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INTRODUCTION

A general study of the coliform group in raw and
pasteurlzed milk has been made 1n order to elucidate the
comvlex coliform problem in milk. Particular attention
was glven to pasteurized milk. Various liquld and solid
media, especially the latter, have been evaiuated with a
view of obtaining the highest coliform count in the short-
est possible time.,. The present standard procedures re-
qulre two to three days before the resulis are avallable
and by thls time the millkk has been distributed..

An attemot has also been made to ascertain the per-
centage distribution of different sections or subgroups

(1) of the coliform group of bacteria, i.e. Escherichia

coli, Aerobacter aerogeneg and the "Intermediates", as

ldentifled by the IMVIC tests. The cultures used were
isolated from pour-plates at random, a procedure rarely
practiced by other workers,.

A new way of oroving contamlnation after pasteurlza-
tion has been trisd, but only a few samples were examined

and the results are tentative rather than final.



HISTORICAL BACKGROUND
The terms 'B,.. coll', 'Colon'', 'GColon-zerogenes'’,
'L..coli', 'Coll-aerogenes', 'Ascherlchia~Aerobacter!',
and ‘Coliform' are all synonyuously used for the
"ecoliform group' (2) of bacteria by different authors at

different times.. The gstandard lMethods for the Examina-

tion of Daliry Products (3) defines the coliform group

as "aeroblc and facultatlve anaeroblc, gram-negaiive,
non-snoreforming bacteria which ferment lactose with gas
formation®.

Since tne discovery of Escherichia coll and Aerobacter

aerogenes by Escherich in 1885, this group has been ex-

tensively studied in water and milk in Public Health Lab-
oratories, Coliform organisms are present in practically
all raw anilk and may come from barnyard manure, soll, dust,
rarely from the udder (4 (5) and very frequently from feed
and utensils (5).. From the publlc heslth point of view,
the coliform test in milk does noit have the same signif-
icance as in water (7).,

The l1lk Ordinance and Code (8), therefore, does not

provide for the use of the coliform test. However, the
Arerican Association of lMedical liilk Commissioners pro-
vides for the examination of certified milk and demands
less than ten coliform orgenisms per ml.. The coliform
test as an index for judging conditions under which the

milk was produced is regarded of little significance by many



workers (9) (10). The Standerd Methods for the Examina-

tion of Dalry Products (1l1.) regards the vpresence of both

fecal and nonfecal coliform organisms 1n raw and pasteur-
ized milk as direct evidence of lnsanitary dairy practices.
The esuthor fully agrees with this interpretation of the
significance of cocliform organisms.

The nresence of coliform organismé in pasteurized
milk is viewed rather differently from that in raw milk.

It has been interpreted to indicate heat resistant strains,
recontamination; inadeguate pasteurization, higher initial
coliform counts in the raw milk, and growth of the organisus
in the bottle.

The survival of very small numbers of coliform organisms,
especlally E. coll, in pasteurized milk, has always been
a highly controversial problem,. Survey of the litsrature
leaves one in doubt about the pertinence of some of the
conclusions which have been reported.,

One school of bacteriolcgists (12) (13) (L&) (15) (16)
observed the survival of certain strains of collform
organisms at 143°F for 30 minutes, and reported that the
presence of coliform organisms in pasteurized milk 1s
neither to be interpreted as an index of 1inadequate
pasteurization nor of subsequent contamination (17). The
other school of workers (18) (19) (7) (20) stressed that
the coliform test in pasteurized milk be used as a relliable
supplementary laboratory method for the control of proper

pasteurization and pnlant hygiene. Some of the investlgators



belonging to the first school did not nay any attentlon
to the number of cells and thelr rnhysiologlcal state when
seeding milk for laboratory pasteurization, whereas this
is ilmportant in a heat resistance study.. Absence of coli-
form organlsms does not necessarily indicate proper pasteur-
izatlon or even pasteurization at all, but the presence
of typical coliform bacteria in small volumes of pasteur-
ized mllk indicates some fault in pasteurization or plant
samltation. Thus, the coliform test as an index of pasteur-
ization 1s annlicable only to those milks which contaln
coliform organisms before pasteurization (7) (21).

The initial concentratlion of coliform organisms in
raw mllk does have a bearing on the survival of some cells
after pasteurization.. Cralg (22) clearly demonstrated
this voint when he tested eight heat resistant strailns

each of Escherichia, "Intermediate'" and Aerobacter and

found that all were =ble to survive 143,5° F for 30 minutes

in milk when pnresent 1n sufficient numbers. No strain

tested survived when the concentration before pasteur-

lzation was less than 700 coliform bacteria per ml.
Contamination after pasteurizatlon rather than the

survival of heat resistant strains 1s adequately proved

by many investigators (23) (24) (25). Barkworth (20)

has suggested the Incubation Coliform Test (ICT) for

samples from vats or different polnts in the line to

control nlant hyglene and locate the pockets of contam-

ination..



Besides ilmvroper pasteurlzation, heat reslstant stralns,
high initlal coliform counts in mllk before pasteurization,
and recontamination, growth of the coliform bacterla in
the bottle 1s an luportant factor which may increase the
coliform count before the milk 1s actually consumed..
Morris (26) stated that coliform cultures grow more rapldly
in pasteurized than in raw milk due to the bactericidsal
subztances »resent in the latter. Robinton (27) found
more rapid coliform growth in cream at 46.2° F than in
skim milk. Dahlberg (28) keot pasteurized milk, having
a coliform count 0.02 per cent of the standard vplate count,
at 45 to 50° F for 4 days and found that the coliform
count increased to 88 per cent of the standard plate count.
This work stresses fully the significance of growth in the
bottle..

Ever since the discovery of coliform organlisms a
persistent search for new presumptive media for thelr de-
tection and enumeration has been in progress,. ~any medla
have been elaborated and discarded, being either too
inhibitory to the coliform group or gliving too many false
positives. lany investigators (29) (30) (7) (31) (32) (33)
(34) (35) (36) (37) (38) (39) (40) (41) have studled, com-
varatively and individually, the different medlza and hzve
preferred one or the other.. Wilson recommended McConkey's
broth and ager which are the official medlea for the pre-
sumptive coliform test in milk in Englande, In the United

States, the Standard Methods for the LExamination of Dairy




Products (11) recommends brilliant green (lactose peptone)
2% bile broth and formate ricinoleate broth as ligquid and
desoxycholate agar and violet red agar as solid presumptlve
mnedila for the coliform test in milk. In the present work
the author has further studied all these itedia to re-valuate
them for pastzurized and raw mlilk..

The clagsification of coliforu bacterlia has besen very
confusing becauze it 1s a large group of closely related,
intergrading and somaewhat unstable bacteria. Since Lcloniey
(42) (43) blocherdlcally divided the coliform organisms into
four groups many workers (44) (45} (45) (47) (48) (49) (50)
(51) have recomasnded different schemes of grouplng and
classificatlion based on different blochemlcal reactions.
Glariz and Lubs (52) in Roger's laboratory developed the
methyl red test and Levine (53) first suphasized the "in-
verse correlation" of the methyl red and Voges-~Proskauer

tests, thus dividing colliform organisms into Asrobacter

(V-P +, R =) and Escherichia (V-P -, IR +) sections. For

some years it was held well=-nigh perfect untlil Stuart and
coworkers (54) found that almost 10 per cent of their
cultures did not show "inverse correlation".

Koser's (55) citrate test resulted in the development
end recognition of another group of coliform organisms, the

"Intermediates", which in Bergey's Manual of Determinative

Bacteriology (558) is termed Escherichia freundil. Mitchell

and Levine (57) and Vaughn and Levine (58), by using nuclelc

acld and its degradation products as the source of nitrogen



7

for coliform organisms, have reported additional evidence
of the "Intermedlates" as a separate section and have added

a new specles, Escherichla intermedium, besides E. freundil,

to this section,

Parr (59) (60) (1) analyzed the data presented in
papers published from 1924 to 1937 and sugzested that the
ILViC quartet of tests, belng most fraquently used , should
in the future be employed for coliform classificatione.
Stuart and coworkers (54) incorporated cellobloge with
the IKViC tests..

The author agrees with Parr's classification (1) and
has followed it in the present work to determine the per-

centage distribution of E. coli, A. aerogenes and "Intermedl-

ate" 'sections of the coliform group of bacteria in milk.
The section, kE. coli, 1ls couprised of three I.LVIC types,
4+==, =+-= and +---, the section, "Intermediate", of ten
types, =+-+, +-t=, =t~ +-tt, +t=F, —===, F+tr, =+++,

+++~ and +--+, and the sectlon, A. aerogenes, of three

types, =--++, ==+~ and ~--+..
EXPERIMENTAL PROCEDURES

Collection of Sanmples

Raw milk

Sauples were drawn aseptically with a 10 ml sterile
pipette from cans at the i.5.C. dairy barn one hour after
milking.. The tempsrature of samples at the time of col-
lection ranged from 50 to 55° F,. Samples were brought to

the laboratory in ice-cooled containers and tested lmmedi-



ately. These samples represented a herd of 60 cows.

