35 32 28 21
days
Count/ml.
DK 2 260 300
(1,100) i Lo 540 630
4g0 560 710 280
5 710 630
7 930
DL 2 20,000 19,000
(17,000) Z 20,000 20,000 21,000
20,000 20,000 22,000 19,000
5 22,000 20,000
7 21,000
DM 2 10,000 13,000
(420) E 12,000 15,000 17,000
12,000 15,000 17,000 14,000
5 17,000 16,000
7 17,000
DN 2 130,000 1,500,000
(10,000) z 160,000 1,600,000 1,800,000
180,000 1,600,000 1,900,000 1,800,000
5 1,900,000 1,900,000
7 1,900,000
DO 2 180,000 310,000
(3,4%00) 2 180,000 310,000 370,000
180,000 310,000 %70,000 360,000
5 370,000 360,000
7 260,000

&gtandard Plate Count (X10°) at 32¢ C. on raw milk
samples,
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Table 8, Continued
Sample Incu- Incubation temperature, °C.
no, batlion
(SPC)®  time, 35 32 28 21
days
Count/ml
DP 2 290,000 360,000
(3,100) E 300,000 390,000 370,000
700,000 390,000 380,000 250,000
5 380,000 90,000
7 10,000
DQ 2 37,000 69, 000
(200) ﬁ 52,000 81,000 gl, 000
55,000 g4, 000 89,000 63,000
5 91,000 87,000
7 95,000
DR 2 7,000 68,000
(1,500) Z 2,000 79,000 81,000
| 67,000 gL, 000 87,000 16,000
5 88,000 72,000
7 g4, 000
DS 2 22,000 65,000
(6,600) z 55,000 1&0,000 150,000
90,000 140,000 220,000 78,000
5 250,000 150,000
7 20,000
DT 2 2,400 2,400
(1,400) 2 2,600 2,4%00 2,500
2,700 2,500 2,600 2,500
5 2,600 2,600
7 2,600
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Table 9. Distribution of thermoduric bacteria in can cooled manufacturing
grade milk samples (Table 8) determined by isolation from plates
incubated at various times and temperatures

Sample Incu- Incu- lo. of Distribution of isolates
no. bation bation iso-
temp., time,® lates  Arthro- Micro- Micro- Unidenti-
°C. days bacters bac- coceil fied
teria
DL 35 2 10 _ 10
32 2 10 : 10
25 3 10 10
21 4 10 10
DN 35 2 10 : 10
3-4 5 5
32 2 10 5 5
28 3 10 6 4
21 4 10 & A
DG 25 2 10 10
2 2 10 10
23 3 10 10 \
2 4 10 10,
DR 35 2 5 2 3
3 5 5
32 2 5 2 6
3 2 2
28 3 ¢ 3 6
21 4 5 5
-5 5 5
b5 35 2 5 2 3
3 5 4 1
32 2 5 2 3
3 5 4 1
28 3 5 3 2
/+ 0 7
21 4 5 1 4
5-17 10 G 2

&'ime at which colonies had developed on plates.
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C. plus the apparent increase in colony count attributable to
them at 32, 2&e and 21° C.

Sample DO dld not show an increase in thermoduric colony
count at any of the four incubation temperatures upon extenslon
’of the plate incubation time., However, the count obtained at
an lncubation temperature of 35° C. was approximately half that
obtained at the lower temperatures, Table 9 indicates that
thls sample contained a thermoduric flora consisting wholly of

bacteria of the Arthrobacter genus.

Differences in thermodurlc colony counts obtalned at the
various ‘incubation temperatures for sample DR (Table 8) were
attributed to unidentifled organisms, These bacteria were slow
in forming colonles, especlally on plates incubated at 35° and
2le C. as indicated in Table 9,

Sample DS gave a substantial increase in colony count as
the plate incubation temperature was lowered from 35° to 28e¢
C. and as the incubatlon period was extended at each of these
Temperatures., Thls sample contalned a thermoduric flora com-
posed of microbacteria and micrococcl, Colony productivity by
both the micrococcl and microbacteria was increased at the
lower incubation temperatures and colony production by the
microbacteria was particularly enhanced by prolonged incubation
at all temperatures.

The average distribution of thermoduric bacterla in
samples DL, DN, DO, DR and DS 1s summarized in Table 10,

Arthrobacters accounted for a rather constant percentage of



Table 10, Average distribution of thermoduric bacterlia in five samples® of can
cooled manufacturing grade mllk as affected by time and temperature
of plate incubation

Incu- Incu- Aver- No, of Distribution of isolates, %
bation batiog age iso-

temp., time, thermo-~ lates Arthro- Micro- Micro- Unidenti-

°oC. days duric bacters . bac- coccl fled

count teria
per ml,

35 2 78,000 4o 25.0 5.0 62.5 7.5

3L 107,000¢ 15 0.0 26.7 40.0 33.3

32 2 90,000 43 23.2 16.3 46.5 14,0

3 z3o:ooo 7 5.0 57.1 14,3 28 .6

28 z 180,000 N} 22,7 20.5 43,2 13.6

540,000 7 0.0 100.0 0.0 0.0

21 L 450,000c Lo 25,0 17.5 57.5 0.0

5-7 520,000 15 0.0 553 13.3 33.3

|

1

19

8gSamples DL, DN, DO, DR and DS.
brime at which colonies had developed on plates..

CAverage count at maximum incubation time,
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the thermodurlc colony count obtained at incubation tempera-
tures of 35°¢, 32°, 28¢ and 21° C, However, these bacteria did
not contribute to increases in colony count upon extended
plate incubation at the four temperatures.

Only 5 percent of the thermoduric colonies produced on
plates incubated at 35°¢ C, for:2 days were attributable to
microbacteria, However, microbaéteria accounted for 20,5 per-
cent of the count obtained at 28 C. for 3% days, The magni-
tude of this difference becomes even greater when it 1s noted
that the average thermodurlc colony count at 35° G; for 2 days
was only 78,000 per ml.-as compared with an average count of
480,000 per ml, @t -28° C. for 3 days. The microbacteria also
contributed substantially to lncreases in fhermoduric colony
counts upon extended plate incubation at the varlious tempera-
tures,

" As indicated in Table 10, micrococel accounted for ap-
proximately ecual portions of the colony count obtalned at 32¢,
28° and 21 C., incubation, Mlcrococcl not only constituted a
majorcbortion of the colony count at 35° C, for 2 days but
also contributed substantially to the increase in count upon
prolonged plate incubation at this témperature. Unldentified
thermoduric bacteria also contributed to inereases in colony
counts obtained after extended plate incubatlon at 350, 3%2e

and 21°¢ C,
The mean thermoduric colony counts of 25 milk samples ob-

talned by incubation of plates at various temperatures and
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times are presented in Table 11, Samples K through T were not
included in this analysls due to incomplete count data, The
mean thermoduric colony counts obtained after 2 days of incu-
batlion at 35° and 32°¢ C, were 31,0 and 73.7 percent, re-
spectively, of the mean count obtained at 28e C. for 4 days.
Although the count increased upon prolonged incubation at 35°
and 32°¢ C,, the maximum count obtained at each of these temper-
atures was appreclably lower than that obtalned at 28¢ C, for
I days,

The maximum mean count was obtalned after 7 days of incu-
bation at 21l° C. as well as at 28° C, for 4 days, The mean
thermoduric count obtalned at 10¢ C., for 28 days exceeded the
mean count at 35° C, for 2 days and was almost half of the
maximum mean count obtained at 28°¢ C., for 4 days., However, as
indlcated in Table 11, thermoduric bacterlia, on the average,
were slow in forming colonies at a plate incubatlon temperature
of 10e° C,

Thermodurlc bacterla rarely formed colonies on plates
lncubated at 5¢ C, prior to 21 days of incubation, Even after
130 days of incubation at 5° G, the thermoduric count rareliy
exceeded 10 percent of the count obtained at 28 C. for U days,
No attempt was made to identify thermoduric bacterla which
formed colonies at 5° C. but colSny characteristics indicated
that a merjoirlty of these were probably micrococcl,

Analysils of variance (84) of thermodurlc counts showed

that counts obtained after 3 days of incubatlon at 35e, 32e



Table 11, Mean thermoduric plate counts of 25 samples of
manufacturing grade milk obtained by incubation
of plates at various times and temperatures

Incu- Incubatlion temperature, ©C, -

bation

time, 35 32 28 21 10

days

2 59,000 140,000
(31.0)% (72.7)
3 74,000 160,000 180,000
(38.9) (8k.2) (9k.7)
L 81,000 160,000 190,000 150,000
(42.6) (84,2) (100,0) (78.9)
5 190,000 120,000
(100.0)  (9k.7)
7 190,000 2lo
(100.0) (0.1)
14 6,400
(3.4)
2l 52,000
) (27.4)
28 81,000
(42.6)

8percent of the mean count obtained at 28e C., for 4 days,
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and 28¢ C., were significantly different (P < 0.01). The same
significant difference was obtained when counts after 4 days
at 350, %2¢ and 28° C. were compared, Thermoduric counts ob-
Tained by incubating plates at 35° C, for 2 days wére signi-
flcantly lower than counts obtained at 32¢ C, for 2 days (P<
0.01).

Effect of Various Bacteriologlcal Peptones in the

Plating Medium upon the Thermoduric Plate Count

The thermoduric colony counts of ten samples of grade A
milk obtained with media containing various bacteriological"
peptones are presented in Table 12, Most samples showed a
slight varlation in colony count with the various "peptone'
medla, However, the varlation in count wasg slight and was not
consldered to be significantly different for any one medium
when compared agalnst the others,

With the possible exception of sample EB, an increase in
colony count was obtalned with each medium when the plate incu-
batlon period was extended beyond 2 days., Sample EB contailned
a thermodurlc flora consisting entirely of micrococci. Al-
though no study of the thermoduric flora of the other grade A
samples was made, colony characterlstics indlcated that the
flora was predominantly spore-bearing rods,

The thermoduric colony counts of ten manufacturing grade
samples obtained with medla containing various bacteriologlcal

peptones are summarized in Table 13, The distribution of
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12. ‘Thermoduric plate counts® (32" C.) of grade A milk samples
obtained with media containing various bacteriological

peptones

Sample lncu-

Bacteriological peptone'

no. , bation
(s2¢)°  time, Bacto- N-Z- N-Z- Edamin Soy N-Z-  HY-
days Tryptone Amine Amine Peptone Case Cnse
Type Type Pouder SF
AS YT
Count,/ml.
DU 2 - 500 260 370 390 520 330 230
(1) 3 570 410 440 510 560 510 350
4 620 460 450 510 590 610 400
Dv 2 170 110 120 140 120 150 130
(r7) 3 250 160 160 190 150 160 190
4 260 180 160 210 160 70 200
DW 2 40 10 10 30 30 20 10
(4) 3 50 20 20 30 30 20 60
4 50 30 20 30 30 20 60
DX 2 5.0 520 350 400 410 510 450
(13) 3 590 560 390 460 440 530 500
4 620 580 420 460 460 530 520
DY 2 50 60 50 30 40 30 20
(58) 23 20 70 60 110 60 60 30
A 110 7 60 112 70 70 30
Dz 2 20 40 L0 30 30 20 40
(5) 3 50 70 70 30 50 30 70
4 60 30 30 80 50 30 70

a . . . . T
1:10 dilution plates having less than 30 colonies
included for those samples showing counts of less

O3tandard flate Count (X103) at 32° C. on raw milk

per plate were
than 300 per ml.

