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The pasteurized milk supplied to the city of Portland, Oregon was 
studied bacterio].ogioally froni rune 18 to September 18, 1935. The aver- 
ae bacterial count of' raw milk in 1933-34 received by- the pasteurizing 
plent was 30,000. The pasteurized milk was 6,000. Twelve and six-tenths 
percent of the raw milk from 1933-34 had a plate count of over 100,000. 
Six and three-tenths percent Of the pasteurized milk and 13.6 percent of 
the pasteurized cream had counts over 20,000. From Juno 18 to September 
18, 1935, eIght percent of the pasteurized milk and twenty-one percent o 
the pasteurized cream had cou2lts over 20,000. Twenty-one out of every 100 
samples of raw milk with a count over 10,000 had apìroximately the same 
number of organisms after pasteurization as before. This conóition lead 
to a study of the theriuophulic and thermoduric bacteria causing these high 
counts. 

Altogether 35'7 samples of pasteurized miflç were observed. The 4 
pasteurizing plants were supplied by 900 raw milk producers. Therinophils 
were Isolated on a special proteose: Peptone, dextrose, beef extract 
medium, incubated 24 hours at 45 degrees Centigrade. Thermoduric organisms 
were obtained from colonies growing on the "standard nutrient agar" plates. 

Only one thermophilic organism was isolated: Lactobacillus thermo- 
philus. It is non-cpore forming. Gram positive rod occurring consistently 
in a certain restricted group of plants. Plated according to "Standard 
Methods" it gives rise to minute Upin point" colonies. It reaches maximum 
growth after 12-16 hours at 45 degrees Centigrade. Cultures die out 
rapidly when held under refrigeration or at room temperatures, but the 
organism is very difficult to eradicate having once gained entrance to a 
plant. It was not isolated front the raw milk received at the plants. 
Repasteurization, continuous preheater operations, inadequate sterilization 
appear to be the chief causes for its propagation in the plant. 

The plating conditions outlined in the "Standard Methods of Milk 
Analysis" offer only the minimum growth conditions for this organism. 
Small changes in the time and temperature of incubation, composition of 
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medium, storage of milk before analysis, etc., lead to its spasmodic and 
uncertain occurrence on the nutrient agar plates. Changing the temperature 
of incubation to 32 degrees Centigrade and/or employing a more nutritive 
medium than is now recommended in the "Standard Methods" would eliminate 
the "pin point" problem that this organism has heretofore created. 

The theimoduric cultures isolated from the routine nutrient agar 
plAtes included organisms of the genera: Micrococci, Leuconostoc, 
Achromobacter and. Alcaligenes. The heat resiEtant studies indicated that 
the Leuconostoc were markedly heat resistant, Alcaligenes and Micrococci 
moderately heat resistant, the Achromobacter non-heat resistant. The 
piented Micrococci showed a higher resistance to heat than the non- 
pigmented forms. All thermoduric cultures were nagLtive to indol and 
hydrogen sulfide production. 
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THERMOPHILIC AND THERMODURIC BACTERIA 
IN PASTEURIZED MILK 

INTRODUCTION 

In the grading of market milk by public health 

authorities, considerable attention is given to the degree 

of bacterial contamination. The extent of this contamina- 

tion is usually measured by the bacterial plate count. As 

a result, the public has learned to evaluate the sanitary 

quality of milk almost entirely by its bacterial count and 

to demand a milk which will have the least possible 

bacterial contamination. Not only has the consumer become 

interested but competition within the industry, due to the 

recognized advertising value of milk with a low bacterial 

content, has played a part in the production of milk with 

a minimum of bacterial contamination. 

With the improvement of sanitary conditions on the 

farm and in the milk plant, the bacterial quality of milk 

in general has greatly improved. This is especIally true 

of pasteurized milk which can now readily be produced with 

a very low bacterial count. 

In the course of milk regulatory work carried on by 

the Bureau of Health in the city of Portland, Oregon, the 

bacterial count of some of the pasteurized milk was rela- 

tively high. This was quite unexpected since the pasteur- 

izing operations were presumably regularly inspected and 
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the raw milk used for pasteurization was of a uniformly 

good quality, I.e. having a low bacterial count. It 

appeared that this situation might be due to the appearance 

in the finished product of an unusually large number of 

heat resistant organisms or of bacteria which grow at the 

temperature of pasteurization. The problem presented thus 

appeared worthy of investigation. 

The preliminary work on this study was carried out 

in the Bureau of Health Laboratories over a period of 

three months: June 18 to September 18, 1935. Studies 

were made on milk samples picked up specifically for this 

investigation as well as on those brought to the laboratory 

by the milk inspection department in the course of the 

regular routine work. This investigation included only 

samples from distributors of pasteurized milk in the city 

of Portland. 

In outlining this study, it was anticipated that the 

nature and source of the organisms causing high counts in 

the pasteurized milk might be determined and that their 

public health significance might be more fully understood. 

In this connection, it should be mentioned that a committee 

of the American Public Health Association is at present 

considering certain proposed changes in the standard methods 



of milk plating*. As a result of this study, it may be 

possible to secure some additional data which will be of 

value in deciding whether or not these changes should be 

adopted. Therefore, any additional information relative 

to bacteria which occur in milk and grow at or survive 

higher temperatures will be of interest as it relates both 

to the determination of the methods of analysis and to the 

evaluation of the sanitary quality of milk and milk 

products. 

* This work was done previous to the publishing of the 
7th edition (1939) of andardJetjodsfortheaminatjon 
of' Dairy Product by the American Public Health Association. 
Any reference to standard plate count", "standard methods", 
etc. will be with respect to the 6th edition (1934) of the 
Standar Methods Qf i]Jralysi. 



HISTORICAL 

Microorganisms which are able to grow normally at and 

above temperatures of 60 degrees Centigrade have been known 

for some time. Such temperatures are abnormally high for 

the existance of living protoplasm and the phenomenon is 

one of great interest to microbiologists. CertaIn species 

of bacteria, yeasts, molds and algae are known which grow 

at these abnormally high temperatures and this character- 

istic is described by the term "thermophilic". Vegetative 

cells which do not grow at 60 degrees Centigrade but show 

an unusual resistance to heat, in that they are not rapidly 

destroyed at this temperature, are regarded as "thermoduric". 

In a very comprehensive review of the subject of 

thermoduric and thermophilic bacteria by Robertson (19), 

credit is given to Miquel (1879) for the earliest isolation 

of strictly thermophilic bacteria, which were obtained from 

river water, soil and feces. Since that time, thermophilic 

organisms have been isolated from many sources: hot springs, 

sewage, fruits, vegetables and from miscellaneous sources 

too numerous to mention. These organisms are also commonly 

found in milk, according to the work of a number of 

investigators. Gonfi in 1895 and Leichman in the same 

year are credited by Breed (6) as having made the first 

isolations of thermophilic bacteria from milk. Mention 
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might be made of more recent investigations: Tanner and 

H. G. Harding (23), Tanner (24) and others have conducted 

investigations dealing with the growth of therniophilic 

bacteria in milk. In these latter studies, special atten- 

tion was given to the growth of thermophilic bacteria dur- 

ing the pasteurization of milk. Perhaps the first report- 

ed observation that organisms multiplied during the actual 

pasteurizing of milk was made by Jacobsen (16) in 1918. 

He reported instances in which the bacterial plate count 

of milk was higher after pasteurization than before and 

demonstrated that this was due to organisms actually 

multiplying during the pasteurization process. Dotterrer 

(10) also recognized the presence of an unusually heat 

resistant or thermophilic flora in pasteurized milk. 

Many studies have been reported which relate to bac- 

tena surviving the pasteurization of milk. Ayers and 

Johnson (2) were concerned with the fermentative character- 

istics of these organisms and found that many common 

lactic acid forming bacteria in milk are able to survive 

pasteuriz3tion. Robertson (20), Hammer and Trout (14) 

and others noted increases in the bacterial plate cunts 

of pasteurized milk due to the presence of heat resistant 

sarcinae and micrococci. Hucker (15) in a special study 

of the cocci resisting pasteurization found that of a total 

of 180 isolated, 76 proved to be micrococci, although no 
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particular species predominated. A number of streptococci 

were also found of which £treotococcus therruophilus 

occurred most frequently. This organism is not considered 

to be thermophilic as the name sugests since it has a 

maximum growth temperature of about 50 degrees centigrade. 

It is, however, thermoduric since a large percentage of 

the cells of this organism wILL survive heating at 142 

degrees Fahrenheit for thirty minutes. Fay (12), Sherman 

and Stark (21) and Swenarton (13) also investigated the 

thermal resistance of streptococci and isolated various 

species from pasteurized milk. 