The other samples of raw @mlilk from each farmer were
collected at the M.5.C. creamery in the forenoon.. These
samples were aseptically drawn from the welghing pan hold-
ing milk of one farmer at a time.. The samples collected
were from 48 individual producers.

Bottled samples

One of the very first few bottles from a vat was col-
lected from the H.5.C. creamery within 3 ours of pasteur-
ization. These bottles were kept below 409 F in mechanically
refrigerated rooms..

Bottles were also obtalned from individual vatis from
four other creameries; namely, Lansing Farm Products,
Heatherwood Farms, Arctic Dairy, and Lansing Dalry. These
bottles were collected in November and December within 4
to 6 hours after pasteurization.. No ice-cooled containers
were used as the atmospheric temperature was below 40° F
and the samples were tested immediately..

Valt samples

Four ounce bottles, the neck and stopper of each
connected with a long string, were wrapped in paper and
sterilized in the oven so that when samples were drawn
from the vat no contaminatlion could occur due to the
bottles. These hottles were used in duplicate for samples
from each vat. Immedlately after vasteurization (pasteur-
izetlion temperature and time ranging from 143 to 146° F

for 30to 35 minutes) the bottles, suspended by the string,



were dipped into the pasteurized milk and withdrawn. They
were stoppered, the outside sanitized by 200 ppm chlorine
solution, and cooled to 98° P at which temperature one
bottle of each sample was incubated.

Medla and Reagents

The followlng dehydrated culture media from Difco
Laboretories (61) were used and the dlresctlions of-the
marnufacturers strictly followed.

1. Bacto-Brilliant Green Lactose Blle Broth

2., Bacto-Formate Ricinocleate Broth (71)

3. Bacto-Violet Red Agar

4, Bacto-~Lactose Broth

5. DBacto~Tryptone Glucose Extract Agar (to which had

been added 1% sterile skim milk)

6. Levine Eosin lethylene Blue Agax

7. Bacto-il.R.~-V.P. lkediun

8. Bacto-Koser Citrate Medium

9. Bacto-Trypntose Agar

10, Bacto-Tryptone

Dehydrated desoxycholate agar (62), prepared by the
Raltimore Blclogleal Laboratories, was dissolved by heat-
ing to the boilling point, then dispensed in 10 to 15 ml
guantities in sterile test tubes, sterilized 1n flowlng
steam for 30 minutes (11), and stored. Before use, the
tubes were just melted by heating 3 to 4 minutes in the

Arnold steamer.

Lauryl sulohate tryptose broth (63) was prepared as
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described in the Standard HMethods for the Examination of

Water and Sewage (64).

The phosphatase (field) west was performed according
to the instructions supollied with the Phosphatase Fleld
Test Kit. The tablets for the substrate and the BQC solu-
tion (2,C-dibromoquinone chlorimide) were obtained from
the Appliled Research Institute, New Yorke.

The reagents for the Gram staln were prepared accord-
ing to Hucker's modification deseribed in the Manual of
Methods for Pure Culture Study of Bacterla, Leaflet IV
(65).

For the indol test reagent five grams of cp.. para-

dimethyl aminobenzaldehyde was dissolved in 75 ml of amyl
alcohol to which 25 ml of concentrated HCl was added.. The
reagent should have a yellow color..

For the methyl red indicator solution C.,1 gram of
methyl red was dissolved in 30C ml of 95 per cent ethyl
alecohol and diluted to 500 ml with distilled water.

For the Voges~Froskauer test reagents a 5 per cent
alphanaphthol solution was made in absolute ethyl alcohol
and a 40 per cent KOH solutlon in distilled water,.

The procedures recommended in the Standard Methods for

the Examinatlon of Dairy Productis (3) were followed in

diluting samples and inoculating tubes and plates.Two solid
media, desoxycholate agar and violet red agar, and three

liquid media, brilliant green lactose blle broth, formate-
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ricinoleate broth, and lauryl sulphate tryptose broth were
employed for the coliform count and tryptone glucose ex-
tract wmilXkx agar for the standard plate count.. Controls
were used for each medium and technique.

Raw and bottled samvnles

Raw milk dilutions, ranging from 1:10 to 1:10,000,
in geometric series, were planted in broths (5 tubes for
eacn dilution) and from 1 to 1:10C in solid madia in the
summner season, while dilutions from 1 to 1:1,000 1n
broth and 1 to 1:10 in so0lid umedlia were used in fall and
winter.. For the standard plate count dilutionms 1:100,
1:1,000 and 1:10,000 were used.. Pasteurlized milk was
used in portions of 1 ml and 0,1 ml for broths, 1 ml and
2.5 wl for solid wedia, and dilutions of 1:100C and 1:1,000
for the standard plate count.

To prevent the formation of atypnical coliform colonies,
viclet red agar and desoxycholate agar, after lnoculatlion
and solidification, were covered with 3 to 4 ml of the
respective sterlle agar.. Standard plates and broth tubes
were incubated at 35 to 37° ¢ for 48 hours while desoxy-
cholate and violet red plates were incubatzd at 35 to 37° C
for 20 to 24 hours..

Standard nlate colonies were counted with the Quebec
counter.. Typical dark red colonies, at least 0.5 mm 1n
dlameter, were counted on the desoxycholate and vliolet

red plates.. Hoskin's table given in the 3Jtandard lMethods

for the Examination of Dairy Products (3) was used to
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comnute the "»PH" (Most Probable Nuisber) in the broth tubes.
Those broth tubes having less than 10 ner cent gas were
confirmed on eosin methylene blue agar and then the "LPN"
was determninsd.

Vvat samples

One of the duvnlicate bottles was used for the phos-
phatase field test (66). Each of 5 brilliant green
lactose blle broth tubes was »nlanted with 1 wl of milk
for the initial coliform count and tryptone glucose ex-
tract milk egar »lates with 1:100 and 1:1,000 were poured
for the initial standard plate count.

The other bottle, contalilning abdut 100 ml of wmilk,
wes incubated at 35° ¢ for 6 to 8 hours and then 4 plates
of descoxycholate zgar were sgeded each with 2.5 ml of milk
and 3 »nlates with 1 m»l, 0.1 ml and 0,01 ml of mllk.. These
plates were incubated at 37° ¢ for 18 to 24 hours, the
positive plates being used for ovurified culture 1lsolatlon
and tyolng as described below,. .

Isolation of Coliform Cultures

Purification

From presumntive positive desoxycholate and violet
red pnlates having less than 10 typical deep red colonies,
each colony was picked and transferred to individual
brilliant green lactose bille broth tubes whereas from
plates having a larger number of such colonles, 4 to 6
representative colonles were picked at random and trans-

ferred to indlvidual brillient green lactose blle broth
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tubes.. The inoculated tubes were incubated at 37° ¢ for
24 hours and a trace of each liquid culture was streaked
with a bent needle on s0lid eosin methylene blue plates,
which were incubated at 37° C for 24 hours.. A discrete
colony from each plate was oicked and transferred to an
individual lactose broth tube which was incubsted at 370 o]
and immedlately after the apnearance of gas was restreaked
on eosin methylene blue agar olates as above. From each
of these platzs a discrete colony was plcked and streaked
on a tryptose agar slant and incubated for 24 hours at

370 C. This was the vrocedure followed throughout for

the isolation and onurification of cultures. These cultures
were next subjected to gram staining for the completed
coliform test.

Gram staln

Hucker's aodification of the Gram stain was followed

and the smears were stained as described in Leaflet IV

of the Manual of Methods for Pure Culture Study (65).
The cultures which were gram-negative, non-sporeforning

rods were next tyoned.

Identification of Cultures

The ILVIC reactions were utillzed for the identi-
fication of coliform organisms (purified as described
above) and 24 hour slope cultures were used. A trace of
the culture was transferred with a needle into a tryptone
broth tube, the needle was shaken a few times, and the

game needle was next used to seed a M.R.~-V.P., broth tube.
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Then the needle wasg sterillzed, cooled, and a trace of

the same culture was used to seed two tubes, one of
cltrate and the other of M.R.~V.P. broth, care belng

taken to inoculate the citreate medium with very light
inoculum so as not to cerry any nutritive wmatter lnto the
broth. The methyl red and Voges-Proskauer tubes were in-
cubated at 3¢° @ for 5 days and 24 to 48 hours resvective-
ly (67) (64). The tiryptone broth and citrate tubes were
incubated at 35 to 37° ¢ for 24 hours and 72 hours re-
spectively.