sample.
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lable 12. Continued

Sample Incu- Bacteriological peptones
mo, 4 bation
(8PC) ¥ time, Bacto~ N-Z- N-Z- Edamin Soy N-zZ-  HY-
days Tryptone Amine  Amine Peptone Case Case
Type Type Powder SF
AS YT
Count/ml.
EA 2 270 260 340 300 280 260 270
(14) 3 300 300 360 340 200 300 320
4 300 300 360 350 310 320 320
EB 2 46,000 46,000 43,000 46,000 45,000 45,000 46,000
(86) 3 46,000 46,000 43,000 46,000 45,000 46,000 46,000
4 46,000 46,000 43,000 46,000 45,000 46,000 46,000
EC 2 7,400 7,200 7,100 7,100 7,300 7,800 8,100
(52) 3 7,600 7,500 7,600 7,300 7,800 €,300 8,500
4 7,600 7,500 7,700 7,300 7,800 8,400 8,500
ED 2 350 520 430 . 320 330 490 250
(35) 3 430 570 470 350 410 560 360
4 450 610 490 390 410 590 360

thermoduric bacteria in some of the samples is presented in
Table 14, Samples EH and EJ showed conslderable fluctuation in
colony count with the various "peptone" media, Each of these
samples contained a thermoduric flora essentially comprised of
arthrobacters and mlcrococcl, The lowest colony counts for
both samples were obtained with media prepared with N-Z-Amine
Type A4S and Edemin, Examination of Table 14 reveals that bac-

terla of the genus Arthrobacter were absent or contributed

insignificantly to the 2~day colony count wlth both medla,



Tabie 12. Thermoduric plate counte (327 C.) of manufacturing crade milk samples obtained with

32
media containing various bacleriolesical peptones

Sample  incu- sacteriolopical peptone
nO. . pation
(sec)a  time, vacto- =Y Ul bidamin Soy HwZ— Hy-
daye Tryptone Amine Amine revntone Cace Case
Type A tyre YT Jovider SF
i
Count/r1.
BE 2 VALY, 5,700 54,600 7,100 7,500 6,100 7,400
(5,000) 3 5,700 7,100 &,200 &,200 7,000 7,000 g,9200
4 &, 200 o006 5,500 5,400 ,,;LO 7,400 10,000
BF Z 260,000 260,000 270,000 280,000 210,000 287,000
(1,40G) 3 200,000 Z/Q,OO, 220,000 300,000 270,000 210,000
A 290 GQa 300,000 200,000 200,000 280,000 320,000
G 2 3,000 31,000 21,000 30,000 47,000 26,000 40,000
(3,000 3 34,000 32,000 32,004 30,000 42,000 37,000 43,00
A 24,000 22,000 37,000 35,000 42,000 A0,000 44,000
1k 2 1., 60C 2,500 5,200 2,300 4,000 2,200 4,000
(56) 3 &, 300 3,700 8,500 3,700 5,900 5,200 6, 400
, 6,606 3,000 &,300 3,200 6,200 5,800 7,000
Bl 25,000 54,0C0 59,000 58,000 58,005 5¢,000 73,000

(650) 32,000 55, 000 60,000 58,000 5,000 62,000 74,000

3G,000 56, 0G0 61,000 58,000 59,000 62,000 74,000

D N

|

astandard late Count (A103) at 32° C. on raw milk samples

1.



Table 13. Continued
Samplc incu-~ Bactericlogical ventone
NO. vaticn
(sec)a line, sacto- -2~ N-Z- bdamin 50y W-Z- Y-
Gays Tryptone  Amine Amine Peptore Case Casc
Tyve AS Tvoc YT Lowder S
Count,/mL.
EJ 2 13,00¢ 6,506 12,000 6,100 7,600 7,900 7,500
(20,0007 3 11,060 7,500 13,000 6,200 8,800 2,000 11,000
4 12,CC0 7,600 14,5GC 7,100 3,000 7,000 12,000
LK 2 150,000 160,006 150,007 143,000 15C,000 160,000 150,000
(1,400) 3 160,000 176,000 160,000 140,064 160,000 180,000 160,000
160,000 170,000 176,005 140,000 16G,000 180,000 160,000
L 2 ), 200 ,500 7,500 8,400 8,800 8,900 7,990
(540) 3 5,800 &,700 o,lfa 8,600 G, 100 9,000 3,100
4 2,00 &, 700 &, 10U 2.600 9,200 9,000 8,100
Bl 2 L'7,600 300,600 210,000 130,000 240,000 280,000 260,000
(7,300 3 25,000 300,000 210,000 100G, 20 340,000 260,000 260,000
4 26,000 300,000 21,000 100,000 24,000 28,000 260,000
L 2 4,300 16,000 16,000 14,000 14,007 14,000 13,000C
(17/0) 3 12,000 16,000 17,000 14,000 14,009 14,000 14,000
4 13,060 16,000 17,000 1,000 14,007 14,000 14,000

2l
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Table l4. Distribution of thermoduric bacteria in manufacturing grade
milk samples (Table 13) determined by isolation from plates
prepared with media containing various bacteriological

peptones
Sample Bacteri-  Incu- No. of Distribution of isolates
no, ological bation 1iso-
peptoned time,b lates  Arthro-~ Micro- Micro-  Strepto-
days bacters  bac- cocel coceil
teria
EH 1 2 6 3 3
3~4 4 2 2
11 2 5 1 4
3=4 4 3 1
Il 2 7 5 2
3=t 4 2 2
1y 2 7 3 A
3 2 2
VLI 2 6 3 3
3"4 A t{y
BI I 2 6 1 5
3=4 I8 4
11 2 4 P 4
I11 2 6 2 L
v 2 6 2 4
Vil 2 7 3 4
3 1 1

8Bacteriological peptone used in medium: I, Bacto-Tryptone; II,
N-Z-Armine Type AS; 1II, N-Z-Amine Type YT; IV, Edamin; V, Soy-Peptone
Powder; VI, N-Z-Case; VI1, HY-Case SF.

®I'ime at which colonies had developed on plates at 32° C,



Table 14. Continued

Sample Bacteri- Incu- No, of Distribution of isolates
no. ological bation iso-
peptone? time,P lates Arthro- Micro- Micro- Strepto-
days bacters  bac- cocel coccel
teria
EJ I 2 2 5 4
3 1 1
1T 2 8 8
I1I 2 11 3 8
3 2 2
v 2 5 1 4
3 2 2
VII 2 6 A 1 1
3-4 5 1 1 3
i I 2 7 6 1
3 3 3
11 2 g 1 7
III 2 6 — 6
v 2 5 5
) 2 10 1 9
VI 2 g &

VII 2 5 8
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However, these organisms accounted for a major portion of the
colony count obtalned with the other media.

The 2-day colony count for sample EI was approximately
three times greater with medium prepared wlth HY-Case SF than
ﬁitﬁ medium prepared with Bacto-Tryptone, Table 14 reveals
that the difference in count between the two media was due to
the proportionally greater number of mlcrobacteria forming
colonies on phe medium prepane@ with HY-Case SF,

There was practically no difference among thermoduric
colony counts obtained with the various medla for sample EX, .
The thermoduric flora of this sample was composed entirely of
mlcrococel,

As shown in Table 13, the colony count obtained with the
Bacto-Tryptone medium for sample EM was only about one-tenth
that obtained with most of the other medila., The thermoduric
flora of this sample conslsted of streptococcl and micrococci
(Table 14). The medium prepared with Bacto-Tryptone failed
almost enfirely to support growth of the thermodurlc strepto-
cocei in this sample. However, with the exceptlon of the count

obtained wlth the medium contelning Edamin, the colony counts

obtained with the other media were attributable almost entirely

to streptococci, Although it 41d not support growth of
streptococecl, the Edamin medium apparently enhancedmcolony
productlivity by the thermoduric micrococcl,

Table 15 summarizes the thermoduric colony counts of six

samples of manufacturing grade milk obtalned wlth medla



Table 15, Thermoduric plate counts (32° C.) of blended® manufacturing grade milk samples

obtained with media containing various bacteriological peptones

Sample Incu- Bacteriological peptone
no., _ bation -
(sPC)®  time, Bacto- =2~ 11-2- Ldamin Soy . HY-
days Tryptone Amine Amine Peptone Case Case
Type 45 Tvoe YT Pouder SF
Count,/mi.
wU 2 30,000 38,000 65,000 79,000 26,000 100,000 76,000
(3,500) 3 94,000 100,000 02,000 87,000 100,000 110,000 21,000
4 95,000 100,000 94,000 88,000 100,000 110,000 93,000
wy 2 210,000 270,000 240,000 210,000 270,000 250,000 260,000
(6,000) 3 220,000 270,000 250,000 230,000 280,000 250,000 270,000
A 220,000 270,000 250,000 230,000 280,000 250,000 270,000
i 2 190,000 240,000 240,000 200,000 240,000 240,000 220,000
(4,700) 3 20C, 000 240,000 250,000 210,000 250,000 250,000 230,000
4 200,000 250,000 260,000 220,000 250,000 250,000 230,000
OV S 2 36,000 130,000 130,000 50,000 84,000 140,000 100,000
(2,700) 3 100,000 130,000 130,000 92,000 23,000 150,000 120,000
4 100,000 130,0C0 = 140,000 92,000 93,000 150,000 130,000

diiach sample is a blend of can and bulk cooled milk from several farms.

bStandard Plate Count (X103) at 32° C. on raw milk sample.

x

9l



Table 15. Continued

Sémple lncu- Bacteriological veptone
no. bation
(spC)H® time, Bacto- YA REVAS fdamin Soy 34 HY-
cays Tryptone Amine Amine Peptone Case Case
Type AD Type YT Iowder S
Count/ml.
=Y 2 120,000 160,000 170,000 16C,000 190,000 190,000 190,000
(6,£00) 3 190,000 170,000 120,000 170,000 120,000 200,000 200,000
A 20C,00C 170,000 180,000 170,000 120,000 200,000 210,000
RiYA 2 300,000 380,00C 300,000 70,000 360,000 340,000 310,000
(10,000) 3 310,000 380,000 32C,000 270,000 360,000 360,000 320,000
Z, 310,000 320,000 320,000 260,000 360,000 370,000 330,0PO

Ll
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containing various bacteriologlcal peptones., The distribution
of thermoduric bacteria for two of the samples is presented in
Table 16, Samples EV and EZ contained a thermoduric flora
composed almost entirely of micrococcl and streptococecl, The
lowest thermoduric colony counts for both samples were ob-
tained with medla prepared with Bacto-Tryptone and Edamin, Ex-
amination of Table 16 reveals that streptococcl accounted for
an appreclable portion of tﬁe colonlies on medla other than
those prepared with Bacto-Tryptone and Edamin, However, with
the medium confaining Edamin as the bacteriological peptone,
streptococecl apparently falled to »nroduce colbnies. S8trepto-
coccl accounted for only a minor portion of the ecolony count
obtained with the Baéto-Tryptone medium, Micrococcl accounted
for a major portion of the thermoduric colony counts obtained
wlth medla prepared with Bacto-Tryptone and Edamin,

~ The mean thermoduric coloni*counts of 26 milk samples ob-
teined by plating with media containing various bacteriological
peptones are summarized in Table 17, Although variation among
mean counts obtalned with the varlous medla was not great, the
data indicate that Bacto-Tryptone and Edamin media produced
the lowest mean colony coﬁnts. Mean colony counts obtalned
with the other media were similar, especlally after 4 days of
incubation,

Table 18 summarizes the dilstrlbution of thermoduric bac-

Terla in elght samples of milk obtained by plating with medla
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Table 16. Distribution of thermoduric bacteria in manufactur-
ing grede milk samples (Table 15) determined by
isolation® from plates prepared with media contain-
ing various bacteriological peptones

Semple Bacteri- No. of Distribution of 1lsolates

no., ological 1so-
peptone lates Micro-~ Micro- Strepto-

bacteria coccl coccl
EV Bacto-~
Tryptone 7 6 1
N-Z-Amine
Type A8 - 3 3
N-Z-Amine ‘
Type YT 6 6
Edamin 6 6 -
Soy Peptone
Powder 6 3 3
HY-Case SF 6 6
EZ Bacto~ _

Tryptone 6 b 2
N-Z~Amine
Type AS 6 1 2 3
N-Z~-Amine
Type YT 7 1 2 L
Edamin 6 1 5

Soy Peptone
Powder 6 3 3

HY-Case SF 6 .

