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INTRODUCTION

THE COLIFORi GROUP OF BACTERIA

The coliform group is antigenicly heterogeneous and
has widely diversified metabolic activities. For these
reasons, classifications proposed for the group have been
many and complicated. The 5th Editicn of Bergey's Lanual

of Determinstive Bacteriology (9), classifies the group in
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on grains and plants, in the soil and to a varying degree

in the intestinal tract. Because of their association with
pathogenic bacteria in the intestinal tracts c¢f man and an-
imals, the bacteria in this group have assumed public health

significance in the detection of feca2l contamination or

sewvage pollution of waler supplies. In dairy preducts, the
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tryptose lactose broth3 were used for presumptive tests on
all samples., Lauryl sulfate tryptose dextrose broth4 w;s
used on the first two series of samples indexed,.and formate
ricinoleate broth® on the remaining eight series. Eosin-
methylene blue agar5 plates were streaked from the positive-
presumptive tubes (those tubes showing gas in 48 hours at
37°C.) Wherever possible, typical Esch. coli or Aer. aero-
genes colonies were fished frou the plates after 24 or 48
hours incubation at 37°C. and planted into lactose broth for
confirmed refermentation tests. Occasionally an atypical
colony was fished from a plate into lactose broth.

Agar6 slant cultures were made from those lactose
tubes which showed gas production within 48 hours at 379C.
About 80 cultures were diluted and plated. New slant cul-
tures were made frou isolated single colonies on the dilution
plates. Stock slant cultures werc stored at roon tewmpera-
ture and transfers were uade from them as nceded.

Five hundred cultures that fermented lactose with gas
formation within 48 hours at 37°C. were isolated. It is
with thesc cultures tuat the following thrce studies on
methods of detcction and identification of coliforir organ-

isms from water and milk werc made during the years 1942-44.

3The formula for tryptose lactose broiu is given by Darby,
C.iv. and liallmann, v.L., Je.An.Water Works AssocC., 31:689,
1939. The addition of lauryl sulfate to the tryptosc lac-
tose broth is discussed by these authors in im.J .Pub.Healtn,
31:127, 1941.

4pextrose was substituted for lactose in tke lauryl sulfate
tryptose broth.

SFormulae o7 thecsc wmedia arc ziven in Strndard ticthods for

tlhe Txaninaticn of iater and Scwage, 8th Iid., 1936 ().
nr paration of nutrient agar.

6g5ee appendix for forumula and






STUDY I

EFFECTS OF 30°C. and 37°C. INCUBATION
ON THREE BIOCHEMICAL DIFFERENTIAL TESTS

Introduction
The coliform group of bacteria is defined as includ-
ing "all aerobic and facultative anaerobic, gram-negative,
non-spore-forming bacilli which ferment lactose with gas
formation" by both the Standard Liethods [lor the Examingtion

- e - e o e B S e et e S Bt S G Gmt e G S M e S e St S (e e s S

of Water and Sewage, 8th Edition, 1936 (1) and the Standard

ilethods for the Examination of Dairy Products, &th Edition,

1941 (3). However, as both these Standard licthods limit
their presumptive analysis tests to one tcempercture of in-
cubation, 37°C., only those bacilli which feruent lactose
with gas formation at 37°C. are detccted in the routine
exgnination of water supplies aund dairy proaucts for coli-
form bacteria.

In recent years, data have been reported incicating
that not 21) coliform bacteria rroduce gas from lactose at
37°C., -nd therefore =2re not deitected in examinaticn of
water snd dairy proaucts conducteda =zt 379C. only. Hiscox
(20) isolated fro = milk a newber of the coliforu group that
feruented lactose with vigorous productiion of «as at tem-
peratures uyp to and includ ng 30°C., but whick produced no
gas at all or, at most, a ccarcely pcrcecptible guount at
37°C. e nlso cited a sinilar organism isolated from
butter by Grimee and hcennerty. Levine, Carrenter and

-

Coblentz (2J) described 6& of 19¢ colifor.a strains isolated






from chlorinated waters. as producing gas slowly, if at

all, at 37°C. but very luxuriantly, as a rule, at 30°C.
Their detection, they stated, would be facilitated by lower-
ing the temperature of incubation for presumptive tests to
30°C.

These reports indicating that some coliform bacteria
produce gas from lactose more frequently and abundantly at
temperatures below 37°C. raise the question whether more
coliform bacteria might not produée positive reactions to
biochemical differential and identification tests at lower
incubation ‘temperatures.

Reports on the effect of incubation temperuture on
biochemical differential tests made on aberrant coliformgl
differ. Hiscox (20) found his bacillus to give the same
citrate, indole and Voges-Proskauer reactions at either
379C. or 20°C. Stuart, Mickle and Borman (38), on the
other hand, state that their biochemical reactions with
"aberrant coliforms"l varied with the temperature of in-
cubation.