IMVLIC reactioqi

1. Indol differential test. To 5 ml of 24-hour
tryotone broth coliform culture waes added 0.2 to 0.3 ml
of amyl alcohol indol reeagent and shalkten., A derk red
color, developing on the surface within 10 minutes, con-
stituted a vosltlve test, the original color of the indol
rezgent a negative test, and the intermediaste a gquestion-
able one,

2. Methyl red differential test. To & ml of a 5
day 0ld k.R.-V.P. broth culture 5 drops of methyl red in-
dicator solution were added. A distinct red color was
recoried as nositive and a distinct yellow color as neg-
ative.,

3, Voges-Proskauer differentlal test. About 0.6 ml
of 5 per cent alphananhthol in absolute alcohol and 0.2 ml
of 40 per cent KOH solution were added to 1 ml of 24 to

48 hour M R.-V.P. broth culture and shaken until the white
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precionitate Just dissolved. The development of a crimson
to ruby color within 2 to 4 hours was reovorted as positive
and no color formation as negative.

4, Sodium cltrete differential test. Koser's sédium
clirate broth tubes were observed for growth after 72 to
96 hours incubation at 370 C. Visible growth was reported
as positive and no growth as negative.

The results of these differential tests for each
culture were recorded in the sequence of Indol, Methyl red,
Voges-Proskauer; and Citrate test, together known as the
IMViC tests. All ccliform cultures thus were divided into
three subgroups or sections: E. coli, "Intermediate", and

A. acrogenes.,

RESULTS
Raw Milk
Coliform and standard plate counts were determined

for each of the 48 vroducers' milk suopplied to the ,5.C.
creamery during Augusi, 1946. Fifty-six samples (16 from
.5.0. creamery producers and 40 from the 1.3.C. dairy
barn) were studied thoroughly in January, February, March,
August, September and October, 1947. As the number of
samples was not large, the results presented are only
tentative.

Comparison of the coliform and standard plate counts

Brilliant green lactose blle broth, formate riclnoleats
broth, desoxycholate agar and violet red agar were used

for the coliform count whereas tryptone glucose extract
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milk agar was utilized for the standard »nlzte count,.
Lauryl sulphate tryptoss broth (63) proved unsatisfact-
ory (68) when inoculated with 1 ml nilk and hence was
rejected in further work. In higher dilutions it gave
feirly comnarable results.

The semples from the M,53.C., producers had very high
coliform and standard ovlate counts. The M.3.C. dalry
barn sannles during the same secson zave a much lower
inecidence of coliform and standard nlate counts.

A general correlatlon was found between the coli-~
form and the staendeard oplate counts as shown in Gravh 1.
To avold plotting 88 samples on the graph, the arithuetic
averagzs of the coliform and stendard plate counts of
about every 4 samnles, the counts of which were in a
certain range (l.e., coliform count from 100 to 1,000 and
standard o»late count 10,0C0 to 100,C00), were vplotted,

1is curve clsarly shows that a highsr coliform count 1s
concurrent with a higher standard »nlate count and wvice
versa. The lower incidence of coliform and standard plate
counts in ..5.C. dalry barn samples was due to clean pro-
duction and lower keevning temperature of the milk.

The seasonal varlations in coliform and standard
plate counts in milk from the same oproducers, presented
in table 1, show how sharply the coliform count falls 1n

winter below that of the summer.,.



TTiLiat LITLY

T

Log of %

Count GRAPH I :
7 l

Standard Plate Gount E

i

;

21

=

A

Froducers' Samples ! HeS.0. Dalry |

: Born Samples |

=

| |

! -

0 T 1 v L ‘

1 5 9 13 17 2%

umber of IJample

{a




17

TABLE 1

Seasconal Variszstion of Coliform and sStandard Plate Counts

Coliform Count ner m 5. P, Count per ml
Produc-
2r No.
sSummer Winter sSummer Winter
1 18,C00 5,500 €10,C00 100,C00
2 2,400 900G 50,000 62,000
5 2,800 12 135,000 63,000
S 79 0.5 1756,00C 8,C00
S) 4,900 & 235,000 17,0C0
13 1,600 4,5 172,0C0 1,100
18 150 2 90,000 20,000
B1e; 500 3 20,000 4./800
59 6,350 130 558,000 81,000
61 79 5 250,000 8,000

Comparison of brilliant gsreen lzactose blle broth with

degoxycholate agar

In comparing the various mzdia for coliform counts

one medium was arbitrarily selected as standard, the count
by that medium was asgssigned a value of 100 per cent, and
the counts on other medla were cowpared for calculating
efficiency. Regarding brilllant green lactose blle broth
as a standard, desoxycholate ager was compared asnd 1lts per
cent efficiency calculated. Desoxycholate agar gave higher

coliform counts in 25 =a:nl2s and brilllia-nt gr

ST

a2en T actoes
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bile broth in 22 samples while in 5 samnles the counts

were equal,

Arithmetlic average of the total coliform

count of all samples of briliisznt green lactose bile

broth was higher than such an average of desoxycholate

aLar.

If brilliant green lactose bile broth was 100 per

cent efTicient, desoxycholate azar »proved 95.5 per cent

efficient.

as shown

Comparison of Standard Presumptive Liguid Medlia with Solid

in table 2.

™A Ty T T

Medlia 1in 111Xk

The two medla were very closely coumparable

Number of Samples Average
s Coliform | Per cent
Media Count Lfficiency
Total|Higher |kqual | per ml
Brilliant
sreen lactose 22 T3 45 100
bile broth
55 5
Desoxycholate ~ 0.1
o 26 70.13 95.5
Formate
ricinoleate 6 212.8 100
broth
30 .0
Violet red ,
agar 24 333.6 160
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Comvarison of formate ricinoleate broth with violet red agar

Thirty samples of milk from #.5.C. creamery producers
were tested and the coliform counts obtained by formate
ricinoleate broth and violet red agar were compared exact-
ly as above. When formate ricinoleate wcs regerded 100
ner cent efficlent, violet red agar wss found 160 psr cent
effleient 28 shown in table 2..

From violet red nlates reoresanting 16 scmmles, 154
typlcal deep red colonies were subjected to the commleted

coliitorm test and 1L was raevocolesd

-+

hat only 85.2 ver cent
proved coliform n~ositive winlle under sgimllar experimental
conditions desoxycholate agar gave 96 per cent coliform
positive colonies. Hence, the higher coliform count ob-
tained with violet red aveor may be due to a hilgher number
of false wnositlves,.

Percentage distributlon of ILVIC typ2s and sections

Pifty-five samnlecs were subjected to IiViC reasctions.
About 10 colonles, either from a desoxycholate or violet
red nlate, revnresentative of a single sample were picked
at randomn. Comnleted coliform tests were nerformed on
558 such colony culturss which had first been ourified,
out of 16 nossible ILViC types, 13 were identified. The
average psrcentage distribution of these types and theilr
ner cent occurrence are glven in table 3. For percentage

distribution of sections as E.. coli, "Intermediate'", and

A, aerogenes. Parr's (1) grouping of tynes 1s followed.

It has been found thet the nercentase distribution of these

Lo
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TABLE 3
Average Percentage Distribution of Various Types and
Sectlons of Coliform Group Organisms Determined in 55

1k Samnles by INViC Reactions

gul- Coli- Per % Non-
tures | form I:ViC|cent T - |Section|inversely
-Typed | Section | Tyvpes| Occur- JPe e % Correlated
ance
558 tt-= | 54 20.27
Le. COLL 23.52
—t—— 13 3025
—td= | 10 3.38 3.38
++++ 6 2.13 2.13
T |- b 1.90
migiiie" 21.68
' ‘ 2 3 0.70 0.70
- 6 0.60 060
+-—+ 5 0.55 0«55
+=++ 2 0.18
-t 85 Ll'?oA"S
A.aeI‘O'- —""+ 25 4'39 54.80 40.39
genes
-t 13 2095
Total - — - - - - - - - - - = 100,00 100,00} 11.75




three ssctions varies with the locality (69) and condi-
tlons of production at the farm and the handling and
neuling of the milk. The avsrage percentage distri-
bution in 16 samolss from i,5.0. creamery farmers was

k., coli, 47 ver cent; A. aerogenes, 12 ner cent; and

"Intermediate", 41 per cent while 39 samnles from the
medeC. dairy barn included E. ccli, 16 per cent; A. aero-
genes, 73 wer cent; and "Intermediate', 11 per cent,.
These {igures illustrate the vrevious statement.

