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INTRODUCTION

The Escherichia-Aerobacter group of bacteria has been used for
many yeatrs as an indicator of pollution in determining the sanitary
quality of water, and in this connection the group has receivgd a
great deal of study. In spite of extensive investigations, there
still remaing a lack of agreement in regard to the most satisfsctory
method for the isolation of this group and the significance of the
various members of the group.

' The prevalance of Escherichia, and in many inst=nces of Aerobacter,
in the intestinal tract of man and animals makes it of considerable
importance in determining the sanitary quality of food products. How—
ever, it is evident that many types are to be found in soil and grain
where no direct fecal contamination is apcarent, and in or on anything
coming in contret with man or animals, If it were possible to designate
any one type or species as being of recent fecal origin, then the oresence
of this group in a product used as food would be of cdefinite importance.
Many have felt that Tscherichia represent the true fecsl type but there
is considerable evidence to indic-te that this is not necessarily the
case and that Aerobacter may have definite significance as an indicator of
fecal pollution.

Methods for the isolztion of the Escherichiargeyobacter group from
milk have not received as much attention as in the case of water, and
most investigators studying this group in milk have followed the trends
used in water analysis. However, the presence of milk may alter the ef-
fectiveness of those substances used in innibiting the growth of organisms
not of the Coli-Aerogenes group. The prevalence and importance of this
group in milk and milk products, while studied to a limited extent has
not as yet been sufficient to permit definite conclusions. Nany investi-
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gators believe that the total bacterial count is in some instances in—
sufficient to show completely the sanitary quality of the milk and in
the case of pasteurized milk, careless handling or insufficient hezting
may regult in significant contamination and yet the total count will
not be markedly increased. In such cases, the examination for members
of the Coli-Aerogenes group would be of great importance. However, it
must be remembered that Beavans (5), and Minkin and Burzwald (31) have
shown that strains resistant to pasteurization may occur.

In water, the chances of any definite increase in the numbers of
the colon organisms are not grest, but in milk the numbers may increase
rapidly under instances of inadequate cooling, so that to standardize

on any definite number as excessive becomes a pronounced probdlem,
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HISTORICAL

Methods of Isolation. The methods employed in the isolation of

the coli-aerogenes groups from milk have been quite numerous., The
American Association of Medical Milk Commission (2) recommended
taurocholate agar, Kessler and Swenarton (20), employed 1:25,000
gentian violet containing 1 per cent bile, and found that of 1,010
positive samples, all but 10 confirmed on eosin methylene-blue agar;
Xline (22) used Endo medium. McCrady and Langevin (26) employed
gentian violet bile and the 2 per cent brilliént green bile of Jordan
(19) with almost identical results. Brilliasnt green bile has been used
for many years by the Quebec Provincial Laboratories and the Montreal
Health Department according to Moldavan (33), who recommends that it be
solidified with agar and stratified with 2 per cent agar. This method
does not, however, lend itself to further study of the organisms.
McCrady and Archambault, (27) using 2 per cent brilliant green bile,
obtained 99 per cent confirmation with raw milk and 86 per cent con—
firmation with pasteurized milk in amounts of 1 ecc. to 0,001 cec.
Dementer, Saver and Miller (13) comparing Endo ag=r, crystal-violet
broth of Salle (45), gentian violet bile broth, and Klimmer's (21)
bromthymol blue-trypaflavin—-lactose agsr found the latter to be most
satisfactory. Kon (23) employed lactose bile medium for primary iso-—
lation with subsequent streaking on MacConkey'!s agar. Tonney and
Noble (53), using an adaptation of ferrocysnide-citrate agar, found

they could obtain a full yield of B. coli and B. serogenes in 20 — 24

hours with dependable differentiation between types. Brown and Gott (9)
found BEndo medium satisfactory in locating B. coli contamination of milk.
Stark and Curtis (50) in a comparative study of Salles' crystal violet

broth, Dominick and Lauters! broth (14), gentien violet broth, and 2 per
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cent brilliant green bile broth found thzet none were sstisfactory due to
the ability of "false test organisms' to grow in them, which lack of
inhibition was increased by the addition of 1 cc. of sterile milk to

the medium. Stark and England (51) recommend formate-ricinoleate broth
as superior for isolation of the colon group from milk and water.
Leifson (24), in the examination of milk, found desoxycholate agar "to
give counts of colon bacilli as high as that obtained by the best of

the other available media and metnodsM,

Among media which have been frequently enployed in the isol=tion
of the coli-aerogenes group froam water, but which have not been ex—
tensively used for that purpose with mille, only a few will be mentioned.
Basic fuchsin lactose broth of Schreiner has been found by Ritter(40)(41) to
give satisfactory results with water. Digestive Ferménts Coupany, in
a personal communication state, that they found Neutral Red Bile and
Violet RHed Bile experimental media to give 95 — 98 per cent confirmation
for the coli-aerogenes group. Perry and Hajma (37) hzove employed their
modifications of Bijkman medium in the isolation of "fecal" colon organ-
ismg from shellfish and from a limited number of sewage samples, eggs,

and milk.,

Cdlifgprogpnes Types in Milk. The determination of the type of

the coli-aerogenes group found in milk products hes received only limited

abttention and in most instances the species have not been determined.

The earlier work along this line is, as Yale (56) points out, daifficult

to compare with more recent investigations because of variation in methods

of classification and because of the use of technioue now not employed.
Xline (22) found that of 407 cultures from milk, 35 per cent were

'Escherichia, 51 per cent were Jerobacter, and 14 ver cent were intermediates

Pont (89), in a study of 128 cultures isol teda from cream samples, found

76.5 per cent to be Escherichia, 11.0 per cent Aerobacter, and 12.5 per
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cent intermediates. The species determined according to the classifica~

tion suggested by Levine (25) were B. coli 34.4 per cent; B. comiunior

27.3 per cent; B. acidi lacticum 9.4 per cent; B. neapolitanum 3.5 per

cent; B. coscorba 1.6 per cent; B serogenes 7.8 per cent; and B. cloaczae

3.2 per cent.

Yale (56) found that Escherichia comprised 63 per ceunt, Aerobacter
<6 per cent, and intermediates 11 per cent of the cultures from raw milk;
from pasteurized milk Escherichia comprised 57 per cent, Aerobacter 10
per cent, and intermedistes 33 per cent. The species isolzted by this
investigator will be discussed under section 3.

Malcolm (29) found that of the strains isolated during the winter

and syiing 71.0 per cent were of the B. coli type, 7.5 per cent of the

B. lactis serogenes, 8.6 per cent of the B. cloacae, and 7.6 per cent
of the intermediate type. In the summer and auvtumn 40.4 per cent were

B. coli, 22.4 per cent B. lactis aerogenes, 9.8 per cent B. cloacae,

and 13.5 per cent intermediate.

Kon (23), using "lactose bile salt" for the isolstion of this group
from milk, found coli and aerogenes present in about equal numbers, 58:42
with direct isolation on Maclonkey's agar, =sercgenes outnumbered the ecoli
13:4. In feces the coli were found to predominzte 44:1. This, the author
concluded, Yindicated that coliform orgenism in milk were not derived

from faeces but from the utensilsh,

Signzficance of Colon—Aerogenes in NMilk, Some early work, prior

to 1925, on the igolation and significance of the colon baeilli ip milk
was done by Ayres, Cook and Clemmer (3); Hunter (18); and Finkelstein
(16). The first mentioned investigators concluned that the colon group
could be used to a limited extent in determining the efficiency of the
cooling of the milk. Hunter observed that =z close correlation existed
between total count and the number of colon organisms. PFinkelstein
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found that the coli-zerogenes count would be under 100 per cc. in
carefully handled raw milk. In pasteurized milx, this investizzter
found thgt the coli~aerogenes organisms were reduced to an average

of 42 per cc. and in some cases none were found. However, the methods
of isolating colon bacilli have changed since that time and the care
vsed in the production of milk has improved. Later, Swenarton (g2),
using gentian violet lactose peptone bile medium, found that a high
count of B, coli correlated with plants showing iwmproper heating or
cooling of milk. ZKline, in studying the various grades of raw milk
and pasteurized milk, found that there was little correlation between
colon count and total count in low count milk, znd that in high count
milk the correlatiqn was slight but insignificant. The game general
consideration held true in pasteurized milk but in certified milk there
was a definitely lower perceﬁtage of samples with a count of under
10,000 per cc. showing éolon. Malcolm (29) found a definite correlation
between the average bacterizl count and the proportion of coliform-
positive samples. Munchberg (34) observed a close relationship between
the coli titre and tests for contamination.