8411 isolations were made after 2 days of incubation at
320 @, |
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Table 17, Mean thermoduric plate counts (32° C.) of 26
milk samples obtained with media containing
various bacteriologlcal peptones

Incubatlion time, days

Bacterlological
peptone 2 3 h
Bacto~-Tryptone 63,000 68,000 68,000
(Loo,0)a (107.9) (107.9)
N-Z-Amine Type AS 83,000 g6,000 7,000
(131.7) (136.5) (138.1)
N-Z-Amine Type YT 6,000 30,000 g2,000
120.6)— . (127.0) (130.2)
Edamin 65,000 6&,000 69,000
. (103,2) (107.9) (109.5)
Soy Peptone Powder 85,000 886,000 88,000
(134.9) (139.7) (139.7)
N-Z-Case §1,000 87,000 87,000
(128.6) (138.1) (138,1)
HY-Case SF Z9,ooo gk, 000 86,000
125.4) (133.2) (136.5)

8peprcent of the mean count obtained with the "Bacto-

Tryptone" medium at 2 days.



Table 18,

Average distribution of thermoduric bacteria in eight samples® of
‘milk obtalned with medla contalning various bacterlological peptones

Distribution of isolates, %

Bacteri- Incu- Average No. of
ologlcal bation thermo- iso-
peptone time, duric lates Arthro- Micro- Micro- Strepto-
days count bacters  Dbac-~ coccl coccl
per ml, teria
Bacto- 2 95,000 59 12.6 1.7 77.9 6.8
Tryptone 3l 100, 000° 14 14,3 85.7
N-Z-Amine 2 150,000 52 1.8 5.3 70.1 22.¢&
Type AS 34 160,000°¢ 50.0 50.0
N-Z~-Amlne 2 130,000 6l 7.1 k.9 55.7 26.3
Type YT 3=l 140,000°¢ g 25.0 75.0
Edamin 2 100,000 52 7.3 5.4 87.3
3=l 110,000° 100.0
HY-Case 2 140,000 57 12,3 7.0 49,1 31,6
SF 3-4 150,000°¢ & 25.0 25.0 50,0

8&samples EB, EH, EI, EJ, EK, EM, EV and EZ.

bPTime at which colonies had developed on plates incubated at 32e C,

CAverage count at maximum incubation time.

18
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containing varlous bacteriologlcal peptones, The data indi-

cate that bacteria of the Arthrobacter genus preferred media

prepared with Bacto-Tryptone, N-Z-Amine Type YT and HY-Case
SF, The medium prepared with N-Z-Amine Type AS d1d not sub-
stantially support colony productivity by these bacterlia after
2 days of plate incubation.

Table 18 1llustrates the inadequacles of the Bacto-
Tryotone and Edamin medla for supporting growth of the thérmo-
durlec streptococcl, However, these organisms accounted for a
substantlal portion of the colony counts obtalned with media
prepared with N-Z-Amine Type AS, N-Z-Amine Type YT and HY-Case
SF.

Effect of the pH of the Plating Medlum upon

the Thermoduric Plate Count

Table 19 1llustrates the effect of the pH of Plate Count
Agar upon the thermoduric colony counts of blended manufactur-
ing grade mllk samples. Generally, the thermoduric colony
count obtained at pH 8,6 was egual to or exceeded that obtained
at pH 7.0, The thermoduric count for five of the six samples
was greater after 3 days of incubation at oK 9,1 than at pH6,5.
The counts obtalned at pH 7.0 were higher than counts obtalned
at oH 6,5 for all samples in this group. The distribution of
thermoduric bacteria in two of the samples 1s shown in Table
20, Micrococcl accounted for a major nortion of the colony

counts obtained with media of pH 6.5 and 7.0. However,
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Table 19, Thermoduric plate counts (22¢ C.) of blended®

manufacturing grade milk samples obtained wlth
Plate Count Agar at various pH levels
Sample Incu- Plating medium pH
no, b bation
( SPC) g;me, 6.5 7.0 7.5 8.6 9.1
y 8
Count/ml.
EO 2 210,000 300,000 370,000 370,000 220,000
(10,000) 3 220,000 310,000 390,000 380,000 290,000
230,000 310,000 0,000 380,000 300,000
EP 2 110,000 190,000 210,000 190,000 &&,000
(6,800) a 120,000 190,000 220,000 200,000 130,000
120,000 220,000 220,000 210,000 140,000
£Q 2 60,000 86,000 86,000 78,000 37,000
(2,700) R 66,000 100,000 90,000 90,000 53,000
69,000 100,000 91,000 91,000 5k, 000
ER 2 160,000 190,000 240,000 240,000 200,000
(4,700) ﬁ 170,000 200,000 240,000 240,000 220,000
4 170,000 200,000 240,000 250,000 220,000
ES 2 120,000 210,000 250,000 250,000 180,000
(6,000) Z 120,000 220,000 250,000 260,000 200,000
' 130,000 220,000 250,000 260,000 200,000
- ET 2 59,000 80,000 98,000 &5,000 65,000
(3,500) a 2,000 94,000 100,000 9%,000 82,000
68,000 95,000 110,000 395,000 &2,000

8Fach sample 1s & blend of can and bulk cooled milk from
several farms,

bstandard Plate Count (X102) at 32¢ C. on raw milk sample.



gl

Table 20, Distribution of thermoduric bacteria in manufactur-
ing grade milk samples (Table 19) obtalned by
1solation from plates prepared with Plate Count
Agar at varlous pH levels

Sample Plating Incu- No, of _Distribution of lsolates
no, medium bation 1iso-
pH time,& lates Micro- Strepto- Others
days coccl coccl
EO 6.5 2 6 5 1
7.0 2 6 L 2
7.5 2 7 2 4 1P
8.6 2 7 3 I
9.1 2 5 1 L
3 2 2
ES 6.5 2 5 3 2
7.0 2 7 6 1
7.5 2 7 1 6
8.6 2 7 1 5 1°¢
9.1 2 6 1 5
3 1 1

Time at which colonies had developed on plates incubated
at 32¢ C,

barthrobacter sp.

CMicrobacterium sp.
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streptococel were the prevailling thermodurlic bacteria recover-
ed with the alkallne medla, This was especlally true for
sample ES.

The thermoduric colony counts of six samples of manu~
facturing grade milk obtalned with Plate Count Agar at various
pH levels are summarized in Table 21, AThe distribution of
thermodurlc bacteria in these samples 1s shown in Table 22,
‘The maximum colony count for sample FA was obtalned at pH 7:%1
This sample contained a thermoduric flora of arthrobacters,
micrococcl and streptococcl, Bacteria of all three groups
contributed to the colony count at pH 7.5. However, strepto-
coccl were not isolated from medila belbw pH 7.5 and arthro-
bacters apparently did not contribute to counts obtained with
media above pH 7.5. Mlcrocoecl were detected at all levels
except pH 9.1,

The thermodurlc colony count for sample FB fell sharply
with medla above pH 7.5 (Table 21). Examination of Table 22

reveals that bacterla of the Arthrobacter genus dominated the

colony count obtained with media adjusted to pH levels of 6.5,
7.0 and 7.5, However, these organismg were not detected at pH
9.1,whereas, streptococcl comprised a major portion of the
colonies vroduced at pH 9.1,

Approximately egual thermoduric colony counts were ob-
tained with media of pH 7.0, 7.5 and 8.6 for sample FC (Table
21). With media of pH 6,5 and 9.1, however, this sample showed

an apprecliably lower count at 2 days of incubatlon than that



Table 21,

Thermoduric plate counts (32¢ C,) of can cooled manufacturing grade
milk samples obtained with Plate Count Agar at various pH levels

Sample Incubation Plating medium pH
no, time,
(sPC)®  days 6.5 7.0 7.5 .6 9.1
Count/ml,
FA 2 120,000 190,000 240,000 190,000 190,000
(1,800) R 120,000 190,000 2ko, 000 190,000 200,000
120,000 200,000 240,000 200,060 200,000
FB 2 390,000 510,000 530,000 100,000 R&,ooo
(%,200) E E%O’OOO 510,000 540,000 110,000 ,000
0,000 510,000 540,000 110,000 4 000
FC 2 2,000 210,000 220,000 200,000 35,000
(1,300) E 140,000 210,000 230,000 210,000 160,000
160,000 220,000 230,000 210,000 170,000
|
FD 2 23,000 27,000 29,000 16,000 . 9,100
(620) 2 23,000 28,000 29,000 16,000 10,000
2%,000 28,000 29,000 16,000 10,000
FE 2 3,100 3,000 ,800 3,500 3,400
(4,900) R 3’280 3,200 ,000 3,800 3,900
3,400 3,200 It,100 3,900 ,000
FF 2 9,000 12,000 12,000 6,000 1,500
(630) E 10,000 12,000 12,000 6,200 2,700
11,000 12,000 12,000 6,200 2,900

8standard Plate Count (X103) at 72 C, on raw milk sample,

93
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Table 22, Distribution of thermoduric bacteria in manufacturing grade

milk samples (Table 21) obtained by isolation from pia%es
prepared with Plate Count Agar at various pH levels

>

Sample Plating  Incu- No. of Distribution of isolates
no. medium bation  1lso=~
pH time,a  lates Arthro-  Miero- Micro-  Strepto-
bacterz  bac- coccl coccl
teria
Fa 6.5 2 6 1 5
740 2 6 3 kR
75 2 7 2 2 3
3.6 2 6 2 4
Qa1 < 6 6
I'o 5. 5 2 3 S
7.0 2 6 6
75 2 6 6
g.6 2 6 4 1 1
Gl 2 o 1 1 4
FC 6.5 2 2 2 1
3-4 3 B
7.0 2 ; 1 )
Yol 2 K 3
: A 4
D 6.5 2 / £, 3
7.0 2 5 3 1 2
el 2 6 3 3
Fi 740 2 0 L >
FF 740 2 4 2 1 2
3.6 2 o 2 1 1 2
9.1 2 3 il L 1
3 3 1 2

Time at which colonies had developud on plates at 32° C.
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obtained at 2 days at the other pH levels. At the same time,
extended incubatlion of plates prepared with media of pH 6.5
and 9,1 resulted in a substantial increase in colony count,
The thermoduric flora of this sample was predominantly micro-
cocel (Table 22),

Samples FD and FF showed the same trend in colony counts
at the various pH levels (Table 21). For each of these samples
the colony counts obtained with media of pH 6.5, 7.0 and 7.5
were approximately equal but counts at higher pH levels were
substantlally reduced, Examinatlon of Table 22 reveals that
arthrobacters contributed appreciably to the colony counts at
the lower pH levels but were not detected at pH 9,1. Micro-
coccl and strentococcl contributed to the colony count at pH
9.1 for sample FD whlle mierococcl, streptococcl and microbac-
teria appeared to be responsible for the count obtained at this
pH for sample FF,

The thermoduric colony counts of six grade A milk samples
obtained with Plate Ccunt Agar at varlious pH levels are sum-
marized in Table 23, With the exception of sample FK, the
thermoduric flora of these samnles was predominantly spore-
bearing rods. The thermoduric colony ccunt for sample FK re-
mained rather constant over a range of pH 6.5 to 9.1. The
thermodurlc flora of this sample was composed entirely of
micrococecl, No attempt was made to classify these micrococcl
to specles but a limited number of tests indicated that they

constltuted a homogeneous group. No discernible colonles were
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Table 23, Thermoduric plate counts2 (32° C.) of bulk cooled grade A milk
samples obtained with Plate Count Agar at various pH levels

Sample Incu- Plating medium pH

no. vation ) —~

(s£C)°  Lime, 6.5 7.0 745 2.0 §.6 9l
' days

Count,/ml.