Of the 13 tyves obtained, 6 showed no "inverse
correlation" (53) of methyl red and Voges-Proskauer tests.
These tyvnes represent about 12 ner cent of the total type
percentage.

Aberrant coliform organisms

The term "aberrant'" has been ussd for the "slow
lactose fermenters" as suggested by Stuart and coworkers
(70) and is comprised of 4 types:

l. MMicroaerogenic coliform bacteria

2. Papilla-forming coliform bacteria

3. Pseudozerogenic coliform bacterla

4, Anaerogenic coliform bacteria

An examination of 40 samplesg showed 18 samples
nogitive for aberrant coliform bacteria. Thelr average
percentage, determined from 40 samples, was 13 and
composed of 47 out of 388 cultures, Only microeerogenic
and anaerogenic types were lsolated. The former, 4.5 per

cent (15 cultures) and the latter, 8.5 per cent



(32 cultures). None of these aberrant forms belonged to
the E. coll section on the basis of Parr's ILVIC reactions.
Among the anaerogenic coliform bacteria the'"Intermed-
tate" typwe having the IlViC formula =-++- was the nost pre-
valent. Three chromogenic (yellow) cultures, with the
IMViC formula -+4+-, were isolated from cone sampnle. Yale
(32) also found yellow cultures in his aberrant strains

and classified them as Flavobacterium. Thirty anasrogenic

cultures »nroduced acid but no gas in lactose broth while
two cultures produced neither acld nor gas. All these
cultures were gram-negative, non-sporogsnous rods, glving
typical deep red colonies on dessoxycholate or violet red
agar. Goliform=like surface colonies, some with metallic
sheen, appearsd on eosin methylene blue plates.

The microaerogenic cultures produced a bubble of gas
in lactose broth in 3 to 9 days and were white to pink on
eosin wethylene blue vnlates after 24 hours. Dark centers
graduzlly developed concurrently with the development of
gas in lactose broth tubes. These cultures belongsd most-

ly to A..aerogenes, a few to "Intermedlate", but none to

L.. coll,

Probatle source of contamination

No definite source of contaninatlon was ascertained,
Asentically drawn mlilk from 11 cows gave negative coliform
results when 10 ml guantities were tested and all cows
were free from any udder infection. Rinse water from cans,

milking mechines, palls, and swabs from the surface cooler
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and milk tank were tecsted for coliform bacterla and proved
negative except for ome milking machine, having a 1.6
coliform count per ml of 500 ml rinse water, Lllk samplss
were collectad the scme day from cans soon aflter mllking
and cooling, and were then tegted immediately so as not

to give any chance for growth of bacteria, Forty to 130
coliforum vacteria ver 2l were found which on tyoning nroved

to be A, aerocenes or "Intermediate" but not E. coli, in-

dicating non-fecal contazmination. one of the 4C gzumles

SoVC nore

har, 50 ner cent E. coll and the averacge distri-

bution was only 16 per cent.

On the other hand, of 16 samoles fron M.5.C. creamery
producers, 7 sanples showed 57 to 100 per cent L. coll in
January and Tebruzry as shown in table 4.

TABLE 4

Predominant Distribuition of E. coll in Certain Producers’

Samples

Qroducer ggiiiorm %iiﬁgard % E. coll Cultures
Tumber ner ml Count (++-- Typed

2 80 8,200 100 8

9 5 | 17,0C0 83 6

61 4 8,000 100 4

18 2 11,000 &7 3

3 0.5 8,500 100 4

30 6 4,800 92 12

59 130 31,00C 100 10
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Howzver, these coliform and standard plate counts were
not high but the overwhelning nrevalence of E. coll in-
dicated fecal conterination.

Pasteurized Milk

One hundrsd end forty-seven bottled samples from 5
creamneries were studied exhaustively during Janﬁary,
Foebruary, Cctover, HNovember and December, 1947. No lce
contaliners were used due to the lower atmospheric temp-

erature. Two standard ligquld wedla, brilliant green

[ Ty
WL ilc Lk

b

lactose pile broitn and ricingleate hroth, and two

T
s0lid media, desoxycholate =azar and violet red agar, re-

comnended by the Standard iethods for the Examination of

Dairy Products (3) were evaluated. Twenty to twenty-two

ml (about 5 ml in each wedium) of wmillk from each samnle
ware tested for coliform orgenisms. Of 147 samnles, 96
{(about A% p=sr cent) proved positive by one or more of the
media. This higher percentags of ocositives 1is partly due
to ths recovary of coliform organisms by different media
and partly dus to the larger quantities of milk tested.
In some cases a small amount of growth of coliform bacterla
in the bottle mnay have occurred.

The coliform count in positive samples, being very
low as comparad to that of raw milk, was determined ner
100 ml.

Incidence of coliform organisms

The sauples tested from Lansing creomeries were some-

times 6 to 8 hours old and slight growth might have taken
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place during thls interval (28).. Bottles collected from
the M.5.C. creamery consisted of one of the first few
from each vat and 1t has been demonstrated theat such
bottles have a higher incildence of coliform organisms.
Therefore, mch lmportance should not be attached to the
incidence of coliform organisms in these positive samples.
Four samnles out of 96 gave all positive broth tubes 1n
he highest dilution and hence thelr counts could not be
coupared with those obtzained from solid medla.
The coliform count ranged from 20 to 5,000 psr 100 ml

of which about 75 per cent of the positive samples gave

a count below 500,

Comparison of coliform and standard plate counts

No definite corrslation could be eliclted from the
coliform and standard plate counts. Collform negetive
samples, in 20 ml portions, sometimes gave standard
plate counts higher than 100,000 per ml, while many tlmes,
wnen the standard plate count was below 50,000 per ml,
thousands of coliform organisms were present. This 1is
depicted in Graph II in which, to avold vnlotting 96
gsamnles on ths graph, the arithmetic averages of the
colliform and standard plate counts of about every 5
samnles, the counts of which were in a certain range
(eege, coliform count from 100 to 1,000 and standard
plate count 10,000 to 100,000), were plotted.

It is therefore concluded that the standard plate

count of pasteurized milk 1s of 1llttle significance as an
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index of iumroner pasteurization or recontamination. It
has been found in the M.3.C. creamery that somctimes a
higher incldence of thermoduric and thermophilic bacterla
in raw wllk results in a falrly high count in that milk
after pasteurization althouzh the milk proved negative to
the coliform test. This point contributes to the con-

clusion that there ig no

Q.!
[

efinite correlatlion bestween the
coliform and stenderd plate counts. Such pasteurilzed
mlillk, on the baslis of the standard plate count, may wrong-
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Compearison of brillisnt ¢reen lsctose DHlle broth with two

go0lid mediea

The collform counts of 20 nositlive stwjﬁs wers col-
pared with brilliant green lectose blle broth and desoxy-
cholate agar. Of these, 52 sawples gave higher counts in

£a
degsoxycholate agar and 3% sampnles gave higher counts 1n
brilliant green lactose blle broth while 3 samﬁles had
equal counts. The average brillliant green lactose bille
broth coliform count and ths desoxycholate apgar coliform

count were determined. mepresenting brilliant green lac-

tose bile broth as 100 per cent efficient, the ver cent

-

@

fflciency of desoxycholate agar (180) was obtalned.
ceventy-four mnositive samnles were comparad in

brilliant green lactose bille broth and violet red agar.

Twenty-five samnles gave a hicher coliform count in

brilliant green lactose bile broth snd 46 samples in
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violet red agar whlle 3 samples gave egual counts.
Assuulng brilliant green lactose bile broth to be 100
ver cent efficient, violet red agar proved 169,35 per
cent efficient (see table 5, page 28).

Comparison of brilliant green lactose blle broth and

formate ricinoleate broth

Fifty-one coliform positive samnles were compared in
the two broths, namely brilliant green lactose bile broth
and formate ricinoleate broth. Twenty samnles gave a
higher coliform count ln brillilant green lactose bille
broth and 2 samnles in formate ricinoleate broth while 10
samples had equal counts. These results were very closely
comparable but the ver cent efficlency of formate ricin-
oleate broth was 120.7 per cent (determined as above)
when that of brilliant green lactose bile broth was 100,
It wes noticed that formate ricinoleate broth produced a
more coplous amount of gas than brilliant green lactose
blle broth in the same length of time..

