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IETHOETJCTIOH

The E scherich iar-A erobacter group o f  "bacteria has "been used  fo r  

many y ea rs  as an in d ic a to r  o f  p o l lu t io n  in  determ inin g tne sa n ita r y  

q u a lity  o f  w ater, and in  t h i s  con n ection  the group ha,s r ece iv ed  a  

g rea t d e a l o f  stu d y . In s p it e  o f  e x te n s iv e  in v e s t ig a t io n s ,  th ere  

s t i l l  rem ains a la c k  o f  agreement in  regard to  the most s a t is f a c t o r y  

method fo r  th e  i s o la t io n  o f  t h i s  group and th e s ig n if ic a n c e  o f  the  

v a r io u s  members o f  the group.

The p revalan ce o f E sc h e r ic h ia , and in  many in s ta n c e s  o f  A erobacter, 

in  th e in t e s t in a l  tr a c t  o f  man and anim als makes i t  o f  co n sid era b le  

im portance in  d eterm in in g  the sa n ita r y  q u a lity  o f  food  p rod u cts. How­

e v e r , i t  i s  ev id en t th a t many typ es are to be found in  s o i l  and gra in  

where no d ir e c t  f e c a l  contam ination i s  apparent, and in  or on anything  

coming in  co n ta c t w ith  man or an im als. I f  i t  were p o s s ib le  to d esig n a te  

any one type or sp e c ie s  as b e in g  o f recen t f e c a l  o r ig in , then the presen ce  

o f  t h i s  group in  a product used as food  would be o f d e f in i t e  im portance. 

Many have f e l t  th a t E sc h e r ich ia  rep resen t the true f e c a l  type but th ere  

i s  co n sid era b le  ev id en ce to in d ic a te  th a t t h is  i s  not n e c e s s a r i ly  the  

ca se  and th a t A erobacter may have d e f in i t e  s ig n if ic a n c e  as an in d ic a to r  o f  

f e c a l  p o l lu t io n .

Methods fo r  the i s o la t io n  o f the E sch er ich ia -A erob acter  group from 

m ilk  have not r e c e iv e d  as much a tte n t io n  as in  the case o f  w ater, and 

most in v e s t ig a to r s  stu d y in g  t h i s  group in  m ilk  have fo llow ed  the trends  

u sed  in  water a n a ly s is .  However, the presence o f  m ilk  may a lt e r  th e e f ­

f e c t iv e n e s s  o f  th ose su b stan ces used  in  in h ib it in g  the growth o f  organism s 

n o t o f the C o li—Aerogenes group. The p revalen ce and importance o f  t h is  

group in  m ilk  and m ilk  p ro d u cts, w h ile  s tu d ied  to  a  l im ite d  e x te n t has  

n ot as y e t  been s u f f i c i e n t  to  perm it d e f in i t e  c o n c lu s io n s . Many in v e s t i ­
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g a to r s  "believe th a t  the t o t a l  b a c te r ia l  count i s  in  some in s ta n c e s  in ­

s u f f i c i e n t  to show com p lete ly  the sa n ita r y  q u a lity  o f  th e m ilk  ana in  

th e  ca se  o f  p a s te u r iz ed  m ilk , c a r e le s s  h a n d lin g  or in s u f f i c i e n t  h e a t in g  

may r e s u l t  in  s ig n i f i c a n t  contam ination  and y e t  the t o t a l  count w i l l  

n ot be markedly in c r ea se d . In such c a s e s , the exam ination fo r  members 

o f  th e  C oli-A erogen es group would be o f  g rea t im portance. However, i t  

must be remembered th a t  Beavans ( 5 ) ,  and Minkin and Burgwald (31) have 

shown th a t s tr a in s  r e s i s t a n t  to  p a s te u r iz a t io n  may occu r.

In w ater, the chances o f any d e f in i t e  in crea se  in  th e numbers o f  

th e  co lo n  organism s are not g r e a t , but in  m ilk  the numbers may in crea se  

r a p id ly  under in s ta n c e s  o f  inadequate c o o lin g , so th a t to  stan d ard ize  

on any d e f in i t e  number as e x c e s s iv e  becomes a pronounced problem.



HISTORICAL

Methods o f  I s o la t io n , The methods employed in  th e i s o la t io n  o f  

th e  c o l i —aero genes groups from m ilk  have been q u ite  numerous. The 

American A sso c ia tio n  o f  M edical M ilk Commission (2 ) recommended 

ta u ro c h o la te  agar, K e ss le r  and Swenarton (3 0 ) ,  employed 1 :2 5 ,0 0 0  

g e n tia n  v i o l e t  c o n ta in in g  1 per cen t "bile, and found th a t  o f  1 ,010  

p o s i t iv e  sam ples, a l l  "but 10 confirm ed on e o s in  m ethylene—'blue agar; 

K lin e  (22) u sed  Bndo medium, McCrady and Langevin (25) employed 

g e n tia n  v i o l e t  h i l e  and the 2 per cen t b r i l l i a n t  green b i l e  o f  Jordan 

(1 9 ) w ith  alm ost id e n t ic a l  r e s u l t s .  B r i l l ia n t  green b i l e  has been u sed  

fo r  many y ea rs  by the Qpebec P r o v in c ia l L ab orator ies  and the M ontreal 

H ealth  Department accord in g  to Moldavan (3 3 ) ,  who recommends th at i t  be 

s o l i d i f i e d  w ith  agar and s t r a t i f i e d  w ith 2 per cen t agar. This method 

d oes n o t ,  how ever, len d  i t s e l f  to  fu r th er  study o f  th e organism s.

McCrady and Archambault, (27) u s in g  2 per cen t b r i l l i a n t  green b i l e ,  

o b ta in ed  99 per cent con firm ation  w ith raw m ilk  and 86 per cen t con­

fir m a tio n  w ith  p a ste u r iz ed  m ilk  in  amounts o f  1 c c . to  0 .0 0 1  c c .

Dementer, Sauer and M ille r  (13) comparing Undo agar, c r y s t a l - v io le t  

broth of S a l le  (4 5 ) , g en tia n  v io le t  b i l e  b ro th , and Klimmer*s (21) 

bromthymol b lu e—tr y p a f la v in —la c to s e  agar found the la t t e r  to  be most 

s a t i s f a c t o r y .  Kon (23) employed la c to s e  b i l e  medium fo r  primary is o ­

la t i o n  w ith  subsequent s tr ea k in g  on MacConkey’s agar. Tonney and 

N oble (5 3 ) ,  u s in g  an ad ap tation  o f  fe r r o c y a n id e -c itr a te  agar, found 

th ey  cou ld  o b ta in  a f u l l  y i e ld  o f  B. c o l i  and B. aerogenes in  20 — 24 

hou rs w ith  dependable d i f f e r e n t ia t io n  between ty p e s . Brown and Gutt (9 ) 

found Undo medium s a t i s f a c t o r y  in  lo c a t in g  B. c o l i  contam ination  o f  m ilk . 

S tark  and C u rtis  (50) in  a com parative study o f  S a lle s*  c r y s ta l  v i o l e t  

b r o th , Dominick and L auters* broth (1 4 ) , g en tia n  v io l e t  b ro th , and 2 per
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c e n t  ‘b r i l l i a n t  green b i l e  broth found th a t none were s a t is f a c t o r y  clue to  

th e a b i l i t y  o f  Hf a l s e  t e s t  organisms'* to grow in  them, which, la c k  o f  

in h ib i t io n  was in crea sed  by th e a d d itio n  o f  1 c c . o f  s t e r i l e  m ilk  to 

th e  medium. S tark  and England (51) recommend fo rm a te -r ic in o lea te  broth  

as su p er io r  fo r  i s o la t io n  o f  the co lon  group from m ilk  and w ater.

L e if  son (2 4 ) ,  in  the exam ination  o f  m ilk , found d eso x y ch o la te  agar "to 

g iv e  counts o f  co lon  b a c i l l i  as h ig h  as th a t obtained  by the b e s t  o f  

th e  o th er  a v a ila b le  media and methods".

Among m edia which have been fr e q u e n tly  employed in  the i s o la t io n  

o f  the c o l i—aerogenes group from w ater, but which have not been ex­

t e n s iv e ly  u sed  fo r  th a t purpose w ith m ilk , on ly  a few w i l l  be m entioned. 

B a sic  fu ch s in  la c to s e  broth o f  S ch rein er  has been found by R it t e r ( 4 0 ) (41) t o  

g iv e  s a t i s f a c t o r y  r e s u l t s  w ith  w ater. D ig e s t iv e  Eerments Company, in  

a p erson a l communication s t a t e ,  th a t th ey  found N eu tra l Red B ile  and 

V io le t  Red B ile  experim en tal media to  g ive  95 -  98 per cen t con firm ation  

fo r  the c o l i —aerogenes group. Perry and Hajaa (37) have employed th e ir  

m o d if ic a t io n s  o f  Eijkman medium in  the i s o la t io n  o f " feca l"  co lon  organ­

ism s from s h e l l f i s h  and from a lim ite d  number o f sewage sam ples, e g g s ,  

and m ilk .

C o li—Aerogenes Cypes in  M ilk . Che d eterm in ation  o f  the type o f  

th e  c o l i —aerogenes group found in  m ilk  produ cts has r ece iv ed  on ly  l im ite d
I

a t t e n t io n  and in  most in s ta n c e s  the sp e c ie s  have not been determ ined.

Che e a r l i e r  work a lon g  t h is  l in e  i s ,  as Y ale (56) p o in ts  o u t, d i f f i c u l t  

to  compare w ith more recen t in v e s t ig a t io n s  because o f  v a r ia t io n  in  methods 

o f  c l a s s i f i c a t i o n  and because o f  the use o f  techn iq ue now not employed.

K line (2 2 ) found th a t o f 407 c u ltu r e s  from m ilk , 35 per cen t were 

E sc h e r ic h ia , 51 per cen t were A erob acter, and 14 per cent were in term ed ia tes  

Pont (3 9 ) ,  in  a study o f  128 c u ltu r e s  i s o l  ted  from cream sam ples, found

7 6 .5  per cen t to  be E sc h e r ic h ia , 1 1 .0  per cen t A erobacter, and 1 2 .5  -per

.4 .



cen t In te r m ed ia te s . Die s p e c ie s  determ ined accord in g  to the c la s s if ic a ? -  

t io n  su g g ested  by L evine (2 5 ) were S . c o l i  3 4 .4  per cen t; B. comnunior 

2 7 .3  per c en t;  B. a c id i  la c tic u m  9 .4  per cen t; B. neapolitanum  3 .5  per

c e n t;  B. coscorb a  1 .6  per c en t; B aerogenes 7 .8  per cen t; and B. c lo a ca e

3 .2  per c e n t.

Y ale (5 6 ) found th a t E sc h e r ic h ia  com prised 63 per c e n t, A erobacter  

26 per c e n t , and in term ed ia tes  11 per cent o f  the c u ltu r e s  from raw m ilk ;  

from p a s te u r iz e d  m ilk  E sc h e r ic h ia  com prised 57 per c e n t , A erobacter 10 

per c e n t , and in term ed ia tes  33 p e r .c e n t . The sp e c ie s  i s o la t e d  by t h is  

in v e s t ig a to r  w i l l  be d isc u sse d  under s e c t io n  3 .

Malcolm (29) found th a t o f  the s tr a in s  is o la te d  during the w in ter  

and sp r in g  7 1 .0  per cen t were o f  the B. c o l i  ty p e , 7 .5  per cen t o f  the  

B. l a c t i s  a ero g en es , 8 .6  per cen t o f  the B. c lo a c a e , and 7 .6  per cen t  

o f  the in term ed ia te  ty p e . In the summer and autumn 4 0 .4  per cen t were

B. c o l i , 2 2 .4  per cant B. l a c t i s  a ero g en es, 9 .8  per cent B. c lo a c a e ,

and 1 3 .5  per cen t in term ed ia te .