When pasteurized and raw milk was analyzed according 

to the Standard Methods of Mil'c Analysis (1), the appear- 

ance of minute colonies on the agar plates were noted. 

These colonies commonly called "pin points?t, were perhaps 

first referred to as such by Yates (26) in connection with 

a study of the Kansas city milk supply. Yates and Glover 

(27) pointed out, that in the case of pasteurized milk 

pin points" were due to organisms growing during the process 

of pasteurization. 

With the exception of Ayers and Johnson (4) and Eckford 

(11), very few of the early workers devoted any study to 

the species of bacteria involved in this problem. Ayers and 

Johnson, in connection with "pin points" isolated the 

orzanism Lactobaci]lus thermoohilus and suggested it to be 
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one of the causes of this type of colony. However, Eckford 

(11), Tanner (24), H. G. Harding (13) and others Isolated 

a considerable number of spore forming thermophils. 

Prickett (18), in the course of a study to determine the 

species of thermophilic spore forming bacteria, considered 

to be responsible for the occurrence of "pin point" colon- 

ies, isolated a total of some 480 cultures. However, a 

careful observation of the results presented fails to show 

that any of the thermophilic spore forming bacteria iso- 

lated actually caine from "pin point" colonies. Streptococ- 

ci have been reported by Johnson and Exworthy (17), 

Swenarton (22), Fay (12) and others to exhibit minute or 

"pin point" colonies on both raw and pasteurized milk 

plates. 

However, considerable confusion arose in connection 

with these "pin point" colonies due to the emphasis being 

placed on the colony Itself rather than on the nature of 

the causative organism. Ayers and Johnson (4) pointed out 

that "pin points" were not necessarily due to a particular 

organism but might result from crowding of the colonies on 

the plates, unfavorable growth conditions, media, etc. Fay 

(12) also found certain heat resistant streptococci were 

responsible for "pin point" colonies and commented on the 

fact that the presence of heat resistant streptococci was 

being confused in the literature with thermophils such as 

those isolated by Ayers and Johnson or Prickett. Sherman 
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and Stark (21) further pointed out that the confusion due 

to the formation of "pin point" colonies by streptococci 

similar to those produced by thermophilic organisms, was due 

to the fact that the standard medium used for milk work did 

not have a sufficient carbohydrate content to allow the 

streptococci colonies to develop to their full size. Thus 

it appears, that these minute colonies occurring on pasteur- 

ized milk plates were due to a thermophilic species, 

Lactobaclilus thermophilus, as well as to thermoduric 

bacteria including primarily various species of strepto- 

cocci and micrococci. 



EXPERIMENTAL 

THE CITY OF PORTLAND BUREAU OF HEALTH LABORATORY RECORDS 

It has been pointed out in the introduction that this 

study was carried on to investigate the occurrence of high 

bacterial counts obtained from pasteurized milk samples 

tested in the course of the routine city milk inspection 

work. An examination was made of the City of Portland 

Bureau of Health laboratory records in order to note the 

condition of the raw milk and the efficiency of the pasteur- 

ization process in the various milk plants. Data are 

presented in Tables I and II covering the routine analysis 

of milk and cream from July 1933 to December 1934. 

Table I 

THE OFFICIAL PLATE COUNT OF 14,723 RAW OR SHIPPERS? 
MILK SAMPLES 

Plate Count 
from 

Number of 
Samples 

Percentage 

100 to 1,000 351 2.3 
1,000 to 10,000 5728 38.9 

10,000 to 20,000 1975 13.4 
20,000 to 40,000 1885 12.8 
40,000 to 100,000 2936 20.0 

over 100,000 1848 12.6 
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Table II 

THE OFFICIAL PLATE COUNT OF 1,4l6 PASTEURIZED MILK SAMPLES 

plate Count 
from 

Number of 
Samples 

Percentage 

loo to 1,000 754 53.3 
1,000 to 10,000 489 34.5 

10,000 to 20,000 84 5.9 
20,000 to 40,000 33 2.3 
40,000 to 100,000 41 2.9 

over 100,000 15 1.1 

E OFFICIEL PLATE COUNT OF l,236 PASTEURIZED CREAM SAMPLES 

Plate 
from 

Count Number of 
Samples 

Percentage 

100 to 1,000 506 40.9 
1,000 to 10,000 473 38.2 

10,000 to 20,000 89 7.4 
20,000 to 40,000 54 4.3 
40,000 to 100,000 58 4.8 

over 100,000 56 4.5 

The raw milk samples were obtained regularly from 

about 900 milk producers or flshippers?. The pasteurized 

samples were obtained from 45 milk plants. It is noted 

that the sanitary quality of the raw milk, as indicated by 

plate counts, received at the pasteurizing plant is, for 

the most part, very good. Records show that the average 

bacterial count was approximately 30,000. The pasteuriza- 

tion process, as indicated by the bacteriological data, was 
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on the whole efficiently carried out in the plants. With 

respect to the pasteurized milk samples, over fifty per- 

cent had bacterial counts under 1,000. A significant 

portion, however, about 6.3 percent, were over 20,000. 

It is evident that the milk, in some cases, was not being 

efficiently pasteurized. 

THE BACTERIOLOGICAL STUDY 0F PASTEURIZED MILK AND CREAM 

The Bacterial Count of Milk and Cream (n5tandard Methods") 

During the period of June 18 to September 18, 1935; 

the writer carried out his observations and studies in 

the city of Portland Bureau of Health laboratory. A 

presentation of data obtained at that time is made in 

Table III. 

Table III 

THE OFFICIAL PLATE COUNT 0F PASTEURIZED MILK AND 
CREAM SAMPLED FROM June 18 to ßeptember 18, 1935 

Bacterial 
plate cQunts 

from 

MJlìç Cream 

No. of Per- No. of Per- 
Samples centage Samples centage 

96 41.5 43 34.5 100 to 1,000 
1,000 to 10,000 96 41.5 49 39.3 

10,000 to 20,000 17 7.4 8 6.3 
20,000 to 40,000 8 3.5 8 6.3 
40,000 to 100,000 8 3.5 6 4.8 

over 100,000 6 2.6 11 8.8 
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Table IV 

DISTRIBUTION OF BACTERIAL COUNTS AMONG 
- OF THE g 

Plant 

Pasteurized 
Milk 

PasteurIzed 
Cream 

Samples Counts Samples Counts 
taken over taken over 

10,000 20,000 

Alpenrose 5 1 3 1 

Brandes 7 5 4 3 

Cedarbrook 2 1 2 1 

Cloverdale 4 1 

Columbia 3 3 1 

Early Davrri. 3 1 

Elco 3 1 

Fairyland i i 

Farmers 8 

Frutiger 2 1 

Goss :L : 2 2 

Grandview i i 

Laureiwood . 

Mayflower 3 2 1 

Medoland 3 1 

Model '7 
1_ A 

Multnomah 13 
Portland Milk 

Producers 23 
Progressive 4 
Riverview 9 1 6 1 

Sandy 10 
Springbrook 11 L 5 2 

Valley Farms 4 1 

Vests 4 1 

Vetsch 12 
Waucomah i 

TOTAL 58 23 
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Table III includes 356 samples, 231 of which were 

pasteurized milk and 125 pasteurized cream. These samples 

were either picked up specifically for this study or were 

obtained in the course of the regular routine inspection 

work of the milk inspectors. Al]. were plated according 

to the "Standard Methods of Milk Analysis". An inspection 

of the table reveals that the bacterial plate count of 

about 9.6 percent of the pasteurized milk and approximately 

20 percent of the pasteurized cream were over 20,000. It 

is interesting to note that these high counts were obtained 

only with respect to the products of 26 of the 45 pasteur- 

izing plants. The distribution of these high bacterial 

counts is shown in Table IV. The data in this table 

illustrates further that many of the pasteurized milk 

samples, even among these 26 plants, did not have high 

bacterial counts. 

It is quite possible, considering the quality of the 

raw milk in the Portland milk shed (Table I), that in many 

cases the counts made on the milk after pasteurization 

(Table iii) were higher than those made on the same milk 

before pasteurization. In many instances the high counts 

obtained appeared to be due to a very small, white, 

filamentous colony which was similar to the description 

of LactobaciJlj thermophilus, Ayers and Johnson (4). 
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THE OCCURRENCE OF THEPIMOPHILIC BACTERIA 

The presence of thermophilic bacteria in pasteurized 

milk is commonly reported, and in many cases has been 

found to be responsible for high bacterial counts. Some 

thermophilic bacteria can grow at 37 degrees Centigrade 

and on nutrient agar as described in the 6th edition of 

"Standard Methods of Milk Analysis" whereas others require 

higher temperatures as well as a special medium for growth. 