]
>
o

530 430 540 620 540 710
3 560 50 550 690 630 730
A 600 L0 550 30 640 - 740

FH 2 400 L70 450 260 200 260
(44) 3 520 550 530 220 310 200
4 590 510 5 350 380 310
Fi Z 180 120 210 220 170 140
(1o) 3 1o 140 22C 250 180 160
4 210 L 260 310 219 170
FJ a 30 100 340 .20 220 250
(21) 2 410 5.0 430 470 250 27
2 60 500 AT 400 400 400
FK 2 37,000 38,000 38,000 28,000 37,000 34,000
(50) 3 77,000 18,000 35,000 18,000 37,000 35,000
A 37,000 1E,000 36, 00 38,000 38,000 35,000
FL 2 100 260 240 200 250 150
(% 3 220 300 500 200 26C 160
A w0 51 310 310 270 160

%1:10 dilution plates havins lece than 30 colonies per plate werc
includec for those samples showing counte of legs than 300 ner ml.

O . - -~ . -~ ey y s P . o
YStandard rlate Count (X19-7) at 32° 0. on raw mily samplec.
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produced with any of the.samples wlth Plate Count Agar at pH
5.6.

Table 24 indicates that the meximum mean thermodurie
colony count of 18 samples was obtalned with Plate Count Agar
at pH 7.5. Insufficlent data were obtained to include counts
on medium of pH 8.0 in the summary table, However, the mean
L-day thermoduric count obtained at pH 8.6 equaled the mean
count obtalned after 2 days of incupation at pH 7.0, Mean
colony counts obtained at the various incubation times with
Plate Count Agar at pH 9.1 were only slightly lower than those
obtalned at pH 6.5,

Table 25 summarizes the average distribution of thermo-
durlc bacterla in nine milk samples obtalned with Plate Count
Agar at various pH levels, Arthrobacters accounted for ap-
proximately equal portlons of the isolates obtained from medila
of pH 6.5, 7.0 and 7.5. However, colony developvment by these
bacteria was restricted at pH 4.6 and entirely absent at pﬁ
9.1,

The number of microbacterlia isolated from samples included
in Table 25 was inadecuate to demonstrate the effect of medium
pH upon their abllity to produce colonies, Micrococcl ac-
counted for an appreclable portion of the mean thermoduric
colony count obtailned at each pH level,

Table 25 reveals that as the pH of the nlating medium

progressively increased from 6.5 to 9.1, the proportionate

share of the mean colony count attributable to streptococcl at
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Table 24, Mean thermoduric plate counts (32¢ C.) of 18
milk samples obtained with Plate Count Agar
at varlous pH levels

Plating Incubation time, days
medium
pH 2 3 o
6.5 Zu,ooo &2,000 86,000
67.3)8 (74.5) (78.2)
7.0 110,000 120,000 120,000
(100.0) (109.1) (109.1)
7. 130,000 130,000 130,000
° %118.2) %118.2) %118.2)
8.6 98,000 100,000 110,000
(89ﬂ1) (90.9) (100.0)
9.1 61,000 30,000 81,000
(55.5) (72.7) (73.6)

8percent of the mean count obtained at pH 7.0 for
2 days.

each pH level also increased. The most drastlic lncrease in the
contribution of streptococcl to the colony count occurred with
an increase in pH from 7.0 to 7.5,

The pH of the plating medium influenced the size of indi-
vidual colonies as well as the thermoduric plate count, Al-

though there were some exceptions, colony size generally was

largest with those medla ylelding the highest count for a
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Table 25, Average dlstribution of thermoduric bacteria in
nine samples® of milk obtained with Plate Count

Agar at various pH levels

Plating Aver- No., of Distribution of isolates, %
medium age iso-
pH ~ thermo- 1lates Arthro- Micro-  Micro- Strepto-
durilc bacters hac- coccl cocecl
countP teria
per ml,
6.5 100,000 R} 26.8 63.4 9.8
7.0 170,000 58 27.6 1.7 5&.7 12,0
7.5 190,000 35 25.8 37.1 37.1
&.6 130,000 39 15.4 7.7 25.9 1.0
9.1 78,000 L3 L7 k1.9 53.5

&5amples EO,-ES, FA, FB, FC, FD, FE, FF and FX,

bplates incubated for 2 days at 320 C,

particular sample,

This was especlally true for samples con-

talning appreclable numbers of streptococcl and microbacteria,.

Although the thermoduric colony count for certaln samples was

not influenced substantially by variance in pH, levels above

pH 7.0 usually produced the largest and most easlly dlscerni-

ble colonies,
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Effect of the Varlous Plating Procedures upon Colony
Counts of Pure Cultures of Thermoduric Bacteria

Before and After Laboratory Pasteurization

Table 26 shows the effect of time and temperature of
plate incubation upon the colony counts of some pure cultures
of thermoduric bacteria isoclated during this study. Approxi-
mately equal colony counts were obtained for an unheated

culture of Arthrobacter sp. DO-31-1 when plates were incubated

for 2 days at 35°, 3%2°, 28° and 21° C, However, colony counts
for the laboratory pasteurized culture showed considerable
variation after two days of incubation at the various tempera-
fures, The pasteurlized culture showed a definlte vreference
for incubation temperatures of 32° and 28° C. when plates were
incubated for two days. The colony count was notlceably sup-
pressed at a plate incubatlion temperature of 35¢ C, Although
the colony count at 21¢ C, for 2 days was aporeclably less than
that obtained at %2¢ and 28¢ C. for 2 days, the count at 21° C,
increased substantially upon extended plate incubation,

Both unheated and pasteurlzed cultures of Microbacterium

lacticum DN-%2-1 falled to produce countable colonles at an
incubation temperature of 35¢ C. Differences in colony counts
obtained at 32°¢, 28¢ and 21° C. for both unheated and pasteur-
1zed cultures were not attributable to differences in incubation
temperature. However, a substantlally higher count was ob-

talned for the refrigerated 4. lacticum culture after pasteuri-



Table 26, ©ffect of incubation time and temperature upon plate counts of pure cultures of
thermoduric bacteria

Laboratory pasteurized count per mi. after

Organism Series?  Incu- Raw nlate incubation for
bation  count?®
temp, , per 2 days 3 days ., days 5 days 7 days
°C. ml,

In thousands:

Arthrobacter sp. 1 35 690 34 3 35
DO-32-1 32 690 400 L20 420
28 750 £10 6510 610 610
21 0 200 50C 500 500 500
2 35 730 36 36 36
32 830 610 610 610
26 750 570 610 610 610
21 340 360 590 600 600 600
Microbacterium 1 35 <1l <l <1l <1
lacticum 32 1,500 1,500 1,600 1,600
Dl-32-1 28 1,400 1,5C0 1,800 1,800 1,800
21 1,500¢ 1,700 1,700 1,700 1,700

ageries 1 cultures were incubated at 32° C. for 24 hours prior to testing while series 2
cultures werc incubated at 32° C. for 24 hours and then refrigerated at 38-40° F. for 2/ hours
prior to testing.

bPRav count at 2 days of plate incubation except where noted. Count did not change with
extended plate incubation.

CRaw count at 3 days of incubation.



Table 26, Continued

Laboratory pasteurized count per ml. after

Organism Incu~ Raw . plate incubation for
bation  count?
temp, , per 2 days 3 days 4 days 5 days 7 days
°C. ml,
In thousands
Microbacterium 35 <1 <1 <1 <l
lacticum 32 1,700 2,500 2,600 2,600
28 1,300 2,200 2,500 2,500 2,500
21 1,606¢ 2,800 2,800 2,800 2,800
Micrococcus 25 <1 <1l <1 <1
varians 32 110 <1l 32 27
M=-1V-2 28 110 <1l 40 60 64
21 110¢ <1 24 L5 61
25 <l <1l <1l <1l
32 180 <1l 30 34,
28 160 <1l 9 15 17
21 170¢ <1l 5 13 20
Streptococcus s 35 15,000 6,000 6,100 6,100 o
FA-F-1 32 15,000 7,100 7,300 7,300 -
28 16,000 | 6,600 7,300 7,500 7,500 :
21 13,000" 510 1,400 2,100
2 35 14,000 4,400 4,400 44400
32 13,000 5,000 5,100 5,200
28 16,000 3,300 4,200 4,200 4,200
21 14,0004 290 760 1,200

dRaw count at

. days of incubation.

g6
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zation than before pasteurization. Thls vhenomenon did not
occur with cultures which were not refrigerated prior to
pasteurization., Repeated trlals showed simlilar increases in
colony count affer pasteurization for refrigerated cultures of
thls organism, Microscopic examination of stalned smears of
the refrigerated E° lactlcum culture before and after pasteur-
lzation revealed fgat palrs and small clumps of cells were
common in the unhesr ted culture, but single cells predominated
in the pasteurized culture,

Both unheated and pasteurlzed cultures of Micrococcus

varlans EM-IV-2 falled to produce countable coloniles at an
incubation temperature of 35° C., Differences in colony counts
obtained at 32°, 28 and 21° C, for the unheated cultures were
not attributable to differences in incubation temperatures,
Although no increase in colony count was obtained for the un-
heated culture beyond 2 days of incubatlon at 3%2¢ and 28° C,,
rlates prepared with nasteurized culture‘required extended
Incubation for colony development.

Unheatéd cultures of Strentococcus sp, FA-F-1 showed no

appreclable difference in colony counts at plate incubatlion
temperatures of 35°, 32e, 28¢ and 21° C. (Table 26), However,
colony development for pasteurlzed cultures was definitely in:w-
hiblted more at an incubation temperature of 2l¢ C, than at
35°, 32° and 28° C, Colony development at 28° C. appeared to
be sglower for the refrigerated culture than for the non-re-

frigereted culture.
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Table 27 shows the effect of various bacterlological
peptones used in the plating mediumupon colony ecounts of pure
cultures of thermoduric bacteria before and after pasteuri-
zation, Only in rare instances were differences in colony
count of the unheated cultures possibly attributable to differ-
ences in the composition of the media employed, However,
differences in colony counts of the pasteurized ocultures were
commonly attributable to differences in bacterliological
neptones used in the plating media, This was especlally true

for cultures of Arthrobacter sp. D0-32-1 and Y. varians EM-

Iv-2.

Pasteurlzed cultures of M., lacticum DN-32-1 demonstrated
no differences in colony counts attributable to variation in
medla composition, However, as noted earller, for refrigerated
cultures of thls organism, the laboratory pasteurized count
was appreclably higher than the count for the unheated culture.

Pasteurized cultures of Streptococcus sp, FA-F-1 showed

some variation in colony count with the various media, Colony
counts of pasteurized cultures of tiils organism were sub-
stantlally lower with medlum containing Edamin than with the
other medla, There was some lndication that the colony count
also was inhibited with the Bacto-Tryptone medium,

The effect of pH of Plate Count Agarupon the colony counts
of pure cultures of thermoduric bacterla before and after
laboratory pasteurization is shown in Table 28, Unheated

cultures of Arthrobacter sp., DO-32-1 produced colonies equally
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Table 27, Effect of plating media containing various bacteriaiogical
peptones upon the plate count (32° C.) of pure cultures of
thermoduric bacteria

Laboratory pasteurized

Organism Series?  Bacteri- Raw count per ml, after plate
ological countC incubation for
peptone per
ml. 2 days 3 days 4 days
In thousands
Arthrobacter sp. 1 1 690 400 420 420
DO-32-1 1T 740 68 69 69
III 650 230 230 230
1v 710 2 2 2
- v 710 110 110 110
VI 740 26 26 26
VII 710 86 86 86
2 1 830 610 610 610
11 740 28 31 31
111 740 300 300 300
1v 740 15 15 15
v 760 270 300 300
VI 770 25 25 25
VIl 780 240 240 240
Microbacterium 1 I 1,500 1,500 1,600 1,600
lacticur 11 1,500 1,300 1,500 1,500
DN-32-1 111 1,300 1,500 1,700 1,700
Iv 1,400 1,500 1,600 1,600
v 1,400 1,600 1,700 1,700
VI 1,500 1,400 1,600 1,600
VIL 1,400 1,400 1,500 1,500

8Series 1 cultures were incubated at 32° C., for 24 hours prior to
testing while series 2 cultures were incubated at 32° C, for 24 hours and
then refrigerated at 38°-40° F. for 24 hours prior to testing.

bl, Bacto-Tryptone; 11, N-Z-Amine Type AS; III, N-Z-Amine Type YT;
1V, idamin; V, Soy rfeptone rowder; VI, N-Z-Case; VIl, HY-Case SF.