Observations of 221 normal coliform strains led
Levine (25) to conclude that a 30°C. incubation tempera-
ture would yield more positive reactions than 37°C. in
Voges-Prockauer tests of such strains.

The following swuudy was made on a large number of
1 ®Aberrant coliforms™ as nsed by Siuaril, NMickle and Bor-

man (38) includes those coliforn bacteria which produce
less than 20 per cent 7as in lactose in 48 hours at 37°C.






typical 379C.-lactose-fermenting coliform cultures to de-
termine the effect of 30°C. and 37°C. incubation tempera-
tures on three biochemical tests, citrate utilization,

indole production and the Voges-Proskauer reaction.

The Citrate Utilization Test
The citrate utilization test was proposed by Koser
utilize the citrate radical as a source of carbon and pro-
duce visible growth in a chemically defined medium in which
citrate supplied the only scurce of carbon. Esch. coli,
although multiplying in such a medium, shows no visible

growbh until after seven to fourteen days (33).

Ti:e Trst for Indole Production
The pr oduction of indole from tryptophane is charac-

teris=ic of & (36). Ehrlich's ori;inal test for

indole production was mcdiiied by Kovgcs (1928), and fur-
ther simplificd by Ruchholt, Kcllas, Chinn and Coulter (33).

Ruchhoft et al. u tiat this test for differentiating

scnsitive one, and

indole once forited in a culture mediun very stable.

The Voges-Proskauer Roaction?

Aer. aerogencs ferments ;lucose with the foruction of
acetylmethylcarbinoel. In the preseunce of at.wospheric oxygen

caus:ic alkali oxidizes ithe acelylmethylcarbinol io diacetyl,

ZNared for Vozes anid Proskaucr who Jirst obscrved the reac-

tion in 1898.




which condenses with certain constituents of peptone to

give the red coloration characteristic of the Voges-Proskauer
reaction (24)(36). Unfortunately, the red coloration develeps
very slowly, and it was customary to wait 12 to 24 hours, or
longer, after addition of the hydroxide, before record ng
results (24)(33). However. in 1936, Barritt (6) suggested
for a more delicate test, the addition of Q@-naphthol and a
change in the concentration of the potassium hydroxide. This
modification permits reading of the test in two to four

hours after the addition of the alkali.

Procedure

Three hundred and thirty coliform cultures isolated
from milk and cream in the coliform index survey were used
in this study. Each ol the cultures ferumented lactose with
gas formation within 48 hours at 37°¢.

The temperature of the 37°C. incubator was held duriag
this study at 37.0°C. or 37.5°C. £0.5%, the 30°C. incubator
at B5%0. 21 Air temperature at the i1op of each incuba-
tor wns rocorded as tie incubator's temperature. Neither
incubator had a fan.

Koser's citrate ucdium® was used for the citrato util-
ization tost, tryptone broth3 for the indole production
tes?, and dextfose dipotassium phosphate Jedium3 for the
Voges-Proskaier rcaction.

A11 three ilest uedia were seeded at room touperature
from agar3 slant transfers of the stock cultures. After

3See apprendix for formulac 2ad reparation of iedia.






seeding, the tubes were shaken and placed in the 30°C. or
the 37°C. incubator,

Tubes of Koser's citrate medium showing visible growth
(turbidity) in 24, 48 or 96 hours incubation were recorded
as positive, but only those tubes which did not show visible
growth in 96 hours were recorded as negative.

Two of three drops of Kovics auyl alcohol indole re-
agent4 were added to each tryptone broth tube after 48 hours
incubation at either temperaturec. A cherry-red ring form-
ing after a few minutes at the surfice of the med um indi-
cated the presence of indole and a positive test.

Forth-eight hours incubation at both 30°C. and 37°C.
was also used for the Voges-Proskauer reaction. After in-
cubation, 0.6 ml, of @-naphthnol r‘eagent4 and 0.2 nl. of 40
per cent potassiunm hy-:lz‘oxide4 werc added per wml. of medium
to each culture tube. The devclopment of o crimson to ruby-
red color within two to four hours indicates in this test
the presence of acetylmethylcarbinol., Vigorous shaking
speeded tte formation of the red color, anc tubes could be
read zs positive (red color), ncgative (no color) or partial
(inbetween shades of orange) within one-half hour,

Results of all tesis were recorded as follows:

+ (positive), - (negative) or * (nartial).

Results and Discussion
Of the 330 cultures tested, 238 grew visibly in Koser's

citrate rodium at both 30°C. and 27°C. Seventy-four cul-

See &p en.ix for tho com ocition of recngents.






tures showed no visible groﬁth in four days at either tem-
perature. Thus, 312 or 94 per cent of the cultures gave
the same citrate utilization test at either temperature.
The remaining 18 cultures grew better in the citrate medium
at the lower temperature, all 18 showing decided growth at
30°C. and only one a slight visible growth at 37°C. See
Table 1.