In the work of this investigation, the examination of 

routine milk samples was extended to include a duplicate 

test under conditions favorable for thermophilic growth. 

This was done in an effort to determine to what extent the 

counts obtained might be due to thermophilic bacteria as 

distinct from thermoduric bacteria. In this test an in- 

cubation temperature of 55 degrees Centigrde was employed 

in as much as this temperature is suitable for those organ- 

isnis characterized as thermophilic" but not for organisms 

that are only thermoduric. (organisms which grow only at 

temperatures lower than 55 degrees Centigrade are gener- 

ally considered to be non.-thermophilic.) In this work 

the period of incubation employed was twenty-four hours. 

It is recognized that these conditions would not per- 

mit the development of anaerobic thermophilic bacteria or 

certain aerobic species in which development may occur only 

after several days or weeks at high temperatures. Such 
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organisms were not pertinent to this particular problem in 

as much as thermophilic organisms failing to develop 

colonies after twenty-four hours at 55 degrees Centigrade 

would not be very likely to apear under the conditions 

set forth in "Standard Methods". There are, however, many 

thermophilic bacteria which do grow on the usual agar at 

37 degrees Centigrade as abundantly as at 55 degrees. The 

special media used was similar to that recommended by the 

Committee on Bacteriological Methods of Analyzing Products 

(8) and was of the following composition: 

Bacto beef extract 
Bacto peptone 
Bacto proteose peptone 
Dextrose 
Agar 
Water (volume to) 
pH 

O.3O 
O.5O 
0.25% 
o. 10% 
1. 50% 

1,000 ml. 
7.0 - 7.2 

From 45 pasteurizing plants, 422 samples of pasteur- 

ized milk and cream were plated and incubated at 55 degrees 

Centigrade. 0f this number, 106 gave counts indicative of 

therinophilic bacteria on the special media incubated at 55 

degrees Centigrade. On those plates which developed 

colonies at 55 degrees, the count ranged upward from 

1,000 to about 5,000,000 per cubic centimeter. The greater 

percentage of these counts, however, were approximately 

100,000 organisms per cubic centimeter. 

Samples from 35 of the 45 plants did not show the 

presence of thermophilic organisms. Plate counts from the 
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remaining 10 plants indicated that thermophils were quite 

consistantly present. A total of 173 samples of milk were 

plated from those plants which at one time or another 

showed the presence of thermophils. Of these 173 samples 

only 67 were found free of thermophils. They were present 

in 106 samples. Table V shows the frequency with which 

thermophils occurred in the products of the 10 plants. It 

is significant to note, that with one exception, these 10 

plants have already been recorded in Table IV to be in the 

group of 26 plants showing high routine bacterial plate 

counts. 

In connection with the studies on the incidence of 

thermophilic bacteria, as recorded in Table V, a total of 

23 control plates of the special media incubated at 55 

degrees Centigrade were made. Five of these plates devel- 

oped one colony each. It is not possible to say whether 

this was contamination from the agar or from sorne other 

source. Therefore, thermophils were not recorded as present 

when only one or two colonies appeared on the plate. In 

almost every case, however, when thermophils were present 

they were there in large numbers. A significant obser- 

vation made in the course of these studies was the fact 

that, in a total of 633 bacteriological analyses, which 

included raw milk and miscellaneous samples incubated at 

55 degrees, no colonies were observed on 557 plates. 
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Table V 

OCCURREI'CE OF THERMOPHILIC BACTERIA IN THE MILK 
FÖÏÍTFJN PASTEURIZING PLTS 

Plant 
Total platings 
at 55 degrees 
Centigrade 

Occurrence of 
thermophils 

Present Absent 

Alpenrose 9 4 

Brandes 12 1 11 
Columbia 19 16 3 

Community 4 4 

Goss 22 1 21 
Mayflower 4 3 1 

Portland Milk 
Producers 38 31 7 

Progressive 8 4 4 

Sandy 22 14 8 

Vetsch 35 27 8 

TOTAL 173 106 67 

It was previously pointed out that in milk from some 

plants there was a correlation between high plate counts 

at 37 degrees Centigrade and the occurrence of thermo- 

philic bacteria; shown by the plating at 55 degrees. This 

observation suggests that consideration be given to the 

available data in those cases in which the two methods of 

plating were carried out on the same samples. In 26 cases 

out of the total 106, in which thermophilic bacteria were 

present, as indicated by the platings at 55 degrees and re- 

corded in Table V, duplicate plates under the standard con- 

ditions were given detailed attention. The observations 
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may be summarized as follows: 

(1) In three cases, numerous small colonies resembling 

the previously described thermophilic colonies 

(page 13) appeared on the plain agar plates and 

were counted by the laboratory bacteriologist 

who was performing the routine analysis. 

(2) In eleven cases, these minute colonies were 

present but were not counted. It was found that 

in some instances the colonies were either over- 

looked or were discernable only by very careful 

observation, often necessitating the use of the 

microscope (low power magnification). 

(3) In twelve cases, no evidence of thermonhils 

could be detected even with the aid of the miCro- 

scope. It would appear, therefore, that the 

thermophilic organisms encountered in these 

studies are more frequently present than is 

indicated by the routine records. 

Consideration was next given to the type of bacteria 

which grew at 55 degrees Centigrade. The colonies were 

essentially of one type except for ari occasional colony 

resembling those noted on certain of the control plates 

referred to above. They were filamentous colonies, about 

one millimeter in diameter, and were prone not to grow on 

the surface of the agar. They resembled colonies which 
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appeared on the duplicate plates under "Standard Methods" 

conditions except that, in the latter instance, the colon- 

les were much smaller in diameter, less compact, thin and 

veil like in structure. Cultures were obtained from these 

colonies for subsequent bacteriological studies. 

THE OCCUPRENCE OF THERMODURIC BACTERIA 

During that part of this investigation carried out in 

the Bureau of Health laboratories, a total of 357 routine 

inspection samples of pasteurized milk and cream were 

plated and a bacterial plate count was determIned of each 

after incubation at 37 degrees Centigrade for 48 hours and 

at 55 degrees Centigrade for the same length of time. Of 

this entire number, 145 samples were recorded as having an 

official plate count "Standard Methods" of over 5,000 

bacteria per cubic centimeter. As a result of the plating, 

usIng an incubation temperature of 55 degrees, 35 of these 

145 samples evidently contained therrnophils. Thus, in 

spite of the fact that high bacterial counts on the routine 

plates were known in some cases to be due to the occurrence 

of thermophils, it is defin±tely known that 105 samples 

with high counts (over 5,000) were not due to thermophls. 

Therefore, these high counts were very probably due to 

thermoduric organisms. Previous workers: Johnson nd 

Exworthy (17), Fay (12), Sherman and Stark (21), Hucker (15) 

and Robertson (20) have reported the presence of various 

species of micrococci and streptococci commonly found in 
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milk which appeared to have heat resistant properties. 

However, it was also possible that many high cOunts were 

due to organisms reaching the milk following the pasteur- 

ization process je. contaminated milk bottles, caps, etc. 

(Note later heat resistant studies.) 

In order to obtain cultures for further study and to 

obtain information regarding the occurrence and distribu- 

tion of thermoduric bacteria, colonies were picked from 

selected plates (those with counts of 5,000 and over). As 

a result, the thermoduric characteristics could be confirm- 

ed and the bacteriological characteristics of the organisms 

could be investigated. In as much as there was no assur- 

¿mce that any or all of the colonies appearing on the plain 

agar plates were necessarily bacteria of the heat resistant 

type, the selection of thermoduric cultures was not a 

simple task. Since the raw milk delivered to the pasteur- 

Izing plants was found to be of fairly good quality, 

usually with an official plate count of less than 100,000, 

a bacterial plate count of over 5,000 in the pasteurized 

milk would probably indicate the presence of thermoduric 

organisms. However, it appeared that heat resistant organ- 

isms could best be obtained by picking cultures from those 

plates which not only had high counts but those upon which 

the majority of the colonies were of one particular type. 

Therefore, a careful examination was made of all plates 

from pasteurized milk in an effort to obtain cultures of 
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these thermoduric bacteria. The methods of selecting 

cultures are presented in a subsequent section. 

EXAMINATION OF MILK BEFORE PASTEURIZATION FOR THE 

PRISENCE OF THERMOPHILIC BACTERIA 

In an effort to ascertain, if possible, the method 

by which thermophils enter a plant and perhaps obtain 

information regarding the source or habitat of these 

organisms, a number of samples of raw milk were plated on 

the special medium and incubated at 55 degrees Centigrade. 