Kon (2 3 ) , u s in g  ‘’la c t o s e  b i l e  s a l t ” fo r  th e  i s o la t io n  o f  t h i s  group 

from m ilk , found c o l i  and aerogenes p resen t ih  about equal numbers, 58;42  

w ith  d ir e c t  i s o la t io n  on MacConkey’s agar, aerogenes outnumbered the c o l i  

13*4 . In fe c e s  the c o l i  were found to  predom inate 4 4 :1 . T h is , the author  

concluded , “ in d ic a te d  th a t co lifo rm  organism  in  m ilk  were not d er ived  

from fa e c e s  but from the u t e n s i l s ” .

S ig n if ic a n c e  o f  Colon-* Aero genes in  M ilk. Some e a r ly  work, p r io r  

to  1925, on the i s o la t io n  and s ig n if ic a n c e  o f  the colon  b a c i l l i  in  m ilk  

was done by A yres, Cook and Clemmer (3 ) ;  Hunter (1 8 );  and P in k e ls te in  

(1 6 ) .  The f i r s t  m entioned in v e s t ig a to r s  concluded th a t the co lon  group 

cou ld  be used  to  a l im ite d  ex ten t in  determ in in g  the e f f ic ie n c y  o f  the 

c o o lin g  o f  the m ilk . Hunter observed th a t a c lo s e  c o r r e la t io n  e x is t e d  

betw een t o t a l  count and the number o f  co lon  organism s. E in k e ls te in
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found th a t  th e  co li-su erogen es count would be under 100 per c c . in  

c a r e f u l ly  handled  raw m ilk . In p a s te u r iz ed  m ilk , th is  in v e s t ig a to r  

found th a t th e  c o l i—aerogenes organism s were reduced to an average  

o f  42 per c c .  and in  some ca se s  none were found. However, th e  methods 

o f  i s o l a t i n g  co lon  b a c i l l i  have changed s in c e  th a t time and the care  

used  in  the p rodu ction  of m ilk  has im proved. L a ter , Swenarton (5 2 ) ,  

u s in g  g e n tia n  v i o l e t  la c to s e  peptone b i l e  medium, found th a t a  h ig h  

count o f  B. c o l i  c o r r e la te d  w ith  p la n ts  showing improper h e a t in g  or 

c o o lin g  o f  m ilk . K lin e , in  stu d y in g  the v a r io u s grades o f  raw m ilk  

and p a s te u r iz e d  m ilk , found th a t there was l i t t l e  c o r r e la t io n  between  

co lo n  count and t o t a l  count in  low count m ilk , and th at in  high, count 

m ilk  the c o r r e la t io n  was s l i g h t  but in s ig n i f i c a n t .  Hie same g en era l 

c o n s id e r a t io n  h e ld  true in  p a s te u r iz e d  m ilk  but in  c e r t i f i e d  m ilk  there  

was a  d e f in i t e ly  low er p ercen tage o f sam ples w ith a count o f  under 

1 0 ,0 0 0  per c c . showing c o lo n . Malcolm (29) found a d e f in i t e  c o r r e la t io n  

betw een the average b a c te r ia l  count and th e  p rop ortion  o f c o lifo r m -  

p o s i t iv e  sam ples. Munchberg (34) observed  a c lo s e  r e la t io n s h ip  between  

th e  c o l i  t i t r e  and t e s t s  fo r  con tam in ation .

Sherman and Wing (46) concluded th a t th e  co lon  t e s t  i s  o f  no 

s p e c ia l  va lu e  as an in d ex  to  the sa n ita r y  co n d itio n  o f  the u su a l grade 

o f  raw m ilk , but in  raw m ilk  o f  under 10 ,000  t o t a l  coun t, the co lon  

t e s t  may a c t  as a supplem entary ind ex ox q u a lity , where th ese  organism s 

shou ld  be p resen t in  numbers l e s s  than 100 per c c . In c e r t i f i e d  m ilk  

th ey  b e lie v e d  the recommendation o f  the American A sso c ia tio n  o f  M edical 

M ilk  Commission o f  l e s s  than 10 co lon  organism s per c c . to  be s a t i s ­

fa c to r y . Chalmers ( l l )  co n sid ered  i t  e s s e n t ia l  to  d i f f e r e n t ia t e  between  

B a ct. c o l i  communis and B a ct. l a c t i s  aerogenes in  determ in ing the s ig n i­

f ic a n c e  o f  the co lo n  group in  c e r t i f i e d  m ilk , f in d in g  th a t the B a c t. 

l a c t i s  aerogenes may r e s u l t ,  in  some in s ta n c e s , from in f e c t io n  o f the  

t e a t  ca n a l but more fr e q u e n tly  from the o u ts id e  o f  the udder, where

.6 .



th ey  r e s is te d , removal "by washing "by reason o f  th e ir  ca p su la ted  and 

s t ic k y  n a tu re . Barkworth ( 4 ) ,  in  a s t a t i s t i c a l  exam ination o f  the 

in t e r r e la t io n s h ip  o f  th e  p la te  cou n t, co lifo rm  co n ten t, and k eep in g  

q u a l i t y ,  found th a t the v a r i a b i l i t i e s  were too g rea t to  perm it fo r e ­

c a s t in g  o f  one term from the o th e r , hut th a t an in crea se  o f  co lifo r m  

organism s reduced the k eep in g  q u a lity  o f  the m ilk  to  the same e x te n t  

as a seven—f o ld  in c r ea se  in  p la te  cou n t. Moldavan (33) s ta te d  th a t  

11 i t  i s  g e n e r a lly  agreed  th a t in  most c a s e s , p o s i t iv e  r e s u lt s  from 

sam ples o f  p a s te u r iz e d  m ilk  are due to  non—f e c a l  organism s, the pre­

sen ce o f  which in d ic a te s  f a u l t y  s t e r i l i z a t i o n  or improper p a s te u r iz a -  

t io n  ra th er  than f e c a l  contam ination” . Minkin and Burgwald (3 1 ) , in  

an exam ination  o f  350 p a s te u r iz e d  sam ples, found th a t approxim ately 40 

p er cen t gave gas in  presum ptive t e s t s  and th a t o f  the organism s i s o ­

la t e d  35 p er  cen t were ab le  to  r e s i s t  p a s te u r iz a t io n  tem peratures*  

McCrady and Langevin (26) found th e c o l i —aerogenes organism  were 

p r a c t ic a l ly  absent in  one c c . q u a n t it ie s  at the p a s te u r iz e r  but th a t  

contam ination  o fte n  occu rred  th e r e a f te r , although i t  appeared th a t  

p ro p er ly  p a s te u r iz e d  m ilk  should  not co n ta in  th ese  organism s in  one 

c c .  p o r tio n s  in  more than 10 to  20 per cen t o f  the t e s t s .  Klimmer,

Haupt and Borches (31) found th a t 57 per cen t o f market m ilk  con ta in ed  

l e s s  than 10 colon—aerogenes organism s per c c . ,  2 3 .5  per cent c o n ta in in g  

betw een 10 and 100, 10 per cen t between 10 and 1000 and 23 .5  per cen t  

con ta in ed  over 1000 o f  th ese  organism s per c c . Moore and IPuller (3 2 ) ,  

in  comparing the t o t a l  b a c te r ia l  count ana the co lon  count o f  m ilk  

from farms scored  by the S ta te  Board o f  H ealth  d a iry  farm score card , 

found th a t the m a jo r ity  o f  farms producing m ilk  fr e e  o f  co lon  organism s 

l ik e w is e  had low er counts than the farms from whose m ilk  co lon  organ­

ism s were i s o la t e d ,  y e t  th ere  was no d ir e c t  r e la t io n s h ip  between the 

sco re  p la ced  on the farm and the p resence o f  co lon  organism s in  the 

m ilk  or between the score and average b a c te r ia l  cou n t. D avis (12)



co n c lu d es  th a t the B .c o l i  t e s t  i s  o f no va lu e  as an in d ic a to r  o f  

g r o ss  con tam in ation , hut does serve to in d ic a te  f a u l t y  p rod u ction  

and u n s t e r i i i z e d  u t e n s i l s .  He found th at no grov/th o f th ese  organ­

ism s occu rred  in  m ilk  h e ld  Delow 10° C,



experimental

The exp erim en ta l worlc w i l l  "be d iv id ed  in to  fou r  main se c t io n ^ ,

( i )  a com parison o f  th e  e f f i c i e n c y  o f  s e v e r a l methods fo r  th e i s o ­

la t i o n  o f  members o f  co lo n -a ero g en es  group from m ilk , (2 ) tn e r e la t iv e  

p r o d u c t iv ity  o f  th ese  methods u s in g  pure c u ltu r e s  o f  E sc h e r ic h ia , 

A erobacter and in term ed ia te  ty p es , (3 ) the id e n t i f i c a t io n  o f  the s p e c ie s  

i s o la t e d  and, (4 ) c o r r e la t io n  o f  t o t a l  count and p resen ce  o f  c o l i — 

aerogen es group in  re-w and p a s te u r iz e d  m ilk .

*
S e c tio n  I

A Comparison o f  th e E f f ic ie n c y  o f  S ev era l Methods fo r  th e Iso ­

la t i o n  o f  the Co l i-A e r o  genes Group from Raw M ilk .

Comparison u s in g  four m edia s im u lta n e o u s ly . In t h is  stu d y , 275 

sam ples o f  raw m ilk  were o b ta in ed  over a p er io d  o f a  year from th ree  

m ilk  p la n ts  which r e c e iv ed  m ilk  from approxim ately 100 in d iv id u a l  

sh ip p er s . These sam ples were d iv id ed  in to  f iv e  groups o f  f i f t y  samples 

each and one group o f  25 sam ples, and p la n ted  sim u lta n eo u sly  in to  fou r  

m edia. Throughout th ese  experim ents End.o! s agar and 2 per cen t b r i l l i a n t  

green  b i l e  were u sed  as stand ard , and one l iq u id  and one so lid , medium 

em ployed fo r  com parison u n t i l  f i f t y  sam ples had been examined; then an­

o th er  l iq u id  and s o l id  medium were u sed , Endo and b r i l l i a n t  green b i l e  

b e in g  r e ta in e d .

The m ilk  sam ples were o b ta in ed , by means o f  a sam pling tu be, 

d i r e c t l y  from th e  cans o f  the sh ip p ers as they were r ece iv ed  at tn e  

m ilk  p la n t s ,  ana examined w ith in  one—h a lf  hour a f t e r  b e in g  taken . The 

sam ples were p la te d  in  the s o l id  media in  1 c c . and 0 .1  c c . amounts in  

d u p lic a te  or t r i p l i c a t e !  in  l iq u id  media 1 c c . ,  0 .1  c c . ,  and 1 c c . o f  a



Is  100 d i lu t io n  were planted, in  d u p lic a te . A ll  were in cu b ated  at 37° C. 

and examined a f t e r  24 hnd 48 h ou rs. At th e  s©me tim e , standard p la te  

co u n ts were made o f  approx^riate d i lu t io n s  (u su a lly  1*1000 and 1 :1 0 ,0 0 0 )  

ana counted a f t e r  48 hours in cu b a tio n  at 37° 0 .

The fo l lo w in g  m edia were u sed  fo r  the i s o la t io n  o f  the c o l i — 

aerogen es group; la c t o s e  ta u ro c h o la te  agar as recommended by tne  

American A sso c ia t io n  o f  M edical M ilk Commission, I n c . ,  (2 ) fe r ro c y a n ia e  

c i t r a t e  agar (ifobie ( 3 5 ) ) ,  b r i l l i a n t  green la c to s e  b i l e  dehydrated agar 

(Tonney and Hoble ( 5 3 ) ) ,  Hexamine agar medium o f  W ilson (5i>), L e x iso n ’ s 

(24) desoxych ola .te  agar (d eh y d ra ted ), Oim mers 1 (21 ) bromthymol b lue  

tr y p a fla w in  agar, R i t t e r ’s (40) fu cn sm  la c t o s e  b ro th , R i t t e r ’s (41)  

m o d ified  fu c h s in  la c t o s e  b ro th , m ethylene blue-brom  c r e s o l  purxfLe de­

hyd rated  broth  o f  Domminick ana Lauter (1 4 ) ,  S tark  anci E ngiands’ (51) 

form ate— r ic in o le a t e  broth  (d eh yd rated ), Bndo agar (d eh yd rated ), and 2 

p er cen t b r i l l i a n t  green  b i l e  broth  (d eh y d ra ted ). A ll  m edia were pre­

p ared , tubed , and s t e r i l i z e d  accord in g  to  the d ir e c t io n  o f th e  v a r io u s  

a u th o rs . Where in d ic a te d , the dehydrated medium prepared by the D ig estiv ©  

Rerment Company was u sed  ex cep t in  the ca se  o f  L e if  son* s d eso x y ch o la te  

ag a r , which was prepared by th e  B altim ore B io lo g ic a l  L aboratory. Other 

m edia 7/ere prepared u s in g  in g r e d ie n ts  accepted  by the proponents o f th e  

medium.