Sherman and Wing (46) concluded that the colon test is of no
special value as an index to the sanitary condition of the usual grade
of raw milk, but in raw milk of under 10,000 total count, the colon
test may act as a supplementary index of quality, where these organisms
should be present in numbers less than 100 per cc. In certified milk
they believed the recommendation of the American Association of Medical
M¥ilk Com:ission of less than 10 colon organisms per cc. to be satis-—
factory. Chalmers (11) considered it essentizl to differentiate between

Bact. coli communis and Bact. lactis aerogenes in determining the signi-~

ficance of the colon group in certified milk, finding thet the Bact.

lactis aerogenes may result, in some instances, from infection of the

teat canal but more frequently from the outside of the udder, where

.6.



they resisted removal by washing by reason of their capsul=zted and
sticky nature. Barkworth (4), in a statisticsl examinction of the
interrelationship of the plate count, coliform content, and keeping
quality, found that the variabilities were too great to permit fore-
casting of one term from the other, but that an increase of coliform
organisms reduced the keeping quality of the milk to the same extent
as a seven~fold increase in plate count. Moldavan (33) stated that
"it is generally agreed that in most cases, positive results from
samples of pasteurized milk are due to non-fecal organisms, the pre—
sence of which indicates faulty sterilization or improper pasteurize—~
tion rather than fecal contzmination”. Minkin and Burgwald (31), in
an examination of 350 pasteurized samples, found that aporoximately 40
per cent gave gas in presumptive tests and that of the organisms iso-
lated 35 per cent were able to resist pasteurization temperatures.
McCrady and Langevin (26) found the coli-aerogenes organism were
practically absent in one cc. quantities at the pasteurizer but that
contamination often occurred thereafter, although it appeared that
properly pasteurized milk should not contzin these organisms in one
cc. portions in more than 10 to 20 per cent of the tests. Klimmer,
Haupt and Borches (21) found that 57 per cent of market milic contzined
less than 10 colon-aerogenes orgenisms per cc., 23.5 per cent containing
between 10 and 100, 10 per cent between 10 and 1000 and 23.5 per cent
contained over 1000 of these orgsnisms per cc. loore and Fuller (32),
in coumparing the totsl bacterial count anc the colon count of millk
from farms scored by the State Board of Heslth dairy farm score card,
found that the majority of farms producing milk free of colon orgenisms
likewise had lower counts thon the firms from vwhose milk colon organ-—
isms were isolzted, yet there wes no direct relationship ovetween thre
score placed on the ferm and the presence of colon orgenisms in the
milk or between the score and average bacterizl count. Davis (12)
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concludes that the B.coli test ie of no value =zs an indicator of
gross contamination, but does serve to indic:te faulty procduction
and unsterilized utensils. He found that no growth of these orgau~

iems occurred in milk held velow 10° C.

.8.



EXPERIMENTAL

The experimental work will be divided into four main sectionsg,
(1) a comparison of the efficiency of geveral methods for the iso-
lation of members of colon—zerogenes group from milk, (2) the relative
proauctivity of these methods using pure cultures of Escherichis,
Aerobascter and intermediste types, (3) the identification of the species
isolated and, (4) correlation of total count and presence of coli~

aerogenes group in rs=w and pasteurized milk.

Section I

‘A Comparison of the Efficiency of Several Methods for the Iso-—

lation of the Coli-Aerozenes Group from Raw Milk.

Coumparison using four medis simultaneously. In this study, 275

samples of raw milk were obtained over a period of a year from three
milk plants which received milk from approzimately 100 individual
shippers. These samples were divided into five groups of fifty samples
each and one group of 25 samples, and planted simultaneously into four
media. Throughout these experiments Xndol's agar znd 2 per cent brilliasnt
green bile were used as stanasrd, and one liquid and one soiid medium
employed tor comparison until tifty samples had been examined; then an—
other liquid and solid medium were used, Ende ond brilliant green bile
being retained.

The milk samples were obtained, by mesns of a2 sampling tube,
directly from the cans of the shippers as they were received at tne
miikx plents, and examined within one-half hour sfter being teken. The
samples were plated in the solid mediaz in 1 ec. and 0.1 cc. amounts in
duplicate or triplicatej in liquid media 1 cc., 0.1 cc., and 1 ce. of gz
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1:100 dilution were planted in duplicate. All were incubztea at 37° C.
and examinea after 24 land 48 hours. At the seme time, standaré pl=te
counts were made of appropriate ditutions (uzually 1:1000 and 1:10,000)
ana counted after 48 hours incubation at 37° C.

The following media were used for the isolztion of the coli-
aerogenes group; lactose taurocholate ager as recommended by tne
American gssociation of Medical Milk Commission, Inc., (2) rerrocyanide
citrate agar (Nobie (35)), brillisnt green lsctose bile denhydrated agar
(Tonney end Noble (53)), Hexamine agar meaium of Filson (5b), Leizson's
(24) desoxycholate agar {denydrated), Klimmers' (21) bromthymol blue
trypaflavin agar, Ritter's (40) fuchsin lactose brotn, Ritter's (41)
modified fuchsin lactose broth, methylene blue-brom cresocl purple de-
hydreted broth of Domminick ana Lauter (14), Starix anc Englsnas! (51)
formate—~ricinoleate broth {dehydrated), Endo agar (dehydrated), and 2
per cent brillisnt green bile broth (dehydrated). 411 medis were pre—
pared, tubed, and sterilized according to the direction of the various
authors. Where indicated, the dehydrated medium prepared by the Digestiwve
Ferment Company was used except in the case of Leifson's desoxycholate
agar, which was prepared by the Baltimore Biological Laboratory. Other
media were prepared using ingredients accepted by the proponents of the
medivm.

Positive tubes or colonies were streaked on Levine's eosin methylene~
blue agar (dehydrated) and from this, typical or most nearly typical
colonies were picked to lactose droth ona to agar slants, following the
partially and fully confirmed procedure suggested in Standsrd lethods of
Water Analysis (49). If zas was found in the lactose broth tubes, the
agar slant cultures were restrecired on eosin methylene blue, repicked
and restresked, the process being repeated two to three times to ensure
pure cultures. The isolated cultures were examined microscopicelly for
gram negative short rods and identified as Escherichia, aAerobacter or
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intermediate using Simmons! (47) citrate agar (dehydrated) and Nethyl-
red, Voges-Proskauer medium (dehydrated) the latter medium being tested
accordaing to Standard lethods of Water Analysis procedures. In mosé
cases the indol reaction was determined using a 1 per cent solution of
trytophane (tryptone) and tested by mesns of the Gore method recommenced.
in vhe "Manual of Methods for the Pure Culture Study of Bacteria' (28).
In later studies, the indol resction was omitted in making the geners

clagssification.

Regul ts. The results of these tests sre shown in Table I. They
can best be compared in series comprising 50 samples each, since identi-
cal shippers are not included in each series anc seasonal variztions in
flora may occur which would invalidate a general comparison.

In the first serieg, the best results were obtained with methylene-
blue brom-cresol purple which gave 89.5 per cent confirmation of positive
presumbtives and 38 per cent sample confirmation, brilliant green bile
with 83 and 30 per cent, Endo with 72 and 26, and lactose taurocholste
with 47 and 18 rankea in the order given. The order of ranking, based
on a percentage relationship, taking the medium with the highest per cent
of samples confirming as 100, is shown in the last column.

