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2 5 th  May 1909.

I  h e re b y  d e c l a r e  t h a t  t h e  worN f o r  t h i s  

T h e s is  h a s  b een  done and th e  T h e s is  I t s e l f  

composed by me.

My th an k s  a r e  due to  D r, John R o b e r tso n  who su g g e s te d  

t h i s  i n v e s t i g a t i o n  to  me and who p la c e d  th e  f a c i l i t i e s  o f  

t h e  P u b l i c  H e a l th  D epartm ent o f  th e  C i ty  o f  Bir^Tiingham a t  

my d i s p o s a l  w h i le  th e  e n q u iry  was b e in g  c a r r i e d  o u t .

The B a c t e r i o ^ l o g i c a l  work was conduc ted  in  t h e  

P a t h o lo g i c a l  D enartm ent o f  t h e  U n i v e r s i t y  o f  Birmingham by 

kind p e rm is s io n  o f  P r o f e s s o r  R* P . C, L e i t h ,

I  d é s i r e  a l s o  to  r e c o rd  my in d e b te d n e s s  to  D rs ,

R.M,Buchanan, A .C .H ouston , P r o f e s s o r  R ,P .C ,L e i th ,

Dr, A.T.MacCoakey, P r o f e s s o r  E.J.MoWeeney, and D r. W ,p.Ravage 

f o r  t h e i r  k in d n e s s  in  se n d in g  me t h e  v a r io u s  s t r a i n s  o f

organ ism s made u se  o f  d u r in g  t h i s  i n v e s t i g a t i o n  and

t a b u l a t e d  in  T able



ICS-CRBAM AND ITS RSijATION 

TO THE FJBIilO JIBALTH.

TJiQ im p o rtan o e  o f  i o e —orèani a s  a  means by w hloh  i n f e c t i o n  

may b e  c a r r i e d  and d i s e a s e  p rod uced  h a s  n o t  e n t i r e l y  escap ed  

t h e  a t t e n t i o n  o f  e p id e m i o l o g i s t s .  I n  some r e c o rd e d  c a s e s  a 

p a r t i c u l a r  i n g r e d i e n t  o f  t h e  i c e -c re a m  h a s  been a t  f a u l t  w h i le  

i n  o t h e r s  i t  h a s  b een  t h e  i c e - c r e a m  a s  a  whole w h ich  h a s  

become c o n ta m in a te d .

R e c o r d e d  o u t b r e a k s  d u e  t p  ,.th&

In g r e d i e n t s  i n

S c a r l e t  F e v e r . I n  1875 Buchanan ^ i n  a  r e p o r t  to  t h e  P r iv y  

C o u n c il  and L o c a l  Government Board c a l l e d  a t t e n t i o n  t o  th e  

f a c t  t h a t  i c e -p u d d in g  had caused  o a se s  o f  S c a r l e t  F e v e r  and 

Sore—t h r o a t  a t  S ou th  K e n s in g to n .  I n  t h i s  o u tb r e a k  th e  

i n f e c t i o n  was t r a c e d  to  th e  cream  w h ich  had b e e n  u sed  i n  

th e  m a n u fa c tu re  o f  th e  i c e - p u d d in g .

I r r i t a n t  P o i s o n l n z . O th e r  i n g r e d i e n t s  o f  i c e - c r e a m  have  

l i k e w i s e  been  acc u sed  o f  c a u s in g  i l l n e s s ,  e s p e c i a l l y  th e  

c o lo u r in g  m a t t e r .  ISO p e r s o n s  w ere  a t t a c k e d  w i t h  symptoms o f  

i r r i t a n t  p o is o n in g  in  New York i n  1884 , and t h i s  was p u t  

down t o  th e  c o lo u r in g  m a t e r i a l  u se d  i n  t h e  i c e - c r e a m  o f  w hich  

th ey  a l l  p a r to o k .

fie corded. Outbr e a k  due_:ko 

Xca-Cream.

t ypho id  F e v e r . I n  1891 T u rn e r  ® t r a c e d  th e  o r i g i n  o f  an 

o u tb r e a k  o f  Typhoid F e v e r  o c c u r r in g  a t  D e p tfo rd  to  

s p e c i f i c a l l y  i n f e c t e d  i c e - c r e a m  made by I t a l i a n s  l i v i n g  i n  

M i l l  L an e .  H is I n v e s t i g a t i o n  d u r in g  t h i s  o u tb r e a k  i n t o  th e



c o n d i t i o n s  u n d e r  w hich ic e - c r e a m  i s  m a n u fa c tu re d  l e d  

him  to  co n c lu d e  t h a t  t h e  s a l e  o f  i c e - c r e a m  " s h o u ld  

be  r e g u l a t e d  i n  th e  same way as  th e  s a l e  o f  m i lk ” .