P o s i t iv e  tubes or c o lo n ie s  were strea k ed  on L ev in e ’ s e o s in  m eth ylen e-  

b lu e  agar (dehydrated) and from t h i s ,  t y p ic a l  or most n ea r ly  t y p ic a l  

c o lo n ie s  were  p ick ed  to la c t o s e  broth  ana to  agar s la n t s ,  fo llo w in g  the 

p a r t ia l ly  and f u l l y  confirm ed procedure su g g ested  in  Standard Methods o f  

Water A n a ly s is  (4 9 ) .  I f  gas was found in  the la c t o s e  broth tu b es, the 

agar s la n t  c u ltu r e s  were restrea k ed  on e o s in  m ethylene b lu e , rep ick ed  

and re s trea k ed , the p ro cess  b e in g  rep ea ted  two to th ree  tim es to ensure  

pure c u ltu r e s .  The i s o la t e d  c u ltu r e s  were e x a m i n e d  m ic r o sc o p ic a lly  fo r  

gram n e g a tiv e  short rods and id e n t i f i e d  as E sc h e r ic h ia , A erobacter or
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in te r m e d ia te  u s in g  Simmons* (47) c i t r a t e  agar (deh ydrated) and M ethyl— 

r e d , Voges—Proskauer medium (dehydrated) the l a t t e r  medium b ein g  t e s t e d  

a cco rd in g  to  Standard Methods o f  Y/ater A n a ly s is  p roced u res. In most 

c a se s  the in d o l r e a c t io n  was determ ined u s in g  a 1 per cen t s o lu t io n  of 

trytop h an e (try p to n e ) and t e s t e d  by means o f the Gore method recommended 

in  the "Manual o f  Methods fo r  the Pure C ulture Study o f  B acteria"  (2 8 ) .

In  la t e r  s t u d ie s ,  th e in d o l r e a c t io n  was o m itted  in  making the genera  

c l a s s i f i c a t i o n .

R e s u l t s . The r e s u l t s  o f  th ese  t e s t s  are shown in  Table I .  They 

can b e s t  be compared in  s e r ie s  com prising 50 sam ples each , s in c e  id e n t i­

c a l  sh ip p ers  are not in c lu d ed  in  each s e r ie s  and sea so n a l v a r ia t io n s  in  

f l o r a  may occur which would in v a l id a te  a gen era l com parison.

In the f i r s t  s e r i e s ,  the b e s t  r e s u l t s  were ob ta in ed  w ith m eth y len e-  

b lu e  b ro m -creso l purp le which gave 8 9 .5  per cen t con firm ation  o f  p o s i t iv e  

p resu m tiv es  and 38 per cen t sample co n firm a tio n , b r i l l i a n t  green b i l e  

w ith  83 and 30 per c e n t , Endo w ith 72 and 26, and la c to s e  ta u ro ch o la te  

w ith  47 and 18 ranked in  the order g iv e n . The order o f  ranking, based  

on a p ercen tage  r e la t io n s h ip ,  ta k in g  the medium w ith  the h ig h e s t  per cen t  

o f  sam ples confirm in g as 100 , I s  shown in  the la .st column.

In s e r ie s  two, the order o f  arrangem ent, from the moot e f f i c i e n t  

to  the l e a s t ,  i s  form ate r ic in o le a t e  w ith  a p o s i t iv e  presum ptive con­

f ir m a tio n  o f  95 per cen t and 82 per cen t o f samples con firm in g , Endo 

w ith  94 and 64 per c e n t , fe r r o c y a n id e -c it r a te  w ith  8 6 .5  and 64 per cen t,  

and b r i l l i a n t  green b i l e  w ith  8 0 .5  and 58 per c e n t . In s e r ie s  th r e e ,  

b r i l l i a n t  green b i l e  gave a h ig h er  percentage o f sam ples confirm in g (74  

p er  c e n t)  but showed more f a l s e  presum ptives than Endo which showed 100 

p er  cen t o f  presu m ptives con firm in g  and 46 per cen t o f  sam ples con firm in g  

b r i l l i a n t  green la c to s e  b i l e  agar w ith  82 and 46 per c e n t , and fu ch sin  

la c t o s e  broth  (o r ig in a l  form ulae) w ith 67 and 42 per cen t fo llo w e d . In
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s e r i e s  fo u r , Endo w ith  6 5 .2  and 5 5 .5  per c en t again  was most s a t i s ­

f a c t o r y ,  fo llo w e d  loy " b r ill ia n t green b i l e  w ith  56 ana. 48 per c e n t , fu c h s in  

la c t o s e  (m o d ified ) w ith  53 and 37 per c e n t , and hexamine w ith  57 and 2 9 .6  

p er  c e n t .  In s e r ie s  f i v e ,  d eso x y ch o la te  gave 90 per cen t co n firm ation  

o f  p o s i t i v e  presu m ptives and 72 per cen t o f  samples confirm ed , Endo w ith  

80 and 68 , b r i l l i a n t  green b i l e  w ith  40 ana 3 3 .4 , and fu ch sin  la c to s e  

(m o d ified ) 46 and 26 fo llo w e d . In t h i s  s e r i e s ,  the r e s u l t s  w ith b r i l ­

l i a n t  green b i l e  were u n ex p la in a b ly  poor.

In s e r ie s  s i x ,  c o n s is t in g  o f on ly  25 sam ples, tr y p a f la v in  gave the  

h ig h e s t  co n firm a tio n  (9 3 .4  per c e n t)  o f  p resu m p tives, but Endo w ith  89 

p er  cen t and 64 per cen t o f  sam ples con firm in g  ranked b e s t  on the l a t t e r  

b a s i s ,  b r i l l i a n t  green  b i l e  was p o o rest w ith  72 and 81 per c e n t .



Table I

Presum ptive and C onfirm atory I s o la t io n  o f  Co l i-A e r o  genes  
(R e su lts  on b a s is  o f  275 sam ples o f  raw m ilk  ino­

c u la te d  s im u lta n eo u sly  in to  fo u r  m edia)

S e r ie s  Medium P o s i t iv e  Number Presum ptive Samples H igh est
Presum ptive Confirmed Confirmed Confirmed C onfirm ation

Per Cent Per Cent Per Cent

Endo 18
T aurocholate 19 
B r i l l i a n t  green  

b i l e  18
M ethylene b lu e  

brom e r e s o l

IS
9

15

* Com prising 50 sam ples each . 
x  R e su lt  o f  25 sam ples.

72
47

83

26
18

30

7 6 .5
53

88

pu rp le 19 17 89f 5 38 100

2 Endo 34  
Ferro cy a n id e-

32 94 64 78

c i t r a t e  37  
B r i l l i a n t  green

32 8 6 .5 64 78

b i l e  36 
Formate-Ri c ino—

29 8 0 .5 58 ?1

le a t e  43 41 95 82 100

3 Endo 23 
B r i l l i a n t  green

23 100 46 62

la c t o s e  b i l e  28 
B r i l l i a n t  green

23 82 46 62

b i l e  41 
Fu chsin  la c t o s e

37 90 74 100

(o ld  form ula) 31 21 67 42 57

4 Endo 23 15 6 5 .2 5 5 .5 100
Hexamine 14 
B r i l l i a n t  green

8 57 2 9 .6 5 3 .4

b i l e  23 
Fuchsin  la c t o s e

13 56 48 8 6 .6

(m o d ified ) 19 10 53 37 6 6 .5

5 Endo 21 17 80 68 9 4 .4
D esoxycholate  20 
B r i l l i a n t  green

18 90 72 100

b i l e  22 
Fuchsin  L actose

9 40 3 3 .4 50

(m o d ified ) 15 7 46 26 39

6 Endo 18 16 89 64 100
T ryp aflav in  15 
B r i l l i a n t  green

14 9 3 .4 56 8 7 .5

b i l e  18 13 72 52 81

.1 3 .



Comparison u s in g  ten  Media S im u lta n eo u sly . T wanty— f i v e  sam ples 

o f  raw m ilk  were ob ta in ed  and in o c u la te d  as p r e v io u s ly  o u t lin e d  in to  

Endo, n e u tr a l red  "bile, v i o l e t  red “b i l e ,  ‘b r i l l i a n t  green la c to s e  b i l e ,  

fe r ro c y a n id e —c i t r a t e ,  and d eso x y ch o la te  agars and in to  2 per cen t b r i l ­

l i a n t  green b i l e ,  fu c h s in  la c to s e  (m o d if ie d ) , fo r m a te -r lc in o le a te  and 

m ethylen e b lu e  b rom -creso l pu rp le  b r o th s . The m edia were exam ined, and 

c u ltu r e s  i s o la t e d  and id e n t i f i e d  as p r e v io u s ly  s ta te d . Media u sed  in  

f i r s t  t e s t s  but o m itted  from t h i s  study were dropped e i th e r  because o f  

u n s a t is f a c to r y  r e s u l t s  obtained, w ith  them in  p rev io u s t e s t s  or in  pro­

d u c t iv i t y  s tu d ie s  to  be d e scr ib e d  l a t e r .  The n e u tr a l red and v i o l e t  

red  b i l e  ace dehydrated  m edia ex p er im en ta lly  prepared by the D ig e s t iv e  

Ferments Company, and k in d ly  sux^plied by them fo r  th ese  experim en ts.

The r e s u l t s  o b ta in ed  in  th ese  t e s t s  are shown in  Table I I .  The per­

cen ta g e  o f  sam ples con firm in g  show th a t n e u tr a l red  b i l e ,  v io l e t  red b i l e ,  

and b r i l l i a n t  green b i l e  gave the b e s t  r e s u l t s  w ith  32 per cen t each; 

how ever, n e u tr a l red  b i l e  and b r i l l i a n t  green b i l e  gave one and two f a l s e  

p o s i t iv e  presu m ptives r e s p e c t iv e ly .  M ethylene blue b rom -cresol purple  

l ik e w is e  showed s a t i s f a c t o r y  r e s u l t s  w ith  28 per cen t o f  samples confirm ­

in g .  F o r m a te -r ic in o le a te , f e r r o c y a n id e - c i t r a t e ,  and desoxych o la te  gave 

u n s a t is f a c t o r y  r e s u l t s .  Endo and b r i l l i a n t  green la c t o s e  b i l e  showed a 

low  t o t a l  sample con firm ation  o f 24 per c e n t.



Table II

Presum ptive and C onfirm atory I s o la t io n  o f  C oli-A erogen es  
(R e su lts  on b a s is  o f  25 sam ples o f raw m ilk  in o­

c u la te d  s im u lta n eo u sly  in to  ten  m edia)

Medium P o s it iv e  Humber Presum ptive Samples H ig h est
Presum ptive Confirmed Confirmed Confirmed C onfirm ation

 _____ ____  ____  Per Cent Per Cent Per Cent

Endo 11 6 5 4 .5 24 75
N e u tr a l red b i l e 9 8 89 32 100
V io le t  Red b i l e 8 8 100 32 100
B r i l l i a n t  green  

l a c t o s e  b i l e 9 6 66 .8 24 75
F errocyan id e  

c i t r a t e 7 4 57 16 50
D eso x y ch o l? te 9 5 5 5 .6 20 6 2 .5
B r i l l i a n t  green  

b i l e 10 8 80 32 100
F u ch sin  la c t o s e  

(m o d ified ) 7 5 7 1 .5 20 6 2 .5
F o rm a te-R ic in o lea te5 1 40 8 25
M ethylene b lu e  brom- 

c r e s o l  purp le 7 7 100 28 81



Comparison u s in g  th e m edia in d ic a te d  as most s a t i s f a c t o r y .