As some members of the Salmonella group give false

positives (33) in formate ricinoleate broth, all coliform
presunptive positive tubes of thils medium, numbering 159,
were confirmed by transferring 4 loopfuls from each tube
into a brilliant green lactose blle broth tube and incu-
bating the latter at 37° ¢ for 48 hours. These brilliant
grazen lactose blle broth tubes were all positlve although
some of them formed only a bubble of gas. From each of

the tubes having a bubble of gas & trace of culture was
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streaked on eosln methylene blue agar plates and produced
typical coliform colonies showing thereby not a single
false positive in formate ricincleate broth.

TABLE 5
Compariscn of Standard Liquid and Solid Liedla Used for the

Presunptive Colliform Test in Milk

Average
redla No. of Samples Coliform Per cent
: Count per |[Efficiency
Total |Higher|Equal | 100 ml
B o\ .L .B .
broth 20 172.1 100
51 10
Formate
ricinoleate 21 207 .6 12C.7
broth
B .G’-L .Bl 1 .. 100
broth 25 6243
T4 >
Violet red L& 274.8 169.3
agar
B .ﬂ QL OB L]
brgth 25 172.8 100
90 >
Desoxychol-
ato bmor 52 312.2 180
iolet red
oer 24 274.8 100
T4 18
Desoxychol-
ate agar 32 326.7 119




29

Comparison of violet red agar and desoxycholate asar

During the study of these two nedia 1t was experi-
enced thet duplicate pnlates, each seeded with 1 ml of milk,
whern coiupared to duplicate nlates, each seeded with 2.5 ml
of willk, gave a lower collform count per ml; for this
recson 2.5 wl of milk per »nlate was used or solld media
therecaftere.

Of 74 samnlzs couwpared, desoxycholate agar gave high-
er counts in 32 samnles a2nd violet red agser in 24 samvles
while 18 samnles mave equal counts.. When violet red, agar
was assumed to be 100 per cent effilcient, desoxycholate
agar provaed 119 per cent efficient (sse teble 5). These
results show that the two media are aporoximately equally
sunerior to brilllant green lectose bile broth or formate
ricinoleate broth, desoxycholate agar being slightly
supaerior to violet red agar. In addition, desoxycholate
agar has the advantage of producing more and larger typlcal
dark red colonies.

Colonies wnicked by random selection from vioclet red
agar plates representing 67 sanples were transferred to
brilliant green laectose bile broth and subjected to the
Comnleted Coliform Test. It was found that of the 186
violet r=d agar colonies vicked, 97 per cent were coli-
form cultures. Under similar condltlons, 383 desoxy-
cholate agar colonies, representative of 83 samples, after
the Complated Test, gave 96.7 per cent coliform cultures..

These resulils showed how few false positivaes these two
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sollid media produced..

One noticeable point was that colonies having less
than 0.5 mm diameter (which the author calls pin point
colonies) occurred very rarely in oositive plates of both
media.. These pin noint colonies will be describzsd later.

A commarison of the detection of different IiLViC
tynes in 48 coliform vositive sannles was made with desoxy-
cholate &, ar and violet red agar. About 3 colonles each
from violet red agar and desoxycholate agar plates, of a
nositive sample, were vicked at random and purified cul-
tures were obteinzd from them. One hundred and thirty-
one cultures from desoxycholate agar plates and 131 from
violet red asar vlates (representing 48 positive samples)
were typed by IMViC reactions and 11 IiVAC tynes were 1-
dentified. A comparison of the numbers of cultures be-
longing to one type and recovered from each medium showed
that practically all the 11 itypes were equally detectable
on both mediea, excepting 2 "Intermediate" types, namely,
+~++ and ++++, which were not at all detected by desoxy-
cholate agar. The number of times one tyve occurred in
48 samples in one medium was also found comparable with
that obtained on the other medium (see table 6).. Thus it
was concluded that desoxycholate sgar and violet red agar,
in general, are about equally good for growing coliform

bacteria, when present in small numbers in pnasteurized

milk.



TABLE 6
Comparative Detection of IMVIC Types in 48 Coliform Posi-

tlive Samples by Violet Red Ager and Desoxycholate Agar

—
No. of Samnles No. of Cultures
(out of 48) Obtained from
I.Vic IMViC Positive on
Section | Types :
Des. V-Red Des. V-Red
agar agar agar agar
o 164 12 26 20
E. coll
o Al 6 5 S 6
- 25 25 41 58
+-++ Q 3 ] >
"Tnter- | *+-+ 1 2 1 >
med-
iate"
++-++ o 1 0 1
—-——— 2 1 4 1
-ttt 2 1 3 5
-t 21 23 32 39
A.aero-
Genos - 10 13 11 15
-—+- 2 2 4 2
Total====————~m~eu-= 85 89 131 131
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Superiority of desoxycholate agar over brillliant green

lactose bhile broth

A1l these comparisons of desoxycholate agar and
violet red agar showed that there was little cholce be-
tween the two media. However, desoxycholate agar, giving
a2 higher per cent efficiency, and larger, typlcal, dark
red colonies, was adopted as the best solid medium for the
Presumotive Collform Test..

A further comparison of desoxycholate acar with
brilliant green lactose bille broth was thus made to de-
termine the superiority of the former. Of 90 positive
samnles, the numbers of samples having collform counts
below 10, 30, 50, 10C, 250, 500, 1000 and 5000 were de-

ermined in desoxycholate agar and brilliant green lac-
tose bile broth. As desoxycholate agar gave a higher
coliform count than brilliant green lactose blle broth
in milk, 1t usually gave a smaller number of samples be-
low a certain coliform count than did brilliant green
lactose bile broth (see table 7, .page 33).

Plotting the number of camples according to the
group in which they occur, curves for brilliant green
lactose bile broth and desoxycholate zgar were obtained
as shown in Granph III.

A study ol these curves showed that the greater bulk
of samnles hed coliform counts between 30 and 500 and it
wes in this range theat desoxycholate ager ovroved far

superior to brilliant green lactose bile broth. Below
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a coliformn count of 20

above & coliform count of 50C,
brilliant green lactose bile broth and desoxycholaste agar
tended to glve pearallel counts.
ABLE 7
The Numbers of Saunles bhelow Certain Coliform Counts as
Chtal by Two liedisa
Solillor:n Colilforu No. of Samrnles in
Positive Count
Samples Eelow Y.d.L.B. Droth Dagsoxy . agar
10 2 9
=0 25 23
50 39 32
100 55 43
S0
250 75 51
500 81 78
1,CC0 S15 82
=,000 Q0 20

Percentare distribution of IMViC types and sections

Of 92 nositive

obtained,

from original,

samnles,

tynical,

445 coliform cultures were

A1l these vurified cultures had been derived

dsark red cclonles selected at ran-

dom from violet red agar and desoxycholate agar nlates



and sun

T

gcted to the Cowmpleted Goliform Test. The cul-
tures were tyvned by ILViC reactions (59) which had been
generally utilized by workers in the pest two decades.

The per cent distribution of a type was determined
by calculating the average of wvarious percentages 1in which
that tyve occurred in different saunles. Lleven tynes
and thelr resnsctive nercentages and the percentage of the
coliforu sections, viz. E. coli, "Interuediate" and

A. aeropenes, to which those tynes belonged (1) are glven

in table 8.

The "Internediate" having the I.ViC forimula =+-+ was
the most vrevalent tyne, 30 ner cent of the cultureg being
of this typne. In 1932, Jerkman and Gillen (49) »nlaced

this organism in the enus Cltrobacter and Bergey's Manual

of Determinative Bacteriolopgy (56) classifies it as

1

mscherichia freundili. On eosin methylene blue agar plates

this tyne gave colonies with a bright, metallic sheen and

}‘J

arze, dark centers resembling very much the iypical

E. colil colonies. The highest percentage of the "Inter-
mediate! section of coliform organisms in pasteurized mllk
was largely due to this coli-like type.

Pour "Intermediate" types which showed no '"inverse
correlation” (53) of the Voges-Proskauer and methyl red
tests, being either positive or negative to both, con-
stituted 8.7 ner cent of the total type percentages.

They are expressed as non-inversely correlated "Intermediate"

types in table 8.



TABLE 8
Percentage Dlstribution of Various Types and Sections of

Coliform Bacteria in Pasteurized rilk

% Non-
Positive|(Culires|{foliform|ILViC |Type|Section &nvarsely
Saeunles | Tvoed Sections |Types| % % correl-
ated
E.. coll 27 «6
—-—t== | T4
"‘+"‘+ 3008
+-44+ | 4.3
++-+ 2.?
"Inter-
nedizte" 417
++++ | 1.5 1.5
- 1.05 105
-++% | 1.4 1o
-—++ | 25
A. aero-
genes -+ | 43 20.7 4.3
Total—wme e e e e 100 100 8.7




The majority of the sawples contained two or more
ILViC types reprecenting at lesst two sections.. However,
in 27 per cent of the sampnles only single tynes were i-

dentified,. I:ViC tyvne -+-+ was present in 9.8 per cent

of the szmoles, ++-- in 13 per cent of the samples and
-=++ in 4,3 per cent of the samples. Simllarly, in 37 per

cent of the samples only single collform sesctions l.e.