In series two, the order of arrangement, trom the most efficient
to the least, is formete ricinoleate with a oositive presumptive con-—
firmation of 95 per cent and B2 per cent of samples confirming, Endo
with 94 =nd 64 per cent, ferrocyanide—citrate with 86.5 ancd 64 per cent,
and brilliant green bile with B0.5 anc 5B per cent. In series tnree,
brilliant green bile gove a higher percentage of samples confirming (74
per cent) but showed more false presumptives than Endo which showed 100
per cent of presumptives confirming and 46 per cent of samples confirming
brilliant green lactose bile agar with 82 and 46 per cent, =nd fuchsin
lactose broth (original formulae) with 67 and 42 per cent followed. In

.11.



series four, Zndo with 65.2 and 55.5 per cent azain wes most satis-
factory, followed by brilliant green bile with 36 ano 48 per cent, fuchsin
lactose (modified) with 53 and 37 per cent, and hexawmine with 57 and 29.6
per cent. In geries five, desoxycholate gave 90 per cent confirmation
of positive presumptives anc 72 ger cent of samples confirmed, Endo with
80 and 68, briiiiant green bile with 40 sna 33.4, and fuchsin lactoce
(modified) 46 and 26 followed. In this series, the results with bril-
liant green bile were unexplainably poor.

In series six, consisting of only 25 samples, trypaflavin gave the
highest confirmation (93.4 per cent) of presumptives, but Endo with 89

per cent and 64 per cent of samples confirming rsnked best on the latter

basis, brilliant green bile was poorest with 72 anda 81 per cent,



Table I

Presunptive and Confirmatory Isolation of Coli-Aerogenes
(Results on basis of 275 samples of raw milk ino=
culated simultaneocusly into four media)

Series Medium Positive Number Presumptive Samples Highest
Presumptive Confirmed Confirmed Confirmed Confirmation
Per Cent Per Cent Per Cent

*1 Endo 18 13 72 26 76.5
Taurocholate 19 9 47 18 53
Brillisnt green

bile 18 15 83 30 88

Methylene blue
brom cresol

parple 19 17 82,5 38 100
2 Endo 34 32 94 64 78
Ferrocyanide-
citrate 37 32 86,5 64 78
Brilliant green
bile 36 29 80.5 58 71
Formzte-Ricino—~
lezate 43 41 95 82 100
3 Endo 23 23 100 46 62
Brillisnt green
lactose bile 28 23 82 46 62
Brilliant green
bile 41 37 90 74 100
Fuchsin lactose
(old formwla) 31 21 67 42 57
4 Endo 23 15 65.2 55.5 100
Hexamine 14 8 57 29.6 53.4
Brilliant green
bile 23 13 56 48 86.6
Fochsin lactose
(modified) 19 10 53 37 66.5
5 Endo 21 17 80 68 94.4
Desoxycholate 20 18 90 72 100
Brilliant green
bile 22 9 40 33.4 50
Fuchgin Lactose
(modified) 15 7 46 26 39
X6 Endo 18 16 89 64 100
Trypaflavin 15 14 93.4 56 87.5
Brilliant green
bile 18 13 72 52 81

* Comprising 50 samples each.
X Result of 25 samples.



Comparison using ten Media Simultaneously. Twenty—-five samples

of raw milk were obtained and inoculated as previously outlined into
Endo, neutral red bile, violet red bile, brilliant green lactose bile,
ferrocyanide—citrate, and desoxycholate agars and into 2 per cent bril~
liant green bile, fuchsin lactose (modified), formate-ricinocleate =nd
methylene blue brom—cresol purple brotns. The media were examined, end
culiures isolated and identified as previously stated. Media used in
first tests but omitted from this study were dropped eitner because of
unsatisfactory results obtainea with them in previous tesus or in pro-
ductivity studies to be described lster. The neutral redl =nd violet
red bile ane dehydrated media experimentally prepared by the Digestive
Ferments Company, and kindly supplied by them for these experiments.

The results obtained in these tests are shown in Table II. The per-
centage of samples confirming show that neutral red bile, violet red bile,
and brilliant green bile gave the best results with 32 per cent each;
however, neutral red bile and brilliant green bile gave one and two false
positive presumptives respectively. Methylene blue brom—-cresol purple
likewise showed satisfactory results with 28 per cent of samples confirm—
ing. Tormate-ricinoleate, ferrocyanide-citrate, and desoxycholste gave
unsatisfactory results. Endo and brilliant green lactose bile showed a

low total sample confirmation of 24 per cent.



Table I

Presumptive and Confirmatory Isolation of Coli-Aerogenes
(Results on basis of 26 samples of raw milk ino-
culated simultaneously into ten media)

Medium Positive Number Presumptive Samples Highest
Pregumptive Confirmed Confirmed Confirmed Confirmation
Per Cent Per Cent Per Cent

Endo 11 6 54.5 24 75
Neutral red bile 9 8 89 32 100
Violet Red Dbile 8 8 100 32 100
Brilliant green

lactose bile 9 6 66.8 24 75
Ferrocyanide

citrate 7 4 57 16 50
Desoxycholzte 9 5 55.6 20 62.5
Brilliant green

bile 10 8 80 32 100
Fuchsin lactose

(modified) 7 5 71.5 20 62.5
Formate—-Ricinoleated 1 40 8 25
Methylene blue brom—

cresol purple 7 ? 100 28 81
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Comparigon using the media indicated as most satisfactory.

Thirty-one samples of raw milk which were to be pasteurized, 34 samples
of pasteurized milk taken from various points in the cooling =nd bottling
process and 25 samples of raw milk produced under conditions meeting all
the requirements of certified milk, but $0ld as grade A Taw, were pro-—
cured and examined within one hour of sampling. The samples were either
taken by means of sampling tubes, caught in sterile bottles on entering
or leaving the cooler, or poured from the containers into sterilized
sample bottles. The milk samples were inoculated into neutral red bile,
violet red bile, 2 per cent brilliant green bile, modified Eijkman medium
of Perry and Hajna (37) and into a s01id medium prepared in this labora—
tory. This last medium had the following composition:

Peptone 0.5 per cent; lactose 0.5 fer cent; sodium formate 0,25
per cent, sodium ricinoleate 0.05 per cent; methylene blue 1:50,000,
neutral red 1:30,000 and agar 1.5 per cent.

Raw nmilk samples were inoculated in amounts previously employed.
Pasteurized and certified samples were inoculated into so0lid media in
1 cc. amounts only and into liquid media in 1 ec. and 0.1 cc. amounts,
the total counts being performed with dilutions of 1:100,

In these tests and in a portion of previous tests the positive
tubes and colonies from positive plates were inoculated into formate—-
ricinoleate dbroth along with streaking onto eosin methylene blue agar,

a similiar technique being recently employed by Ruchhoft (43). Positive
results with formate—~ricinoleate were confirmed by streasking on eosin
methylene blue agar and if both methods gave gram-negative, lactose fer—
menting rods the duplicate cultures were discarded.

The results obtained in this test are shown in Table III. Of the
raw milk only 11 samples were tested on medium four, if all the medisa

are considered on the basis of these samnples, medium four end neutral

.16.



red gave 55 per cent sample confirmation e=ch and 85.5 znd 75 jer cent
confirmation of positive presumptives, while violet red bile gave 45

and 83 per cent, brilliant green bile 18 anc. 50 per cent and the medium
of Perry and Hajna 9.1 and 100 per cent. On the basis of 31 samples, in
which cage medium four must be eliminated, the ordef of most satisfactory
results remains the same with the percentages shown in the table. The

34 pasteurized samples gave the most satisfactory results on neutral red
and  violet red bile with 35 per cent of the samples confirming, brilliant
green bile gave 32 per cent and medium four 29.4 per cent sample confirma—
tion. All of the medium (except Bijkmen) gave 100 per cent confirmation
of the positive vresumptive tests. The examination of 256 samples of
fcertified" milk showed violet red bile to be most efficient with 12 per
cent of samples confirming, while neutral red bile and brilliant green
bile showed 8 per cent samples confirmation and media four 4 per cent.
However, the differences between these media as shown by these samples
is, for reason to be discussed later, not as great as is indicated.
Medium four gave 100 per cent, brilliant green bile 67 per cent, violet
red bile 50 per cent and neutral red bile 40 per cent confirmation of
presumptive tests. Eijkman medium showed no positive reactions although

Escherichia were isolated in four scattered instonces on the other media.

.17.