A much smaller percentage of the cultures produced
indole. Of the 90 cultures which produced indole at either
temperature, 80 did so at both temperatures and one at 30°C.
only. No partial rcactions wevre recorded for this test,
and the number of reactions agreeing after incubation at
both temperatures was 329, or practically a 100 per cent
agreemont. Results are tabulated in Table 1.

For the Voges Proskauer test, 191 cultures produced
enough acetylmethylcarbinol to give positive rcactions when
incubated at either temperature. One nundred cnd thirty
cultures were negative reactors after 48 hours incubati on
at both 30°C. and 37°C. From Table 1 it can be noted that
six positive rcuctors were positive only at 30°C. ond one
only at 37°C. However, 321 or 97 per cecant of the cultures
tested gave the sanc reactions after both 20°C. and 37°¢C.
incubations.

In the first 110 cultures studied, 37°C. incubation
tests were made soon after the isolation of the cultures;
30°C. tests were made four to six nonths later. On the re-
maining 220 cultures, the 20°C. ani 379C. tests wore made at

the snae 1ine and —ere secded from the s=ic agar slant






transfer of the stock culturex. Tests were repsated on
cultures not giving the same results after 30°C. and 37°cC.
incubation. The final results on all repeated tests were
used in tabulating the results of the €@itrate, indole and
Voges-Proskauer reactions (Table 1) and in typing the cul-
tures (Table 3). Results of the repecated tests made on the
220 cultures, whose original 30°C. and 37°C. tests were
made sitbultaneously, are tabulated in Table 2.

Stuart et ala, as quoted by the 9th Editi n (unpub-

groups®, Aer. aerogenes, Esch. coli, and Intermediate, on
the basis of the three biochemical tests: citrate utiliza-
tion, indole production and the Voges-Proskaucr rcaction,

Stated in the order just mentioned, those cultures giving

7 . ‘o
+++ 2 +~+ and --+ test rcactions are classified as Aer. aer-

ogenes by Stuart. Those re2cting as ~+ are classified as
Esch. ¢coli by him, as are those culturcs giving negative re-

actions in all three tests but which give positive =Zijkman

tests®. lost of ihe =--- tvype cultures in this study gave

negative Zijkman tests in Study II. ldany of them after

30°C. incubation gave the rcu:ctions of typical Intermediates

Accordingly, the --- type culture has been considered here

Stuart gk 8le(39) in the original publication point out
that this zro.ping is one o7 convenience :.nd carries no
taxonomic recomumecundations.

74 stands for a positive test, - a negative test.

8 gee Study II for a discussion of the #ijkman Test.
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as belonging 4o the Intermediate group. Stuart considers
the Intermediate group to be composed of two types, +-- and
+r- . In addition to those two types, the --- type al-

ready discussed and the type -++ not mentioned in the Stand-

9th Edition, have been included in the Inter-

mediate group in this study. With the two exceptions stated,
the 330 cultures were classified by Stuart's classification

as given in the 9th Edition (unpublished) of the §

Methods for the Examination of Water and Sewage (2)

According to their rezctions after incubatiion at the
usual 37°C. temperature, the cultures were grouped into the
eight possible types arising from the three tests. The
types were then arranged into the three groups of Stuart's
classification. One hundred and ninety-three were classi-
fied as Aer. aerogenes, 58 as Esch. coli and 79 as Intermed-
iate by the 37°C. incubation reactions.

After 30°C. incubation, 21 cultures gave different re-

actions to one or uore tests, and the classification of

soven was affected. Threeo E h. coli were transferred at

this tenperature to the Iniormediate group. One Interned-

iale was classified as Isch. coli, and threc Intermediates

as Aer. Classilication based on 30°C. incubation

typing would have been chun;edﬁo the following: Aer. aero-

genes, 1963 Bsch. coli, 5., and Intermediate, 78. See Table

3 for typinz and class cation of the culturecs used in
Study I.

9This classi”ication wns zlso followed in classifying the
cultures used in Study II and in Study III.






Summary

Three hundred aad thirty typical 37°C.-lactose-
fermenting coliform cultures were studied; 312 gave the
same citrate utilization test, 329 the same indole test,
and 321 the same Voges-Proskauer reaction, whether in-
cubated at 30°C. or 37°C.

Twenty-one cultures differed in one or more bio-
chemical test reactions following 30°C. and 37°C. incuba-
tions. Seven of these would have had thoir classifica-
tion affected by the differences.