®Raw count (at 2 days of plate incubation) did not increase upon
extended plate incubation.
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Table 27. Continued

Laboratory pasteurized

Organism Series® Bacteri- Raw count per ml. after plate
ological  countC incubation for
peptoneb  per
ml, 2 days 3 days 4 days

i In thousands

Microbacterium 2 1 1,700 2,500 2,600 2,600
lacticum II 1,700 2,500 2,600 2,600
DN-32-1 : 11T 1,800 2,500 2,600 2,600
iv 1,500 2,300 2,400 2,400
v 1,800 2,200 2,300 2,300
V1 1,700 2,400 2,400 2,400
VII 1,600 2,200 2,300 2,400
Micrococcusg 1 1 110 <1 32 37
varians 11 110 31 62 67
JM-IV-2 iIl 120 30 70 73
Iv 100 5 28 29
vV 110 88 100 100
VI 120 38 79 gl
Vil 110 26 53 54
2 1 180 <1l 30 34
IT 170 2 85 38
11T 180 24 58 60
v 180 7 49 51
v not determined
71 170 65 1i0 120
VI 180 51 91 04
Streplococcus 1 i 15,000 7,100 7,300 7,300
gp. FA-F-1 11 15,000 9,000 9,100 9,100
T11 13,000 7,400 2,500 2,500
v 15,000 5,500 5,900 5,900
Y 14,000 - 8,50C 8,500 5,500
Vi 14,000 7,900 7,900 7,900
Vi1 13,000 6,300 6,300 6,300
2 i 13,000 5,000 5,100 5,200
N 13,000 2,000 9,200 9,200
111 15,000 4,900 7,100 7,200
v 13,000 3,300 3,300 3,300
Y 14,000 7,400 7,400 7,400
Vi 13,000 5,300 5,300 5,300

V1l 13,000 5,800 6,200 6,200
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Table 28. Effect of pH of Plate Count Agar upon the plate count (32° C.)
of pure cultures of thermoduric bacteria

Laboratory pasteurized

Organism Serice®  Plating Raw count per ml. after plate
medium count® incubation for
pH per
ml, 2 days 3 daye 4 days

In thousand.

Arthrobacter up. 1 5.6 <10 <l <1 <1
DO-32-1 6.5 650 100 100 100
70 600 400 420 420

.5 7006 240 240 240

5.0 670 06 a6 96

e 160 <l <l <l

Y.l <10 <1 <l <1

2 5.6 <l <1 <l <l

(a5 7LQ 330 340 240

7.0 830 610 b1 610

"5 790 550 550 550

5.0 720 L5 Wy L

Ced 780 <1 <l <1

Je L <10 <l <] <l

hicrobacterium i 5.6 <1 <1 <l <
lacticun 6.5 1,500 590 1,500 1,600
Di-32-1 70 1,500 1,500 1,600 1,600
7.5 1,400 1,700 1,300 1,800

8.0 1,400 1,600 1,700 1,700

£.6 1400 1,500 1,600 1,600

.l <i0 G40 1,600 1,700

2 5.6 <L <l <l <1

6.5 {600 700 1,600 1,790

V0 IRss 2,500 2,600 2,600

7.5 1,600 2,300 2,388= . 2,300

3.0 1,700 2,300 2,400 2,400

Suth 1,600 2,300 2,400 2,400

S L00¢ 1,700 2,400 2,400

&fultures used in scrice 1 were incubated at 22° C. for 24 hours prior
to testing while culture. u.ec in seriec 2 were incubated at 32 C. for 24
hours and then rciriccrated at 267°-40" F. for 24 houre prior to testing.

ORaw count (at 2 day. of plabe incubation) did not inercace uvon
c~tended plate incubation except wheore noted,

CCount incrcased to 20C,00C afler 7 deyo of incubation,
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Table 25. Continued

Laboratory pasteurized

Crzanism Series®  Plating Ravw count per ml., after plate
medium count® incubation for
ok per
ml,. 2 days 3 days /, days
s In thousand:

Micrococcus 1 5.6 <1l <l <1 <l
varians 6.5 L8 <1 <1l <l
m-1V=2 7.0 110 <l 32 7
' 745 1i0 2 2 45
a0 110 59 Q6 93

Se by 110 15 23 2
Jel L10 <l <l <1l
2 5.6 <1l <l <1l <1
6.5 150 < <1l <1l
760 18¢ <l 30 34,
Te5 180 3 56 61
Sell 180 63 100 110
) 190G 2E & 60
9.1 100 <l <l <l
strecbtococcus 1 5.6 < 100 <lio < i <10
cpe PA-F-2 ‘ 6.5 14,000 <i0 <10 <10
oG 15,000 L0 VL 7,100
o8 LA, 000 G LAN0 ¢, 400 9,400
i S0 14,000 L;,000 i0,000 16,000
8.6 14,000 8,800 8,800 8,500
901 14,000 G500 <, 500 3,500
2 5.5 < 10U <1 <19 < L
€.5 13,005 <1 <10 <10

7.0 13.0G06 5,000 5,100 5,200
.5 13,00 6,800 6,800 6,800
6. G L4, 000 590G 9,000 . 000
N ) 15,000 &, 200 6,200 8,200
2.1 L4,G00 Ny ¢, 100 2,100

“Count I orow ol Lo 56,000 alter 4 daye ol incubaticn.
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well over a range of pH 6.5 to 8.6, However, colony counts
for the pasteurlzed cultures were decreased substantially
above or below pH 7.0.

Unheated cultures of M. lacticum DN-3%2-1 gave essentially
the same colony count with Plate Count Agar at levels of pH
6.5 to 8.6. The 2-day colony counts for pasteurized cultures
were considerably less at pH 6,5 than at pH levels of 7.0,
7.5, &.,0 and 8.6, Colony productivity by this orgsnism at pH
9.1 appeared to be enhenced by pasteurization (Téble 28).

Unheated cultures of M. varlans ElM-IV-2 showed essentlal-
ly the same degree of colony development over a range of pH
7.0 to 9.1, With pasteurlzed cultures of this organlsm, how-
ever, the maximum colony count was obtained at pH &.0, As the
pH of the medium was ralsed or lowered from pH &,0, the labor-
atory pasteurized count decreased noticeably (Table 28),

Unheated cultures of Streptococcus sp., FA-F-2 gave es-

sentially the same degree of colony development over a range
of pH 6.5 to 9.1, Pasteurized cultures of this organism, how-
ever, falled to produce countable colonies at pH 6.5 and
colony development was somewhat suppressed at pH 7.0,

Colony size, as well as colony count, was influenced by
pH of the Plate Count Agar, As a general rule, the pH level

producing the greatest laboratory pasteurlzed count for a par-
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tlcular culture also produced the largest and most easily dis-
cernlble colonies, Although colony counts for pasteurized
cultures of M. lactlcum DN-72-1 d4ld not differ appreciably at
PE levels of 7.0 to 8,6, colony size varied considerably.
Colonies produced at pH 7.0 were generally less than 1,0 mm,
in diémeter after 5 days of lncubatlon at 32°¢ O, However, with
pH levels of 7.5 to 8.6, colonles averaged about 2 mm, in
dlameter after incubatlion at 32° C. for 3 days. Figure 1
1llustrates the comparative size of colonles produced by M.
lacticum DN-32-1 with Plate Count Agar at pH levels of 7.0

and 8,0,



Figure 1,

Appearance of colonles of Mlcrobacterium
lactlcum on Plate Count Agar of pH (.0 (top)

and pH 8.0 (bottom) after 3 days of incu-

bation at 32¢ C,



e
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DISCUSSION

No single medium incubated at a given temperature for a
glven perlod of time can be expected to initiate and sustain
growth of all bacterial types present in milk, This does not
preclude;.however, the fact that a plating method for the
enumeration of organisms in milk should have the objective of
determinatlion of maximum numbers, There 1s always thequestion‘
of time versus accuracy and e balance of the two, commensurate
with the objectives of the test, should be achieved.

A second and perhaps more lmportant objectlive of aplating
orocedure is that it reveal a true pilcture of the types of
viable bacterie in the milk, This does not mean that one
should be able to determine the types of bacferla in milk by
visual lnspection of colonles fofmed on the solid medium. It
simply implies that a plating procedure should afford equal
opportunity for all types of viable bacteria in milk to mani-
fest themselves. A plating procedure that would dlscriminate
against a certaln group of bacteria commonly found in milk -
would fall short of thls second objective,

A third objéctive of a plating prdcedure should be the
productlion of eagily discernible and countable coloniles., The
fact that minute or "pin-point" colonies might be overlooked
in counting is a constant source of error, This 1s especlally
true in the case of the thermoduric colony count, Many thermo-

duric bacteria are noted for their production of colonles of
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minute slze,

This study was not undertaken in an attempt to develop an
optimum plating procedure for the enumeration of thermoduriec
bacteria in milk, On the contrary, its primary purpose was
the determination of the effects of certain basic modifica-
tions of the plating procedure commonly in use upon the thermo-
duric plate count, However, the findings of thls study should
contribute to a better understanding of the physliologlecal
nature of thermodurlic bacteria and, consequently, ald in the
develooment of a more adequate method for thelr detection and

enumeration in pasteurlzed milk,

Effect of Time and Temperature of Incubation upon

the Thermoduric Plate Count

For the agar plate method of enumerating bacteria inmilk,
Standerd Methods (9) recommends incubatlon of plates for 2 days
at 35° or 32° C, This standard applies for raw, commercially
pastéurized and laboratory pesteurlized millk, 'However, results
of thls study have indicated that incubation temperatures
lower than 35¢ C., and even 32°¢ C, for slightly longer incu-
bation perlods may have some distinet advantages for the e-
numeration of pasteurization resistant bacteria in milk,

A éomparison of various plate incubation times and temper-
atures showed that the average thermoduric colony count ob-
talned at 35° C, for 2 days was only 31 percent of the average

count obtained at 28° C, for 4 days. Even at an incubation
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temperature of 32¢ C. for 2 days, the average count was more
than double that obtained at 35° C. for 2 days. These results
become even more significant when it is noted that of 32
samples examined, 31 gave a higher count at 28° C, for U4 days
than at %5¢ (O, for 2 days. Twenty-seven of the %2 samples
gave a higher count at 32°¢ C, for 2 days than at 35° C, for 2
days. ' o

Examination of the thermoduric flora of the mlilk samples
revealed that the higher counts obtailned at the lower incu-
bation temperatures were the result of certain of the thermo-
durlc bacteria being able to produce colonies much better at
the lower temperatures, Thls was especlially true of the
highly heat-reslstant mlicrobacteria, These organisms commonly
accounted for an appreciably larger share of the colony count
obtained at 32¢ and 25° C. than at 35°¢ C, These findings are
in accord with those of other workers (27,35,36,86,96) who
suggested that large numbers of microﬁacteria in pasteurized
milk probably had been overlooked as a result of incubating
plates at 37° C. The results of this study indicate that 35°
C. 15 also too high an incubatlion temperature for accurate e-
numeration of microbacteria in pasteurized milk,

Buchanan (22) suggested that where large number of mlcro-
bacteria are present in milk, vlate incubation temperatures
lower than 3%5°¢ C, and posslbly even lower than 32¢ C, may be
necessary for maximum estimatlion of the thermodurlc popu-~

lation. Results of this study tend to confirm that an incu-
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bation temperature of 28¢ C, favors colony productivity by
mlcrobacteria more than a temperature of”32° C. These organ-
lsms accounted for a substantlially greater portion of the
colony counts obtéin;&'at 28e C, than at 3%2e C,

There was some indlcetion that micrococcl and arthro-
bacters also contributed to the higher counts obtained with
incubation temperatures below ?5° C, Although these organisms
usually accounted for a major portlon of the count obtalned at
350 (., for 2 days, they contrlbuted even more substantially to
the higher counts obtained at 32¢ (. for 2 days.