T h ir ty -o n e  sam ples o f  raw mills: which were to he p a s te u r iz e d , 34 sam ples 

o f  p a s te u r iz e d  m ilk  taken from v a r io u s p o in ts  in  th e c o o lin g  and b o t t l in g  

p r o c e s s  and 25 sam ples o f raw m ilk  produced under c o n d it io n s  m eetin g  a l l  

th e  requirem ents o f c e r t i f i e d  m ilk , hut so ld  as grade A raw, were pro­

cu red  and examined w ith in  one hour o f  sam pling. The sam ples were e i t h e r  

taken hy means o f  sam pling tu h e s , caught in  s t e r i l e  h o t t ie s  on e n te r in g  

o r  le a v in g  th e  c o o le r , or poured from the c o n ta in er s  in to  s t e r i l i s e d  

sam ple hot t i e s .  The m ilk  sam ples were in o c u la te d  in to  n e u tr a l red  h i l e ,  

v i o l e t  red  h i l e ,  2 per cen t b r i l l i a n t  green h i l e ,  m o d ified  Eijkman medium 

o f  P erry  and Hajna (37) and in to  a s o l id  medium prepared in  t h i s  laborar* 

to r y . T his l a s t  medium had the fo llo w in g  com position ;

Peptone 0 .5  per c e n t;  la c to s e  0 .5  per cen t; sodium form ate 0 .2 5  

p er c e n t ,  sodium r ic in o le a t e  0 .0 5  per c en t; m ethylene b lue 1 :5 0 ,0 0 0 ,  

n e u tr a l red  1 ;3 0 ,0 0 0  and agar 1 .5  per c e n t .

Raw m ilk  sam ples were in o c u la te d  in  amounts p r e v io u s ly  employed. 

P a ste u r iz e d  and c e r t i f i e d  sam ples were in o c u la te d  in to  s o l id  media in  

1 c c .  amounts on ly  and in to  l iq u id  media in  1 c c . and 0 .1  c c . amounts,

th e  t o t a l  cou n ts b e in g  perform ed w ith  d i lu t io n s  o f  1 :1 0 0 .

In th e se  t e s t s  and in  a  p o r tio n  o f  p rev io u s t e s t s  the p o s i t iv e  

tu h es and c o lo n ie s  from p o s i t iv e  p la t e s  were in o c u la te d  in to  form ate— 

r ic in o le a t e  broth  a lon g  w ith  s tr e a k in g  onto e o s in  m ethylene b lu e  agar, 

a s im i l ia r  tech n iq u e  b e in g  r e c e n t ly  employed by Ruchhoft (4 3 ) .  P o s it iv e  

r e s u l t s  w ith  form ate—r ic in o le a t e  were confirm ed by s tr ea k in g  on e o s in  

m ethylen e b lu e agar and i f  both methods gave gram -n egative, la c t o s e  f e r ­

m enting rods the d u p lic a te  c u ltu r e s  were d isca rd ed .

The r e s u l t s  o b ta in ed  in  t h i s  t e s t  are shown in  Table I I I .  Of the

raw m ilk  o n ly  11 sam ples were t e s t e d  on medium fo u r , i f  a l l  the m edia

are co n sid ered  on th e  b a s is  o f  th ese  sam ples, medium fou r  and n e u tr a l
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red  gave 55 per cen t sample co n firm ation  each, and 8 5 .5  and 75 per cen t  

co n firm a tio n  o f p o s i t iv e  p resn m p tives, w h ile  v i o l e t  red "bile gave 45  

and 83 per c e n t ,  b r i l l i a n t  green  b i l e  18 and 50 per cent and the medium 

o f  Ferry  and Hajna 9 .1  and 100 per c e n t . On th e b a s is  o f  31 sam ples, in  

w hich ca se  medium fou r must be e lim in a te d , the order o f  most s a t i s f a c t o r y  

r e s u l t s  rem ains the same w ith  the p ercen ta g es  shown in  the ta b le .  The 

34 p a s te u r iz e d  sam ples gave the most s a t i s f a c t o r y  r e s u l t s  on n e u tr a l r e d  

and' v i o l e t  red b i l e  w ith  35 per cen t o f  th e  sam ples con firm in g , b r i l l i a n t  

green  b i l e  gave 32 per cen t and medium fou r  2 9 .4  per cen t sample confirm a­

t io n .  A ll  o f  th e medium (ex cep t Eijkman) gave 100 per cen t co n firm ation  

o f  th e  p o s i t iv e  presum ptive t e s t s .  The exam ination  o f  25 sam ples o f  

Hc e r t i f i e d 11 m ilk  showed v i o l e t  red  b i l e  to  be m ost e f f i c i e n t  w ith 12 per  

c en t o f  sam ples con firm in g , w h ile  n e u tr a l red  b i l e  and b r i l l i a n t  green  

b i l e  showed 8 p er  cen t sam ples con firm ation  and media fou r 4 per cent*  

However, th e d if f e r e n c e s  between th ese  m edia as shown by th ese  sam ples 

i s ,  fo r  reason  to be d is c u s se d  la t e r ,  not as g rea t as i s  in d ic a te d .

Medium fou r gave 100 per c e n t , b r i l l i a n t  green b i l e  67 per cen t, v i o l e t  

red b i l e  50 p er  cen t and n e u tr a l red  b i l e  40 per cen t con firm ation  o f  

presum ptive t e s t s .  Eijkman medium showed no p o s i t iv e  r e a c t io n s  although  

E sc h e r ic h ia  were i s o la t e d  in  fo u r  s c a t te r e d  in s ta n c e s  on the o th er  media*



Table I I I

Presum ptive and C onfirm atory I s o la t io n  o f  C oli-A erogen es  
(R e su lts  on "basis o f  31 sam ples o f raw m i l t ,  34 sam ples 

o f  p a s te u r iz e d  m ilk  and 25 sam ples o f  f,c e r t i f  ie d 1' 
m ilk  in o c u la te d  s im u lta n eo u sly  in to  fou r media)

Medium P o s i t iv e  Humber P o s i t iv e  Samples H igh est
Presum ptive Confirmed Presum ptive Confirmed C onfirm ation

Confirmed
__________________  Per Cent Per Cent Per Cent

Raw

Medium number 
fo u r  * 7 6 8 5 .5 55

N e u tr a l red  
t i l e  15 13 8 6 .5 42 100

V io le t  red  
"bile 13 12 92 39 93

B r i l l i a n t  
green  "bile 14 12 8 5 .5 39 93

E i jfcman 
(m o d ified ) 3 3 100 9 .7 21

P a s te u r iz e d

Medium number 
fo u r  10 10 100 29 84

N eu tra l red  
b i l e  12 12 100 35 100

V io le t  red  
b i l e  12 12 100 35 100

B r i l l i a n t  
green  b i l e  11 11 100 32 91

Eijkman 1 0 0 0 0

C e r t i f ie d

Medium number 
fo u r  1 1 100 33

N e u tr a l red  
b i l e  5 2 40 8 67

V io le t  red  
b i l e  6 3 50 12 100

B r i l l i a n t  
green b i l e  3 2 67 8 67

Eijkman 0 0 0 0 0

* In c lu d es  11 sam ples o f raw m ilk  o n ly .



DISCUSSION

I t  w i l l  be n o ted  th at th e percentage co n firm ation  o f  the m edia, 

w hich appear in  two or more s e r ie s  or in  th e  d i f f e r e n t  p o r tio n s  o f  

t h i s  exp erim en t, v a r ie s  c o n s id e r a b ly . This i s  probably due to  e rr o r s  

w hich have fr e q u e n t ly  been m entioned in  th e  l i t e r a t u r e  concerned w ith  

th e  i s o l a t i o n  o f  th e  members o f the c o l i —aerogenes group. These are 

( l )  f a l s e  presu m ptives due to  la c t o s e  ferm en ters not o f  the co lifo rm  

group or  due to  sy m b io tic  a c t iv i t y ;  (2 ) l o s s  o f  th e  co lifo rm  organism s 

by overgrow th o f  o th er  organism s. This would not seem a v a l id  c r i t ic i s m  

where c o lo n ie s  were p ick ed  from s o l id  media but where in o c u la t io n s  were 

made to  form ate—r ic in o le a t e  and to e o s in  m ethylene b lu e s im u lta n eo u sly , 

i t  was fr e q u e n t ly  n o t ic e d  th a t the growth on the l a t t e r  was n e g a tiv e  or  

so  a ty p ic a l  as to  be co n sid ered  n e g a tiv e  and so confirm ed, w hile  the  

fo r m a te -r ic in o le a te  would y ie ld  p o s it iv e  c u ltu r e s .  This has been n o t ic e d  

by Ruchhoft who u sed  fo r m a te -r ic in o le a te  b ro th , b r i l l i a n t  green b i l e  

b r o th , MacConkey*s agar and standard procedure s im u lta n eo u sly  fo r  con­

f ir m a tio n  t e s t s .  The overgrow ths by oth er organism s might be exp ected  

to  vary w ith  d i f f e r e n t  sam ples as m entioned.

The r e s u l t s  from the s e r ie s  stu d ied  in  th e  f i r s t  group o f  t e s t s  

were used  o n ly  to serv e  as a p r o c ess  fo r  s e le c t in g  the media to  be 

u se d  in  the la t e r  t e s t s  and i t  i s  d i f f i c u l t  to s e l e c t  th e  most prom ising  

medium from the r e s u l t s  o b ta in ed . However, i t  would seem th a t la c to s e  

ta u r o c h o la te , fu c h s in  la c t o s e  (o ld  form ulae) and hexamine could  be 

e lim in a te d  from fu r th e r  c o n s id e r a t io n . The f i r s t  medium has not r e c e iv e d  

a g rea t d e a l o f  c o n s id e r a t io n  in  recen t procedure b e in g  rep la ced  by o th er  

b i l e  co n ta in in g  compounds. F uchsin  la c to s e  has been co n sid ered  fa v o ra b ly  

by numerous in v e s t ig a t o r s ,  on the b a s is  o f  probable numbers n ec essa ry  to  

produce p o s i t iv e  r e s u l t s ,  however no rep o rt has been found o f  i t s  u se  fo r
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m ilk  exam in ation , Hexamine medium gave d e f i n i t e l y  low er sample con­

f ir m a tio n  which, in d ic a te s  th a t i t  i s  in h ib i t iv e  to  the weaker members 

o f  th e  c o lifo r m  group* S tu d ie s  on the p r o d u c t iv ity  o f  tr y p a f la v in  medium 

show i t  to  be l ik e w is e  q u ite  i n h ib i t iv e ,  a s w i l l  be shown in  a l a t e r  

s e c t io n .  Demeter, Sauers and M il le r ,  a lrea d y  m entioned, and M arshall 

(3 0 ) o b ta in ed  s a t i s f a c t o r y  r e s u l t s  w ith  tr y p a f la v in  medium u s in g  s tr ea k  

in o c u la t io n s .  R it t e r  (4 2 ) ,  how ever, found, the medium o f  K e ss le r  and 

Swenarten to  be more s a t i s f a c t o r y  than th a t o f  Klimmer.