An initial plating of 39 samples was made and, with the 

exception of a few plates showing one or two large colon- 

ies, thermophilic bacteria were not detected. Moreover in 

all the subsequent work a preliminary incubation of four 

hours at 55 degrees was made before plating the raw milk 

samples. A total of 117 samples were plated in this 

manner. Thermophils were encountered occasionally but not 

in any appreciable numbers. Altogether, 96 plates showed 

no thermophilic colonies, il had one colony, i had two 

colonies and 2 had four colonies present. These colonies, 

however, resembled those foimd as contaminants on the con- 

trol plates discussed in a previous section. It is 

important to observe, in connection with the plating of 

raw milk at 55 degrees, that in no instance did colonies 

appear which in any way resembled the colonies of 
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thermophilic bacteria previously encountered on the 

pasteurized milk plates. 

BACTERIOLOGICAL STUDIES ON ORGANISMS SURVIVING 

PASTEURI ZATI ON 

Thermpphilic Cultures 

As was previously pointed out, the thermophilic 

organisms encountered appeared to be of one general type 

based on colony characteristics. In the selection of 

therniophilic cultures for further study, the procedure 

was to examine each of the 55 degree plates (incubated 

24 hours) microscopically (box) and to select one or 

more of the representative types of colonies. These 

were transferred to litmus milk. In transferring the 

cultures, a section of the agar around the colony as well 

as the colony itself was removed and placed in the litmus 

milk. The litmus milk cultures were incubated 24 hours 

at 55 degrees Centigrade. After incubation, each of' the 

litmus milk tubes was tested for viable thermophils by 

replating on the special medium and incubating at 55 

degrees Centigrade. The cultures were invariably found 

to be sterile. 

After further studies, it was found that at an 

incubation temperature of 55 degrees Centigrade, the 

organisms grew very rapidly reaching a maximum growth in 
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a very short period i.e. 10 to 20 hours. The death rate 

was very rapid and no growth or transfer could be obtained 

after a period of 24 hours incubation. It was, therefore, 

decided to make transfers after 16 hours incubation at 45 

degrees Centigrade. Viable transfers were readily obtain- 

ed and it was quite evident that the colonies appearing 

on the plates at 45 degrees Centigrade were similar to 

those previously obtained at 55 degrees Centigrade. In 

this way, 14 representative cultures were obtained from 

the milk of 3 different pasteurizing plants. These 

cultures were maintained in litmus milk which was also 

incubated for a period of 16 hours at a temperature of 

45 degrees Centigrade. Between transfers, the cultures 

were stored in a refrigerator at about 6 degrees Centi- 

grade. These cultures, which were very similar as 

judged by the characteristics of the growth in litmus 

milk (see page 24), were first plated on special media 

as previously employed. Six cultures were selected for 

detailed study in order to insure the inclusion of any 

possible variations in bactertal types that might be 

present. It was subsequently revealed that the mor- 

phological and physiological characteristics, in so far 

as studied, were practically identical in all six cultures 

and will, therefore, be reported as a group thus avoiding 

unnecessary repetition. A slight difference in the colony 

characteristics was noted in the case of two of the six 
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cultures and this will be pointed out in the description 

which follows. 

CHARACTERISTICS OF THERMOPHILIC BACTERIA ISOLATED 

Morphological: 

Cultural: 

These organisms are non-motile rods, 1.2 to 

4.6 microns long by 0.3 to 0.5 microns wide, 

arranged singly, staining Gram positive and 

non-spore forming. 

Nutrgar plates: Growth was very scanty. 

The cultural characteristics, however, 

were similar to those found in the case 

of the more nutritive mediun excejt that 

the amount of growth was considerably less. 

Surface growth could be induced by streak- 

Ing in which case only a superficial growth 

conid be observed. 

special agar plates*: Surface colonies were 

grayish white, translucent, round, smooth 

top, slightly raised growth, diameter 0.3 

to 1.0 mm. These colonies when magnified 

*Nutrient agar to which was added O.25" proteose 
peptone and O.l' dextrose. 



25 

100X showed a tendrical like, striated 

structure due probably to a chain like 

formation of the cells. The colony 

presented a granular structure with a 

lohate edge. Subsurface colonies appear- 

ed to be of two different structures: In 

one case, the colony developed from a 

round or lens shape opaque body. The 

structure was not dense and some fila- 

mentous growth developed. The average 

size was 0.8 mm. The other tyìe of colony 

developed a lens or circular shaped body 

which has a very dense structure. A 

compact filamentous growth develoed 

which obscured the central portion. Aver- 

age size: 1.5 mm in diameter. 

Nriet agar slant: Slight growth. 

$'ecial agar slants Filiform growth, trans- 

lucent, scanty. Gelatth: No liquefaction. 

roth: (Broth containing one percent 

proteose peptone) moderate turbidity, no 

other change. Litms milk: Slight 

acidity produced, no curdling, no re- 

duction. 
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Physiological: 

Sugar fermentations: Ferments with acid but no 

demonstratable gas: Dextrose, galactose 

levulose, sucrose, lactose, and inulin. 

Ferments very slightly or not at all: 

Arabinose, xylose, dextrin, raffnose, 

salacin, glycerol and mannitol. 

Temperature relations: Grows from 37 degrees 

to 62 to 63 degrees Centigrade. At a 

temperature of 45 degrees Centigrade, 

maximum growth is attained in about 12 

hours. During such an incubation the cells 

die rapidly. The culture becomes sterile 

after about 5 days at room temperature. 

Reaction to aiditv and alkalinity: Growth 

does not occur in broth or solid media at 

pH values greater than 6.0 

GROWTH ON VARIOUS MEDIA (45 DEGREES CENTIGRADE) 

Washed agar No growth 
Agar plus 0.3% beef extract No growth 
Agar plus 0.6% beef extract No growth 
Agar plus 1: peptone Growth 
Agar plus 1% proteose peptone Good growth 
Standard agar Slight growth 

This organism corresponds very closely to 

Lactobaillus thermophilLus, originally isolated by Ayers 
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and Johnson (16) and later studied by Chariton (23). 

Thermoduric cultures 

Classification studies. 

The study of therinoduric cultures was carried on only 

a relatively short period of time: August 30 to September 

18, 1935, during which period 141 pasteurized milk samples 

from the milk of 30 pasteurizing plants was plated. From 

these 141 samples, 102 cultures were selected, using the 

procedure previously described. These organisms were from 

the milk of 9 different plants. These cultures were main- 

tained on plain agar slopes. 

Preliminary classification was undertaken In order to 

observe similarities of these organisms. A careful study 

was made of the agar slant characteristics such as: 

Pigmentation, amount of growth, elevation, lustre, etc. 

These studies were made on the entire group of cultures 

and as a result sub-groupings were made so that apnarently 

identical cultures were arranged together. 

Seventy of the total 102 cultures, classified accord- 

ing to agar slope characteristics, were divided into eight 

groups. Thirteen cultures were lost in the course of the 

work and 19 were discarded because they were dissimilar 

and did not fit into any of the eight groups. Several 

cultures of streptococci were among those cultures which, 
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unfortunately, were lost. As a further check on the 

similarity of the selected cultures within each group, 

additional tests were made: Gram stain, motility, 

action of sucrose, dextrose and lactose, growth on 

gelatin, the ability to reduce nitrates, indol formation. 

The preliminary groupings were substantiated by the 

additional tests, in as much as with the exception of an 

occasional slight difference, a very good correlation 

was obtained. In order to simplify the detailed 

descriptive work to follow, two or more representative 

cultures were selected from each of these eight groups. 

As a result, 19 cultures were designated for more detailed 

study. The entire 19 cultures were subjected to 

morphological, cultural and physiological tests in an 

effort to classify each of the groups as accurately as 

possible according to descriptions in the Manual of 

Determanative Bacteriology, Bergey (24). Although it was 

hoped to be able to determine the exact species, slight 

differences in physiology and morphology make it very 

difficult to be certain of species differentations. For 

the objectives of this study it was felt that a generic 

classification would suffice. Detailed studies revealed 

that the organisms in each group were practically 

identical and, therefore, only a single description for 

each group Is presented. 
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TPULATED CHARACTERISTICS OF THE THERMODURIC 

Morphological: 

Cultural: 

BACTERIA ISOLATED 

Groups I II, III, IV and y all consist of 

coccus forms. Groups Vj, VIL andJjj are 

made up of short, plump rods. The organisms 

in Grouo I have an average diameter of 0.15 

to 0.7 microns; Grouì II 0.4 to 0.65; Grou 

III 0.55 to 1.05; Group IV 0.3 to 0.75 and 

Group Y 0.2 to 0.9. The rods of Group VI 

have an average length of 1.15 microns and a 

width of 0.85; Group VII are 0.55 by 1.45 

microns; Group Vll. are 0.7 by 1.0 microns. 