Extending the plate incubatlon perled to 3 or 4 days at
35 and 32¢ C. resulted in an increased thermoduric count in
a majorlty of cases, Thls was especlally true for mllk samples
containing lactobacilli or microbacteria. Apnarently micro-
bacterla not only prefer incubation temneratures lower than
35¢ C. but also are slow in develooing colonies even at the
lower temperatures. An incubatlon temperature of 30° C, for 3
to 6 days has been advocated by EZuropean workers (1,25,29,36,-
54) for thermoduric counts, In most cases, microbacteria have
been found to constitute 60 to &0 percent of the thermoduric
flora growlng on plates lncubated under these conditions,

Lactobacilll have not been renorted to contribute signi-
ficantly to the thermoduric count of milk, As shown in this
study, thls could possibly be a result of fallure to lncubate
plétes,fqr a sufflclent perlod of time to permit thelr growth
on solid media, The fact that lactobacilll grow pcorly under
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aerobic condltions and reculre a rather complex medium for
growth has been reported (21,34%), In this study, lactobacilli
were detected on plates incubated for 3 to U days at 35° and
32 C, but not on plates incubated at these temperatures for
only 2 days. This would lend credence to the fact that the
types of thermoduric bacteria found in milk will depend a
gréat deal upon the plate lncubatlon procedure used in their
recovery from the pasteurized product., Unldentifled bacteria,
showlng characteristics dissimilar tb those of the more common
thermoduric bacteria also contributed substantially to
increased counts for some samples upon extended plate incu-
bation at 35° and 32° C. Again, these organisms may have been
overlooked by other workers due to féilure to incubate plates
for a sufficlent period of time,

A thermoduric count in excess of 10,000 per ml, has been
suggested (16,29,57) as providing evidence of unsatisfactory
milk production methods. On the basis of this standard, it 1is
noteworthy that in this study, 45 percent of the samples which
met this standard when plates were incubated at 355 Q. for 2
days falled to meet the standard vhen plates were incubated at
28 C. for 3 days. Of the samples showing a thermoduric count
of 10,000 per ml. cr less at %2¢ C, for 2 days, 40 percent
gave counts in excess of 10,000 per ml, at 28° C, for 3 days.
All samples exceeding the standard when plates were incubated
at 35°¢ or 32¢ C, for 2 days also exceeded the standard when
vlates were incubated at 28° C, for 3 days. Assuming that the
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standard of 10,000 per ml, 1s valid, thils would indlcate that
the lower incubation temperatures would do & better job of
detecting milk of poor quality.

The average thermoduric count obtained at 21¢ C, for §
days exceeded the average counts obtained at 35° and 32¢ C.
for 4 days, However, 7 days of incubation at 2l¢ C. were
necegsary for the averagé count to equal the maximum average
count which was obtalned at 28¢ C, for U4 days. Of 32 samples
examined, 21 gave counts at 28° C, for 4 days equal to or
higher than those obtalned at 21° C, for 7 days. However, in
no case was the dlfference between counts obtained at 28°¢ C,
for 4 days and 2le C. for 7 days of extreme magnitude. Al-
though incubaticn at 21° €, mlght have some advantage over
incubation at 25e or 32¢ C,, the results of this study indi-
cate that 1t would offer no real advantage over 28¢ C, incu-
bation,

It 1s noteworthy that an aporeciable portion of the
thermoduric bacteria present in the mllk samples included in
this study were capable of forming colonies on Plate Count Agar
at an incubation temperature of 10° C. if the incubatlon period
was of sufficlent length, Notable among these bacteria were

those belonging to the genera Arthrobacter, Microbacterium and

Micrococcus, However, an incubation period of 21 to 28 days

at 10° C. was necessary for any apvreciable colony development.

Even after 28 days of incubation at 10¢ C, the average colony

count of 25 samples was only 42,6 percent of the maximum aver-
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age count obtailned at 28e C. for 4 days.

Incubation of plates at 5o C, revealed that thermoduric
bacterla rarely formed colonles in less than 21 days at this
temperature, These results indicate that thermoduric bacteria
do not ordinarily possess psychrophllic properties., This is
in agreement with the observation of Thomas et al. (94).

These authors found that thermodurlc bacteria multiplied
slowly in milk held at 3° to 5° C.

Of the thermodurlc bacterla present in mllk examined in
this study, spore-~bearing rods were the only ones indicating
a preference for an incubatlon temperature of 35° C, over
lower temperatures, However, thesé organisms failéd to appear
in large numbers in any of the samples tested, They would
gometimes account for a major portion of the thermoduric flora
of samples showlng a thermoduric count of less than 3,000 per
ml. However, they falled to contribute appreciably to the
‘thermoduric flora of milk showing a thermoduric count in ex~
cess of 3,000 per ml. These results support reports by other
workers (1,35,36) that only a small proportion of spore-bearing
rods are found in milk having a high thermoduric count,

Buchanan (22) observed that spore-bearing rods were seldom
the cause of high thermoduric counts. He suggested that theilr
improved growth after laboratory pasteurlzation on plates incu-
bated at 35¢ C, rather than %2¢ C., was possibly due to thelr

average optimum growth temperature belng closer to 35° C. than
32° G, Another possible explanation for this would be that the
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higher temperature 1s more conduclve to spore germination and

consequent colony formation,

Effect of Varlous Bacteriological Peptones in the
Plating Medlium upon the Thermoduric Plate Count

Standard Methods (9) recommends a pancreatic digest of
caseln conforming to the specifications outlined in the Manual
of Microblological Methods (85) for the preparation of milk
plating medium. Bacto-Tryptone, supplied by Difco Laborato-~
ries, Inc. (26), is perhaps one of the most commonly employed
bacteriological peptones. This bacteriological peptone along
with six others of varying types (Appendix) were used in the
-preparation of nlating medla to determine thelr effect upon

the thermoduric plate count. .
Due to thelr extremely complex nature, 1t woulé-be airfi-
cult to evaluate the suitability of bacteriological peptones
for bacterial growth on the basis of chemical analysis alone.
However, it has been suggested (81) that the nutritive value
of various peptones for microorganisms in milk is dlrectly
related to thelr amino nitrogen content., The amino nitrogen
content of the bacterliological peptones included in this study
ranged from 1,8 percent for Soy Peptone Powder to 6.9 percent
for Edamin, Results for 25 milk samples showed that the
hlghest average thermoduric count was obtained with medium
prepared wlth Soy Peptone Powder which contained the least

amino nitrogen., 'In contrast, the average thermodurlc count
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obtained with medium prepared with Edamin was appreéié;l& less
than that obtalned with all other media except for the one
contalning Bacto-Tryptone., Considering that the only variation
among the medlia was the type of peptone used in preparation,
these results indicate that the value of bacteriological
peptones ﬁg; growth of thermoduric bacterlia cannot be es-
tablished oglthe basis of amino nitrogén content alone,

0f the seven media, the one prepared with the standard
Bacto-Tryptone gave the lowest average thermoduric colony
count, However, 1t should be noted that the average counts
obtained with the varlious medla showed a rather narrow range
of variation of from 63,000 to 8%,000 per ml., Nevertheless,
for certaln samples of milk, the thermoduric counts obtained
with medla prepared witn Bacto-Tryptoné and Edamin were sub-
stantlally lower than counts obtained with other media, These
discrepancies apparently were due primarily to the inability of
some of the thermoduric streptococcl to produce colonles on the
Bacto-Tryptone and Edamin media,

The thermoduric microbacteria, micrococcl and spore-
bearing rods apparently grew ecually well on all medla prepared
wlth the various peptones, However, bacterla of the genus

Arthrobacter failled to produce colonies as well on the medium

containing N-Z-Amine Type AS as with the other media.
It 1s appreciated that the bacterlologlcal peptones in-

cluded in this study represent but a small vortion of the vos-

slble number of peptones that could be utilized in the pre-
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paration of plating media. However, the results obtalned with
this limited number of peptones 1llustrate their lmportant
role in milk plating medla, Perhaps of greatest significance
is the observation that some peptones commonly employed in
plating medium may falil entirely to support growth of certain
types of thermoduric bacteria in milk. If certain groups of
thermoduric bacterla, such as streptococeil, go undetected in
pasteurized milk, then the thermodurlc plate count has lost
much of its meaning.

As indicated earlier, one of the important objectives of
a plating medium 1s the production of discernible and easily
countable colonies, ©Colonles of minute size might be inad-
vertently overlooked in the counting process. Generally, the
medlia producing the highest countse in this study also produced
the largest sized colonles, Colonies produced on media
contalning Bacto-Tryptone and Edamin were as a rule notlceably

smaller than those produced on thie other medla,

Effect of the pH of the Plating lMedium upon
the Thermoduric Plate Count

The current edltion of Standard Methods (9) recommends &
pH of 7.0+40,1 for the plating medlum used in determining the
Standard Plate Count of milk, Thls pH level 1s recommended for
the examination of raw, commerclally pasteurized and laboratory

pasteurized mllk, Results of this study, however, have indi-
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cated that a pH of 7.0 for Plate Count Agar is suboptimal for
colony productlon by most thermoduric bacteria,

As a rule, the maximum thermoduric counts were obtained
with Plate Count Agar adjusted to pH 7.5 and 8.0, The reason
for the higher counts at these pH levels can be explained
partlally by the lncreased growth of the thermoduric strepto-
coccl, As the pH of the plating medlum was progressively
raised from pH 6.5 to 9.1, the portion of the mean colony count
attributable to streptococecl also increased, However, at
levels above pH 8.0 and, in some cases, pH 7.5 the growth of
certaln other thermodurlc bacterla was inhlbited as evidenced
by a decregse in total cclony count,

Thermodurlic bacteria of the genus Arthrobacter apparently

were prlmarlily responsible for decreases in count obtalned at
levels above pH 7.5. Of all the thermoduric bacteria isolated

in this study, only those of the Arthrobacter genus showed a

definite preference for a medium of pH 7.0 to 7.5. There were
some indlcations that certain of the thermoduric mlcrococcl
preferred a neutral medium rather than an alkaline one, How-
ever, this group of bacteria exhiblted no definite preference
and often times colony productivity was as prolific at pH 7.5
to 8,6 as at »H 7.0.