Table III

Presumptive and Confirmatory Isolstion of Coli-Aerogenes
(Results on basis of 31 samples of raw milk, 34 samples
of pasteurized milk and 25 samples of Ycertified®
milk inoculated simultaneously into four media)

Medium Pogitive Number Positive Samples Highest
Presumptive Confirmed Presumptive Confirmed Confirmation
Confirmed
Per Cent Per Cent Per Cent
Raw
Medium number
four * 7 5] 85.5 B85
Neutral red
bile 15 13 86.5 42 100
Violet red
bile 13 12 92 39 93
Brilliant ;
green bile 14 12 85.5 39 93
Bi jioman
(modified) 3 3 100 9.7 21
Pasteuriged

Medium number

four 10 10 100 29 84
Neutral red

bile 12 12 100 35 100
Violet red

bile 12 12 100 35 100
Brilliant

green bile 11 11 100 32 91
Bijiman 1 o} o 0 0

Certified

Medium number

four 1 1l 100 4 33
Neutral red

bile 5 2 40 8 67
Violet red

bile 6 3 50 12 100
Brilliant

green dbile 3 2 67 8 67
B1i jkman 0 0 0 0 0

* Tncludes 11 samples of raw milk only.
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DISCUSSION

It will be noted that the percentage confirmation of the medisa,
which appear in two or more series or in the different portions of
this experiment, varies considerably. This is probably due to errors
which have frequently been mentioned in the literature concerned with
the igolation of the members of the coli-aerogenes group. These =are
(1) false presumptives due to lactose fermenters not of the coliform
group or due to symbiotic activity; (2) loss of the coliform organisms
by overgrowth of other organisms. This would not seém a valid criticism
where colonies were picked from solid media but where inoculations were
made to formate-ricinoleate and to eosin methylene blue simultaneously,
it was frequently noticed that the growth on the latter was negative or
gso atypical as to be considered negative ani so confirmed, while the
formate—-ricinoleate would yield positive cultures. This has been noticed
by Ruchhoft who used formate—-ricinoleate broth, drilliant green bile
broth, MacConkey's ager and standard procedure simul teneously for con-
firmation tests. The overgrowths by other organisms might be expected
to vary with different samples as mentioned.

The results from the series studied in the first group of tests
were used only to serve as a process for selecting the media to be
used in the later tests and it is difficult to select the most promising
medium from the results obtained. However, it would seem that lactose
taurocholste, fuchsin lactose (old formulae) and hexamine could be
eliminated from further consideration. The first medium has not received
a great deal of consideration in recent procedure being replaced by other-
bile containing compounds. Fuchsin lactose has been considered favoradbly
by numerous investigators, on the basis of probable numbers necessary to

produce positive results, however no report has been found of its use for
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milk examination. Hexamine medium gave definitely lower sample con-
firmation which indicates that it is inhibitive to the weaker members

of the colifform group. Studies on the productivity of trypaflavin medium
show it to be likewise gquite inhibitive, as will be shown in a later
section. Demeter, Savers znd Miller, already mentioned, and Marshall
(30) obtained satisfactory results with trypaflavin medium using streak
inoculations. Ritter (42), however, found the medium of Xessler and
Swenarten to be more satisfactory than that of Klimmer.

From the results obtainedvin the simultzneous comparison of all
media, although only relatively few samples were ezamined, the data
obtained lends itsself to more definite comparison. The samples in
this series included a number from each of the plants studied and
comprised milk with a total bacterial count ranging from under 10,000
to over 100,000 per cc. as will be showm later. It will be seen that
neutral red bile, violet red bile, brilliant green bile and methylene
blue brom~crescl purple were most satisfactory. Indo and desoxzycholsate
agar showed several false positive presumptive tests which proved to
be slow or non-lactose fermenters, which were atypical on eosin methylene
blue and frequently fermented formate-ricinoleate. These orgsnisms
probably belong to the proteus group but no attempt was made to identify
them. The one organiem on neutral red which failed to confirm was not
entirely typical on thet mediuvm and likewise may have belonged to the
proteus group. All of the solid media showed considerable growth,
which, while they were not at all typical colon—aerogenes colonieg in
appearsunce, made the counting snd isolation of the colon organisms dif-
ficult, zlso it is possible that they repressed the growth of this zroup
due to crowding of the plates. TFor that reason attempts to devise a
new medium were mede and several composed of various selective and dif-
ferential substances were tried. The one designated as medium number 4
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22 ce. of milk were used for the sn=lveis g9 -3 cericms
were not present in cuantities of more then one wer cc. it would be
guite wossible to obtain cositive resulte vith one .necdium snd not with
ancther, due to distributicon probsbility. However in 11 these studies
there were only » few instesnces, to be mentioned later, vhere dupliczte
plates did not show the same nuber of coli-seroseneg orzsnie-s. Ip
thus ceems mo=t crobsble thzat tne fewer positives cccurring in some
media are due to the inhititive prorerties ot that medium on weskened
strains of membersg of the gzroun.

It seems probable that the obgervations of 3tark ~na Curtie (50),
in commaring crystzl violet broth, methylene-blue bros—-cresol purnle,
zentisn ¥iolet broth #nd brillisnt green bile =re correct in th-t tre
cercentage confirmestion, on those medis which were used in thne orecent
experirent, 2re lover than hzve been fcound by numerous investigstors
using water s.ecimens, indic=tin: s loweringz of inhibitive Hroverties
by the nmilc. From this ezneriment too, it would seem thet neutral red
bile =nd violet red bile are the wmost sztisfrctory while briilisnt green
bile with two fzlse vresunntives is next.

The resulte showmn in tzble 111, zenerally confirm this conclvegion,
vediwm four, altrough used only on 11 zamnles of rew miliz; ie considered
wortny of furtaer invectis-tion. The nurber of =z les veed being too
few to seriously prosoce it z¢ o new mediuwn at resent “ith so urny
nedia elresdy having been -~roposed.. This maelivm in only tuwe instsunces
{of the 90 saannles) showed =ny consicercble srowtna of or misns otner

-

thrn those of the coliform grou-e, also in all tvyres of il it ~Towed

~oot »resumptive confirmation, the cne felse presuuntive deinr ~ s=anatle

vhich likewice gave false r~resumntives on the other edi-~. “he sn--le



confirmation was equal to the most satisfactory in the raw milz, on the
basis of the 11 samples in which it was studied. Platings with pasteurizd
and "certified" milk were not as conclusively good, the two pasteurized
samples which failed to show positive colonies on this medium were identi-
fied as intermediates and appeared on one plate only of the neutral red
and violet red bile mecdium and in one tube of the brilliant green bile
in one sample and the other sample was negstive in both tubes. Hence
this may be an instance where distribution is important. The number of
colonies isolated from other samples on mediuvm four were ecual %to or
better than neutral red and violet red bile. In this connection it was
found that on four occasicns (out of 12) violet red gave slightly higher
counts than neutral red. With certified milk in only one case were
coli-zerogenes organioms isolated on two media from the same sample and
in this case one proved to be an intermediate and the otner Escherichia,
Likewige of the two cultures isolated on neutral red, one was a slow
lactose fermenter though typical on eosin methylene blue, on violet
red bile two of the three fell in this catasgory and of the two in
brilliant green bile, one only was a typically rapid lactose fermenter,
Hence the differences between the media in these cases can be of little
importance. Perry and Hajna's modification of Bijkman medium gave only
one false presumptive from which no organism could be isolated, positive
results were obtained in three samples of raw milk and Escherichis conm~
munior isolated, This same specieé was isolzated from other media on
eight occasions when negative resullis were obtained in Eijkman medium.
The results of this experiment would indicste neutral red and
violet red bile to be the most satisfactory solid medium now obtainable,
with brilliant green bile as the best liquid medium., However, none of
these are entirely satisfactory, due to lack of innhibition for other

lactose fermenting organisms and for non-lzctose fermenters.
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SECTION II
Comparative Productivity of Some Media for the Isolaztion of Pure
Cultures of the Coli-ierogenes Group
The methods followed in these tests were in general those described

by Butterfield (10) and Hoskins (17) for determining the comparative
productivity of media for coli-eerogenes. The method was modified in
that 10 instead of 15 tubes of each medium were used and two d&ilutions
instead of three were planted in the media. One cc. of sterile whole
milk was added to all media except standard lactoge before the organisms
were added. With solid media the technique used was to determine tne
approximate titre of the buffer suspension of organisms using standard
agar, on the day prior to the test, then on the test day plating two
ditutions of the sugpensions into the trigl media in triplicate, such
dilutions being used that the plates would show between 3 and 300 colonies
per plate., One cc. of whole miik waslad&ed to each plate before a2dding
the organisms. 3Both the liquid and s0lid media were made up in such
concenfrazions that the addition of the one cc. of milk would serve to
reduce the concentration of the media to the usual value. All tubes
and plates were examined at the end of 24 and 48 hours, Two strains

each of Escherichia, Aerobacter and intermediates recently isolated from
milk were usged in the test., The dilutions were sc made that 1 cc.
quantities were inoculated in each case, in all instences the media

were inoculated alternately as specified.
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RESULTS

The results of section 2 are shown in table IV, the percentage
productivity of the liquid media are based on stand=rd lactose broth as
100 per cent and the solid media on standard agar plus milx as 100 per
cent. On the basis of these results the liquid media may be nlaced in
the following order with the most productive raznked first, (1) methylene
blue brom~cresol purple (2) brilliant green bile (3) fuchsin lactose
(4) formate-ricinoleate and (5) Perry and Hajnas' Eijlkman medium. The
solid media are arranged (1) neutral red bile (2) violet red bile (3)

Bndo (4) brilliant green lactose bile (5) lactose taurocholste (6) desoxy~

cholate and (7) trypaflavine.