Çroup I to V occur singly and in irregular 

groups. The organisms in Group have a 

tendency to elongate to short rods while 

those in Group II have a tendency to form 

short chains. Grous II, IlL IV and V are 

Gram positive while Grouos I VI, VII and VIII 

are Gram negative. All organisms isolated were 

non-motile. 

fln plain agar Grouo gave grayish white, round, 

smooth surfaced colonies 0.5 to 1.0 mm in 
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diameter. The growth on the slant was 

translucent, opalescent, smooth surfaced, 

flat, having only a fair amount of growth. 

Group II had colonies with a slight yellow 

pigment, round, entire edge, with a 

diameter of about 0.8 to 1.8 min. Growth 

on the slant was raised, echinulate, 

iridescent, smooth surfaced, showing a 

medium amount of growth. Group III 

resulted in colonies with a smooth edge, 

milky, round viscous appearance with a 

diameter of 0.8 to 2.0 min. The slant was 

glistening, slightly Viscous with smooth 

or entire edged and a flat surface wi..th a 

raised rib along the center of the entire 

streak. Group I gave a round, raised, 

granulated colony with medium yellow 

pigmentation. These colories had a smooth 

top and edge and averaged 0.5 to 0.9 mm in 

diameter. The plain agar slant was raised, 

convex and with a smooth surface except for 

a margin along each edge which has a wavey, 

uneven surface. The edge of the slant is 

entire, the slant having a yellow pigmenta- 

tion. Group V had medium dark greenish 

yellow colonies with raised growth, smooth 
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top and entire edge. The slant was medium 

yellow with a smooth top and convex growth. 

roup3I. resulted in a colony which was 

white, glistening, smooth surfaced, partly 

opaque, iridescent. The slant was white, 

smooth topped except for a margin along each 

edge which has an undulating surface. The 

slant had glistening, raised growth. Group 

3 had a white colony not raised, smooth 

surface except for a chamfered margin around 

the edge. The marginal surface is undulated 

with an iridescent edge. The slant of Group 

VII and Groupjr are very similar exept the 

former has more of an iridescence. The 

colonies in fl2up VIII had no pigment. They 

were round, smooth surfaced, regular edged, 

very iridescent with an average size of 4.5 

wn in diameter. The slant was white, raised, 

undulating surface, viscous and glistening. 

The edge was entire and the growth medium. 

The above slants and colony structure were 

observed after 48 hours incubation at 30 

degrees Centigrade. 

In plain rft incubated at 30 degrees Centigrade 

for 48 hours the organisms in Grou gave 
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a slight turbidity. GrousII and VI gave 

a medium turbidity and Group VJJ gave a 

fine turbidity. The sediment in the case 

of Grou was slight. GrouLjL 
VIII was fine; Group III heavy and compact; 

Group IV floculent; Grop_yj coarse and 

precipitated and Group VI medium in amount. 

There was an opalescence or iridescence in 

Groups 11, 1V, L _ VII and VIII. A very 

heavy, tenacious, leathery pellicle was 

observed in the case of Groups LE andjy. 

rous VI and VIII had pellicles while 

Groups III,V and VII had rings but no 

pellicles. 

Incubation on a Potato Slant for 48 hours at 30 

degrees Centigrade gave very poor growth 

of a yellow pigmented organisms of Group I. 

The medium was not affected. The organism 

of Group II also gave a very poor growth 

of a slightly yellow, glistening character. 

Group III is similar to Group II except that 

there is no pigment formation. Group IV 

showed medium yellow pigmentation with a 

viscous, glistening growth. Group V 

resulted in a viscous, solid, lustrous growth 

with variable pigmentation. GrouVI had a 
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raised, glistening slightly yellow growth 

with a resulting darkening of the medium. 

Group VII had a viscous growth with a 

rough surface and a dull scheen. Group 

VIII grew very poorly on potatoe and had 

a tendence to darken the medium. 

Group I was grown on sucrose-gelatin medium and 

a very viscous growth was obtained. 

Gelatin was only liquified in two groups; 

Groups Ill_and IV and in both cases a 

stratiform liquefaction was noted. 

No Nitra reduction was noted in Groups I, VI, 

VII and VIII. A variable nitrate reduc- 

tion was noted in Group II whereas the 

rest of the groups very definitely showed 

a reduction. 

All Groups except I VI, VII and VIII produced 

ammonia in the course of peptone utilization. 

GroupVL VII and VIII did not hydrolize starch. 

The following reactions were produced in Litmus 

milk: Group I slight acidity, no reduction; 

Group II acidity, no coagulation or reduc- 

tion; Group III acidity, soft curd, redue- 

tion after 8 days, digestion after 10 days. 

Slight proteolysis and gas formation; Group 
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IV acidity, reduction complete in 10 days, 

whey, slight proteolysis, soft curd; Group 

V slight acidity, complete reduction in 10 

days, no other change; Group VI reduction 

complete in 10 days, no other change; Group 

VII slight reduction after 4 days, complete 

in lO days; Group VIII no reduction, alka- 

line reaction noted after 10 days. 

The following Carbohydrates were used in the 

fermentation tests: arabinose, xylose, 

dextrose, galactose, levulose, sucrose, 

lactose, maltose, raffinose, inulin, 

glycerol, mannitol, salicin and dextrin. 

Groups I and III fermented all of the above 

sugars. Raffinose in Group II was question- 

able, and mannitol was not fermented. 

Group IV fermented only dextrose, galactose, 

levulose, sucrose, lactose, dextrth nd 

maltose was questionable. Group V fermented 

only arab±nose, dextrose, galactose, 

levulose, sucrose (variable), lactose, 

maltose and dextrin. Groups VT[,YIIand 

VIII did not ferment any of the above 

sugars. Gas formation was not observed 

in any of the above sugar fermentations. 
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All cultures were negative to the idol test and 

none of the cultures produced hydrogen 

sulfide. 

All of the above tests, unless otherwise noted, 

were carried out at 37 degrees Centigrade 

for a period of 10 days. 

In the above descriptions the distribution of 

cultures was as follows: Group I consists 

of 11 cultures, Group II - 7, Group III - 

4, Group IV - 2, Group V - 2, Group VI - il, 

Group VII - 17 and Group VIII - 16. 

The description of Group I indicates a close similar- 

ity to that given for the type genus: Leuconostoc accord- 

Ing to Bergey. 

In Group II it is noted that the nitrate reduction Is 

variable. For this reason and in view of the fact that 

there is considerable similarity of species in the genera 

Micrococcus and Stapyiocoecus, it is difficult to make 

an exact statement as to the genus of this group. The 

organisms in this group may, therefore, be tentatively 

designated as belonging to the genus Micrococcus. 

In the next three grouns, Groups III, IV arid V, which 

were differentiated by variations In pigmentation and agar 

slant characteristics, are all cocci. From the data in 

the preceding descriptions lt is observed that there is a 
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difference as to gelatin liquefaction, action on milk and 

the ability to ferment certain sugars. However, since 

these groups are morphologically similar to Group II, 

they will also be designated as belonging to the genus 

Micrococ cus. 

The last three groups, Grouos VI, VII and VIII, 

include closely related bacteria. They are similar in 

morphology and give practically identical reactions in 

the physiological tests carried out. There are minor 

differences in cultural appearances as was noted pre- 

viously when the groupings were made. The organisms in 

these grous do not ferment simple sugars. They may be 

classed either as species of Achromobacter or Alcaligene. 

It is evident that these three groups have almost 

identical characteristics. Of the many species described 

in Bergey as belonging to the genus Achromobacter, only 

a few are non-motile, do not liquify gelatin and do not 

produce acid in milk. Their characteristics are similar 

to two described species of Alcaligenes. Organisms in 

Group VIII are similar to one of these species, 

Alcaligenes metalca1igies. Among the characteristics 

in common, scanty growth on potato is noted. Grouos VI 

and VII are similar to Group VIII except that more 

luxuriant growth is observed on the potato slant. In 

this, as well as in other character±stics, a similarity 
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is shovm to Acromob .t dican. It appears, there- 

fore, that there is some basis for classifying the organ- 

isms in Groups VI and VII as belonging to Achromobact 

and those in Group VIII to Alcalien. 