I n  h i s  R ep o rt  on th e  H e a l th  o f  L i v e r p o o l , f o r  

189 7 , Hope ^  r e c o r d s  27 c a s e s  o f  Typhoid F e v e r ,

25 o f  w hich  had  p a r t a k e n  o f  i c e - c r e a m  a t  a v i l l a g e  

f a i r  and 2 o f  c h ip  p o t a t o e s  bought from t h e  same 

v e n d o r  a t  t h e  same t im e .  A c a s e  o f  Typhoid F ev er  

was r e s i d e n t  i n  t h i s  vendor* s h o use  a t  t h e  t im e  o f  

t h e  f a i r .

The s p re a d  o f  E n t e r i c  F ever by i c e - c r e a m  was 

a g a in  w e l l  i l l u s t r a t e d  i n  1904, by t h e  o u tb re a k  

w hich  o c c u r re d  a t  Govan and was r e p o r t e d  upon by 

B a r r a s , 5 B a c t e r i o l o g i s t  t o  t h e  P u b l i c  H e a l th  

D epartm ent t h e r e .  19 c a se s  o c c u r r e d  and t h e s e  

a l l  o b ta in e d  i c e - c r e a m  from  a v e n d o r  who was s u f f e r i n g  

fa?om an  a t t a c k  o f  Typhoid w hich  he  c o n s id e re d  to  be 

I n f l u e n z a .  R e fe re n c e  i s  made i n  t h i s  p a p e r  to  a 

s i m i l a r  o u tb re a k  on a much l a r g e r  s c a l e  i n v e s t i g a t e d  

by  Munro® i n  R e n f re w s h ire  i n  189S.

. ,0.8̂ 3 t r q - E | ^  . A nderson?

c o n t r i b u t e d  t o  t h e  May Number o f  P u b l i c  H e a l th ,  1896, 

th e  r e s u l t s  o f  an e n q u iry  i n t o  t h e  m a n u fa c tu re  and 

s to r a g e  o f  i c e - c r e a m  w hich  was p o p u la r ly  lo o k ed  upon 

as  th e  c au se  o f  c e r t a i n  c a s e s  o f  Typhoid F ev er  and 

G a s t r o - E n t e r i t i s  a t  B la c k p o o l .  ^he



I n v e s t ig a t io n  however was begun l a t e  in  th e  se a s o n  and no 

d e f in i t e  c o n c lu s io n  was a r r i v e d  a t .

D ia r r h o e a .  An i n t e r e s t i n g  o u tb r e a k  o f  D ia r rh o e a  o c c u r re d  i n  

t h e  m id d le  o f  A u g u s t ,  19 00 , i n  th e  R ochdale  D i s t r i c t  and was 

i n v e s t i g a t e d  by H e n r y 146 p e rs o n s  be tw een  th e  ages  o f  1 

and 5 y e a r s  w ere  a f f e c t e d ,  and 141 o f  t h e s e  had e a t e n  i c e ­

cream  s u p p l i e d  by one man. The s e v e r i t y  o f  t h e  symptoms 

ran g e d  from  s l i g h t  s i c k n e s s  t o  s e v e r e  v o m it in g  and d y s e n te r y .  

D eath  o c c u r re d  i n  one c a s e .  The baby i n  t h e  h o u se  o f  th e  

v en d o r  was s u f f e r i n g  from  D ia r rh o e a  and D r. Henry r e p o r t s  

t h a t  on v i s i t i n g  t h e  p re m ise s  h e  found th e  b a b y 's  n a p k in s  

b e in g  washed w i t h i n  a  few in c h e s  o f  t h e  s t r a i n e r  u se d  i n  

t h e  p ro c e s s  o f  m a n u fa c tu re  o f  t h e  i c e - c r e a m .