A tendency was exhibited in all three biochemical
tests for more cultures to produce positive reactions

when incubated at 30°C. tkan when incubated at 37°C.
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STUDY II

THE EIJKMAN TEST

Introduction
In 1904, EZijkman reported that EZsch. coli from warm-
blonded animals fermented zlucose-peptone broth with gas
formation at 46°C. and that that temrerature zi*her inhih-

ited or destroved oi“er bacteris commcnly found in water (23;.
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coli. They reduced the glucose concentration from 1.4

per cent to 0.3 per cent and added a phosphate buffer. In
the original medium, the pH after fermentation was 4.5,
whereas in the modified medium it remained at a pH of 5.6.
In their mcdified medium, Perry and Eajna found that all
strains of Esch. coli tested prcduced zas after 24 khours at
46°C., and that tney remained viable for 96 hours or longer.

As a result ¢l Lujna's expcriments

ferrxentation ¢’ a large number cf mcnec- ant disuccharices

by Ssch. coli, Fajra und Perry (16 tuhs

Y cilfica*icn
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stressed the importance of a carefully controlled, uniform
temperature in the medium and the need for using a water
bath rather than an air incubator. (7)

Minkevich, Alexandrov and Soboleva (30), using Bulir's
mannitol medium, in 1936 recommended 43% to 43.5°C. incuba-
tion for the Eijkman test. They determined that 46°C, did
not hinder gas production of Escherichia cultures when in
massive inoculations but that it repressed their developuent
when in small numbers

In 1939, Hajna and Perry (19) experimented with lower
incubation temperatures for the Eijkman test. 1In their med
ium they found that many Aerobactor and Intermediate strains
produced gas at 44°C., but very few did so at 46°C. On the
other hand, of 1,374 Esch. coli strains tested, only five
did not produce gas from lzctose at 46°C. These workers
favor the use of an incubator with a temperature in the
nedium of 45.5% to 46°C.

Using =2 water bath and Perry and iiajna's nedium, Stuart
et al. (39) found that among a large number of coliform

strains, Aer. aer and Internedietes seldom produced

gas at 45.5°C. and ttat Es seldom failed to do so.

To date the Eijkman test s had a checkered carecr in

the hands of iany investi;utorsl. Some condeln it entirely;

In tkis introduction, only a f of the many investigations
regorted in thc literature of trhe Zijkman test bave been
nentioned. For a detailod revi.w of *the literature on this
test, see Leiter (23) for work previous to 1929 and Datty-
Swith's comprehonsive survey (7) of ihe work from 1929 to
1¢42.






others claim it to be the most valuable single test for the

detection of typical Esch. coli. Apparently the results

obtained are influenced to a great extent by the technique
with which the test is performed (7)(35). One most import-
ant factor in technique is temperature of incubation, and
the optimum temperature seems to vary with the medium em-
ployed. lMoreover, it is influenced by the length of tho lag

period between the medium's planting and its rise to in-

cubation temperature (30)(35).

incubation tempcrature of 48.5°C. and Perry and Hajna's
modified tryptose-lactose medium for the performance of
the Bijkman test.

It wns the purpose of this study to determine how the

Eijkman test performed as rocommended by tho §

ods, 9th Edition, would correlate with the type and classi-
fication of a large number of coliform strains. Type and
classification vvere based on citrate vtilization, indole

production and the Voges-Prcskauer rexction.

Procedure
The procedure followed was that recommended by the 9th

of

the Standard thois for the Lxam-

The cultures used in tho study were isolated from nilk
and cream in the coliforn inuex survey and had been growing
on artificisl media for two weeks to several months. All

produced gas from lactose within 43 hours at 37 °C. Previous
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to' testing, fresh agar2 slant transfers were made of the
cultures. The transfers were incubated 24 hours at 37°C. be-
fore plantings were made from them into the Eijkman mediunm.

Perry and Hajna's tryptose-lactose modification of
Eijkman's original medium was used.? It was tubed in 10
ml. quantities in Durham fermentation tubes.

The tubes of Eijkman medium were seeded at room tem-
perature, shaken, and immediately placed in a 45°C. water bath.
The temperature of the bath was held between 45.0° and
45,5°C. Throughout the test the water level was maintained
above the level of ilhe medium in the tubes.

At firsty an atiempt was made to incubate the cultures
in a 45°C. air incubator, but wiih vory irregular results.
The reactions reported in this study are those of water-
bath incubated cultures only.

Gas production, the critericn of a positive test, was
determined by displacement of the medium in the inserts of
the fermentation tubes. Any amount of displacement (from a
bubble to 100 per cent) was considered as positive. Read-
ings were ade after 24, 48 and 96 hours. Thosc cultures
not producing gas in 96 hours at this teuperature were re-

corded us negative.

Resultis and Discussion
Over a period of scveral months, Zijkman tests were
made on 320 coliform cnltures. Sixty-one c¢f the cultures
feruented lactore with gas formntion at 45°C. The remainine

2Soe arpendix Jor formulae und preparation of media.
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259 either failed to grow in the modified Eijkman nedium
at this temperature or, if growing, did not produce gas.
Only 19 per cent of these coliforu cultures, isolated from
raw and pasteurized milk and cream, produced positive
Eijkman tests.