From the r e s u l t s  o b ta in ed  in  the sim ultaneous comparison o f  a l l  

m edia, a lth ough  on ly  r e l a t i v e l y  few  sam ples were exam ined, the d ata  

o b ta in e d  le n d s  i t s s e l f  to  more d e f in i t e  comxoarison. The sam ples in  

t h i s  s e r ie s  in c lu d ed  a number from each o f  th e  p la n ts  s tu d ied  and 

com prised  m ilk  w ith  a t o t a l  b a c t e r ia l  count ranging from under 1 0 ,0 0 0  

to  over 100 ,000  per c c . as w i l l  be shown l a t e r .  I t  w i l l  be seen  th a t  

n e u tr a l  red  b i l e ,  v i o l e t  red  b i l e ,  b r i l l i a n t  green b i l e  and m ethylene  

b lu e  b rom -creso l purp le were most s a t i s f a c t o r y .  Endo and d eso a y ch o la te  

agar showed s e v e r a l f a l s e  p o s i t iv e  presum ptive t e s t s  which proved to  

be slow  or n o n - la c to s e  ferm en ters , which were a ty p ic a l  on e o s in  m ethylene  

b lu e  and fr e q u e n t ly  ferm ented form ate—r ic in o le a t e .  These organism s 

probab ly  b e lo n g  to  the p ro teu s group but no attem pt v/as made to id e n t i f y  

them . The one organism  on n e u tra l red  which f a i l e d  to confirm  was not 

e n t i r e ly  ty p ic a l  on th a t  medium and l ik e w is e  may have belonged  to th e  

p ro teu s  group. A ll o f  the s o l id  m edia showed co n sid era b le  growth, 

w hich , w h ile  they were not a t a l l  ty p ic a l  colon—aerogenes c o lo n ie s  in  

appearance, made the cou n tin g  and i s o la t io n  o f  the co lon  organism s d i f ­

f i c u l t ,  a lso  i t  i s  p o s s ib le  th a t they rep ressed  the growth o f  t h is  group 

due to  crowding o f  the p la t e s .  For th a t reason attem p ts to d e v ise  a 

new medium were made and s e v e r a l composed o f  v a r io u s s e le c t iv e  and d if ­

f e r e n t i a l  su b stan ces were t r ie d .  The one d es ig n a ted  as medium number 4
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seemed to  "be the  most p r o m i s in  r nt was te^t^d --.long '..it': toe ^ t t . e r  

media  i n  the  l a s t  s e r i e s  wi th  the r e s u l t ^  to  he c i ^ c u ^ s ed  1 - t e r .

I t  r u s t  he "borne in  mind t h a t  i n  t h i s  c r  e r v  :ent ~ a me ta in - ;  r :e r

2 2  c c .  o f m i l k  were -used f o r  th e  a n a l y s i s  so tr.a-1 vh; t'~-: '"r- enisi?;s

were n o t  p r e s e n t  in  q u a n t i t i e s  of more then  one wer cc .  i t  wonId he 

q u i t e  p o s s i b l e  to  o b t a i n  p o s i t i v e  r e s u l t s  w i th  one .Tedium and no t  with  

a n o t h e r ,  due to  d i s t r i b u t i o n  p r o b a b i l i t y .  However in a l l  t h e s e  s t u d i e s  

t h e r e  v;ere on ly  a few i n s t a n c e s ,  to  be mentioned, l a t e r ,  where d u p l i c a t e  

p l a t e s  d i d  n o t  show the same number o f  c o l i — ae ropenes  o rgan ism s .  I t  

thus  seems most n r o b a b le  t h a t  t n e  f ew er  p o s i t i v e s  o c c u r r i n g  in  some 

media  a r e  due to  the  i n h i b i t i v e  p r o p e r t i e s  of  t h a t  medium on weakened 

s t r a i n s  of members o f  the  -group.

I t  seems p robab le  t h a t  t h e  o b s e r v a t i o n s  o f  S t a r k  and C u r t i s  (5 0 ) ,  

i n  compar ing  c r y s t a l  v i o l e t  b r o t h ,  m e thy lene—blu e  b ro m - c r e s o l  p u r p l e ,

gentian,  t r i o l e t  b r o t h  and b r i l l i a n t  g reen  b i l e  a re  c o r r e c t  in  t h a t  the

p e r c e n t a g e  co n firm a tio n , on those  media which were used  in  tn e  -present 

e x p e r im e n t ,  e re  loA~er t h a n  have  been found by numerous i n v e s t i g a t o r s  

u s i n g  w a te r  spec im ens ,  i n d i c a t i n g  a lo w e r in g  o f  i n h i b i t i v e  p r o p e r t i e s  

by t h e  m i lk .  From t h i s  e x p e r im en t  t o o ,  i t  would seen  t h a t  n e u t r a l  red  

b i l e  r.nd v i o l e t  r e d  b i l e  a re  the  most s a t i s f a c t o r y  Awhile b r i l l i a n t  g reen  

b i l e  w i th  two f a l s e  p re su m p t iv e ?  i s  n e x t .

The r e s u l t s  shown in  t a b l e  I I I ,  g e n e r a l l y  conf i rm  t h i s  c o n c l u s i o n ,  

L'edium f o u r ,  a l t h o u g h  used  on ly  on 11 samples o f  raw m i lk ,  i s  c o n s id e r e d  

w or thy  o f  f u r t h e r  i n v e s t i g a t i o n .  The number o f  samples u sed  b e in g  too 

few  to  s e r io u s ly  propose  i t  as a new medium a t  r e s e n t  with  so many 

media  a lr e -d y  h a v in g  been p ro p o se d . ,  "Ibis medium in  on ly  two in s ta n c e s  

( o f  th e  90 sam ples)  showed any c o n s i d e r a b l e  growth of  o r  m is  as o t h e r  

th a n  th o se  o f  the c o l i f o r m  g ro u p s ,  a l so  in  a l l  types  o f  m i lk  i t  "howed 

- ood p re su m p t iv e  c o n f i r m a t i o n ,  the  one f a l s e  a resu m p tive  being a sa : r ; le  

v iiich  l ik e w is e  gave f a l s e  p re sum pt ive?  on the  o t h e r  media .  -he sox/ale
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co n firm a tio n  was equal to the most s a t i s f a c t o r y  in  the raw m ilk , on the 

h a s i s  o f  the 11 samples in  which i t  was s tu d ie d .  P la t in g s  w ith  p a s t e u r i $ d  

and " c e r t i f ie d "  m ilk  were n o t  as c o n c lu s iv e ly  good, the two p a s teu r ized  

sam ples which f a i l e d  to  show p o s i t i v e  c o lo n ie s  on t h i s  medium were id e n t i ­

f i e d  as in term ed ia tes  and apjoeared on one p la t e  on ly  o f  the n e u tr a l  red  

and v i o l e t  red  "bile medium and in  one tube o f  th e  " b r ill ian t  green "bile 

i n  one sample and the  o th er  sample was n e g a t iv e  in  "both tu b es .  Hence 

t h i s  may "be an in s ta n c e  where d i s t r i b u t i o n  i s  im portant. The number o f  

c o lo n ie s  i s o l a t e d  from oth er  samples on medium four were equal to or 

b e t t e r  than n e u t r a l  red  and v i o l e t  red b i l e .  In t h i s  connection  i t  was 

found th a t  on four o c c a s io n s  (out o f  12) v i o l e t  red gave s l i g h t l y  h ig h er  

co u n ts  than n e u tr a l  red . With c e r t i f i e d  m ilk  in  on ly  one ca se  were 

c o l i —aerogenes organisms i s o l a t e d  on two media from the same sample and 

in  t h i s  case  one proved to  be an in term ed ia te  and the otner  E sc h e r ic h ia .  

L ik ew ise  o f  the tv/o c u l tu r e s  i s o l a t e d  on n e u tr a l  red , one was a  slowr 

l a c t o s e  ferm enter though t y p i c a l  on e o s in  methylene b lu e ,  on v i o l e t  

red  b i l e  two o f  the th ree  f e l l  in  t h i s  ca tegory  and o f  the two in  

b r i l l i a n t  green  b i l e ,  one on ly  was a. t y p i c a l l y  rap id  l a c t o s e  ferm enter.  

Hence the d i f f e r e n c e s  between the media in  th ese  c a se s  can be o f  l i t t l e  

im portance. Perry and Hanna’ s m o d if ic a t io n  o f  Eijkman medium gave o n ly  

one f a l s e  presum ptive from which no organism could be i s o l a t e d ,  p o s i t i v e  

r e s u l t s  were ob ta in ed  in  th ree  samples o f  raw m ilk  and E sch er ich ia  com- 

munior i s o l a t e d .  This same s p e c ie s  was i s o la t e d  from o th er  media on 

e ig h t  o c c a s io n s  when n e g a t iv e  r e s u l t s  were obta ined  in  Eijkman medium.

The r e s u l t s  o f  t h i s  experiment would in d ic a te  n e u tr a l  red and 

v i o l e t  red b i l e  to  be the most s a t i s f a c t o r y  s o l id  medium now o b ta in a b le ,  

w ith  b r i l l i a n t  green b i l e  as the b e s t  l iq u id  medium. However, none o f  

th e s e  are e n t i r e l y  s a t i s f a c t o r y ,  due to la c k  o f  in h ib i t io n  fo r  other  

l a c t o s e  ferm en tin g  organisms and for  non—l a c t o s e  ferm en ters .



SECTION II

Comparative P r o d u c t iv i ty  o f  Some Media fo r  th e  I s o la t io n  of Pure 
C ultures  o f  th e  C oli—Aerogenes Croup

The methods fo l lo w e d  in  th ese  t e s t s  were in  gen era l those d escr ib ed  

by B u t t e r f i e l d  (10) and Hoskins (17) fo r  determ ining  the comparative 

p r o d u c t iv i t y  o f  media f o r  c o l i —aerogenes. The method was m od if ied  in  

t h a t  10 in s t e a d  o f  15 tu b es  o f  each medium were used  and two d i l u t io n s  

in s t e a d  o f  th ree  were p la n te d  in  the media. One c c .  o f  s t e r i l e  whole 

m ilk  was added to a l l  media excep t standard la c t o s e  b efore  the organisms  

were added. With s o l i d  media the technique u sed  was to determine tne  

approximate t i t r e  o f  the b u f fe r  suspension  o f  organisms u s in g  standard  

a g a r , on the day p r io r  to the t e s t ,  then on the t e s t  day p la t in g  two 

d i l u t i o n s  o f  th e  su sp en s io n s  in to  the t r i a l  media in  t r i p l i c a t e ,  such  

d i l u t i o n s  b e in g  used  th a t  the p la t e s  would show between 3 and 300 c o lo n ie s  

p er  p l a t e .  One c c .  o f  whole m ilk  was added to each p la t e  before  adding  

th e  organism s. Both th e  l i q u i d  and s o l i d  media were made up in  such 

c o n c e n tr a t io n s  th a t  the a d d it io n  o f  the one cc .  o f  m ilk  would serve  to 

reduce the co n cen tr a t io n  o f  the media to the u su a l v a lu e .  A l l  tu bes  

and p la t e s  were examined a t  th e  end o f  24 and 48 h ou rs. Two s t r a in s  

each o f  E sc h e r ic h ia ,  A erobacter and in term ed ia tes  r e c e n t ly  i s o l a t e d  from 

m ilk  were u sed  in  the t e s t .  The d i l u t io n s  were so made th a t  1 cc .  

q u a n t i t i e s  were in o c u la te d  in  each c a se ,  in  a l l  in s ta n c e s  the media 

were in o c u la te d  a l t e r n a t e ly  as s p e c i f i e d .



RESULTS

The r e s u l t s  o f  s e c t io n  2 are shown in  ta b le  IV, the percentage  

p r o d u c t iv i t y  o f  the l i q u i d  media are "based on standard la c t o s e  broth as 

100 per  cen t and the s o l i d  media on standard agar p lu s  mi lit as 100 per  

c e n t .  On th e  b a s is  o f  th ese  r e s u l t s  the l iq u id  media may be p la ced  in  

th e  f o l l o w i n g  order w ith  the most p rod u ct ive  ranked f i r s t ,  ( l )  methylene  

b lu e  bronw cresol purrjle (2 )  b r i l l i a n t  green b i l e  (3 )  fu ch s in  la c t o s e  

(4 )  f o r m a t e - r ic in o le a t e  and (5 ) Perry and Hajna.sf Eijlcnan medium. The 

s o l i d  media are arranged ( l )  n e u tr a l  red b i l e  (2) v i o l e t  red b i l e  (3 )

Endo (4 )  b r i l l i a n t  green l a c t o s e  b i l e  (5) la c t o s e  ta u r o c h o ls te  ( 6 ) desoxy- 

e h o la te  and (7 ) t r y p a f la v in e .

Table IV

Comparison o f  P r o d u c t iv i t y ,  w ith  Standard la c t o s e  and 
Standard Agar, o f  Colon-Aero genes Croup.

M.P.N.* H.F.N.

F u ch sin  L actose  (mod.) 5 2 .5
B r i l l i a n t  Green B i le  6 3 .1
M ethylene Blue Brom-Cresol Purple 7 1 .7  
Formate—R ic in o le a te  2 7 .4
Eijkman 0
D eso x y ch o la te  6 0 .5
Taurochola.te 8 6 .6
B r i l l i a n t  Green L actose  B i l e  9 2 .0
Endo 1 0 2 .0
T ryp aflav in e  1 8 .0
N eu tra l  Red B i l e  1 2 1 .5
V i o l e t  Red B i l e  1 13 .0

* B a s is  o f  standard l a c t o s e  as 100 per c e n t .  
x B a s is  o f  standard agar as 100 per c e n t .