B, coll, "Interusdiate", and 4. ccrogenes were fouad in

1% per cent, 18.5 ner cent and .4 pzr cent of the samples
respectively. In every respect the most »nrevalent type,

as deternined in 92 nositive gamnles, wags the "Intermsdi-
~+=-+4, mext were tyves ++-- and --++ (see taoble 9,
The nunber of samples (out of 92) and the »er cent

Fad
i 58

Q

f‘i

anles from whnilch a certeln type wos lsolated are
shown on teble 9.

Commarison of the wercentase distrivutlion of celiform

—

"y
4

’ - o~ - T P
czctions deteriinsd by Lwo iz ihos

method I

In this xpethod, generally used by other worker
only the cultures representing Jdefinlte colifori tyoves
present in a certzin sauosle were used for whe deterslina-
tion of percentege distribution of coliform sections.
ALl the other cuitures from the sane saaple, wnlch on
identilficrtion proved duplicates, were discardsd. In

all, 208 such cultures were desrived after identificatlon

of 445 culturcs from 92 opositive samples.. The percentage
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distribution of wvarious colifiorm secetlions was caleulated

oy the following formila..

% distribution of o no. of cultures of sectlon 100
section total cultures (208) *

TABLIL 9
Distribution of 11 IiV1C Tynes in 92 Coliform Positive

Samplaes

Isolatzd frou < of gamnles having 100 @

I.Vic :

Tyres 110 OF ~ of one Cne

L Sarnl e Hamnles Tvpe Section
Le colil
L >4 >7 9.8
13

s Sk 19 207 C

"Inter-
mediate"
— :—5 'SO 13

+ -4t 2 S el Q

-+ 6 605 O

18.5

okt 5 5ot 0

———— 4 b3 O

-4+ 4 4.3 o
Ae. aero-

CEnes

-t 48 52 4.3

it 4 19 2C.7 C 5.4
Total 208 27 ol 36 .9




Method II

In the second method suployed in this work, 4 to

(O)

(arn arbltrary nuwmber) tynilcal coliform colonles were
selected at random from 4 violet red agar and desoxy-
cholate agar nlates representing 1 samole., Purified
coliform culturss, obtasined from these colonies and con-
irm2d by the Comnletad Test, wers tynad by I.VIC tests
and the nercentage dlstribution of different coliform
sections in thet sammle was determninasd. Ninsty-two
aannles ware examlned as above and the esverase psrcent-
age for each section was determinad.

The nercentages determined by the two methods are
comoared in teble 10. The second method glves a2 much more
sccurate victure of the nsesrcentsge distributlion of colil-
form sections and 1s recomiendsd.

TABLE 10
Coun:rison of Average Percentage Distribution of Coliform

Sections by Two liethods

Averege % Distribution Determined by

1!
Sectlons liethod T iethod II

(208 cultures) (445 cultures)
E. coli 2545 27 «6
"Inter-
mediate" 39,4 417

A. aero-
genes 35.1 30,7

Total 100 100
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Pin point colonles

Pink colonles, 2C to 24 hours old end 0.5 mn or less
in diameter on violet red agar or desoxycholate agar, are
deslgnated as vin voint colonies, Thece colonles 41d not
characteristically opreclpitate bile salts as 1s so common-
ly done Dby larger colonles,.

Of thousands of coloni=ss on 368 vlicolet red agar and
desoxycholate zgar plates renresenting 92 samvles; only
39 were pin voint colonles. Of these 39 colonies isolated

from 13 samnles, 28 bhelonsed to the microaerogenic type of

o

averrant coliform bacteriz (70) as they formed a bubble of

zas within 3 to 9 deys in lactose broth, while 11 colonies
did not produce any gas in 14 dayse.
No further study was made because of the insignifl-
cantly low incidence of these coloniess on desoxycholate
or violet red agar »lates seeded with nasteurized milk.
The source of coliform organisme in oasteurized

milk will be discussed under Vat Samples.

Vat Samples

An exaumlnation of 26 dupliceste samples, drewn direct-
1y from vats in the .3.C. creamery, was made in October,
1047, =Routine bhottled samplaes of pasteurized milk, num-
bering 23, were also ccllected in that month from the same
creamsry and tested. Flve of these bottled sampnles corres-
ponded to 5 vat samples and will be discussed later.

The phosphatase field test was read on all the 25

samples, of which 21 produced upto 2 phosphatase unlts,
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%2 produced 2 to 5 units, and 2 produced 5C to 100 units

respectively. The last 2 samnlss were not pronerly
pasteurlzed as indicated by the phosphatase test and the

initial coliform counte. which

Two samples h gave 2 to 5
phosphatose units were poslitive in brilliant green lactose
bile broth before

~
‘4: O

incubation of the milk,., Samples number

11, 13 and 2C (see table 11) were vnroperly vasteur-
ized, as

shown by 2 nhosvhatase units, and gave no oosl-

tlves in brilllant green lazctose blle broth before incu-

vation. They proved coliform poslitive after incubation

showing that at least one coliform cell per 100 ml did sur-

vive provper pasteurization.

TASLE 11

Phosphatage Tést and Bacterial Counts Before and After

Tncubation of Vat Samnles

Phos - Coliform Count | Stondard Plate Count
Siggéi Phatase per 100 ml per ml

Units Initial] Final | Initial Final
4 2 0 340 2,100 180,000
6 2 o) 300 22,300 5,000,000
4 2= 51 10,000 | 29,0600 2,500,000
8 2=5 22 9,800 85,000 15,200,000
11 2 O 1,090 32,000 4,200,000
13 2=5 O 1,800 4,500 600,000
18 100 180 unsat. | 441,000 unsat.
20 2 0 1,500 99,000% 242,000
21 50 180 unsat. |1483,000 unszot.

%A great majority of colonies were vin noint colonies.
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A11 the 26 sarples were incubnted for 6 Lo & hours.
Initlial and filnal standard vnlate counts were umade before
and after incubatlion and a comparison of the counts showed
that the bacterla reproduced 6 to 8 tinmes., Initlizsl a2nd

final colifori counts also confirmed this.

e

Tyoes isolated and thelir percentapge distribution

onlzs could e obtalnsd fron desoxvcholete aszer nlates.

Eight colonizs from & nosltive desoxycholate agsr vlate

~h

N
f

o esach of the remaining 7 samnles were selected at ran-
dow and vurified cultures were typed by ILVIC reactions.
None of the colonies proved to bhe a false positive., Filve
samples had 100 per cent E., coli, with INVIC formula 4+--,

and 2 samnles had 100 per cent A. aerocenes, with IMViC

formula --++. None of these sammlss contalned more than

one type as shown 1n Table 12 (page 42).

Probable source  'of coliform bacteria in pasteurized milk

Of 26 incubated vat samoles 17 did not have a single
coliform cell in 100 ml while 1 out of 23 bottled samples,
from the same creesmery, examined during the same month
proved negative to the coliform tests in 20 ml.

Five vat samples did not hav:> any coliform bacteria
per 100 ml but when 5 bottles, corresponding to these vat
samples, were tested, 50, 325, 250, 20C and 575 coliform
organisms per 100 ml were found and 2 to 4 IMVAC typss
were present iIn each sample,

In 92 vasgsteurlzed samnles only 27 per cent of the
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samnles nad 100 ner cent of one tyone while 73 per cent of
the samples had two or more ILVIC tyves. None o the 7
incubated vat samdles gave nore than one type in each
samnle showlng thereby that i1f any cells survive after
pasteurization they belong to one type, nredominantly of
IitViCc formula +4--, DNone of the 7 incubated vat samples
had any "Intermedizte" types but in vasteurized bottled
millr these were isolsted from 6C per ceat of the samples.
TARLL 12

Distribution of E. coll and A. aerogenes Sections in 9

Incubated Coliform Positive Vel Samples

Total No.. of cultures Percentage Distribution
Semples | POsS1tive | pypaq E. coli| "Inter- | A. aero-
Run Samples {++--) | mediate"| genes(-++)
4 8 100 - -
& @) - - 100
7 8 100 - -
8 8 100 - -
26 11 & 100 - -
13 8 - - 100
18 unsatilsfactorye.
20 8 100 - -
21 unsatisfactory.

It was therefore concluded that the presence of coll-
form organisms in pasteurized milk resulted from recon-

tamination.
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The greeter the number of coliform tyves present in
a bottled sample ths more vapied are the sources of contam-
ination.