Typed according to their reactions te the citrate ut-
ilization, ind le production and Voges-Proskauer tests, 65
cultures (20 per cent) were classified as Esch. coli; 186

(58 per cent) were classified as fAer. a

per cent) as Interuediate®.

Only 51, or 78 per cent, of the 65 Zsch. coli cultures
produced positive tesis. Fourticen cultures in ithis group
were negative to the Eijkman test. On seven of these four-

teen, the test was repeated, but with

sauc negative re-
sults.

Aziong the 186 Aen acrojenes cultures, five produced

gas at the Zijkuan tempernturc. All live re citratle pos-
itive, indole negative, Vojes-Proskaucr positive type cul-
tures and were isolated at onc 1liume frou two nilk sauples

of ilhe saue dairy. Yhey therelfore present the nossibility

of originating from a siagle source.

In the Intzrnedis zroup, it is interesting to note
that three of the five po:itive Bijkman cultuves were the
only three indole producing cultures in the group. One

culture negativa to all thuree biochemical tests® and one

ibhe three
classific

3See Strdy I
modificd S5ilua

4

This culturec wonld hzve been classificd
(2)(39) as an ssch. coli.






- 19 -

positive to the citrate test only, produced the other two
positive Eijkman tests.

The Eijkman reactions of the 320 cultures are tabul-
ated in Table 4.
included in the studr, the Eijkman test presented excellent
correlation. However, among the Esch. coli only 78 por cent
gave positive Eijkman tests.

Williams, Weaver and Scherago (42), working with the
Eijkman test in 1933, experienced certain changes in the
fermentation characteristics of pure stroins of Lseh. coli
after sevoral transfers on artificial nediz. To some ex-
tent, the property of gas production was lost. At that tine,
these workers suggested over-c:ltiivation on artifid:l iedia
as a possible explanation of the poor results obtained by
many workers with the Zijkman test. Although Leiter (:3)
had only four years previously stated that the Eijkman re-
action was a fairly comnstant characteristic of pure sirains

of Bsch. coli, the remarks of Willians, Weaver ani 3che

merit consideraticr in a siudy in whick 14 of 65 Zsch. coli

cultures di< not produce gas from lactosoe at 45°C.

Conclusions

The 2ijkna ed by the 9th

Lethods for tho

Exan-

Ldition (unpublished)
(2) seldou prouunces positive

resctions rou culil: nes or Iniecrmed-

iate groups. On docs not prouuce pos-

itive reactious
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STUDY III

PASTEURIZATION STUDIES

Introduction

Early work on the resistance of Esch. coli to heat
indicated that this bacterium would be killed in much less
than 30 minutes at 62.500., a time and temperature commonly
employed in pasteurization of nilk and cream. Va Geuns
reported that it was killed in one minute at 62.5°C. (4),
Kitasato and Weisser, at 60°C. in fifteon and ten ninutes
respectively (34), and Chantemesso and Widal, in five min-
utes at 60%.t0 61°C. or in fifteen minutes at 59°C. (34).

Lowever, in 1906, DeJong and DeGréff described heat-

resistant strains of 3 whick were not killed in 30

minutes by tem:eratures below 70%.to 72°C. (4).
Shippen (34), in 1915, isolated colifori bacteria from

raw and pasteurized uilk After determining the

thermal death poinis on scme of the culturcs, he concluded
that the thermal death points of these bactieri: varied in
different strains.

Ayers and Johnson (4) ai about thc same time heated
Esch. coli cultures, massively inoculated into uilk, for 30
ainutes at increasing tei:pcraturcs. Twelve cultrres (7 vor

cent) survived 62.8°C., but only one survived 65.6°C. In

1924 (5), those workers reported further pasteurization

studies in which r determined ihat the majority of Esch.

coli were killed nt aper-tures lower ik-n 57.2°C. when

hela for 20 minrtcs but that a few resistant cells were
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destroyed in 30 minutss only by temperatures above 65.6°C.

Finkelstein (16), in 1919, stated that pastourization
by the holding process destroyed practically all coliform
bacteria in milk. Yet he reported an average survival of
42 per ml.

As early as 1903, Ringeling had attempte@kc use the
presence of coliform bacteria in pasteurized milk as an
indication of improper pasteurizaition or subseguent contam-
ination (4). With the report of Ayers and Johnson (4) in
1914-15, showing that a few coliform strains had the ability
to survive pasteurizalion time and temperature, the group
came into disrcpute a=s an index of proper pasteurization
and subsequent handling of dairy products. However, in
1927, Swenarton (40) suggested that a test for coliform bac-
teria in pasteurized milk could be used to goodaavantage in

checking up on dairy plsnt perfor:

nce.
Beavens (8), in 1930, examined 100 samples of pasteur-
ized milk, taken from the vat after holding at approximately

62.8°C. for 30 minutes. In 32 per cent of ihe sa

rles,

coliform organisms had survived tle pasteurizaiion.