" G a e r tn e r "  In fe o .tlori* A v e ry  co m p le te  r e c o r d  o f  an  o u tb re a k  

o f  d i s e a s e  due to  t h e  consum ption  o f  i c e - c r e a m  i s  to  be
9

found i n  t h e  Annual R e p o r t  o f  t h e  M ed ica l  O f f i c e r  o f  H e a l th

f o r  Birmingliam, 1905 . 52 c a s e s  were r e c o r d e d ,  4 b e in g  a d u l t s

and th e  re m a in in g  48 c h i l d r e n  u n d e r  14 y e a r s  o f  a g e .  A l l

had  p a r t a k e n  o f  i c e - c r e a m  s u p p l ie d  by one v e n d o r  and a

sam ple o f  t h i s  was s u b m it te d  to  L e i t h  f o r  b a c t e r i o l o g i c a l

a n a l y s i s .  The e x am in a t io n  r e v e a l e d  t h e  p re s e n c e  o f  a

b a c i l l u s  b e lo n g in g  to  t h e  G a e r tn e r  g ro u p ,  and to  t h i s

organism  th e  outbreak was con seq u en tly  a t t r ib u t e d .

S m a ll-P o x » The B r i t i s h  M ed ica l  J o u r n a l ,  1901, V o l . 2 ,
10c o n ta in s  a r e p o r t  by t h e  M ed ica l  O f f i c e r  o f  H e a l th  f o r  

Rowley R eg is  on th e  s p re a d  o f  Sm all-Pox  i n  t h a t  D i s t r i c t  by 

i c e - c r e a m  o b ta in e d  frOm a v e n d o r  who had  a  boy s u f f e r i n g  

from  Sm all—Pox a t  home. The J i i s t o r y  o f  t h e  o u tb r e a k  i s  no^ 

c l e a r  and t h e  e v id e n ce  a g a i n s t  t h e  i c e - c r e a m  n o t  c o n c l u s i v e .  

loe-C reap i P o i s o n in g . Vaughan i n  1886 c h e m ic a l ly  

examined a sam ple o f  ic e -c re a m  w hich  had caused  i l l n e s s  i n



4

18 p e r s o n s .  He i n c l i n e d  t o  th e  v iew  t h a t  t h e  p o i s o n in g  v/as 

due to  a  c h em ic a l  p o is o n  a l l i e d  t o  t y r o to x i o o n .

T hree  o a se s  o f  i l l n e s s ,  one o f  w hich  was f a t a l ,  o c c u rre d  

i n  S t . P a n e ra s  i n  1888 and i n  a l l  o f  them ic e - c r e a m  had b een  

ta k e n  and was c o n s id e r e d  th e  e t i o l o g i c a l  f a c t o r .  At t h e  

in q u e s t  on th e  f a t a l  c a s e  t h e  p o s s i b i l i t y  o f  t h e  " le a d e n  o r  

p e w te r  p o t"  i n  w hich  th e  a r t i c l e  was f r o z e n  h a v in g  d e te rm in e d  

th e  symptoms o f  p o i s o n in g  was f r e e l y  p u t  f o r w a r d .

An o u tb r e a k  o f  p o i s o n in g  by i c e - c r e a m  o c c u r re d  a t  

Antwerp i n  1898*^^ Some tw en ty  c a s e s  w ere  removed to  

h o s p i t a l  and t h e  m ost s t r i k i n g  symptoms o f  t h e  i l l n e s s  were 

low te m p e r a tu re  and c y a n o s i s .  C u r io u s ly  enough t h e r e  were 

no symptoms o f  g a s t r o - i n t e s t i n a l  i r r i t a t i o n .  The A n a ly s t  

r e p o r t e d  t h a t  th e  im p l i c a te d  i c e - c r e a m  was good .

C o l l i n g r id g e ^ ^  a t t r i b u t e d  th e  i l l n e s s  o f  18 boys i n  t h e  

t e l e g r a p h  d e p a r tm e n t  i n  t h e  C i ty  o f  London, i n  J u ly  1902 , t o  

th e  consum ption  o f  i c e - c r e a m .  The m ain symptoms were 

e p i g a s t r i c  p a i n ,  c o l i c ,  h e a d a c h e ,  n a u se a  and n e rv o u s  d e p re s s io n ^  

a s s o c i a t e d  i n  some i n s t a n c e s  w i th  v o m it in g  and d i a r r h o e a .