DISCUSSION

The environment of the cow and the coniitions under
which wilk is oroduced and handlad are sucli that the
pvresence of coliform organisms in fresh raw milk 1s al-
wost universal. NWot one samnle of 104 proved negatlve to
the coliform test whien about 10 ml of nllk was examined.
However, Slaclk and iaddeford (72) reported that 14 per
cent of their samples of raw mllk were negatlve to the
coliform test when 1 nml wes tested and Bartram and Black
(73) found thet 30644 per cent of the samples which had
standard plate counte of 10,000 cr less wsre free of coli-
orm bacheria in 1C 1l testad, In the nresent study none
the 29 szaples taving o standord plate count of 10,000
or lessz gove o noegstive coliford test, even though thesc
semnles were orovnerly refrigerated and tested within 3

hours alter wilking. Llthsr very sarlilary production of

the il or less gensitlilve nedla us=ad z==2em to be the cause

of so wany coliform negatbtive samples in the hands of those
WOrMEIs .

-

Thz author's observatlons are simllar to Finkelstein's
(74) who found that milk initially contaminatsd on the
Tarm had 100 coliforw Woetzrla per ml under careful pro-

duction and 288 ver wl whnen no care wes usaed. Sheruan

and wing (9) sugoested that a stondard of 100 coliform



bacteria per 4l in high grede @mllk and 10 in certified
milk was not stringent.

In oropzrly pasteurized nilk a nositive coliform
test as a result of the survival of heat resistant coli-
form organisms 1s highly lmorobable. Of the 24 vat
samnles tested only 2 samples were pnositive, having 51
and 22 collform bacteria pcr 100 ml. Recontaminatlion or
iuworoper pasteurlzation were definitely the cause ol the
presence of colifori organiswmes in bottled milk.

nThilson and coworkers (24) stated that the coliform
test "should sumnplemsnt and not supplent the standard
plate count'” in detecting recontamination; but, the present
studies revealed that of the 92 coliform positive samples
6% had standard plate counts below 30,000 per ml wilith a
logerithmlce average of 9,000 per ml while of the 41 coli-
forin negatlive samples 20 had standard oplate counts above
30,000 per ml with a logurithule average of 63,000 per ml.
Those 63 samnles, which on the basis of the collform index
were regerded as recontaminated, might not be reported so
by the standard plate count while the 20 coliform negatlive
sauwples night rightly or wronply be reported recontamin-
ated as a result of the standard plate count. The higher
standard plate count might vossibly be the result of
slight growth after pesteurization or the presence of
thermoduric and thermophllic bacteria in raw mlilk. There-
fore, the coliform index 1s more reliable (18) (30) (19)

(23) (20) in detecting recontamination than the standard



45

plate count which might be usad to supvlement and not
supnlant the coliform test.

The medla developed for the determination of coliform
organlsms 1in water have, in the past, been used for the
coliform test in milk. However, milk is rich in fat and
proteinaclous matter =nd behaves differently from water.
This was deuwonstrasted by Barkworth (75) who inoculated
colifaorm organisus into milk and water at the same rate

but found that milk gave e lower percentage of vositlves
than woter., Raw 11Kk mnoasesses a germlcidal proverty
which may sunplement the inhibitory nower of a medium
when seeded with nilk,.

llcAuliffe and Tarrell(38) recomnended thzt the dye
concentration of brilliant sreen lactose bile broth be
increas2d 2.5 times of the standard corncentration as 1t
1s martly adsorbed by the solids in 1 ml of milk, This
they clained, would zlimninate false oositives.

Stork and Curtis (71) (33) introduced formate ric-
inolecte broth and claimed i1its superlority over brillliant
creen lactose bile broth as it gave very few false poslit-
ives in llk. Farrell (37) revorted that formate ricin-
oleate bhroth zave 100 per cent higher "iPN" than brilliant
green lactose bile broth in rew nilk. In the presaent

study it proved slightly sunerlor to brilllant green lac-

p;

toge bile broth in pasteurized nilk and did not give a
single false nositive, but when compared with violet red

arer in raw milk it was found quite inferior.
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The need for a good 20lid nediunm (7)) (1) hes always
been felt. Yale (22) compared 10 golid mzdia devéloped
for the enumeration of coliform hacteria and found des-
oxycnolate egar and violet rad sgar o e the most vwrom-

ising when 1 il of milk wes used and that dunlicate agor

,_J

nlates gave as relisble counts a2s 15 broth tubes. The

suneriority of desoxycholate agsr hes slso been emphaslzed

by other workere (297 (41) (
However, Zartram and Black (20) coumpared 2 stralns

gach of Zscherichlia, '"Intermediate" and Aercobactsr in

1fferent so0lid wedlae and gradsd desoxychiolate agar as
sixth in the descending effectivensss of solid media,
r were placed first
znd second. They stated that the inferlority of desoxy-
cholate ager wos due to 1ts inhibitory action against tne

"Intermsdiate" strains used. In this study desoxycholat

@

}_J
jav!

agar proved Jjust as good as brilliant gresen lactoce blle

broth for raw nilk but for pasteurized milk it showed a

merked sunerlority over the broths with a slight margin

of efficiency over violet red agar. No inhibltory effect

of desoxycholate agar s compared with violet red agar

was discerned in the detection of the "Intermediate"

snd other types of coliform orgenlsms in pasteurized milk.
In pasteurlized mllk desoxycholate agar has the fol-

lowing advantagests

le It glves a higher coliform count.

2. Up to 2.5 nl of milk can be added tc each plate.
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(Buchbinder has usad 4 ml per plate of 15 ml agar)

W
.

It gives larger and wore distinct typvilcal, dark red

colonles than does violet rsd agar.

4, Typicel, dark red colonies prove to be coliform
orzanisms in 97 ver cent of the cases,

5+ The occurrence of atypical colonies (less than O,S mm
in diameter) is rare and when they do occur the major-
ity of them belong Lo the aberrani coliform group.

The presence of this group indicates recontamination.

6. It is most efficient when coliform organisms are
present In small numbers and so 1s especially appli-
cable to pasteurized milk.

T.. Thne results are avellable after 18 hours incubztion.

8. Duvlicate desoxycholate agar nlates, each seeded with
2.5 ml of milk, gave higher counts than were obtalned
with 15 briilient green loctose Dile broth tubes.

9. It ls as productive as violet red agar in detecting
all coliform types when present in small numbers in
milk.

On the basis of the above advantages it is strongly
recomunended that duplicate desoxycholate agar vlates,

each seeded with 2.5 ml of milk, be used for routine exam-

ination of pasteurized milk in Public Heszlth Laboratories.

Tiedeman (39) and Buchbinder (#0) have recommended one

plate seeded with 4 to 5 ml of milk but it i1s always safer

to seed duplicate plates than a single plate.

Perry's &. C. medium (77) to detect coliform bacterla
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at 37° ¢ and kK. coll at 45.50 ¢ and Leifson's (78) newly
developed hyodesoxycholate agar and broth have been re-
ported to glve good results in the examinztion of milk.
A couparison of desoxycholate agar with these media for
testing pasteurized wlilk would be worth while.

In the destermination of the psrcentage distribution
ol coliform typeg three vrovisions should be uet.

First,

w

awnles of wllk, in which no growth has Laoken

]

o)

T
slase,

Jort

b

[§H

7]
ks

O
o
‘L._l
u

wloyed so thot the reletive nprovortion

of various ccliform types remains simlilar zand truly repre-
sentative of the initlel coliform contaminatlion, lalcolm

(79) seeded raw milk with bovine feces, containing pre-
dominantly E. coll, and after 36 hours incubation at

62.50 F found that the nmajority of colliform bacteria be-

longed to the A.. zercgenes sectlone. This shows thet high-

er storagze temperatures may changs the proportion of coli-

Torm tyvee from that inltlally present; therefore, the

source of contamination may be interpreted insccurately.
Second, pour-plats cultures should always be used

for tyoing becouse in oth cultures onsz tyns mey over-

Third, random selactlion of colonies froin a pour-
plate, rather than isolating the different tyres from a
sample, should be used.

Many authors (30) (35) (37) (69) (76) (80) (81)

have determined the vercentage distribution of colliform

gsections bult as they did not follow the above three
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nrovislons thelr percentagces cannot be compared with the
percentages found in this study. In adiiition, the dis-
trivution of colliform bacteria in nillk differs according

to locality, climate and conditions of nroduction.