Yet, in 1932, kcCrady anu Langevin (29) found
coliform group was practically absent from one ml. quantit-
ies in the pasteurizing vat after holding but that they
often reappeared in the milk because of contaninaition in
the cooling or bottling proccss.

Fabian ancé Coulicr (15), perforning laboratory pas-
{eurization in 1920, found no colifor.. cultures surviving

in skiw milk for 30 winutes at 62.8°C.
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Stark and Patterson (37), in 1936, inoculated 505 pure
Bscherichia and Aerobacter cultures into milk in densities
of about 100,000,000 bacteria per ml. All 505 were destroyed
in the milk by 62.8°C. for 30 minutes. These workers stated
that their results with the 505 cultures tended to show that
the presence of coliform bacterie in properly pasteurized
milk is mainly due to recontamination.

That same year, Chilson, Yale and Eglinton (13), after
working with 271 samples of raw and pasteurized milk, felt
that the test for the coliform group should supplement the
agar plate count for the detection of contamination of pas-
teurized milk. They claimed that properly pasteurized milk
that had not becn recontaminated should have no coliform
organisms in one ml. quantities.,

The 8th Zdition of ihe Standard iethods for

ination of Dziry Prodicts
ports of these later investigators. Colifora or janisms, it
stated, were practically eliminated from :milk and cream by
proper commercial pasteurization. Tke sresence of these
organisms in one ml. sazples of pusteurized milk was consid-
ered cause for suspecting inmproper .:isteuri:zation or subse-
quent contamination.

In the pasteurization invecstigations previous to and

including 1930, isolations of coliform bacteria frowm the

teurizing vat iminediztely alter holding; were reported,

and strrins of coliform bacteria with the ability to sur-

vive pasteurization time =and temperature wcre described.






If coliform bacteria do survive pasteurization in gquan-
tities that could be detected in laboratory tests, the value
of their presence would be limited as an index of proper
pasteurization, and they could not be taken as evidence of
contamination of the milk after pasteurization.

In the coliform index survey of tho boiiled milk and
cream of fourteen dairies in the Lansing milkshed, a large
number of coliform cultures had been isolated, in most in-
stances from pasteurized sanples. This study was undertaken
to find out if such coliform cultures vould survive pasteur-
ization at 62.5°C. for 30 ninutes and, if so, in what degree

they might possess that ability.

Procedure
The cultures used in this study had all beecn isolated
in the coliform index survey. Thkree hkundred and ninety-one
culturcs were included in the study. One nundred usnd ninety-
nine had been isolated from milk, cnd 192 from cream. Three
hundred and seventy-four came from pasteurized samples, znd
only 17 from raw milk and crcam. All the culturcs fermenied
lactose with zas formation at 37°C. within 4S5 kours. Typed
on thc basis of *heir rcactions 1o the citrate utilization,

indole production und Voges-Proskauer tests, thc cultures

were classified as followuws: Aer.
.

Intornedizte, 91 (23 per cent); 1. coli, 63 (16 per ceat)}

Afteor iscl:tion, the cultu.res werc stored at room

Giscussion of 1he
izn followed.

es, 237 (61 per cent):
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temperature on nutrient agar2 for periods ranging from two
weeks to several months. Previous to laboratory pasteur-
ization, each culture was carried through a series of three
24-hour nutrient broth? transfers at 37°C. From the last
of these broth traunsfers, the cultures were planted into
autoclaved skim milk for pasteurization.

Pasteurized skim milk was obtained from the college
dairy the day it was separated. It was autoclaved that
samne day at 12 pounds pressure for 15 minutes. Occasionally
the milk was autoclaved at 15 zounds for 10 minutes. In

no case did the milk show cxtensive caramelization or the

presence of coliform bacteria. The mnilk was tubod asepti-
cally in five ml. quantitices in large (20 mm. diaueter)
sterile cotton-plusged culture tubes and brought to temper-
ature in a constant-temperature water bath,

A deep water bath in continual agitation was used in
the pasteurization work. The thermostatically controlled
temperature varied $0.5°C. At all times the water level was
above theflevel of thc milk in the tubes.

One ml. or ono-half ml. of a Z4-ltour broth culiure was

pipetted into tac heated wnilk tube. The itiube was immedi-
ately replaced inm *l 62.5°C. #0.5° water bath and teld at
that tempcrature for 32 min:tes plus oi uinus onc ninute.

At the end of ths holding tiuc, two 1. of the pastcur-

ized nilk were removed. One nl.

nlaced in n lactose
broth2fermcutation tube, und an agar? pour »late wus nade

of the other. Thc laclosc tubes wors rend a’ter 24, 46 =and

25ce a:pendiz for
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96 hours incubation at 37°C. The agar plates were counted
after 48 hours at 37°C. Survival was indicated by colonial
growth on the agar plates and gas formation in the lactose
tubes.