Heat Resistant Studies: 

The nineteen cultures thought to be thermoduric, 

selected in the preliminary classification, were subjected 

to tests designed to give information as to their 

resistance to heat. These tests were conducted in milk 

at the pasteurization temperature usually used in the 

industry (l4Z. degrees Fahrenheit for 30 minutes). 

Approximately fifty cubic centimeters of sterile 

milk was inoculated with a loop-full of stock culture, 

which had been transferred 48 hours previously, into sterile 

milk and Incubated at 37 degrees Centigrade so that at 

the time of testing about 1,000,000,000 organisms per 

cubic centimeter were present. "Milk b1anks!, prepared 

by adding exactly fifty cubic centimeters of sterile 

milk to four ounce, wide mouthed bottles with screw caps, 

were heated and maintained at 143.5 degrees Fahrenheit 

(0.5 degree) in a DeKohtinsky water bath. The water In 

the bath was continually kept in motion by a mechanical 

stirrer and each bottle was covered by water to within a 

half inch of the cap. After the blank had been preheated 



to the proper temperature, exactly ten cubic centimeters 

of the milk culture were added to the hot blank. The 

culture was thoroughly shaken before withdrawing the 

sample and the blank similarly shaken not only upon the 

addition of the culture but at five minute intervals there- 

after as well. One minute previous to withdrawing a 

portion for plating, the blank was again shaken so as to 

insure as uniform distribution of the organisms as 

possible. 

In determing the resistance of the nineteen organisms 

previously selected, duplicate analysis were made on each 

organism. Results tabulated in Table VI show the per- 

centages of organisms killed after a given period of time 

at 143.5 degrees Fahrenheit. In each case a preliminary 

test was made to indicate the approximate time interval 

at which ninety percent of the organisms were killed. In 

view of the fact that it was not essential to get data 

showing the rate of death over the entire holding period, 

platirigs were made only at those intervals after which, 

as shown by the preliminary tests, a considerable portion 

of the cells had already been destroyed. 

The most heat resistant group of organisms, as point- 

ed out in Table VI was the Leucoriostoc group (Group I). 

Only from 20 to 30 percent of these organisms were killed 

even after a period of 40 minutes at 143.5 degrees 



Table V1 

PERCTAGF OF ORGANISMS KILLED AFTER EXPOSURE FOR 
VARIOUS TIMES AT 143.5 DEGREES FAHRENHEIT 

Group 
Number 

Culture 
Number 

Time in minutes ______ ______ 

5 

______ 
10 20 30 40 

I 32 25.3 36.7 
15.4 19.8 

9e 32.6 77.2 

89 22.1 29.0 

IL 64 79.3 98.9 
83.7 97.4 

95 97.0 98.1 

IIÏ 28 99.9 
99.9 

,', CL ÖÖ 

99 s 9 

T\ BO 28.1 99.6 
24.0 96.7 

87 93.9 99.1 
94.5 99.9 

: 38 81.0 83.6 

47 91.1 99.5 
93.9 99.1 

i 99.9 
99.9 

26 99.9 
99.9 

VII 99.9 
99.9 

VIII 5, 67.3 99.4 
68.9 81.6 

76.4 88.2 
72.2 98.4 



Fahrenheit. In control tests, carried out on a culture 

of Escherichia cpl, 99.99 percent killing occurred after 

a five minute interval. The gram positive micrococci, 

with one exception, survive pasteurization temperatures 

to the extent of about 75 to 80 percent. Of the remain- 

ing groups, consisting of grain negative rods, Groups 

VI and VII (Achromobacter), did not show heat resistance. 

Group VIII, designated as Alcaligenes, was moderately 

heat resistant. 
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DI SCUSION 

THE BACTERIAL CONTENT OF THE RAW AND PASTEURIZED 
MILK IN 1925 and 1935 

The records of the Bureau of Health laboratory have 

been examined in order to obtain nÍormation on the 

quality of the milk as indicated by the bacterial plate 

count. A compilation of the data has been made (Table I) 

for an eighteen month period just prior to 1935. These 

data are quite in agreement with results obtained while 

this investigation was in progress; the summer of 1935. 

The raw milk, as delivered to the pasteurizing plant, 

gave an official plate count averaging approximately 

30,000 organisms per cubic centimeter. Whereas on the 

other hand, in spite of the fact that the bacterial plate 

count of the pasteurized milk was, for the most part 

correspondingly low, there were a number of exceptions 

which indicated the presence of thermoduric or thermo- 

philic bacteria. 

It is to be noted here that the approved pasteuriza- 

tion temperature in 1926 was a minimum of 142 degrees 

Fahrenheit, holding a minimum of 30 minutes. However, at 

the time this study was in progress pasteurization was 

defined as holding for a period of 30 minutes at a 

temperature of 143.5 degrees Fahrenheit. 

In 1925 and 1926, bacterial counts were not 



made in routine on the milk before pasteurization. How- 

ever, some data are available in a survey made in 1925 by 

Professor G. V. Copson of Oregon State College, which 

indicates that the count was usually several hundred 

thousand and often in the millions. These values are 

given in Table VII. 

The pasteurized milk, likewise, often had high bac- 

terial counts usually reported as due to "pin point" 

colonies. This indicates that the sanitary conditions 

existing in 1926 were quite different from those in 1935 

and differences in the bacterial flora of the milk would 

naturally be expected. Unpublished studies were made by 

Dr. David B. Chariton, then bacteriologist in the 

Portland Bureau of Health laboratory, which indicate that 

the high bacterial content of the pasteurized milk in 

1926 was due to thermoduric streptococci. These organisms 

are generally considered to be of fecal origin, Sherman 

and Stark (21). Their source was frequently traced to the 

raw milk received at the pasteurizing plant. It would 

have been interesting to know to what extent thermophilic 

bacteria were responsible for high counts during that 

particular period. 

In the course of this investigation, it was found 

that streptococci were not the cause of high plate counts 

in pasteurized milk. Instead, certain thermoduric and 



Table VII 

SHIPPER'S MILK IN 
TE COLLEG 

Counts from Number Percent 

O to 5,000 10 1.3 
5,000 to 50,000 172 22.3 

50,000 to 100,000 89 11.4 
100,000 to 500,000 203 26.4 
500,000 to 1,000,000 68 8.8 

1,000,000 to 50,000,000 220 28.5 
over 50,000,000 10 1.3 

Total 772 100.0 

(SURVEY BYG. 

Counts from Number Percent 

O to 1,000 8 22.2 
1,000 to 10,000 13 36.2 
10,000 to 20,000 7 19.4 
20,000 to 100,000 7 19.4 

over 100,000 1 2.8 

Total 100.0 



one particular thermophilic organism was found responsible 

for the numerous high counts. As was pointed out in the 

survey of the official records, high counts in the 

Portland milk shed at the time of this study were not 

confined within certain limited groups of plants. High 

counts were very evenly distributed among all the plants. 

THERMOPHILIC BACTERIA ISOLATED AND THEIR SIGNIFICANCE 

The experimental work has shown that thermophilic 

bacteria of one type only were present in significant 

numbers. Others, while perhaps occasionally present in 

the raw milk, were not the cause of high bacterial plate 

counts. The organisms isolated were very similar; very 

possibly one species: Lactobacillus thermhj.. This 

is seemingly a rarely Isolated bacterium as judged by 

the few references to it in the literature. It is also 

unusual that the frequently reported spore forming 

thermophils, Priekett (18), were not found in some degree 

to be instrumental in causing high counts. A great many 

conditions such as bacteriological differences in milk 

supplies, different localities, etc. might account for the 

fact that Prickett found only spore formers, while this 

study indicated the opposite result. However, the unusual 

physiology of LactobacilILs thermoDhilu is possibly the 

most significant reason for the differences in the results 
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obtained. For example, this organism does not show 

appreciable growth after 48 hours when cultured at 

temperatures of 45 or 50 degrees Centigrade. Prickett 

incubated most of his samples, before plating, st 56 

degrees Centigrade for considerable periods of time i.e. 

one to three days. In the light of this fact, it is not 

surprising that the organism was not isolated. 

Data have been presented (Table V) which show that 

thermophilic bacteria were present consistantly in the 

milk from certain milk pasteurizing plants. Of the total 

45 pasteurizing plants 10 were repeatedly involved. It 

might be further noted, that with one exception, these 

10 plants were among those 26 experiencing high counts, 

as shown by the routine bacterial analyses made by the 

Department of Health. 