DISCUSSION

The experiment was n ot s u f f i c i e n t l y  e x te n s iv e  to  e v a lu a te  com p lete ly

th e  v a r io u s  media and. fo r  t n i s  purpose a much more d e t a i l e d  examination

i s  e s s e n t i a l ,  as i s  p o in te d  out Toy Noble (3 6 ) ,  however the r e s u l t s  may 
*

he u sed  w ith in  th e se  recogn ized  l i m i t s  e s p e c i a l l y  s in c e  no "border—l i n e '1 

medium was in d ic a te d .  The r e s u l t s  are somewhat in  disagreement w ith th ose  

o b ta in e d  by o th er  workers. Euchhoft (4-3) in  a  summary o f  d a ta  r e c e iv e d  

from c o -o p e r a t in g  la b o r a t o r i e s ,  a l l  u s in g  the method of B u t t e r f i e ld -  

H o sk in s ,  o b ta in ed  the  f o l lo w in g  p r o d u c t iv i ty  from h ig h e s t  to  l o w e s t : -  

b u f fe r e d  l a c t o s e ,  fu c h s in  l a c t o s e ,  methylene blue brom -cresol p u rp le ,  

b r i l l i a n t  green b i l e ,  c r y s t a l  v i o l e t  and f o r m a t e - r ic in o le a t e .  Euchhoft  

and Norton (44) in  a p re lim in ary  rep ort found e s s e n t i a l l y  the same re­

s u l t s  w ith  th e  e x c e p t io n  th a t  th e  p o s i t io n s  o f  b u ffered  la c t o s e  and 

f u c h s in  la c t o s e  were r e v e r se d .  F a r r e l l  ( lb )  ra ted  b u ffered  l a c t o s e  and 

b r i l l i a n t  green b i l e ,  in  the order named, ahead o f  fu ch s in  l a c t o s e  and 

p la c e d  t r y p a f la v in  broth below f o r m a t e - r ic in o le a t e .  The r e s u l t s  here  

r ep o r ted  agree most c l o s e l y  with th ose  o f  F a r r e l l  except that methylene  

b lu e  brom -cresol purp le  i s  p la ced  ahead o f  b r i l l i a n t  green b i l e  and 

f u c h s in  la .c to se .  I t  would be in t e r e s t i n g  to determine i f  the a d d it io n  

o f  1 c c .  o f  m ilk  cau ses  the change in  r e l a t i v e  p r o d u c t iv i ty  o f  th ese  

m edia. B lack and K lin ger  (? )  working in  t h i s  la b o ra to ry  observed buf­

f e r e d  l a c t o s e ,  fu ch s in  l a c t o s e ,  methylene blue brom -cresol pu rp le ,  

b r i l l i a n t  green b i l e ,  c r y s t a l  v i o l e t  and fo r m a te -r ic in o le a te  to rank 

in  the  order named. These r e s u l t s  agree w ith those found by Euchhoft.

So fa r  as i s  known the p r o d u c t iv i ty  o f  the var iou s  s o l id  media has 

n o t  been reported  so th a t  no comparison i s  p o s s ib l e ,  however, the r e s u l t s  

i n  g en era l  confirm  th ose  ob ta in ed  in  s e c t io n  I ,  although d esoxych o lste  

f e l l  below th e  r e s u l t s  th at might have been exp ected . This was due to
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i t s  low p r o d u c t iv i ty  w ith  th e  s t r a i ns o f the in term ed ia te  group and may 

"be a  c h a r a c t e r i s t i c  o f  the medium though t h i s  has not been determined  

w ith  a d d i t io n a l  in term ed ia te  s t r a in s .



SECTION I I I

I d e n t i f i c a t i o n  o f  S p ec ie s  o f  Escherichiar-Aerobacter Organisms
I s o l a t e d  from Milk

The c u l t u r e s  i s o l a t e d ,  in  s e c t io n  I ,  from the 331 samples o f  raw 

m ilk ,  34 samples o f  p a s te u r iz e d  m ilk  and 25 samples o f  11 c e r t i f i e d "  m ilk  

were i d e n t i f i e d  as E sch er ich ia*  Aerobacter or in term ed ia te  as has  "been 

o u t l i n e d .  The s p e c ie s  in  th ese  genera were determined according to  th e  

c l a s s i f i c a t i o n  u sed  in  Bergey*s Manual.

M o t i l i t y  was t e s t e d  in  one per cen t d ex tro se  "broth a f t e r  twenty  

hou rs  in cu b a tio n  at 37° C.

The tech n iq u e  and media employed in  p h y s io l o g ic a l  t e s t s  were as 

recommended in  the nManual o f  Methods fo r  the  Pure Culture Study o f  

Bacteria** ( 2 8 ) .  G e la t in  l iq u e f a c t io n  was determ ined a f t e r  14 days in­

c u b a t io n  at 37° C ., the c u l tu r e s  b e in g  p la ced  in  the ic eb o x  to  determine  

l i q u e f a c t i o n .  Litmus m ilk  was incubated  fo r  ten  days a t  37° C. Fer­

m en ta tion  o f  d e x tr o s e ,  su c ro se ,  s a l i c i n  and d u l c i t o l  was determined in  

b roth  c o n ta in in g  one per  cen t carbohydrate to which brom-thymol—blue had  

been added, r e s u l t s  b e in g  read a f t e r  2 and 4 days in cu b ation  at 37° C.

HESOLTS

Pour hundred and e ig h ty  fou r  c u l tu r e s  were i s o l a t e d  from the  

samples o f  raw m ilk . Of th ese  272 or 58 per cent were i d e n t i f i e d  as 

E s c h e r ic h ia ,  115 or 2 3 .7  per cent were Aerobacter, and 96 or 2 0 .3  per  

cen t  were in term ed ia te  (m eth y l-red  p o s i t i v e ,  Voges-Proskauer n e g a t iv e ,  

and c i t r a t e  p o s i t i v e ) .

The c u l tu r e s  o f  E sc h e r ic h ia  were found to be composed o f  12 d i f ­

f e r e n t  s p e c ie s  accord in g  to  the r e s u l t s  shown in  ta b le  V. The organisms 

in  th e  A erobacter genus were fu r th er  i d e n t i f i e d  as com prising 5 s p e c ie s .
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The p a s te u r iz e d  samples y ie ld e d  45 c u ltu r e s  of which 1 or 2 per  

c en t  was E sc h e r ic h ia  and the same number Aerobacter. Interm ediate  

com prised 43 or 96 per c e n t .  The E sc h e r ich ia  cu ltu re  proved to be 

E. p a ra g ru en th a li  and the A erobacter, A. c lo a c a e . The preponderance 

o f  one s p e c ie s  i s  not s u r p r is in g  s in ce  the p o s i t i v e  samples were a l l  

i s o l a t e d  from one p a s t e u r i s in g  p la n t  where they probably r e s u l t e d  as 

contam ination  due to  improper c le a n in g  o f  the equipment or to f a u l t y  

e quipment.

E ight c u l tu r e s  were i s o l a t e d  from the ‘’c e r t i f i e d 1’ m ilk , o f  th ese  

4 or 50 per cent were E sch er ich ia?  3 or 38 per cent Aerobacter and 1 

c u l tu r e  or 12 per cen t in ter m e d ia te .  Of the t o t a l  c u ltu r e s  12 per cent  

were E. g r u e n t h a l i? 38 per cen t  E. communior, 12 per cent A. aero,genes, 

and 25 per cen t A. l e v a n s .



Table V

Per cent o f  S p ec ie s  I s o la t e d  in  the S sch er ich ia -A ero b a c ter  Group

Haw m ilk  P a ste u r iz ed  C e r t i f i e d
484 c u l tu r e s  45 c u ltu r e s  8 c u l tu r e s

B. c o l i  8
p a r a g r u e n th a li  7 2
form ica  4
g r u e n th a l i  4 12
anaerogenes .2
e n t e r i c a  5
v e s i c u l i f o r a n s  2
communior 20 38

( a t y p i c a l )  3 .1
p se u d o c o lo id es  1
a n in d o l ic a  1
n e a p o l i ta n a  1
l e p o r i s  .1

A. aerogenes  5 12
oxy tocum 1
c lo a ca e  5 2
h ib em icu m  12
le v a n s  .3  26

In term ed iate 2 0 .3 96 12



I!ISCU3SI01'T

The r e s u l t s  obta ined  in  t h i s  experiment do not t r u ly  lend  them­

s e l v e s  to  comparison ?;ith the r e s u l t s  obta ined  by oth er  in v e s t ig a t o r s  

in —so—fa r —as s p e c ie s  i d e n t i f i c a t i o n  i s  concerned, s in ce  the p resen t  

c l a s s i f i c a t i o n  was made accord in g  to  the system g iven  in  a more recent  

e d i t i o n  o f  Bergey.

The preponderance o f  E sc h e r ic h ia  over A erobacter, 5 6 :2 3 .7 ,  agrees  

in  general, w ith  the r e s u l t s  obta ined  by Pont (3 9 ) ,  Yale (5 6 ) ,  and Mal­

colm (29) although the r a t io  i s  not the same in  every  in s ta n c e .  K line  

(2 3 )  found 34 per cen t  E sc h e r ic h ia ,  57 per cent Aerobacter and 9 per  

cen t in te r m e d ia te s .

The s p e c ie s  i d e n t i f i c a t i o n  o f  Yale based on the th ir d  e d i t i o n  o f  

Bergey i s  shown in  ta b le  VI reproduced from the rep ort o f  t h i s  i n v e s t i ­

g a to r .
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T aisle VI

P ercen ta g es  o f  c u l tu r e s  "belonging to  the d i f f e r e n t  sp e c ie s  
o f  the Bscherichiar-Aerobacter group

Dairy Products I n v e s t ig a te d

S p e c ie s  Haw Milk P a steu r ized  Milk
_________  ._______________ (91 c u l tu r e s )    (31 c u l tu r e s )

E. c o l i 13 10
p se d u o c o l id e s 10 24
communior 9 5
p a ra g ru n th a li 9 10
v e s ic u l i fo r m a n s 7 5
form ica 4
e n t e r i c a 4
an aerogenes 3
g r u n t h a l i 2 5
n e a p o l i ta n a 1

A* aerogenes 10
c lo a ca e 11 10
oxytocum 5

In term ed ia te  group* 11 33

* Methyl red  -t, Voges—Proskauer—, U t i l i z a t i o n  o f  c i t r a t e

This t a b le  shows 10 s p e c ie s  o f  E sc h e r ich ia  and three  o f  Aerobacter  

w ith  E. c o l i  and E. pseudocolo i& es b e in g  the most fr e q u e n t ly  i s o la t e d  

i n  the  f i r s t  genera and A. aero genes and A. c lo c a c se  be ing  most p rev a len t  

in  th e  l a t t e r .  K lin e  found on ly  four s p e c ie s  o f  E sc h e r ich ia  with E. 

n e a p o l i ta n a  b e in g  most common, two s p e c ie s  o f  Aerobacter, A. cloaca.e and 

A. aerogenes were found by the in v e s t ig a t o r .  The present r e s u l t s  showed 

12 spe c i e s  o f  E sc h e r ic h ia  and 5 o f  A erobacter, w ith E. communior and 

A. hibernium  o ccu rr in g  most fr e q u e n t ly .  Yale observed E. communior to be 

o n ly  s l i g h t l y  l e s s  than E. c o l i  and E. p seu d oco lo id es  in  frequency, a. 

hibernium  was not i d e n t i f i e d  by t h i s  in v e s t ig a t o r  s in ce  i t  i s  a n e w



s p e c i e s  not in c lu d ed  in  the th ird  e d i t io n  o f  B ergey 's  Manual, hut he 

i s o l a t e d  ten  c u ltu r e s  com prising 37 per cent o f  the A. c loacae  in  which 

no g e l a t i n  l i q u e f a c t i o n  occu rred , th ese  might he s i m i l i a r  to A. h ih e m ic u  m.