An increase in the thermodurié plate count was usually
obtained when the reaction of the nlating medium was elevated
from pH 7.0 to pH 7.5. On the other hand, lowering the pH to

6.5 almost always resulted in a substantial decrease in thermo-
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durde count from that obtained at pH 7.0. Using a level of pH
7.0 as the baslis, the average increase in count obtailned at pH
7.5 wae considerably less than the average decrease in count
obtained at pH 6.5. Thils observation offers further support
in favor of the use of a slightly alkaline medlum for ob-
taining a more nearly maximal thermodurlie count of milk,

The results of this étudy tend to conflrm observations
made by a limited number of other investigators with respect
to the influence of the pH of the medium upon the plate count
of pasteurized milk, Cooledge, as clted by Fay (31, p. 352),
suggested that the formation of pin-point colonies by thermo-
durlic bacteria was assoclated with the reaction of the plating
medium, He plated the same sample of mllk on two media with
reactions of pH 6.6 and 7.7 and obtalned counts, respectively,
of 15,400 and 317,000 per ml. Wilsen _g_‘g_ al, (103) plated raw
and pasteurized milk samples on Yeastrel Milk Agar adjusted
to pH levels of 6.0, 6.8 and 7.6, -They observed that a medium
adjusted to pH 6,0 was too acid for both raw and pasteurized
milk, A medium having a pH of 6.8 was found to be more favor-
able for plating raw milk than one adjusted to pH 7.6, but for
vasteurized milk a medium of pH 7.6 was more favorable than
one adjusted to pH 6.8,

The fact that the pH of the plating medium influenced the
slze of individual colonies as well as the number of colonles

appearing on the medium should not be overlooked, As noted
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earlier, the accuracy of a plating procedure is determined not
only by its abillty to recover the maximum number of viable
bacteria in a product but also by its ability to produce dis-
tinct and easlly countable colonies., As a general rule, the
pH level displaying the hilghest thermoduric colony count for a
particular saﬁple also produced colonles of the largest size.
This relationship held true especlally for those samples
containing thermodurlc streptococeci. Tﬁe thermoduric count
for some samples was not influenced appreclably by variance in
pH of the plating medium., For these samples, however, the most
easlly dlscernible colonies were usually produced at levels

above pH 7.0. This was most notable wlth samples contalning

microbacteria.

Effect of the Varlous Plating Procedures upon Colony
Counts of Pure Cultures of Thermodurlc Bacterla

Before and After Laboratory Pasteurization

In the previous portion of this study no attempt was made
to compare the effects of the varlious plating procedures upon
the plate count of milk before and after laboratory pasteuri- -
zatlion, Since the bulk of the bacterial flora of most milk 1s
usually of a non-thermoduric nature, such a comparison would
have revealed little with respect to the growth characte;;

lstics of thermodurlc bacterlia prior to heating. In thils
portion of the study the effects of the various plating pro-

cedures upon the plate count of non-pasteurlzed and pasteurized
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cultures of thermoduric bacteria were compared., The thermo-
duric cultures selected were representative of the predominant
genera of thermodurlc bacteria found in the milk examined in
this study. It is recognized that the cultures selected might
not show ldentlcally the same reactlions as other members of
thelr respective genus. However, they should typify, in a

general manner, the characterlstics of other thermodurilc

members of thelr genus.

Time and temperature of vlate incubation

The results indicate that thermodurlc bacteria generally
are more exacting in thelr growth temperature requirements
after they have been sublected to laboratory pasteurization
than prior to heat treatment, This was found to be true for

cultures of Arthrobacter sp., Micrococcus varians and Strepto-

coccus sp. These bacteria grew well over a rather wlde temper-
ature range before pasteurization., After subjection to labo-
ratory pasteurization they exhibited a definlte preference for
a much narrover temperature range,

These results helv to explain why earlier investlgations
(45,53,95) showed that lowering the temperature of plate incu-
batlon from 37° to %2°¢ or 30° C, resulted in a greater per-
centage increase in count with pasteurized milkx than with raw
milk, An apparent explanztion is that certain of the thermo-
duric bacteria in the raﬁ milkx grew equally well at all temper-

atures, However, after belng subjected to pasteurization,
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colony productivity was favored more at the lower incubation
temperatureé.

Comparative studies (18,88) of plate counts of raw milk
as well as pasteurized mllk followlng plate incubation at 37e,
35e and 32¢ (¢, for 48 hours have shown that counts were
somewhat higher at 35¢ C. and still slightly higher at 32e C.
As revealed by this study, the increase in colony count at the
lower temperatures resulted from the faillure of certain bac-
terla to produce colonies at the higher temperatures. Notable

among these 1s Microbacterium lacticum. A culture of this

organlsm falled to grow at %5° C. before as well as after labo-
ratory pasteurization. However, excellent colony productivity
was exhibited by both unheated and pasteurized cultures of this
organlsm at a plate lncubatlion temperature of 32¢C,

Although micrococcl as a rule were found to grow falrly
well at 35° C, throughout this study, there are apparently
some exceptlons to this general rule, Colony productivity by

unheated and pasteurlized cultures of Micrococcus varians was

favored by an incubation temperature of 32° C. in contrast to
35° C. These results are in agreement with observations made
by Buchanan (22), He found that some of the micrococci, par-
tilcularly M, varians, grew better at 32° C. than at 35° C, after
laboratory pasteurization,

The same plate incubation period of 48 hours 1s specified

in Standard Methods (9) for both raw and nasteurized milk,
Results of this study indlcate that incubation in excess of 2
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days 1s necessary for colony formation by certain of the
pasteurlzation-resistant bacteria. The maximum colony count
for an unheated culture of Y. varians was obtaiﬁéd at 2 days
of incubation at 32¢ and 28° C, However, colonies did not
appear on plates prepared with a pasteurized culture of this
organism at 2 days of lncubation at 32¢ or 28¢ (¢, Appreclable
colony formation was evident only after 3 days of incubation,

Hussong and Hammer (48) observed that the count obtained
for some milk samples after laboratory pasteurization was
higher than that obtained initially. They did not attempt %o
1dentify the bacterial flora of these samples but indicated
that the increases in count could not be interpreted as indi-
cating growth durlng pasteurization. As shown in the present
study, the highly heat-resistant flora encountered by these
workers could very well have beén composed largely of M.
lacticum, Not only were cultures of this organism found to be
highly heat reéistant but occaslonally demonstrated higher
colony counts after laboratory pasteurlzation than initially,
Growth of M, lacticum cultures during pasteurizatlion was ruled
out by virtue of thelr failure to vroduce colonles on Plate
Count Agar at an ‘incubatlon temperature of 35e C,

Robertson (76) isolated nine cultures of . lacticum from
milk, All of these cultures survived pasteurization at 145e

F. for 30 minutes and several determinations of percentage

survival showed increasesgs of 10 to 120 percent. Growth was not

observed when laboratory strains of these organisms were lnocu-
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lated into sterile skimmilk and held at pasteurizing tempera-
tures. An attempt to explain the results by assuming that
clumps of cells were broken up sufficiently to cause the en-
Tlre percentage increase following pasteurization was unsat-
~isfactory, As shown in thils study, if laboratory cultures had
been refrigerated prlor to pasteurlzation, disintegration of

clumps during pasteurization might have been more evident,

Type of bacteriologicel peptone contained in the plating medium

The results indlcate that thermodurlc bacterla are gener-
ally more exacting in the type of bacterlologlcal peptone re-
qulred for growth after belng subjected to laboratory pasteﬁr—
lzation than prior to pasteurlzation. Thls was found to be

true especlally for cultures of Arthrobacter sp., Micrococcus

varians and Streptococcus sp. Prior to pasteurization,

cultures of these bacteria grew equally well on all media pre-
pared wilth the seven peptones (Appendix) examined in this
study. Followlng pasteurization, however: the orgenlsms grew
much better on certain of the media than on others,

The relative sultability of the different media for deter-
mining viable numbers after laboratory pasteurizatlon varied
according to the particular organism employed. For example,

laboratory pasteurlzed cultures of Arthrobacter sp. exhibited

maximum colony productivity on the medium which contained
Bacto-Tryptone., In contrast, laboratory pasteurlized cultures

of M. varlans exhlblted minimum colony productlion on thls medi-
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un., These results would indicate that if maximum viable popu-
laticn of pasteurized milk i1s to be determined, plating medium
must be more adequate than thet currently recommended,

These results also indicate that the relative heat re-
slstance of a glven organism cannot always be accurately deter-
mined by plating on a single medium, The common definition of
thermoduric bacterla, "bacteria that survive pasteurization in
conslderable numbers," becomes meaningless if the plating medi-
um employed in determining degree of survival is not adequate
for supporting growth of heat-treated bacteria., To illustrate
thls polnt, a pasteurized culture of M}, varians showed sur-
vival of less than 1 percent when plated with medium prepared
wlth the recommended Bacto-Tryptone, Vhen vnlated with medium
prepared wlth Soy Peptone Powder, however, thls same culture
showed & pasteurization survival of 30 percent. Additional ex-
amples of similar results obtalned with opure cultures of other
thermoduric bacteria could be cited,

The observation that heat-treated bacteria are more ex-
acting in thelr reculrements for initiation of growth than are
bacteria in thelr normal state cannot be overemphasized. It
1s noteworthy that apparently few investigators have taken
cognizance of this when studying the pasteurization-resistant
flora of milk or in formulating media for making plate counts
on pasteurlzed dalry products, As a rule, the same medium has

been employed for determining the viable numbers of bacteria
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in both raw and pasteurized milk,

The observatlons made in this study are in accord with
those of Nelson (64), Although not restricting his studles to
thermoduric bacteria, this author noted that bacteria which
had been subjected to heat at partially lethal levels were more
demanding in their recuirements of medla for growth than were
unheated control organisms, He concluded that this should be
considered in the formulation of media for the enumeration of
bacteria in heated food products and in experiments concerned

wlth the effect of heat upon mieroorganisms,

Reaction (pH) of the plating medium

The results indicate that thermoduric bacteria after belng
subjecfed to laboratory pasteurlzation are more exacting 1in
theilr medium pH requirements than oprior to pasteurlzation.
Unheated cultures of a strain of M. varians, for example, gave
essentlally the same count with Plate Count Agar at pH levels
from 7.0 to 9.1 after 2 days of lncubation. After belng sub-
Jected to laboratory pasteurlzation, however, this strain
falled to »nroduce colonies at 2 days of incubation with Plate
Count Agar of pH 7.0 and 9.1 and exhibited & pronounced maxi-
mum count at pH 8.0,

- These observations, 1n general, agree with those of
Nelson (66), After studying the effect of sub-lethal heat
treatment on several bacteria of a non-thermoduric nature, he

concluded that unheated cultures grew over a much wlder pH
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range than did the heated cultures. The only exception to
thls general rule found in the present study was the result

obtained with a strain of Microbacterium lacticum, Colony

productlvity by unheated cultures of this organism was defi-
nitely inhiblted on Plate Count Agar at pH 9.1. However, after
the cultures were subjected to laboratory pasteurization,
colonles were produced qulte well at pH 9,1, No explanation
can be offered for thls occurrence, However,~it appears logi-
cal that the oprocess of heating altered the character of the
organism in such & manner as to render 1t more tolerant to the
higher nH, Thls points out the apparent need for additional
work with respect to the effects of heat upon the physiological
characteristics of thermoduric bacteria, ‘

As mentloned previously, the current edition of Standard
Methods (9) recommends thet the plating medium used for the
enumeration of bacterlia in mllk have a pH of 7,040,1, Thils
standard applies for the examlnation of both raw and pasteuri-
zed milk, Results of this study have indicated that a2 pH level
of 7.0, while belng adequate for the enumeration of bacteria in
milk prior to pasteurization, 1s sub-optimal for maximum colony
production by some of the thermodurlc bacteria after being sub-
Jected to pasteurization, Thisg should be considered in the
. preparation of media for the enumeratlon of bacteria in
pasteurized products and in experiments concerned wlth the

effect of heat upon microorganisms in dairy products,
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. SUMMARY AND CONCLUSIONS

The effect of the plate incubation temperature, length of
the incubatlon nerlod, pH'of the platling medium and type of
bacteriological peptone included in the plating medium upon
the enumeration of pasteurlization-reslstant bacterla in milk
was studied, The effect of these various factors upon the
detectlion of specific types of thermoduric bacteria as well as
their effect upon ocuantitative enumeration of this group of
organlsms was determined., The effect of the varlous plating
procedures upon the recovery of pure cultures of some thermo-
durlc bacterlia before and after laboratory pasteurlzation also
was examined, A total of 76 samples of raw milk, representing
can and bulk cooled manufacturing grade and bulk cooled grade
A supplies, were included 1n the study. A total of 1272 pure
cultures of pasteurization-resistant bacteria were isolated
and classified to genus and in some cases to specles.