Eight cultures were pasteurized in‘decreasing densities
at 62.5°C., three at 69°C. to 70°C., and four for increas-
ing time intervals. In these experiments, a series of dilu-

_tions were made from the 24-hour broth culture. Ono ml., of
each dilution, including the original broth culture, was

planted in five ml. of milk for pasteurization.

Results
To eliminate the less resistant cultures frox the group
of 391, all cultures were planted in excessive quantities (1
ml. or 0.5 ml, of a 24-hour broth culture per 5 ml. milk) for
the initial laboratory pasteurization. One hundred and seven

cultures were oliminatecd by this process; 284 (73 per cent)

survived the pasteurization under these abnor:nal conditions.
Correlating the survivors as to type, it was found that
76 per cent of the Aer. aerogenes had survived, 55 per cent

of the Intermediates, and &6 per cent

These percentages would indicats thut coli is slightly

more resistant to pasteurization than the cilher two groups.
Eijkman tests had been made on 306 of the 391 cultures. It

is intoresting to mnote thnt among the survivors wore 52 of

the 55 posilive Eijkman cultures in the Iroup. Table 5)
No correlation was fo 'nd zitong the survivors with their

originnl source. Cultures isolated fron ~ilk showed nbout






from raw or pasteurized

lemsity of coliform organisms in the sample seem to

eét the resistance of cultures isolated from it.

The cultures which were used for further pasteuriza-
tion‘stu&ies had all survived thebinitial laboratory pas-
teurization. Originally they were isolated from the milk
and cream of seven different dairies. All but one came

from pasteurized samples.

Becausc the densities of the bacteria in the initial
laboratory pasteurization were greatly in excess of those
occurring normally in raw milk, eight cultures were pasteur-
ized in decreasing &ensities. The densities varied from
140,000,000 to 275 bacteriz per ml. of milk before pasteur-
ization. For ench culture, thc number of bacteria surviv-
ing pasteurization increased with the number present. When
the logarithms of the numbers of bacteria per nml. surviving
were plotted against the logarithiis of the initial counts,
they fell along straight line curves.

Bigelow (10) finding that therual death time curves
for spore-forming bacteria were logarithuic and parallel,
suggested that for non-spors-forming bacteria ihor night

also be logarithmic and approach paralleclism. Tue pasteur-

ization survival curves of the two cultures which are plotted

on Graph 1 corroborate his suggestion.
In Table 6 are tabulated, for each ol thc c¢ijht cultures,
n

the bactericl count pecr the grewtect dilution shoving

survival and ihe count of ihe next tigher dilution in vhich






1 ¥ in which all were killed was from 275 to 1,200

eria per ml. All plantings above 2,800 per ml. showed
rvival, and all below 1,200 per ml. were killed by the
asteurization.
By raising the temperature to 69¢ to 70°G., but other-
wise using the same pasteurization procedure, it was found

that three coliform cultures could survive 30 minutes at

this higher temperature, but only if present in greater den-
sities than were required for survival at 62.5°C. Fronm
Table 7 it can be seen that plantings from 45,000 to 550,000
bacteria per ml. s:owed survival at the 69% to 70°C. pas-
teurization, but that in ome planting of 53,000 all were
killed. At 63.5°C. plantings from 2,800 to 15,500 survived
30 minutes.

The resistance of four cultures to increaséd holding
time was also ascertained. Cultures were hecld at first for
30, 45 " and 60 minutes at 62.5°C. It was soon avpparent that
15-minute increments were too small to noticeably affect the
survival of the coliforms. Whereupon, two cultures were
held for 3 hours at 62.5°C., withdrawing samples at half-
hour intervals after the first hour. In both cultures, re-
sistant coliforms were found that would survive 62.5°C. for
three hours or longer. With one culture, a planting of
5,200,000 bacteria per ml. survived for three hours, one of
520,000 for two hours, and one of 652,000 for one hour.

(Table 8)






ties. At the same time, the coliform

samples were determined. Coliform bacteria from the

samples with coliform indices of 100,000’ survived the
pasteurization, as did one of the two samples with an index
of 10,000. Neither of the two samples with indices of ten

or less showed survival. (Table 9)

The results with the raw milk samples agree with the
density range for survival arrived at with the cultures
grown on artificial media, although indicating that the
artificially grown cultures might be slightly more resistant

than those in raw milk.

Summary

Pasteurization studies were made on 391 coliform cul-
tures isolated from raw and pasteurized milk and cream.
Even when present in quantities greatly in excess of those
found normally in raw milk, 107 of the cultures failedko
survive 62.5°C. for 30 minutes; 284 survived.

For the eight cultures studied, the number of bacteria
surviving pasteurization increased with the number present.
Coliform organisms survived in plantings ranging from 2,800
to 15,500 bacteria per ml. but not in plantings ranging
from 275 to 1200 per ml.