K line  found E. n e a p o l i ta n a  to he most common in  the Escheri-chia  

s e c t io n  which Yale and the the author found i t  one o f  the l e a s t  common. 

Malcolm in  a study o f  800 c u ltu r e s  i s o l a t e d  from raw m ilk  found B. c o l i  

t o  predominate in  th e  w in ter  with 71 per c e n t ,  3 . l a c t i s  Aerogenes 7 .5  

per c e n t ,  B. c lo a ca e  8 .6  per cent and in term ed ia te  7 .8  per c en t .  During  

th e  summer months 4 0 .4  per cen t were B. c o l i , 2 2 .4  per cent B. l a c t i s  

aero genes and the p ercen tage  o f  B. c lo a ca e  and in term ed ia tes  were s im i l ia r  

t o  th o se  p r e v io u s ly  found. Of 100 c u l tu r e s  i s o l a t e d  from m ilk , Aichelhurg  

( i )  found B. c o l i  communis, B. l a c t i s  a ero g en es , B. neapo 1 itanum and B. 

c o l i  commune to occur most fr e q u e n t ly ,  w hile  B. pseudocoscoroha, B. pseudo— 

c o l o i d e s , 3 .  a c i d - l a c t i c i > and B. g r u e n th a li  were seldom i s o l a t e d .  In ter ­

m ed ia tes  comprised 20—30 per c e n t .

Kon (23) concluded th a t  the c o l ifo rm  organisms in  m ilk  were not  

d e r iv e d  from fa e c e s  contam ination  hut from u t e n s i l s ,  s in ce  in  m ilk  c o l i  

and aerogenes occurred n e a r ly  e q u a l ly  58 :42 , w hile  in  fa e c e s  c o l i  pre­

dominated 4 4 ;1 .  However the  important c o n s id e r a t io n  would seem the f a c t  

t h a t  contam ination  was occu rr in g  i r r e s p e c t iv e  o f  the source . The a d d it io n  

o f  f e c a l  ty p es  would seem o f  no more importance than non—f e c a l  i f  they  

were added in d i r e c t l y  hy contaminated u t e n s i l s .

The r e s u l t s  o f  Pont hased on L e v in e 's  c l a s s i f i c a t i o n ,  as was mentioned  

e a r l i e r ,  cannot he compared with the p resen t  in v e s t ig a t i o n ,  however the 

s ta tem en t th a t  " w h ils t  the m ajor ity  o f  the co liform  organism i s o la t e d  

from cream in  t h i s  study appear to he o f  f e c a l  ty p e , the p o s s i b i l i t y  th at  

th ey  have "been d er iv ed  more immediately from contaminated u t e n s i l s  cannot 

be over look ed " , i s  in  l i n e  with the fo r e g o in g  statement of the author.



SECTION I ?

R e la t io n s h ip  o f  T ota l B a c t e r ia l  Count and Presence o f the C oli—
Aerogenes Group in  Raw ana P a s te u r iz ed  M ilk

Three hundred and t h i r t y  one samples o f  raw m ilk  used in  s e c t io n s  

I and I I  were examined fo r  t o t a l  b a c t e r ia l  count u s in g  Standard Methods 

o f  Milk A n a ly s is  P rocedures , the c o l i -a e r o g e n e s  determ ination  b e in g  the  

r e s u l t s  o f  the e a r l i e r  experim ents. In a d d it io n  50 sam ples, obta ined  in  

the same manner as p r e v io u s ly  mentioned, were p la t e d  in  n e u tra l  red b i l e  

agar in  1 c c .  amounts and in  dehydrated tryptone g lu cose  m ilk  medium o f  

Bower and Hucker (8 ) .  D u p lica te  p la t in g s  b e in g  made in  each c a se .  *3116 

l a t t e r  medium was incubated f o r  48 hours a t  32° C. The in v e s t ig a t o r s  

c i t e d  and o th e r s  have shown th a t  h ig h er  counts may be obta ined  on a 

m o d ified  medium at low er tem peratures, than can be obta ined  on standard  

agar a t  37° C. These r e s u l t s  have a lso  been confirmed in  t h i s  la b o r a to r y  

in  un p u b lish ed  d a ta .  T h irty  one samples o f  p a s te u r iz e d  m ilk  and 35 samples 

o f  (,c e r t i f i e d rl m ilk  are l ik e w is e  recorded h e r e .

RESULTS

Table VII shows the r e s u l t s  ob ta in ed  with the 331 samples o f  raw 

m ilk ,  the samples b e in g  sep arated  in to  d i f f e r e n t  grades based on t o t a l  

count and th e  p rev a len ce  o f  colon  organism in  th ese  grades b e ing  shown.

The per cent o f  samples n e g a t iv e  for  colon  organisms does not vary 

s i g n i f i c a n t l y  in  samples under or above 10 ,000  t o t a l  count, however,

6 9 .2  p er  c e n t  o f  the samples with counts under 10 ,000  showed l e s s  than 

10 co lo n  organism per c c . ,  w hile  29 .1  per cent o f  the samples h av in g  a 

t o t a l  count above 10 ,000  showed t h i s  number o f  colon  organisms. I t  

must be remembered th a t  from 9 .4  to 22 c c .  o f  m ilk  were used fo r  in ocu la ­

t i o n ,  so th at the a c tu a l  number o f  c o l i —aerogenes per c c .  might be lower  
than i s  in d ic a te d .  __



Table VII

P reva len ce  o f  C o li—Aerogenes in  331 Samples o f  Raw M ilk G-rouped 
on B a s is  o f  T otal Count on Standard Agar

T ota l Count Number o f  C o li—Aerogenes per cc*

0 1 - 9 10-99 100

Under 10 ,000 3 6 .4 * 3 2 .8 2 3 .8 7 .0
Over 10 ,000 2 1 .1 8 .0 28 .6 4 2 .3

Under 5 0 ,000 3 1 .8 2 2 .6 2 7 .9 1 7 .7
Over 50 ,000 1 6 .2 8 .1 2 0 .3 5 5 .4

* Per c e n t .

Of th e s e  samples 2 7 .9  per  cent were n e g a t iv e  fo r  co lon  in  1 ,  0 .1  

and 0 .0 1  c c .  amounts; 1 9 .1  per cent were p o s i t i v e  in  l c c ,  26 per cen t  

were p o s i t i v e  in  1 c c .  and 0 .1  c c .  and 27 per cen t  were p o s i t i v e  in  1 

c c . ,  0 .1  c c .  and 0 .0 1  c c .  Malcolm ( l o c .  c i t e )  in  the exam ination of  

2 1 ,5 6 9  samples o f  raw m ilk  found 4 8 .3  per cent to he n e g a t iv e  in  0 . 1 ,  

0 .0 1  and 0 .0 0 1  c c . ,  2 1 .4  per  cent p o s i t i v e  with 0 .1  c c . ,  14 per cent  

p o s i t i v e  w ith  0 .1  and 0 .0 1  c c .  and 1 6 .3  per cent p o s i t i v e  with 0 . 1 ,  0 .0 1  

and 0 .0 0 1  c c .  I f  the 1 c c .  p o s i t i v e s  are e l im in a ted  from the r e s u l t s  

rep o rted  h e r e ,  4 7 .0  per  cen t of samples would he n e g a t iv e  in  a l l  amounts, 

thus corresponding c l o s e l y  w ith the c i t e d  r e s u l t s .  Klirnuer, Hsupt and 

Borches (21) found 57 y e r  c en t  o f  t h e i r  samples to have l e s s  than 10 

co lo n  organisms per c c . ,  2 3 .5  per cent from 10 to 100, 10 per cent from 

100 to 1000 and 2 3 .5  per cent to have over 1000. The r e s u l t s  o f  th ese  

i n v e s t i g a t o r s  are compared n ith  the p resen t  in v e s t ig a t io n s  in  ta b le  TTTI.
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Table VIII

P ercentage  o f  c o l i —aerogenes found in  var iou s  amounts o f  raw 
m ilk  by d i f f e r e n t  in v e s t ig a t o r s

Malcolm (29) Klimmer, Haupt P resent Data
 ________________ & Bo relies (g j )________ _________

s o ld  to  p a s te u r iz in g  i j la n t s ,  found 4 -per cent to  con ta in  no colon  

organism s in  10 c c .  o f  m ilk , 12 per cent p o s i t i v e  in  10 c c . ,  12 per  

cen t  p o s i t i v e  in  1 c c . ,  20 per cent p o s i t i v e  in  0 .1  c c . ,  and 52 per  

cent xx>sitive in  amounts l e s s  than 0 .1  c c .  In 100 samples o f  b o t t l e d  

raw m ilk  from a tu b e r c u lo s is  f r e e  herd , th ese  i n v e s t ig a t o r s  found no 

co lo n  organisms in  30 per cent o f  the 10 c c .  sam ples, in  10 per cen t  

co lo n  werre p resen t  in  t h i s  amount, and in  20 per cent o f  1 c c . ,  14 per  

cen t  o f  0 . 1 , and 26 p>er cen t o f  l e s s  than 0 .1  c c .  p o r t io n s .

The average t o t a l  count o f  the co lon  p o s i t iv e  samples was 140 ,500  

p e r  c c .  or 2 .9  tim es the average t o t a l  count ot tne  co lon  n e g a t iv e  

sam ples , which was 4 8 ,2 7 0 .  Malcolm, in  the in v e s t ig a t i o n  c i t e d ,  found 

an average count o f  160 ,577  in  c o lifo rm  p o s i t i v e  samples and 25 ,295 per 

c c .  in  the c o l i fo r m  n e g a t iv e  sam ples, tne p o s i t iv e  samples hav in g  6 .3  

t im es  as many b a c t e r ia  per c c .  as the n eg a t iv e  samples.

The 50 samples o f  raw m ilk , p la te d  on n e u tr a l  red b i l e  and tryx>tone 

g lu c o s e  m ilk  medium, showed a q u ite  pronounced r e la t io n s h ip  e x i s t i n g  be­

tween co lon  t i t r e  and t o t a l  count, however, the number o f  samples are not  

s u f f i c i e n t  fo r  the drawing o f  d e f i n i t e  c o n c lu s io n .  The r e s u l t s  g iven in  

ta b le  IX, show 9 3 .5  per cen t o f  the sam ples, w ith a t o t a l  count o f  under 

1 0 ,0 0 0 ,  to  be n e g a t iv e  in  a l l  amounts w hile  6 .5  per cent were p o s i t i v e  In

n e g a t iv e  in  0 .1  c c .  4 8 .3
P o s i t i v e  in  0 .1  c c .  2 1 .4
P o s i t i v e  in  0 .0 1  c c .  1 4 .0
P o s i t i v e  in  0 .0 0 1  c c .  1 6 .3

57
2 3 .5  
10
2 3 .5

47
26
27

S la ck  and Maddeford (4 8 ) ,  in  examining 25 samples o f  raw m ilk  as



1 c c .  amounts. The samples w ith  a t o t a l  count o f  over 10 ,000  snowed

2 2 .2  per  cen t to he n e g a t iv e  in  a l l  amounts and 7 7 .8  per cent p o s i t i v e  

in  1 c c .  amounts. The average count o f  tiie co lon  n e g a t iv e  samples was 

6 ,6 5 0  which the co lon  p o s i t i v e  samples had an average t o t a l  count o f  

8 0 ,0 0 0  or 12 t  irnes as many. The lo g a r ith m ic  average o f the co lon  negar- 

t i v e  sam ples, computed hy the method o f  the U. S. P u b lic  h e a lth  S erv ice  

M ilk Ordinance and Code ( 5 4 ) ,  was 5 ,000  w hile  the p o s i t i v e  samples showed 

an average o f  4 5 ,0 0 0  or  9 tim es as many.

Table IX

P reva len ce  o f  C o li—Aerogenes on F i f t y  Samples o f  Raw Milk o f  
D if f e r e n t  t o t a l  Counts on Grlucose Tryptone Agar a t  320 C.

T o ta l  Count Rumber o f  C oli—Aerogenes per c c .