Table IV

Comparison of Productivity, with Standard lactose and
Standard Agar, of Colon—Aerogenes Group.

M.P.T.* MR,

Fuchsin Lactose (mod.) 52.5

Brilliant Green Bile 63.1

Methylene Blue Brom-Cresol Purple .7
Formate-Ricinoleate 27.4

Eijkmnan 0

Desoxycholste 60.%
Taurocholate 86.6
Brilliant Green Lactose Bile 92.0
Endo 102.0
Trypaf lavine 18.0
Neutral Red Bile 121.5
Violet Red Bile 113.0

* Bogis of standard lactose as 100 per cent.
X Basis of standard agar as 100 per cent.
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DISCUSSION

The experiment was not sufficiently extensive to evaluate completely
the various medis and for this purpose a much more detailed examination
is essential, as is pointed out by Noble (36), however the results may
be used within éhese recognized limits especially since no "border-line"
medium was indicated. The results are somewhat in disagreement with those
obtained by other workers. Ruchhoft (43) in a summary of data received
from co—operating laboratories, all using the method of Butterfield-
Hoskins, obtained the following productivity from highest to lowest:-
buffered lactose, fuchsin lactose, methylene blue dbrom-cresol purple,
brilliant green bile, crystal violet and formate-ricinoleate. Ruchhoft
and Norton (44) in e preliminary report found essentially the same re-
sults with the exception that the positions of buffered lactose and
fuchsin lactose were reversed, Farrell (1b) rated buffered lactose and
brilliant green bile, in the order named, shead of fuchsin lactose and
placed trypaflavin broth below formate-ricinoleate. The results here
reported agree most closely with those of Farrell exceut that methylene
blue brom—cresol purple is placed shead of brilliant green bile and
fuchsin lactose., It would be interesting to determine if the addition
of 1 cc. of milk causes the change in relative productivity of these
media. Black and Xlinger (7) working in this laboratory observed buf-
fered lactose, fuchsin lactose, methylene blue brom—cresol purple,
brilliznt green bile, crystal violet znd formate-ricinoleste to rank
in the order nsmed. These results agree with those found by Ruchhoft.

So far as is kmown the productivity of the various solid medis has
not been reported so that no comparison is possible, however, the results
in general confirm those obtained in section I, although desoxychol=zte
fell below the results that might have been expected. This was due to
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8 low productivity with the strajng of the intermeciste zroup and may
be a characteristic of the medium though this has not been determined

with additional intermediate strains.
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SECTION III

Identification of Species of Escherichia~Aerobacter Organisms
Isolated from lMilk

The cultures isolated, in section I, from the 331l ssmples of raw
milk, 34 samples of pasteurized milk and 25 samples of Ycertified" milk
were identified as Escherichia, Aerobacter or intermediate as has been
outlined. The species in these genera were determined according to the
classification used in Bergey's Manual.

Motility was tested in one per cent dextrose broth a=fter twenty
hours incubation at 37° C.

The technique and media employed in physiological tests were as
recommended in the "Manual of Methods for the Pure Culivre Study of
Bacteria® (28). Gelatin liguefaction was determined after 14 days in—
cubation at 370 C., the cultures being placed in the icebox to determine
liquefaction. TLitmus milk was incubated for ten days at 37 C. TFer—
mentation of dextrose, sucrose, salicin and dulcitol was determined in
broth containing one per cent carbohydrate to which brom-thymol-blue had

been added, results being read after 2 and 4 days incubation at 37° C.
RESULTS

Four hundred and eighty four cultures were isolated frou the
samples of raw mili. Of these 272 or 5@ per cent were identified es
Escherichiz, 115 or 23.7 per cent were perobacter, and 96 or 20.3 per
cent were intermedizte (methyl-red positive, Voges—Proskauer negative,
and citrate positive).

The cuitures of Escherichia were found to be composed of 12 dif-

ferent species according to the results shown in table V. The organisms

in the Aerobacter genus were further identified as comprising 5 svecies.
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The pasteurized samples yielded 45 cuitures of vhich 1 or 2 per
cent was Escherichia and the same number Aerobacter. Intermedizte
comprised 43 or 96 per cent. The Bscherichia culture proved to be

E. paragruenthali and the Aerobacter, A. cloacae. The preponderance

of one species is not surprising since the positive samples were all
isolated from one pesteuriging plant vhere they probably rezulted as
contamination due to improper cleaning of the equipment or to faulty
equipment.

"Bight cultures were isolated from the "ecertified" milk, of these
4 or 50 per cent were Escherichia, 3 or 38 per cent Aerobacter and 1
culture or 12 per cent intermediate. Of the total cultures 12 per cent

were B. gruenthali, 38 per cent E. commmnior, 12 per cent A. aerogenes,

and 25 per cent A. levans.
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Table ¥V
Per cent of Species Isolated in the Zscherichia~Aerobacter Group~

Raw milk Pasteurized Certified
484 cultures 45 cultures 8 cultures

E, coli
paragruenthali
formica '
gruenthali
anaerogenes
enterica
vesiculiforans
communior

(atypical)
pseudocoloides
anindolica
neapolitana
leporis .1

12

38

PRSP0 g

A. aerogenes 5 12
oxy tocum 1
cloacae 5 2
hibernicum 12
levans ) 26

Intermediate 20.3 96 12
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DISCUZSICN

The results obtained in this experiment do not truly lend them—
selves to comparison with the results obtzined by other investigztors
in-so—far—as species identification is concerned, since the present
classification was made =zccording to the system ziven in o more recent
edition of Bergey.

The preponderance of Escherichis over Aerobscter, 56:23.7, agrees
in general with the results obtained by Pont (39), Yale (56), =nd Mal-
colm (29) slthough the ratio is not the samne in every instance. Xline
(22) found 34 cer cent Bscherichisz, 57 per cent Aerobactér and 9 per
cent intermediates.

The species identification of Yale based on the third edition of

Bergey is shown in table VI reproduced from the report of this investi-

zator.
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Table VI

Percentages of cultures belonging to the daifferent s;ecies
of the Escherichia—Aerobacter group

Dairy Products Investigeted

Species Raw Milk Pasteurized Milk
(91 cultures) (21 cultures)

B, coli 13 10
pseduocolides 10 24
communior 9 5
paragrunthali 9 10
vesiculiformens 7 5
formica 4
enterica 4
anaerogenes 3
grunthali 2 B
neapolitana 1l

A. aerogenes 10
cloacae 11 10
oxytocum 5

Intermediate group* 11 33

* Methyl red <, Voges-Proskauer—, Utilization of citrzte =.

This toble shows 10 species of Escherichia and three of serobacter

with E. coli and E. pseudocoloides being the most frequently isolated

in the first genera and 4. aerogenes and 4. clocacse being most prevalent

in the latter. Xline found only four species of Escherichia with E.

neanolitsna being most comnon, two species of serobacter, A. cloacase and

A. aercgenes were found by the investigator. The oresent results showed

12 species of Bscherichia and 5 of Aerobacter, with HE. communior =nd

A. hibernium occurriang most freguently. Yale observed E. communior to be

only slightly less than E. coli and E. pseucdocoloides in frequency, Ai.

hibernium was not identified by this investizetor since it is a new
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species not included in the third ecition of Bergzey's ilznuzl, but he
1solated ten cultures comprising 37 per cent of the A. closcae in vhich

no gelatin liquefzction occurred, theze might be similiasr to A. hibernicu m.