The v2rcents; 2 dlistributicon of coliform sccetions

has roerely beon studied in pesteurlzed mlillz.. Vaugshn and

Levine (88) suricized thea

bte
i
o

1 dence of "Intermsdiate
P oo, ~ & e Sy Ty ey e - ~ 2 PO 1 - e e oy e
etaerla in foces, urine, solill, ndllik, egps, ete., and in

none of thon weoge the nercentooss dlastribution more than

Lusd s

20.%.. In the nregent study 41 p2r cent of the oxliform

Lroteria in posteurized Wil belongz? to the "Intermedicte"

zectlon, In 137 »per cornt of o connloo it-te”
Yhe only coliforn b omresint.  The cause

= . LI T - . - 1t oy -] - .
o dneldenzs of tha "Inter.odiaote" zection

2,0 - T . D T S R S . P T QMY
zould not e cgcxrtalned.,  lnlewltsch and cowork=irs (802)
X N AN w - ] o - a0 s b
repostad D ol L. 2o0il, seaeded lu soll, into
e :

ing to dz2ternine 1f undsr delry olent swnitizing procedures

11 fTron paesteunrized

Three types with
Lavic formilae ¥4x=, #=+4- and +--- wore not ilsolcted in

mis shtudy . Sanborn (83 ) renorted the isolation of al

the 15 tymoes dn oa study of gline producing coliforn
orcanlsmse. Ruchhoft and coworkers (84) zzcarted that only

4o Teenl coliform tLynes, #bw-, =t==  =¢-+ ond --++, exist

and the others are oither mixzed cultures or oxtraneous



to feces,. Wilson and coworkers (7)) stated thaet cultures
whiclhh show no "inverse correlation' of Voges-Proskauer
and methyl red rezctions are mixtures, Later workers (54)
(6C) have consistantly found non-inverssly correlated

cultures, some ol which, after numercus serial plantings

§de

n lactoess Lbroth Tor purification, nave shiftsed to in-
vers=ly correlated cultures while the uajority of thew
have proved non-~inverssly correlated., Stuart and cowori-

z2rs (S4) reportcecd about 10 per cent of non-invercsely

-

correlated culturzs in 13532 raw sauples that they examnined

and in the present work 8.7 per cent of these types in

'Y

pasteurized ond 11.75 per cent in rew wllk have veen found.

-

Parr clasgsifiecs them in the "Intermedlate" section but
ltehell and Levine (57), on the basis of the dissinlla-
tion of maeclelce acid depradation nroducts, have grounad

them with the A. aeroxenss section. The author agrees

with Parr's clasgslfication. OStuart and coworkers (54)
described the inversely correlated types +++t and -+++ as
"Irregulars",

This study shows that the presence of absrrant coli-
fori bacteria in pasteurlized milk is rather Infreauent
but in raw milk they constitutsd 13 per cent of the total
coliform count and the InViC tyoe =++4- was the wost pre-
valent. It is interesting to note that thls anaserogenic
type was never isolated from pasteurlzed millk,

The Standard Methods forr the Exaumination of Dalry

Products 1s not designed to detect these bacteria and



thelir insignificant »nresence in wnastaurized wllk makes
them of no imrortance to delry bacteriolopists. Besides,
thelr sanitary significence has yet to be determined.
Ostman (85) found that 47 of the 50C Friedlénder's
baellll cultures, belon ing to serologiecal tynes A, B,
C and X, gave blochanlcal reactlons, such as acld and pgas
nroduction in glucose =2nd lzctose and ILVIC reactions
chiaracteristic of tyolcal and averrant coliforw orpranlisus.

He coneludzd that "valid eriteria heove not yet been esti-

=h1i ahad for the differentlation of orrsanisms of the

(57|

"
riedlander and coli-aerogenes groun". In the absence
(]
blochemicsl tests to diffsrentiate Friedlander's
bacllli from the LEscherichia-Aerobacter group our under-

stonding of the nathosenicity of coliform bacterlia 1s not

complete.
Standard Lethods for the Lxamination of Dairy Products

(11) regards the orssence of all coliform organlsms, of

both fecal and non-fecal origin, as direct svidence of

[¢]

unsanitery dairy practices. It 1s lmmaterial whether the
oresence of E. coll is the result of direct or indirec

(as throuzh utensils) fecal contamination of milk. The
occurrence of the . coli section in pasteurized milk is
decidedly not dirsctly fecal but due to growth of these
bacteris in nooks aznd cornersg of equivment that escape

usual cleaning practices. The A. acrogenes section is

non-fecal but the "Intermediate" section is found in

maell numbers in human and anlinal feces, Parr (60)



S

e

bobtler, botile and t
eloeand procitlices.
pore Lynuo Senerclly
ib, 2l Jresange o
woeterial poclet of ¢

o)
[y

wed 12,2 per cent of Lhils sectlon in tuuaern lfeces.
Frecuent occurraence of two or Lore tyoes in pasteur-
11l Indiecetes varicesd sourcss of recontualnstlon ss
s (86) vetls, lves, ouwms, piloes, coolor, howrogenlzer,

and reflects loprooer

two or

Bad 2 Bl cher ineldsnes o0 collfa
f only ore Lyrz shows o possilla
B A e 2 T . T .
ontavianetlon sonevwhere iIn ths ceculp-

The rare occurrence of only one coliform typz in a
saunlie ghowe = diversity of souvees of contaminotion,
BDUkGLARY AL ClUCLUSICH
faw i.llle
A Wiz colifory count wos concurrznt with a high

standard vlate count and vice veursa,

Seunleas fromw bthe soune produc wnen exanined in
sUmLer Gove e higher coliform and standard plate
count than in winter

O

A\J

chelat

actosge Dlle brot

cove o L.6 0t

formate

FProm 55 sawolaes,
and utilized Tor

cent

i se

i [ R

h coll

6]

21.9

ernediate”

riclnolw

distribution of
ction

per

ant green

th with 52 gcouwnles while violet red

Anes higher average coliform count

ote broth with 3C samples.
555 cultures were selected at randon

deternination of the average per

coliform tynes and sectlons.

constituted 23.5 ver cent, "Int-

cent, and A. aercgenes 54,8 per




U

-

Ui
(%Y

cente.

Atount 12 nex c¢o>liform orgenisne

< -

in will belonged to nom=-inversely correlated

)

roselhla

1

O
}—.b
b
]
3
m
p-
N

IIVLC Ly

s 13

[}
o
o

ted from B sammles and the ILVIC tyona
ta

about 48 ver cent of the total o

- z o — ~ S— 1 Ly P = ey e
Lol iform boclLaria cowmnossd 12 nor o

s+ / T .- o A= R » .

(-f)?L;u, “;, e C*‘}ﬂ—{.: 1.‘3111& vle

. - ~ — e . —— - - - . - .
ESILC WL L wen wOX CTONw LODRICICrILc vkl TINA

2eticon.,.

sarce

could

o~
L=

T e e _ . -~ o~ 4. - —~ Y -
alned., However, 1nn & of the 06 somnless the
PR N e RN -~ - f=)

tyne ++-- comwnosa2d 92 to 100 ner cent of th

sant

present
I:Vic

were

ercentage

¢t the

nd.-~

’ L o oy
the Tormner




(83
A

=
o)
100}
1
[KD]
b
-
<
}...
O
-
[
cr
G
P
3
i
td
[0
Yo
-
58]
]
[N
o
L
6]
C
r"
(oY
O
iy
O
(]
]
.
T
£
)
v
=

10, As desoxyeholote aser pava 1.2 tilaes il Toaversoe
coliforn connt than orilllisnt rzen loctose bile
proth, 1t is tantatively roecomznded that dupnlicate

desoxyciholate acar nlates, seeded with 2.5 nl of milk

ornn of hottled

e sm s . o . 5
wlli irn Publle Heelth caboratoiles.
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1l.. Average povceontbase distribution of coliform Lypss and

sectlions wos detzrained in 92 colliform nositive
samnleg, The coli=like "Inter.odiate" tyoe -—-+-4 wos
the wost prevalent (31 wer cent) of 211 the 11 ILVic

troazs 1soloted,

12, T aoa-inversely correleoted ILVIC tyoes constlituted
37 per cent of the totsl percentogze of coliform

in 72 per cent.
14, A few pin poinit colonies (less than C.5 mm in dlameter)

ware owservaed on desoxycholate

a3

agcr and violet red agar

plates and a majority of them belon_ ed Lo microasro-
gzric aberrant collform hacteria,

15, 411 vat samnles whlch proved coliform mositlive only
after incubstion, contained only one IwVIC type per
somnle but 73 per cent of the bottled sameles showed

two or rore Ltynss whlch indicated rescontanination.
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It was concluwdled that the grrester the number of coll-
o

forn tyn2s present in a saople the wmore varied rsre the

sources of contoudnetion.
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