Experimental work was carried out in order to deter- 

mine the source of the thermophils. The raw milk shipped 

to plants whose pasteurized milk consistantly showed 

thermophils was frequently plated. Altogether, 156 raw 

milk samples were plated. One hundred and seventeen were 

incubated 4 hours at 55 degrees Centigrade before plating. 

This was deemed a satisfactory incubation period inasmuch 

as it was proven experimentally that at 45 degrees this 

organism reached its death phase some time after 12 hours. 

Thus, at 55 degrees, the temperature used in ascertaining 



the presence of this organism, the maximum growth period 

would undoubtedly be reached long before 12 hours. Thirty- 

nine raw milk samples were also plated without preliminary 

incubation. In no case were thermophils similar to those 

on the pasteurized milk plates found to be present. The 

raw milk used for these experiments came from plants all 

of whose pasteurized product showed thermoduric or 

thermophilic bacteria. 

There are possibly two explanations for this phenome- 

non. In the first place, the volume sampled was neces- 

sarily only a small part of the total volume of raw milk 

received by the plant. Only about 5 cubic centimeters 

were withdrawn from each lO gallon can of milk. Thus, it 

is possible that the sample withdrawn for testing did not 

contain the organism due to the fact that such a small 

part of the total milk supply was represented. 

Moreover, it is evident that, if any organism with 

as short a life cycle as this organism, were to be present 

in proportionally the same numbers as the rest of the 

bacteriological flora, it would in a short time become 

the predominating organism. Only a few cells of this 

organism in many gallons of milk, due to its short life 

cycle and rapidity with which it multiplies, would under 

proper conditions probably appear in considerable numbers 

in the pasteurized product. 
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In addition, studies were carried out at the milk 

plant to determine, if possible, at what stage thermo- 

phils occurred in the milk either as it entered the 

plant or as it progressed through the various processes. 

Special studies were made at various plants in coopera- 

tion with a well trained milk Inspector. By means of 

swabbings and sterile rinse water, the equipment at the 

start of the day's operations was found to be sterile. 

Numerous plants had at the start of the day's operations 

both their equipment and raw milk free from thermophils, 

yet the organisms were present in the pasteurized milk. 

It was found that the practice of repasteurization was 

often responsible for this condition. In these plants, 

in which detailed observations were made, pasteurized 

milk or cream was used for standardizIng the butterfat 

content prior to pasteurization. Moreover, day old milk 

was frequently repasteurized. Failure to flush and 

sterilize the preheater between runs was noted in all of 

the plants visited. As a result, milk was held at about 

100 degrees Fahrenheit for sometimes as long as an hour 

between filling of the various vats. Failure to cool milk 

promptly following the holding period was noted and this 

should be regarded as a form of improper pasteurization. 

Ali of these items might very possibly increase the 

therniophilic bacterial count. 



Apparently thermophilic bacteria do not ordinarily 

occur in raw milk. However, when they do find their way 

into milk, warm temperatures are necessary for their 

propagation. Repasteurization, in one form or another, 

has frequently been found to account for their presence 

in pasteurized milk. The organisms are not pathogenic 

and their significance from a sanitary point of view lies 

in the fact that they indicate faulty plant practices. 

Repasteurization and continuous preheater operations are 

contrary to the United States Public Health Service (25) 

milk ordinance and code. 

The experimental record shows that in the case of 

the official counts made by the Portland Bureau of Health, 

thermophils were detected on the plain agar plates only 

about 25 percent of the time. In all cases, however, in 

which they were recorded, the high counts were due to 

this particular organism. In this routine work the oper- 

ator had no knowledge whatsoever as to whether or not 

thermophils were actually present. However, even in 

cases in which thermophils were known to be present; they 

only appeared about 50 percent of the time. In short, 

although carelessness in observation of the routine plates 

accounts in a large measure for the absence of this organ- 

ism on the plain agar plates, the conditions of plating 

were also responsible for their failure to be counted. 



This organism, then, has a significant relationship 

to the counting of plates in the routine sanitary control 

of' milk production. It was suggested by Chariton (7) 

that the plating conditions used in the Standard Methods 

of Milk Analysis offered only the minimum growth condi- 

tions for this organism. Small changes in pH of the 

medium, changes in the time and temperature of incubation 

and storage of the milk before analysis, laxity in the 

actual observation of plates, and numerous other condi- 

tions might lead to the uncertainty of its occurrence on 

the plain agar plates. 

THEODURIC BACTERIA ISOLATED AND THEIR 
SANITARY SIGNIFICANCE 

By means of a somewhat arbitrary method (see pages 

27 - 28) over 100 cultures were obtained from colonies 

of organisms that had presumably survived pasteurization. 

These organisms were classified Into eight groups by 

means of well known differentiating characteristics. 

The groupings made were as follows: One as Leucnosto,Q; 

four as crococcus; three as Achromobacter or 

1jgenes. There apnear to be no generally accepted 

basis for differentiating the last two genera referred 

to. 

The experiments which were conducted to determine 

whether the presumed heat resistance of the isolated 
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organisms could be verified gave results of interest. 

Bacterial counts were made from suspensions of the organ- 

isms in milk after exposure at 143.5 degrees Fahrenheit. 

The Leuconosto organisms exhibited the greatest 

resistance, even though a considerable reduction in 

viable cells had occurred in thirty minutes. After forty 

minutes, from 19.7 to 36.6 percent had been destroyed. 

of the micrococci, one group of non-pigmented organisms 

was 99.9 percent destroyed in twenty minutes. The other 

three groups, all pigmented, were somewhat resistant in 

that an appreciable number of survivors were found after 

30 minutes. Two groups of the Gram negative rods had 99.9 

percent killed in five and ten minutes as was the control 

culture of scherichia coJi. However, one group showed 

considerable heat resistance. This latter group was 

classified as Alkaligenes and the other two as Achromo- 

bacter. All three of these groups were very similar and 

only one differentiating characteristic, according to the 

species description in Bergey (E), gave some basis for 

the classification made. 

The bacteriological studies have shown that thermo- 

duric organisms from the original plates were successfully 

isolated, however, apparently a number were not heat 

resistant, as compared to Eschrichia coU,. Some correla- 

fions are of interest: The evidence obtained indicates 
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that non-pigmented micrococci do not exhibit the same 

degree of resistance to heat as the pigmented types. This 

has been shown to be true by previous investigations (14). 

The three groups isolated in the present study showed 

varying degrees of pigmentation, but no appreciable 

differences in resistance to heat. In the case of the 

Gram negative rods there is some evidence that Achrom- 

bacter may differ in heat resistance as compared to 

Alkaligenes. Considering the habitat and the higher 

optimum temperature of organisms in the genus Alkaligenes, 

it would not be surprising to find them to be more 

resistant to heat. 

Two bacteriological correlations were noted which 

may or may not be significant. All of the thermoduric 

species studied were negative to the indol test and did 

not produce hydrogen sulfide. 1t is also of interest to 

note that the Grain negative rods isolated were not able 

to produce acids from simple sugars. 

It is difficult to say what, if any, particular 

sanitary significance can be attached to the presence of 

these thermoduric organisms. çonsto and many 

varieties of micrococci are normally present in the milk- 

ing environment. The latter might be indicative of normal 

udder, animal hair or skin flora. It was noted previously 

that thermoduric streptococci, likely of fecal origin, were 
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very commonly found in the milk during 1925 and 1926; 

however, they were not present in large numbers during 

the period which this study was made. Organisms of the 

group kalienes might indicate fecal contamination. 

Achrornq.bacter, due to its lack of heat resistance, 

could only be present in pasteurized milk due to improper 

pasteurization or contamination after the pasteurization 

process had been completed. This group of organisms is 

similar to the alkali formers isolated from dairy 

utensils, water supplies and cow feces, by Ayers, 

Johnson and Ruppe (3). These organisms are primarily 

soil forms and it is to be expected that they could very 

likely be transmitted through the use of contaminated 

water supplies. These organisms might easily gain entrance 

into the pasteurized milk after pasteurization through 

leaky coolers, improperly sterilized bottlers or the 

leakage of ice water through the bottle cap during 

delivery. 

Considering the total counts as well as the type of 

thermoduric organisms isolated, it must be concluded that 

the milk as received at the pasteurizing plant was of good 

quality. In contrast to this a thermophilic bacterium was 

often found in large numbers in the pasteurized product. 

Its presence was accounted for as a result of milk plant 

inspections which revealed objectionable practices in 
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effect which are prohibited by most milk sanitary regula- 

tions: Repasteurization, long continued preheater 

operations, etc. 