Kline found E. neapolitana to be most common in the Escherichia

section which Yale and the the author found it one of the least co-unon.
Malcolm in a study of 800 cultures isolated from rew milk found B. coli

to predominzte in the winter with 71 per cent, 3. lsctis fserogenes 7.5

per cent, B. cloacse 8.6 per cent and intermedizte 7.8 per cent. During
the summer months 40.4 per cent were B. coli, 22.4 per cent B. lactis
aerogenes and the percentage of B. cloacae and iantermediates were similiar
to those previously found. Of 100 cultures isolzted from milk, Aichelburg

(1) found B. coli communis, B. lactis zerogenes, B. neapolitenum and 3.

coli commune to occur most frequently, while B. pseudocoscoroba, B. pseudo—

coloides, B. acid—lactici, and B. gruenthalil were $eldom isolated. Inter—

mediates comprised 20-30 per cent.

Xon (23) concluded that the coliform organisms in milk were not
derived from faeces contaminztion dbut from utensils, since in milk coli
ané aerogenes occurred nearly egually 58:42, while in faeces coli pre-
dominated 44:1. However the important consideration would seem the fact
that contaminastion was occurring irrespective of the source. The addition
of fecal typeé would seem of no more importance than non—~fecal if they
were added indirectly by conteminsted utensils.

The results of Pont based on Levinels classification, ss was mentioned
esrlier, cannot be compered with the present investigation, however tre
statement that "whilst the majority of the coliform orgsnisim isolated
from cresm in this study apgear to ve of fecal type, the possibility that
they have been derived more imnediately from contaminated utensils cannot

be overlooked", is in line rith the foregoin: statement of the author.
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SECTION IV

Relationship of Total Bacterisl Count and Presence of the Coli-
Aerogenes Group in Raw and Pasteurized Milk

Three hundred and thirty one samples of raw milk used in sections
I and II were examined for total bacterial count using Stand=rd Methods
of Milk Analysis Procedures, the coli-azerogenes determinztion being the
results of the earlier experiments. In addition 50 samples, obtzsined in
the ssme manner as previously mentioned, were plated in neutral red bile
agar in 1 cc. amounts a2nd in dehydrated tryptone glucose milk medium of
Bower and Hucker (8). Duplicate platings being msde in each case. The
latter medium was incubated for 48 hours at 32° C. The investigators
cited and others hzve shown that higher counts may be obtained on a
modified medium at lower temperatures, than can be obtained on standard
azar at 379 C. These results have a2lso been confirmed in this laboratory
in unpublished data. Thirty one samjples of pasteurized milk and 25 samples

of Weertified" milk are likewise recorded here.
RESULTS

Table VII shows the results obtained with the 331 samples of raw
milk, the samples beinz sepsrated into different grades besed on total
count and the prevalence of colon organism in these grades being shown.
The per cent of samples negative for colon organisms does not vary
significantly in samples under or above 10,000 totzl count, however,

69.2 per cent of the samples with counts under 10,000 showed less than
10 colon organicm per cc., whiile 23.1 per cent of the samples having =2
totsl count above 10,000 showed this number of colon organisms, It

must be remembered that from 9.4 to 22 cc. of milk were used for inocula-

tion, so that the actual number of coli-aerogenes ver cc. might be lower
than is indiczted. 33



Table VII

Prevalence of Coli-Aerogenes in 331 Samples of Raw Milk Grouped
on Basis of Totsl Count on Stendard Acar

Total Count Number of Coli-Aerogenes per cc.

o l1-9 10-99 100
Under 10,000 36.4% 32.8 23.8 7.0
Over 10,000 21.1 8.0 28.6 42.3
Under 50,000 31.8 22.6 27.9 17.7
Over 50,000 16.2 8.1 20.3 85.4

* Per cent.

Of these samples 27.9 per cent were negative for colon in 1, 0.1
and 0.0 cc. amounts; 19.1 per cent were positive in lec, 26 per cent
were positive in 1 cc. and 0.1 cc. and 27 per cent were positive in 1
cc., 0.1 cc. and 0.01 cc. Malcolm (loe. cite) in the examination of
21,569 samples of raw millkk found 48.3 per cent to be negetive in 0.1,
0.01 anc¢ 0.001 cc., 21.4 per cent positive with 0.1 cc., 14 cer cent
positive with 0.1 and 0.0l ce. and 16.3 per cent positive with 0.1, 0.01
and 0.001 cc. If the 1 cc. positives zre eliminsted from the results
reported here, 47.0 per cent of sauples would be negative in all amounts,
thus correspounding closely with the cited results. Xlimuer, Haupt and
Borches (21) found 57 per cent of their samples to have lese than 10
colon orzanisms per ecc., 23.5 per cent frowm 10 to 100, 10 :er cent from
100 to 1000 =znG 23.5 wer cent to hezve over 1000. The results of these

investizators sre compzsred with the sresent investizotions in table VITI.



Table VIIIX

Percentage of coli-aerogenes found in virious amounts of raw
milk by different investigators

Malecolm (29) Klimuer, Haupt  FPresent Data
& Borches (21)

Negative in 0.1 cec. 48.3 57 47
Positive in 0.1 cc. 21.4 23.8 26
Positive in 0.0l cc. 14.0 10 27
Positive in 0.001 cc. 16.3 23.5 —_—

Slack and Meddeford (48), in examining D8 samples of raw milk as
sold to pasteurizing plants, found 4 ver cent to contain no colon
organismg in 10 cc. of milk, 12 per cent positive in 10 cc., 12 per
cent positive in 1 cc., 20 per cent positive in 0.1 cc., and 52 per
cent positive in amounts less than 0.1 cc. In 100 samnles of bottled
raw milk from a tuberculosis free herd, these investigators found no
colon orgenisms in 30 per cent of the 10 cc. samples, in 10 per cent
colon were present in this gmount, snd in 20 per cent of 1 cc., 14 per
cent of 0.1, 2nd 26 vner cent of less than 0.1 cc. portions,

The aversge total count of the colon pogitive semples was 140,500
per cc. or 2.9 times the averasge toiszl count or tne colon negative
samples, which was 48,270. Walcolm, in the investigation cited, found
an average count of 160,577 in coliform positive sam;les and 25,295 per
cc. in the coliform negative samples, tne positive samples having 6.2
times as many becteria per cc. as the negstive somples.

T™he 50 samples of raw milk, plated on neutral red bile snd tryptone
glucose milk medium, showed a quite pronounced relationsnip exieting be-
tween colon titre and total count, however, the number of samples ~re not
gsufficient for the drawing of definite conclusion. The results ziven in
tzble IX, show 93.5 per cent of the samples, with a totel count of under

10,000, to be negative in all amounts while 8.5 per cent were [o0sitive in

.35,



1l cc. amounts. The samples with = total count of over 10,000 snowed
22.2 per cent to be negzstive in all amounts =and 77.8 ner cent nositive
in 1 cc. amounts. The averzge count of the colon negstive gemyles was
6,650 which the colon positive sampnles had sn zveraze totsl count of
80,000 or 12 times as meny. The logzrithmic averaze of the colon nezo—
tive samples, computed by the method of the U. S. Public Health Service
1ilk Ordinance and Code (54), was 5,000 while the 3csitive samples showed

an average of 45,000 or 9 times as many.

Table IX
Prevalence of Coli-jerogenes on Fifty Samoles of Raw #ilk of

Difterent total Counts on Glucose Tryptone Agar at 320 C.

Total Count Number of Coli-Aerogenes per cc.

0 1 -9 10-99 100
Under 10,000 93.5 6.5 0 )
Over 10,000 22.2 77.8 0 0
Under 50,000 85 15
Over 50,000 0 100
* Per cent

The 34 samnples of pasteurized milk, showed 38 ver cent to contain
colon orgenisms with an average total count of 17,900 while 62 per cent
were negative and showed an aversge count of 4,171, the positive samples
having 4.3 times as many bacteria per cec. A4All of the positive samples
were obtained from one plant where coli-zerogeunes orgenisms were found
from the cooler, bottler, and from the bottled milk, this plant had an
exceptionally hizh bacterisl count even in the Lasteurizing vet. The
two other plants studied showed no colon organisms in the bottled milk
The frecuency of the colon

ant the count never exceedecd 700 per cc.

organism in relation to totsl count is shown in table X.