O0f the plate incubation temperatures of 35e, 32e¢, 28e¢ and
21e C., incubation at 28c C, for 4 days was found, on the aver-
age, to be the ontimum for determining the maximum bacterial
population of laboratory pasteurized milk, The mean thermo-
durlc colony counts obtalned after 2 days of incubation at 35e
and 32¢ C, were 31,0 and 73.7 percent, respectively, of the
mean count obtained after 4 days of incubation at 28° G,
Colony counts tended to increase uoon extended nlate incubation

at 35¢ and 32¢ C,, but even after 4 days of incubation they
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were significantly lower (P < 0.01) than counts obtalned at
28¢ C, for 4 days. The mean thermoduric colony count obtained
at 21l¢ C, for 7 days equalled that obtained at 28¢ C, for 4
days, Pasteurlzation-reslstant bacterla formed coloniessloﬁly
on plates incubated at 10° C. with the mean count after 28
days of incubation being only 42,6 percent of the mean count
obtained at 28¢ ¢, for U days., Extremely slow colony for-
matlon on plates incubated at é° C. indicated that thermoduric
bacteria do not, as a rule, possess psychrophilic properties.
Colony production on Plate Count Agar by the thermoduric
microbacteria was notably inhiblted at an incubation tempera-
ture of 75¢ C, Colony productivity by these bacteria was
increased at 32¢ C. and wvas further increased at an lncubation
temperature of 28¢ C, There was some indlcation that colony

production by bacteria of the genera Arthrobacterand Micro-

coccus was favored more at incubation temperatures of 32¢ and
28° C, than at 35° C, Pasteurization-resistant lactobacilli
were able to oroduce colonles on Plate Count Agar only after 3
to 4 days of incubation at 35° and %2° C, In addition to the
lactobacllli, microbacterlia and micrococcl also contributed
aporeclably to increases in thermdurie colony counts upon ex-
tended plate incubation at 35°¢ and 32°¢ C,
The type of bacterlologlcal peptone employed in the

plating medium materlally influenced the thermoduric colony
count in geveral instances, The effect was most pronounced

with those milk samples containing appreclable numbers of
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thermodurle streptococecl. Bacto-Tryptone, a recommended
peptone for use in the preparation of Plate Count Agar, was
found to be deficlent for the iﬁlgiétion of cq}ony development
by thermodurlec streptococcl. Plating medium containing Edamin,
a lactalbumin hydrolysate, falled entirely to support-:growth of
these organisms, Thermodurlic streptococel produced colonies
qulite well on medla vrepared with five othef bacterlological
veptones, No relationship could be established between the
colony productivity and amino nitrogen content or other
characteristics of the various bacteriologlcal peptones em-
ployed in the plating media,

As a rule, thermoduric bacterla were more tolerant of pH
levels above than below 7.0, The maximum mean thermoduric
colony count was obtalned with Plate Count Agar adjusted to

'pH 7.5. The mean count obtained at pH 8,6 was only slightly

less than that obtained at pH 7.0 and conslderably greater than
that obtalned at pH 6.5. Thermoduric bacteria of the genus

Arthrobacter accounted for apnroximately equal portlions of the

isolates from Plate Count Agar at pH levels of 6.5, 7.0 and
7.5. However, colony development by these organlsms was re-
stricted at pH 8.6 and entirely absent at pH §9,1. Micrococcl
comprised an appreclable portion of the mean thermoduric colony

count obtalned wilth Plate Count Agar at all pH levels., As the

pH progressively increased from 6.5 to 9.1, the proportionate
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share of the mean thermoduric colony count attributable to
streptococcl at eath pH level also increased, The greatest
increase 1n the contribution of streptococcl to the thermo-
durlc colony count occurréd with an increase in pH from 7.0 to
7.5

The pH and type of bacteriological peptone used in formu-
latlon of the plating medium influenced the colony size as
well as the thermoduric colony count, Although there were
some exceptlons, those medla ylelding the highést count gener-
ally produced the largest and most easily discernible colonles,

Thermoduric cultures of Arthrobacter sp., Mlerococcus

varians and Streptococcus sp. grew over a much wider tempera-

ture and pH range prlor to than after being subjected to labo-

ratory pasteurlizatlion. No apprecilable differences in colony
counts were observed when the unheated cultures were plated
wilth media prepared with various bacteriologlcal peptones,

After laboratory pasteurization, however, colony counts ob-

talned wlth the varlous media differed substantially.,

The same plating procedure is currently recommended for
the enumeration of bacteria in both raw and pasteurized milk,
Results of this gtudy have indicated that certain of these

" standards, while being adecuate for the enumeration of bac-

teria in milk prior to pasteurization, may be sub-optimal for
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detection of the maximum viable population of pasteurized milk,
Thermoduric bacteria which have been subjected to pasteuri-
zatlon are more exacting in thelr growth reculrements than are
unheated bacterlia, This should be consldered in the prepa-
ration of media for the enumeration of bacterla in pasteurized
products and in experiments concerned with the effect of heat

upon bacterla in dalry products,
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Analyses of bacterlological peptones as suppllied by
Sheffield Chemlcal,

N-Z-AIINE TYPE AS
Description: A pancreatic digest of casein gpeclally

processed so 1t can be used for highly
concentrated clear solutions and whenever

a high solubllity is desireble,

Typical Analysis: Molsture 3.52%
(as 1s basis) Ash 5.05%
Total Nitrogen 12,58%
Amino Nitrogen 6.83%
Amino N/Total N 5.3 %
Sodium 2.25%
Chloride 0.28%
Total Phosphate 2.25%
Calcium 0.28%
pH (2% solution) 6.55
Solubility (clear, 30° C.) 210 g./1.
Amino Acid Assay: Valine 6.0 %
(total) Leucine 7.2%
Isoleucine 6.2 4
Serine 1.4k 9
Lysine 9.04%
Tryptophane 1.2 %

Phenylalanine 3.5 %
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Amino Acid Assay: Tyrosine 1.4 %
(total) Methionine 2.3 %
(The additional amino acids have not

been assayed,)

N-Z-AMINE TYPE YT
Description: A broad spectrum bulk peptone resulting
from the enzymatic dlgestion of caseiln,
Its superior growth-promoting quallties
compared to many widely used peptones,
mark 1t as the peptone cholce for wide

microblological use,

Typical Analysis: Moisture 3.7 %
(as is basis) Ash 6.0 %
Total Nitrogen 13,4 %
Amino Nitrogen 5.3 %
Amino N/Total N 9,4 4
Iron 33 ppm
Copper 5 ppm
oH (2% solutilon) 6.9

Vitamin Content: (milcrograms per gram)

(as is basis) Biotin 0.11
B-12 0.005
Choline L00.0
Folic Acid 0.6¢C

Inositol 2L, 0



Vitamin Content:

(as 1s basis)

EDAMIN

Descrinstion:

Typlcal Analysls:

(as 1s basis)

Amino Acid Ass
(total)

R

(micrograms per gram)
Niacin

Pantothenic Acld
Pyridoxine
Riboflavin

Thiamin

20.5
6.7

3.1
8.4

1.7

A lactalbumin hydrolysate in which the

protein has been reduced to its constitu-

ent amino aclds and peptides,

Conforms to

the degree of hydrolysis acceptable to the

American Medical Assoclation.
Molsture

Ash

Total HNitrogen

Amino Nitrogen

Amino N/Total N

Sodium

Chlorlde

Iron

Total Phosphates

oH (2% solution)
Solubility (clear, 3%0° C.)
ay: Glycine

Alanine

6.51%
5.31%
11,9 3
6.9 %
58.0 %
1.82%
1,344

&0 ppm

1.13%
6.8

15 g./1.
1.7 %

3.8 %
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Amino Acid Assay: Valine A 4
(total) Leucine 9.95%
Isoleucine 5.4 ¢

Serine 5.6 %

Threonine 3.8 %

Lysine 10.0 %

Arginine 3.1 %

Agpartic Acid g.2 %

Glutamic Acid 17.5 %

Proline 6.3 %

Histidine 1.9 %

Tryptophane 2.1 ¢

Phenylalanine 3.4 4

Tyrosine 2%

Cystine 2.16%

Methionine 1,349

S0Y PEPTONE POVDER
Description: An enzymatic digest of soybean meal of
U.S.P. quality.

Typlcal Analysis: Molsture L,86%
(as is basis) Ash 1L,0 %
Nitrogen 9.2 %

Amino N 1.8 %

Amino N/Total N 19.8

Carbohydrate (by difference) 37.2 &



Typlcal Analysis

(as is basis)

.
.

Amino Acld Assay:

(total)
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Sodium
Chlopride

Total Phosphates

Iron

pH (2% solution)
Solubility (clear, 30° C.)

Glycine
Alanine
Valine
Leucine
Isoleuclne
Serine
Threonlne
Lysine
Arginine
Aspartic Acid
Glutamic Acid

Proline

- Histidine

Tryptophane
Phenylalanine
Tyrosine
Cystine

Methionine

3.25%
2.68%
1.27%
52 ppm
7.1
120 g./1.
2,8
2.3
2,0
3.8
2.5
L.l
1.9
3.7

k.6

Q

B W

RSN

A ™

A

~
S

R -0

(o]
n
'—l

B
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N-Z~CASE
Description: A new and improved tryptic digest of
caseln of U,S.P. quality. This uniform
peptone 1s designed for general application
as a bacteriological nutrient with excel-

lent solubllity and clarity in solution,

Typical Analysis: Molsture 3.5 %
(as 1s basls) Ash 5.9 %
Total Nitrogen 12,7 %
Amino Nitrogen ) 5.1 %
Amino N/Total N bo,2 9
Sodium 2.454
Chloride 0.30%
Iron ‘ 25.4 ppm
Total Phosphates 2.37%
pH (2% solution) 7.2

Solubility (clear, 30° C.) 25 g./l.

Amino Acid Assay: Glycine 1.8 %
(total) Alanine 3.3 %
Valine 5.5 %

Leucine 10.7 %

Isoleucine b5 %

Serine 6.7 %

Threonine 3.7 %

A

S
&7

Lysine 6.5
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Amino Acid Assay: Arginine 3.6 %
(total) Aspartlc Acld 5.9 %
Glutamic Acid 22.8 %

Proline 10.6 %

Histidine 3.05%

Tryptophane 1.4 %

Phenylalanine ) . ko g

Tyrosine 3.5 %

Cystine | 0.51%

Methionine | 2.35%

HY-CASE SF

"Description: An acild hydrolysate of casein in which the
protein molecule has been substantially
reduced to 1ts constituent amino aclds,

- It has been speclally processed to remove

essentlally all the salt,

Typical Analysis: HMolsture IR T4
(as 1s basis) Ash 2.2 %
Totel Nitrogen 12.1 %

Amino N/Total N 76.7 %

Sodium Chloride 0.30%

Iron . 26 vpm

pH (2% solution) 6.0-6.5

Solubility (clear, 3%0° C.) 25 g./1.



Amino Acld Assay:
(total)

Vitamin Content:
(as is basis)
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Valine L.s 4
Leucine 5.3 %
Isoleucine 5.2 %
Threonine 2.9 %
Lysine 8.5 %
Arginine 2.9 4
Histidine 3.1 %
Tryptophane none

Phenylalanine 2.2 %
Methionine 1.4 %

(The additional amino acids have not
been assayed. )

(mlcrograms per gram)

B-12 '~ 0.0001k4
Biotin 0.006
Folic Acid 0.01
Niacin 0.20
Pantothenic Acid 0,066
Pyridoxine 0,034
Riboflavin 0.11

Thiamin 0.12
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