_______________________ 0_______1 - 9  10-99 100

Under 10 ,000  9 3 .5 *  6 .5  0 0
Over 10 ,000 2 2 .2  77 .8  0 0

Under 50 ,000  85 15
Over 50 ,000 0 100

* per cen t

The 34 samples o f  p a s te u r iz e d  m ilk ,  showed 38 per  cent to con ta in  

c o lo n  organisms with an average t o t a l  count o f  17,900 w hile  62 pjer cen t  

were n e g a t iv e  and showed an average count o f  4 ,1 7 1 ,  the p o s i t iv e  samples 

h a v in g  4 .3  tim es as many b a c t e r ia  per c c .  A ll  o f  the p o s i t iv e  samples 

were o b ta in ed  from one p la n t where c o l i —aerogenes organisms were found 

from the c o o le r ,  b o t t l e r ,  and from th e  b o t t l e d  m ilk , t h i s  p lan t had an 

e x c e p t io n a l ly  h ig h  b a c t e r ia l  count even in  the p a s te u r iz in g  ve.t. The 

two o th er  p la n ts  s tu d ie d  showed no colon  organisms in  the b o t t le d  m ilk  

and the count never exceeded 700 per c c .  The frequency of the colon  

organism  in  r e l a t i o n  to t o t a l  count i s  shown in ta b le  X.



Table X

P rev a len ce  o f  C oli-A ero genes in  34 samples o f  P a s te u r iz e d  h i l k  
o f  D i f f e r e n t  t o t a l  Counts on Standard Agar

T ota l Count dumber o f C oli—Aerogenes per c c .

 ___________________0_______1 - 9 _______ 10-99 100

Under 1 ,000  100*
1 -  10 ,000  40 40 10 10
Over 1 0 ,000  30 40 30

* Per cen t

The samples o f  • ' c e r t i f i e d 1* m ilk  gave an average t o t a l  count o f  

1 ,6 8 6  fo r  the co lon  p o s i t i v e  samples which was 1 .6  tim es as g rea t  as 

1 ,0 1 7  the  average count o f  the co lon  n e g a t iv e  sam ples. Ho colon  

organism s were found in  0 .1  c c .  o f  th ese  samples thus f u l f i l l i n g  the  

req u irem en ts  f o r  t h i s  grade o f  m ilk .  S in ce  no samples were examined in  

which the t o t a l  count exceeded 1 0 ,0 0 0 ,  comparison to K l in e 's  (22) r e s u l t s  

co u ld  not he made.



DISCUSSION

I t  i s  f e l t ,  from the r e s u l t s  ob ta in ed  with p a s te u r iz e d  m ilk , as 

produced by s a t i s f a c t o r y  p la n t s ,  th a t  the standard proposed by Swenarten 

i s  n o t  unduly s t r in g e n t .  This standard b e in g  “th a t  not more than 20 per  

cen t  o f  0 .1  c c .  p o r t io n  s h a l l  show B. c o l i 1* or th a t  “p o s i t i v e  r e s u l t s  

s h a l l  n o t  occur in  more than 10 per cent o f  0 .1  c c .  p o r t io n s  when 10 or  

more samples are examined11. I t  would seem e n t i r e l y  p o s s ib le  fo r  t h i s  

standard  to  be met i f  based on the r e s u l t  o f  1 c c .  p o r t io n s ,  which i s  

the s u g g e s t io n  o f  McCrady and Langevin (2-6), who conclude th a t  “p rop er ly  

p a s te u r iz e d  m ilk  should n o t  con ta in  c o l i —aerogenes b a c t e r ia  in  1 c c .  

p o r t io n s  in  more nthan 10 to  20 per cen t o f  t e s t s 1*. S lack  and Maddeford 

( c i t e d )  found th a t  co lo n  b a c i l l i  in  0 .1  c c .  in d ic a t e s  recontam ination  

due to f a u l t y  c o o l in g  or h a n d lin g  and th a t  absence in  50 c c .  may “reason­

a b ly  be e x p e c ted 11. A c o r r e la t io n  o f  38 per cent between low count and 

absence o f  co lon  b a c i l l i  was found by th ese  in v e s t ig a t o r s .  I t  i s  b e l ie v e d  

th a t  from th e s e  r e s u l t s  and from th ose  o f  o th er  i n v e s t ig a t o r s ,  an accurate  

t e s t  f o r  c o l i —aerogenes organisms in  p a s te u r iz e d  and in  c e r t i f i e d  m ilk  

would be a v a lu ab le  a id  in  determ ining the  proper production and sa n ita r y  

q u a l i t y  o f  the m ilk .

This i s  w e l l  emphasized in  the p resen t in v e s t ig a t io n  o f  the one 

p a s t e u r iz in g  p lan t from which samples p o s i t i v e  fo r  co lon  were ob ta in ed .

As in d ic a t e d ,  they were found p resen t in  samples taken from the m ilk  a t  

every  p o in t  a f t e r  i t  had gone over the c o o le r ,  a t  the same time l i t t l e  or 

no in c r e a s e  in  t o t a l  b a c t e r ia l  count was observed. Thus the colon examina­

t io n  in d ic a te d  f a u l t y  methods or equipment w hile  the t o t a l  count f a i l e d  

to  show any contam ination o ccu rr in g .

The work with raw m ilk  tends to confirm the r e s u l t s  obtained  by 

oth er  in v e s t ig a t o r s  but i t  i s  b e l ie v e d  th a t  no standard fo r  t h i s  grade
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can a t the p resen t time be s e t ,  however, i t  woula seem p o s s ib le  that  

r ea so n a b ly  c a r e fu l  produ ction  should y i e l d  a product h av in g  fewer than 

10 co lo n  organisms per c c .  in  70 to 80 per cent of examined sainjjles and 

t h a t  in  no in s ta n c e  should 100 per c c .  be exceeded . .Additional work 

u s in g  tryp ton e  g lu co se  agar or o th er  m od ified  agar at 32° C. fo r  the  

comparison o f  t o t a l  count and presence  o f  the c o l i —aerogenes group i s  

d e s i r a b l e .

.3 9 .



SUMMAHY MD CONOLUSIGNS

The exam ination o f  331 samples o f  raw m ilk , 34 samples o f  p a s te u r iz e d ,  

and 25 samples o f  ’’c e r t i f i e d ” m ilk  fo r  members of c o l i —aerogenes organisms 

by* in o c u la t io n  in  ten  s o l i d  media and f i v e  l iq u id  media, showed n e u tra l  

red  "bile agar and v i o l e t  red b i l e  agar to  be the most s a t i s f a c t o r y  s o l i d  

media and 2 per cent b r i l l i a n t  green b i l e  broth the most s a t i s f a c t o r y  

l i q u i d  medium fo r  the i s o l a t i o n  of t h i s  group* A new s o l i d  medium i s  

d e s c r ib e d  which g iv e s  every in d ic a t io n  o f  being equal to those t e s t e d  fo r  

th e  i s o l a t i o n  o f  the c o l i —aerogenes group.

A study o f  the r e l a t i v e  p r o d u c t iv i ty  o f  th ese  media, u s in g  c o l i -  

aerogen es  c u l tu r e s  r e c e n t ly  i s o l a t e d  from m ilk , in d ic a te d  th a t  none were 

as p ro d u ct iv e  as standard l a c t o s e .  Methylene blue brom -cresol purple and 

b r i l l i a n t  green b i l e ,  in  the order g iv e n ,  were the most productive  o f  the  

l i q u i d  media t e s t e d ,  w hile  n e u tr a l  red b i l e ,  v i o l e t  red b i l e  and Endo 

agar gave h ig h e r  counts than standard agar.

Four hundred and e ig h ty  fou r  c u ltu r e s  o f  the S sch er ich ia -A ero b a c ter  

group were i s o l a t e d  from the raw m ilk .  Of th ese  56 per cent were E scher i­

c h ia ,  2 3 .7  per cent Aerobacter and 2 0 .3  per cent were in term ed ia tes .

F o r ty  f i v e  c u l tu r e s  were i s o l a t e d  from p a s te u r iz e d  m ilk , composed o f  two 

per cen t  E s c h e r ic h ia ,  two per cent Aerobacter and 96 per cent in ter m e d ia te s .  

E ig h t  c u l tu r e s  were i s o l a t e d  from ’’c e r t i f i e d ” m ilk  o f  which 50 per cent  

were E s c h e r ic h ia ,  38 per cent Aerobacter and 12 per cent in term ed ia tes .

I d e n t i f i c a t i o n  o f  the c u ltu r e s  from raw m ilk  showed 12 s p e c ie s  of  

E scherich ia , w ith E. communior b e ing  most p r e v a len t .  F ive sp e c ie s  o f  Aero— 

b a c te r  were i s o l a t e d  w ith A. hibernium b eing  the most p rev a len t .  P a s te u r iz ed  

m ilk  y i e l d e d  one s p e c ie s  each o f  E sch er ich ia  and Aerobacter, while  two' 

s p e c i e s  o f  E sc h e r ic h ia  ana two sp e c ie s  o f  Aerobacter were i s o la t e d  from 

c e r t i f i e d  m ilk .
.4 0 .



A comparison o f  the t o t a l  count on standard agar and presence o f  

c o lo n  organisms showed the co lon  p o s i t i v e  samples o f  raw m ilk  to hs.ve 

a t o t a l  count 2*9 tim es th a t  o f the co lon  n e g a t iv e  sam ples. Less than 

10 co lo n  organisms per c c .  were found 1 n 6 9 .2  r c e in t o i  s an o 1 c s w x tin 

a t o t a l  count o f l e s s  than 10 ,000  b a c t e r ia  per c c .  Ho p a s te u r iz ed  samples 

w ith  counts under 1 ,0 0 0  con ta in ed  co lon  organism s, the count of co lon  

in o s it iv e  samples b e in g  4 .3  tim es h ig h er  than colon n eg a t iv e  sam ples. Ho 

c o lo n  organisms were found in  0 .1  c c .  o f  " c e r t i f ie d "  m ilk .

T o ta l  b a c t e r ia l  counts made on tryptone g lu cose  m ilk  mddium at  

32° C. gave e x c e l l e n t  c o r r e la t io n  with co lon  t i t r e ,  9 3 .5  per cent o f  

sam ples w ith a t o t a l  count unu.er 10 ,000 were n e g a t iv e  f o r  co lon  organ­

is m s ,  the average count o f  co lon  p o s i t i v e  samples were 12 times h ig h er  

than co lon  n e g a t iv e  samples b e in g  6 ,650  and 90 ,000  per c c .  r e s p e c t iv e ly .

The p resen ce  o f  the c o l i —aerogenes group in  raw m ilk  o f  high- 

b a c t e r i a l  count, would seem to be o f  l i t t l e  s i g n i f i c a n c e ,  in  m ilk  o f  

low count the number o f  co lon  b a c t e r ia  might be l im i t e d  to presence in  

1 c c .  amounts in  a h ig h  per cent o f  samples examined. In order to 

determ ine the sa n ita r y  c o n d it io n s  under which the m ilk  i s  produced* 

fu r t h e r  work to determine a standard fo r  th ese  organisms i s  d e s ir a b le .

The presence  o f  c o l i —aerogenes organisms in 1 c c .  o f  p a s teu r ized  

m ilk  in  10 to 20 per cent o f  samples woulc. seem s u f f i c i e n t  to in d ic a te  

con tam in ation , which as i s  shown in t h i s  in v e s t ig a t io n  might not be 

in d ia a te d  by t o t a l  b a c t e r ia l  cou n ts . This t e s t  in  p a s teu r ized  m ilk  i s

p a r t i c u l a r l y  d e s i r a b le .

The p resen t  standards fo r  c e r t i f i e d  m ilk  in r e sp e c t  to colon content

are q u ite  l e n i e n t .  L actose ta u r o c h o l- te  sgar was found u n s a t i s f a c to r y

in  th ese  experim ents so th a t  the adoption o f  a more sa t  in fs  ctory  method

f o r  the d e t e c t io n  o f  th ese  organisms would be d es ira b le  and i f  t h i s  i s

r e a l i z e d  a more s tr in g e n t  standard would seem p o s s ib l e .  The value o f  a

t e s t  to in d ic a te  contam ination  in  a m ilk  to be consumed raw can not be to  
h ig h ly  s t r e s s e d .  4-1
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