THERMODURIC AND THERMOPHILIC BACTERIA IN RELATION 

TO THE GRADING OF MILK 

The number of bacteria is an important criterion in 

evaluating the quality of milk. This criterion may be 

determined by the generally accepted procedure "Official 

Plate Count". It is recognized that the present methods 

for making the counts are far from ideal and a committee 

of the American Public Health Association has been work- 

ing for sorne time on a revision of methods. At present 

lt appears that a more nutritive medium will be employed 

and possibly an incubation temperature of 32 degrees 

Centigrade. This will allow a better development of 

colonies, including those due to thermoduric species in 

the genera Leuconostoc and treDtococcus. These have 

been frequently reported as forming "pin point" colonies 

and are no doubt overlooked in many cases due to their 

small size. The micrococci and other thermoduric species 

isolated in thIs study will no doubt grow as well or 

better under the newly proposed plating conditions. It is 

well to consider the fact that, when a low count 

pasteurized milk is desired, the proportion of theririoduric 
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organisms present in the raw milk often plays a more 

important role than the total number of organisms. 

The thermophilic organisms isolated in this study 

do not gror at 32 degrees but do grow at 37 degrees 

Centigrade on a properly nutritive medium. Their sani- 

tary significance has been discussed. If, in the future, 

incubation at 32 degrees is adopted, it will be necessary 

to determine the presence of certain types of thermo- 

philic bacteria by duplicate platings made at higher 

temperatures. 

It was noted in this study that certain milk plants 

were on the verge of losing their grade A rating owing to 

high bacterial plate counts. These counts were due in 

many cases to the presence of Lactobacillus thermohiluß. 

The occurrence of this organIsm is controlable but has 

presented a difficult problem to milk plant operators 

and inspectors. It is very possible that the degrading 

penalties were in some cases too severe and that grading 

determinations might require a more detailed consideration 

of the type and source of the bacterial flora than is 

practiced at the present time. 

In conclusion, a matter of theoretical importance 

will be briefly discussed. It concerns the flora of raw 

and pasteurized milk. 

First of all, the records obtained in this study show 
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that the heat resistant cultures picked up from high count 

pasteurized milk were distributed over the entire milk 

shed. In this milk shed, there is present a more or less 

constant flora which is quite resistant to the usual time 

and temperature of pasteurization as it is at present 

employed. This flora affects in a practical manner both 

the pasteurizing plant operator and the raw milk pro- 

ducer. 

In considering the plant operator, it is possible 

that these heat resistant organisms might constitute such 

a large part of his entire raw milk flora that he would 

be subsequently degraded. A municipal ordinance provides 

that, unless the plant or the farm producer have bac- 

terial counts within a certain limit, he will not be 

allowed to sell milk i.e. he will be degraded. It is 

possible, that due to high count raw milk of a predomi- 

nant heat resistant flora, the plant operator's bac- 

terial counts would be above that limit, which would 

allow him to continue in business. 

With raw milk of such a low bacterial count, as is 

being produced in the Portland shed, such a situation 

could hardly exist. However, since there will always be 

the usual mixed flora appearing in the pasteurized milk, 

the plant operator is never certain that these various 

heat resistant organisms may not become predominant and 
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cause his bacterial count to exceed the legal limit. As 

a result, with this heat resistant flora eliminated, the 

operator would have a wider margin of safety. At 

present he is constantly working under a handicap knowing 

that a certain number of organisms are bound to survive 

pasteurization, but not knowing actually what this oercent- 

age is going to be. 

The operator is responsible for the non-thermoduric 

organisms in his pasteurized milk but he is not neccs- 

sarily responsible for the thermoduric types. To degrade 

the plant without knowing whether his raw milk or his 

plant practices are at fault is not altogether fair. If 

his high count is proven to be due to a large proportion 

of non-thermoduric bacteria, he is either not pasteur- 

izing properly or is careless in handling the milk after 

pasteurization. In either case there is a potential 

danger of pathogenic organisms and immediate correction 

is absolutely necessary. On the other hand, if it is 

f ound that a large proportion of heat resistant organisms 

are occurring in his pasteurized product, a check up of 

his raw supply should be undertaken. 

Thus, in the degrading of a plant, the proportion of 

non-heat resistant flora present should be taken into 

consideration. An excessive number of these types of 

organisms should confirm steps toward degrading. If the 

flora is heat resistant and plant operations are apparently 
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meeting satisfactory sanitary conditions, the plant should 

not be degraded. Both the bacterial liniit, set by 

ordinance, and the type of flora present should be con- 

sidered before degrading. 

With respect to the raw milk producer or shipper, it 

is suggested that the arbitrary bacterial limit set by 

ordinance should hold, but in addition a program of 

improvement should be undertaken, esoecially in those 

plants which are directly connected with the production 

of the raw milk. This program should be, as far as pos- 

sible, not to just obtain the arbitrary bacterial count, 

but to find out specifically what proportion of the flora 

is heat resistant and take definite steps to eliminate 

that particular group. This would automatically take 

care of all other miscellaneous types present and tend 

to keep the total count within the legal limits. 

This work on the raw milk is all the more sig- 

nificant since at the present time only a very small 

percentage of the raw milk counts are high i.e. over 

100,000. The next constructive step in the improvement 

of raw milk should be, not to lower the numerical bac- 

teriological standard, but to make an effort to 

selectively limit the type of flora present. Thus, the 

degrading standard should remain in effect, but in addi- 

tion, the principle of degrading should be appli'd only 



after the flora of the milk has been carefully taken 

into consideration. 
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CONCLUSI ON S 

In 1925 the approximate average bacterial count of 

shipperts milk was 26,000,000. Pasteurized milk was 

60,000. In 1933-34 shipper's milk was 30,000 and pasteur- 

ized milk 6,000. 

In 1933-34, 12.6 percent of the shipper's milk was 

over 100,000. Six and three-tenths percent of the 

pasteurized milk and 13.6 percent of the pasteurized 

cream was over 20,000. 

During this study (June 18 to September 18, 1935) 

about 8 percent of the pasteurized milk and 21 percent 

of the pasteurized cream had counts over 20,000. 

Twenty-one out of every 100 samples of raw milk 

v.rith a count over 10,000 had the same count after 

pasteurization as before. Even a 90 percent pasteur- 

ization efficiency would allow only one out of every 

100. 

These high counts were found to be limited to a 

certain group of plants: 26 of the total 45 plants in 

operation. 

A true thermophilic organism occurred more or less 

constantly in 10 of these 26 plants. This organism was 



identified as Latobci). thermophilus. 

LactQ1a.i11us thermoohi]us grows from apDroximately 

37 degrees to 63 degrees Centigrade. It is non-spore 

forming. Cultures are difficult to maintain, becoming 

sterile at room temperatures after a short period of 

time. Very nutritive medium is necessary for growth. 

Growth is easily affected by changes in pH. 

Only one true thermophil was isolated. 

No spore forming thermophils were isolated. 

The mode of entry of this thermophil into asteur- 

izing plants was not determined. It was never encounter- 

ed in the raw milk entering the plant. 

Thermoohils were propagated in the plant as a result 

of such objectionable procedures as repasteurization, 

improper use and sterilization of preheaters, failure to 

properly cool milk after pasteurization, etc. 

In many cases thermophils were known to be present 

in the pasteurized milk but did not appear in the 

"Official plate Count". This indicates that variations 

in the conditions of plating i.e. temperature medium, 

pH, etc., markedly affects the inclusion of these organ- 

isms in the plate coants made according to the "Official 
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Plate Count Methods". 

It is suggested that if any changes are proposed in 

the bacteriological procedure of the "Standard Methods 

of Milk Analysis", the problem of "pin points" due to 

LactoiDa.j. thermophilus might be minimized either by 

a lowering of the standard temperature of incubation to 

32 degrees Centigrade and/or substituting a more 

nutritive medium than the usual nutrient agar. 

The thermoduric flora consisted of organisms belong- 

ing to the genera Leuconos.Q., MJ.cococj, Achromobacter 

and A1calignes. 

A change of flora was noticed: Heat resistant 

streptococci were reported as the cause of high counts 

in 1925 and thermophils the cause in 1933-34. 

The Leucn.ostoc group were found to be markedly heat 

resistant, t.he ca] gen and Micrococj moderately heat 

resistant and the kchromobac non-heat resistant. 

The pigmented organisms showed heat resistance. 

All thermoduric organisms were negative to the indol 

test and to hydrogen sulfide production. 

It is suggested, that in milk sheds with a raw milk 

supply of low bacteriological content, that more attention 
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be paid to the actual tyoe of f1oi, present especially 

in those areas with milk inspection legislation which 

levies penalties for excessive bacterial counts. 
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