Table X

Prevalence of Coli-Aerogenes in 34 samples of Pasteurized 1ilk
of Different totzl Counts on Stundard Agsr

Total Count Humber of Coli-ierogenes per cec.
0 1 -9 10-99 100

Under 1,000 100*

1 - 10,000 40 40 10 10

Cver 10,000 30 40 30

* Per cent

The samples of Ycertified" milk gave an averzge total count of
1,686 for the colon positive samples Which was 1.6 tiwmes as great as
1,017 the averzge count of the colon negative samcles. o colon
organisms were found in 0.1 cc. of these samples thus fulfilling the
requirements for this grade of milk. Since no samples were examined in
which the total count exceeded 10,000, comparison to Xline's (22) results

could not be made.
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DISCUSSION

It is felt, from ﬁhe results ovtained with pasteurized milk, as
produced by satisfazctory plants, that the standsrd proposed by Swenarten
is not unduly stringent. This standard being “that not more than 20 per
cent of 0.1 cc. portion shall show E. coli" or that Ypositive results
shall not occur in more than 10 per cent of 0.1 cc. porticns when 10 or
more Samples are examined". It would seem entirely possible for this
standard to be met if based on the result of 1 cc, portions, which is
the suggestion of McCrady and Langevin (26), who conclude that "properly
pasteurized milk should not contain coli-aerogenes bacteris in 1 cc.
portions in more mthan 10 to 20 per cent of tests®, Slack and Maddeford
(cited) found that colon bacilli in 0.1 cc. indicstes recontamination
due to faulty cooling or handling anc¢ that absence in 50 cc. may "reason-
ably be expected". 4 correlati-n of 38 per cent between low count and
zbsence of colen bacilli was found by these investigators. It is believed
that from these results and from those of other investigators, an accurate
test for coli-serogenes organismg in pasteurized and in certified ﬁilk
would be a valuavle aid in determining the proper production and sanitary
guality of the milk,

This is well emphasized in the present investizstion of the one
pasteurizing plent from which samtles positive for colon were obtained.

As indicated, they were found present in samsles taken from the milk at
every voint after it had gone over the cooler, at the same time little or
no increase in total becterial count wes observed. Thus the colon examine—
tion indicated faulty methods or equipuent while the totzl count failed

to show any contazmination occurring.

The work with raw milk tends to confirm the results obtained Dby
other investigators but it is believed that no standsard for this zrzde
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can at the gresent time be set, however, it woula see. vossible that
Teasonably careful production should yield a product havinz fewer than
10 colon organisms ver cc. in 70 to 80 per cent of examined samples znd
that in no instance should 100 per cc. be exzceeded. 4doitionzl work
using tryptone glucose agar or other modified =2gar at 320 C. for the

comparison of total count and presence of the ccli-aerogenes group is

desireble.



SUMiARY AL CONCLUESICNS

The examination of 331 samples of raw milk, 74 samples of vasteurized,
and 25 samples of "certified" milk for members of coli-zerogenes orzanisms
by inoculation in ten solid media and five liquid media, showed neutral
red bile agar and violet red bile agar to be the most sztisfactory solid
media and 2 ger cent brilliant green bile broth the most satisfactory
liquid medium for the isclation of this group. A new solic medium is
described which gives every indicztion of bveing equal to those tested for
the isolation of the coli-szerogenes group.

A study of the relative productivity of these media, using coli-
aerogenes cultures recently isolated from milik, indicated that none were
as productive as standard lactose. liethylene blue brom—-cresol purple and
brilliant green bile, in the order given, were the most vroductive of the
ligquid media tested, while neutral red bile, violet red bile and Endo
agar gave higher counts than stancard agar.

Four hundred and eighty four cultures of the Escherichias—ierobacter
group were isolated from the raw milk. Of these 56 per cent were Escheri-
chiz, 23.7 per cent Aerobacter and 20.3 per cent were intermediates.

Forty five cultures were isol:ted from pasteurized milk, composed of two
per cent Escherichia, two per cent Aerobacter znd 96 per cent intermediates.
Bight cultures were isol:sted from “ecertified" milk of which 50 per cent
were Escherichiz, 38 ner cent Aerobacter and 12 per cent intermedistes.

Tdentification of the cultures from raw milk showed 12 species of

Escherichis with ®. communior being wost prevalent. Five species of Aero-

bacter were isolzated with A. hibernium being the wost orevalent. Fasteurized

milk yielded one species each of Eschericnia and gerobscter, while two

species of Escherichia and two species of serobmcter were isol-ted from

certified milk.
.40,



A comparison of the total count on standaraiag&r end presence of
colon organisme showed the colon positive samoles of raw milk to have
a totsl count 2.9 times that of the colon negrtive sam.les. ZLess than
10 colon organisms per cc. were found in 69.2 ger cent of samples with
a total count of less than 10,000 bacteria per cc. Fo pasteurized ssmoles
with counts under 1,000 contzined colon orgzanisms, the count of colon
positive samples being 4.3 times higher than cclon negetive samples. No
colon orgenisms were found in 0.1 ce. of "certified" milk.

Total bzcterial counts made on tryptone glucose milk medium at
320 C. gave excellent correlation with colon titre, 93.5 ger cent of
samples with a total count uncer 10,000 were negmtive for colon organ—
isms, the average count of colon positive sawm.les were 12 times higher
than colon negative samples being 6,850 anc 80,000 per cc. resvectively.

The pregence of the coli-zerogenes group in raw milk of high
beacterial count, would seem to be of little significance, in milk of
low count the number of colon breteria might ve limited to oresence in
1 cc. amountsAin a high ver cent of samples exeamined. In order to
determine the sanitary conditions under which the milk is produced,
further work to determine a sisndsrd for these orzznisms is desirable.

The presence of coli-serogenes organisms in 1 cc. of pasteurized
milk in 10 to 20 per cent of sam.les woula seem sufficient to indicate
contamination, which as is shown in this investigzati-n might not be
indiaated by total bacterial counts. This test in pasteurized milk is
particulsrly desirsble.

The present standards for certified milic in respect to colon content
zre quite lenient. Lactose taurochol:te =z T was found unsatisf:ctory
in these exyeriments so that the adoption of a .wore satisfectory method
for the detection of these orgenisms would be cesirable and if this is
rezalized a more stringent standsrd would seemn pnossible. The value of a

test to indicate contamination in az wilk to be censuwed raw can not be to
highly stressed. .41,



ACKWOVLEDGEMEITS

The author wishes to express his apgreci-tion to Dr. L. 4. Black
for his advice :nd assistance in this work; to the Dizestive Ferments
Company who kinily supvlied some of the media used in this exceriment;

and to the wvarious dairies who cooperated in germitting the procure—

ment of samples.

4z,



BIBLIOGRAD

1. Aichelburg, Di. Osservazioni su stipiti del gruppo coli-szerozenes
isolati dal latte. Giorn Batter 12:481l. 1934. 4bst. in Zblt. Baxt.
I Ref. 115:1/2, 24, 1934.

2. American association of iedical 1iilk Comnission. Methods and Stsnderds
for the Production of Certified Milk. 1335.

3. Ayres, S.H., Cook, L.B., and Clemmer, P.W. The Significance of the
Colon Bacilli in Milk. Abst. of Bact. 1:52, 1917,

4. Barkworth, H. A Statistical Examination of the Interrelstionship end
Variability of Plate Count, Presumptive Colifora Content =nd Keeping
Quality of Raw Milk. J. Dairy Res. 6:26, 1935.

8. Beavens, E.A., The fscherichis—Aierobacter Group as an Index to Proper
Pasteurization. J. Dairy 3ci. 13:91,%94, 1330.

6. Bergey,D.H., Manual of Determinative Bacteriology,4th Ed. Williams
and #ilkins Co., Baltimore. 19204.

7. Black, L.A. and Klinger, Mary E., A Comparigon of Medis for the De~
tection of Escherichia~serobacter. J. Bact. 31:171, 1236.

8. Bower, C.5., anG Hucker, G.J. The Composition of ledia for the
Bacteriological anslysis of iilk. Tech. Bul. # 228. New York
Agri. Exp. Sta. Geneva.