Three cultures survived 69%¢ to 70°C. for 30 minutes,
but only in densities greater than were required to survive

the 62.5°C. pasteurization.






raw milk producers'

62.5°C.

Conclusions
Many coliform cultures isolated from milk and cream
can survive pasteurization at 62.5°C. for 30 minutes if pres-

ent in §uantities greatly in excess of those occurring in

milk and cream under ordinary conditions. Some cultures

are capable of resisting increased pasteurization tempera-
tures and times when present in such excessive amounts. A
few coliform stirains do exist which can survive pastecuriza-
tion when in densities that are found in high-counit raw milk

samples.
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Table 6

Pasteurization Survival
62.5°C. - 30 Minutes

1 i A Largest No.Bacteria |Smallest No.Bac-
Culture |Type |Bijkman | per ml. Showing teria per ml.
Test No Survival Showing Survival
343 |++s| - 325 3,330
380 St + — 10,500
426 Rt - 1,000 8,200
435 £+t - 275 2,800
1002 -+ - + 650 10,000
1006 -4 — + 750 5,200
1013 + -+ - 325 15,500
1014 P = 1,200 12,500
Range 275 - 1,200 2,800 - 15,500
Table 7

Survival of Coliform Bacteria in Milk
69°%0 70°C. - 30 Minutes

+ i Largest No.Bacteria| Smallest No.Bac-
Culture| Type|Eijkman | per"m1. Showing No | teria per ml.
Test Survival Shweing Survival
435 |4+ 47— 53,000 550,000
647 F=t < 40,000 400,000
723 = = 4,500 45,000

* Reactions to citrate, indole and Voges-Proskauer tests,
in that order. i

t A1l cultures were dilution plated except 647 and 723.
*Culture 647 was isolated from raw milk.







Table 8

Survival of Coliform Bacteria in Milk at 62.5°C.
for Varying Lengths of Time.
Culture Type | Bijkman | No.Bacteria Survival for
Test per ml. 1 14 2 2% 3 hrs.
435 | ++ 4| - 170,000,000 + [ + [+] « |+
17,000,000| + 2 = Al
1,700,000| — il E
170,000 - ®» | - not run
1013 | +-+ = 52,000,000 + L Il B
5,200,000 + + |+ + |+
520,000| + + |+ not run
52,000| + not run

t* Bxplained under Table 7

®) Survival detected in lactose broth, but not
agar plate.

on







Table ¢

Pasteurization Survival of Coliform Bacteria

in Raw Milk - Producers' Samples.

Samples Coliform Coliform Bacteria Sur-
Bacteria viving Pagteurization
per ml. mi., 18 5 ml.
1 10,000 - .
2 10,000 ) &
3 10 - -
4 100,000 e +
5 less than 10 - -
6 100,000 " # +

[$]

Was not able to confirm the presence of

coliform bacteria.







APPENDIX
MEDIA AND REAGENTS

Media and reagents were prepared according to the

Standard Methods for the Examination of Water and Sewage,
8th Edition, 1936 (1), and 9th Edition (unpublished) (2)
with the exception that sodium thoride (0.5%) was added
to the nutriaﬂt agar, tryptone broth, nutrient broth and

lactose broth, ) : ‘

. Agar 15 gm.
Sodium chloride 5 gm. 0
Beef extract (Bacto) 3 gm.
Peptone (Bacto) 5 gm.
Distilled water 1000 ml.

Koser's Citrate liedium
The dehydrated medium, Bacto citrate medium, was used
for most citrate utilization tests. Occasionally the med-
ium was prepared according to the following foruula:
Sodium ammonium phosphate

(microcosmic salt) 1.5 gm.
Potassium dihydrogen phosphate 1.0 gn.
Magnesium sulfate 0.2 gm.
Sodium citrate (crystal) 3.0 gm.
Distilled water 1Cc00 ml .
Iryptone Broth
Tryptone (Bacto) 10 gm.
Sodium chloride 5 gm.
Distilled water 1000 ml.

Dextrose Dipotassium Phosphate ledi um
Proteose-peptone (Dacto) 5 gm.
Dextrose, C.P. S gm.
Dipotassium phosphate 5 gm.
Disiilled water 1000 ml.







_Broth

A ﬁﬂaﬁ_&h oride
~ Beef extract (Bacto)
Peptone (Bacto)

- LLhactosey, C. P. gm.
Distilled water 1000 ml.
¥
Reagents
Kovdcs_Amyl Alcohol Indole Reagent
p-dimethyl-amino benzaldehyde 5 gm.
Amyl alcohol 75 ml.
Hydrochloric acid (conc.) 25 ml.

d-Naphthol Reagent
Si solution of a-naphthol in absolute ethyl alcohol.
_(95% ethyl alcohol was used rather thaun absolute).

40 _Por cent Potassiur Hydroxide
40% aqueous solution of potassium hydroxide.
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