9. Brown, L. A. and Gott, E.J. Use of Bnaol's Medium in Locating Milk
Conteminstion. Am. Food. J. 18:295, 1923.

10. Butterfield, C.T. The Enumeration of Bacteria by .means of 3o0lid and
Liquid l{edia. Pub. Health Rpts. 48:1292, 1933.

11. Chelmers, C.H. The Sisnificsnce of True B. Coli (B. coli comrunis)
and B. lactis aerogenes in Samples of Milk. Zent f. Bakt. II.Abt.
83:459, 13234,

12. Davis, G.0. The Significance of (a) Acid Fest Bzcteria; (b) Becillus
coli in milk. Vet. Record 13:1046, 1933.

13. Dementer, K., Sauer, ¥. u Hiller, i. Versleicherde Undersuchunzen
uber vesschieden Methoden gzur Colon—Aerogenes titrebestimmmg in Milch.
¥ilch Forsch. 153265, 1933.

14. Dominick, J.¥. znd Lauter, C.J. iethylene Blue and Brown Cresol Purple
in Differentiatings Bacteria of the Colon—ierogzenes Groygp. J. Am. V. W.
Assoc. 21:1067, 1929,

15. TFarrell, M. A. Comperative Productivity Tests of Fresumptive Test ledia
with Tre Cultures of the Colon-lerogenes Groun. J.B3rct. 30:445. 1935

16, Pinkelstein, R. Qccurrence of the Colon-gerozenes Group of Orzanisms
in Raw and in Pasteurized Milk, s»nd its Significance. J.Deiry Sci. 2160

43,



17,

is.

13.

20.

21.

22.

23.

24.

25.

26.

27,

28,

29.

30,

Zl.

32.

33.

Hoslkins, J.K. The Most Probable MNumbers of B. Coli in Vater
Anelysis. J. Am. W.W. Assoc. 25:867, 1333.

Hunter, 0.W. The Colon—jerogenes Group of uilk. J. Iziry Sci.
2:108, 1919.

Jorcan, E.O. The Inhibitive action of Bile uoon B. Coli. J. Inf.
Dis. 12:326, 1913.

Kessler, Mildred A., and Swensrton, J.C. Gentizn Violet Lezctose
Peptone Bile ior the Detection of B. Coli in ¥ilk. J. Bsct. 14:47, 1927.

Klimmer, M., Haupt, H., u Borches, F. Uber der Vorkommen undi die
Bestimmung der Coli und Aerogenes Bazkt. der kilch. iilch Forsch,
9:236, 139Z0.

Kline, E.K., The Colon Group of Bacteria in Milk. 13th Ann. Revort
Inter. Asscc. Dailry and Milk Inspectors., 68, 1230.

Kon, FPhyllis, M.  Coliform Orgzenisms in Xilxz snoc Bovine ¥aeces. J.
Dairy Res. 4:206, 1933.

Leifson, E. New Culture ledia Based on Sodium Desoxycholzte for the
Isolation of Intestional Pathogens and for the Enumberation of Colon
Bacilli in Milk and Water. J. Path., and Bact. 403581, 19335.

Levine, ¥. A Statistical Classification of the Colon-Cloacae Groyp.
J. Bact. 3:253, 1218.

MeCrady, M.H. and Langevin, Z.li. The Coli-ierogencs Determinntion in
Pasteurization Control. J. Dairy Sci. 15:321, 1932.

WeCrady, ¥.H. and archambault, J. Examining Dairy Products for Members
of the Escherichis~ferobacter Group. Am. J. Pub. Health 24:122, 19%

Manual of Methodas for the Pure Culture 3tudy of Bacteria. Leaflet V,
5th d., 1934.

Malcolm, J.¥. The Gecurrence of Coliform Bacteris in kilk. J. Dairy
Res., 5:15, 1933.

Marshall, H. Die prakticsche susWirkung der Untersuchuncsmethode
auf die Hohe des ermittelten Coli-Aerozenes. Gehaltes wvon Milch
una ¥ilch produkten. Osterr. iilchwirtsch Ztg. 41:313, 1234,

Minkin, J.L. and Burgwald, L.H. A Stuay of Escherichia-serobacter
Orzanisms in Pasteurized uilk. J. Dairy Sci. 18:474, 1935,

lMoore, H.C. and Fuller, J.M. “ignificance of Colon Or:anisms in Raw
Milk. MTech. Bul. 57 Univ. of New Haumpchire igri. Zxo. 3te.

Yoldavan, A. A Modified Technic for the Detection of the Escherichia~
serobacter Group in Milk. Am. J. Fub. Hezlth 25:1032, 1935.

s

Munchberg, F. The Hygienic @stimstion of Pasteurized 1/ilk. .iien.
téerarztl lschr. 20:;278, 1933.

-44.



35. Noble, R.E. OCysznice-Citrste Pour rlate lledium for Lirect Znumeration
of Colon—-Aerogenes Content of ‘Jater end Sewaze. J.4im.. .. .assoc, 19:182
1928,

36. Noble, R.E. The Relative Productivity of Certzin Culture .ledis.
J. Am. . W. Assoc. 27:1143, 1935.

38. Perry, C.A. znd Hajna, 4.5. A Modified Eijf®men Medium. J. Bzct.
261419, 1933.

38. Price, §W.H. The Significance of Bzct. Coli in Ice Cresm znd Dairy
Products. Ice Cream Trade Jr. 24:1928.

39. Pont, E.G. The Occurrence of Coliform Organisms in Cream snd their
Bffect upon Cream Quality. J. Dairy Res. 6:146, 1935,

40. Ritter, C. The Presumptive Test in Water inalysis. J. Am.7.W.Assoc.
241:413, 1932.

41, BHitter, C. Personal Communication.

42. Ritter, W. Die guantitative bestimpnung der Coli-pgerogenes Bakterien
in Milch uwnd Lab. Milchwirtsch Forschg. 15:154, 1933.

43. Rucbhoft, C.C. Comparative Studies of kedia for the Determinstion of
the Colon—Aerogenes Group in Water Analysis. J.AmW.¥W.assoc. 27:1732 ,
1935.

44, Ruchhoft, C.C. and Corton, J.F. Study of 3elective lledia for Coli-
Aerogenes Isolation. J. An.W.%W.4ssoc. 27:1134, 1935,

45. Salle, A.J. A System for the Bacteriological Examination of Water.
J. Bact. 20:381, 1230.

46. Sherman, J.M. and VWing, Helen, U. 7The Significance of Colon Bacteria
in Milk, with Special Reference of Stancdards. J. Dairy Sei. 16:185, 1933.

47. Simmons, J.85. A Culture Medium for Differentiating Organisms of
Typhoid—Colon—Aerogenes Group and for the Isolation of Certain Fungi.
J. Inf. Dis. 39:209, 1926.

48, Slack, A.J. and Maddeford, C.W. The B. coli content of Raw and
Posteurized iliz. Canadian TPub. Health J. 23:574, 1932.

49, Stsndard liethods of VWater fnalyeis 7th Ed., am. Tub. Health Assoc.
and fm. W. W. Assoc. 1333.

50. Stark, C.N. and Curtis, L.R. A Critical Study of Some iledia Used
for the Detection of Colon Organisms in Water and Milk. J. Bact.
29:27, 19235,

51. Stark, C.¥. and Bngland, C.%. Formote Ricinolezte Broth-— A New
ledium for the Detection of Colon Orgaznisms in “ater and *ilk. J.
Bact. 29:26, 1935.

52. Swenarton, J.C. Can B. coli be used as an Index of the Froper
Pasteurization of :ilk. J. Bact. 13:413. 1927.

«45.



53.

56.

Tonney, F.0. ané Noble, R.E. A Solid Brilliant Green Lactose Eile
iledium for Direct Platingz with Results in Seventeen Hours. J. 4m.
W. W. Assoc, 27:108, 1335.

United Staztes Fub. Health Service 1iilk Orainance and Code. fugust,
1954.

Wilson, W.J. Selective Media for the Isclation, Cultivation snd
Differentiation of B. coli @nu B. lactis Aerogenes. J. Hygz. 33:404
1233.

Yale, 4.W. The Escherichias-serobscter Group of Bacteriz in Dairy
Producgs. J. Dairy Sci. 16:481, 1933.