K le in  was a p p o in te d  a t  t h a t  t im e  to  conduct a b a c t e r i o l o g i c a l  

eXEimination o f  sam ples o f  i s e - o r e a m  ta k e n  i n  t h e  C i ty .  

T w en ty -fo u r  sam ples were su b m it te d  and K le in  r e p o r t e d  t h a t  th e  

number o f  o rg an ism s  p e r  c u b ic  c e n t im e t r e  v a r i e d  g r e a t l y  and 

t h a t  t h i r t e e n  o f  th e  sam ples w ere p roved  p o iso n o u s  by 

i n o c u l a t i o n  i n t o  g u i n e a - p i g s .  Many o rgan ism s o f  t h e  C o l l  

group  w ere  i s o l a t e d  d u r in g  t h e  i n v e s t i g a t i o n  and one o f  them 

was an  ex trem e ly  v i r u l e n t  b a c i l l u s .  The m a j o r i t y  o f  th e  

o rgan ism s w ere n o n - s p o r in g  and K le in  was t h e r e f o r e  o f  o p in io n  

t h a t  c o n ta m in a t io n  had o c c u r re d  a f t e r  b o i l i n g ,  i . e . ,  d u r in g  

th e  c o o l in g  and f r e e z i n g  p r o c e s s e s .



XnAivMuaX^o^ases

due .A Q^Qe,-CrQ8m*

In  a d d i t i o n  to  t h e s e  v a r i o u s  o u tb re a k s  ample r e f e r e n c e  

may be  found to  i n d i v i d u a l  o a se s  o f  i l l n e s s  caused  by 

i c e -c re a m  con su m p tio n . H am er's  R e p o r t ^  on t h e  P r e p a r a t i o n  

and S a le  o f  Food i n  London t o  t h e  London County C o u n c il  i n  

1899 , g iv e s  a  good a c c o u n t  o f  them and t o  t h a t  number may be  

added th e  c a s e  o f  a boy o f  14 y e a r s  ( L a n c e t ,V o l .2 ,  1900 , 

p . 1591) who succumbed t o  p to m aine  p o i s o n in g  a s  a  r e s u l t  o f  

e a t i n g  i c e - c r e a m .

P r e v io u s  B a o te r io lo Æ ic a l  S tu d ie s  

,I& e% Gre^.

The fo r e g o in g  a c c o u n ts  show t h a t  i c e - c r e a m  may be  t h e  

c a r r i e r  o f  v e ry  many d i s e a s e s .  The f i r s t  s y s te m a t i c  s tu d y  

o f  t h e  f r o z e n  commodity from  t h e  b a c t e r i o l o g i c a l  p o i n t  o f  

v iew  was co n d u c ted  i n  t h i s  c o u n try  by MaoFadyen and 

C o lw e ll^ ^  i n  1895 . T h e i r  i n v e s t i g a t i o n s  in c lu d e d  c h e m ic a l ,  

m ic ro s c o p ic  and b a c t e r i o l o g i c a l  e x a m in a t io n s .  Bed b u g s ,  

b u g s '  l e g s ,  f l e a s ,  s t r a w ,  human h a i r ,  c a t s '  and dogs* h a i r s ,  

c o a l  d u s t ,  w o o l le n  and l i n e n  f i b r e s ,  to b a c c o ,  e p i t h e l i a l  

s c a l e s  and m u sc u la r  t i s s u e  w ere  a l l  r e v e a l e d  a s  o c c a s i o n a l l y  

p o l l u t i n g  t h i s  m a t e r i a l .  The maximum number o f  o rgan ism s 

p e r  c u b ic  c e n t im e t r e  i n  i c e - c r e a m  w hich  t h e s e  o b s e r v e r s  

found p r e s e n t  i n  shop sam ples was j u s t  o v e r  1 ,0 0 0 ,0 0 0  and i n  

b a rro w  sam ples o v e r  7 ,0 0 0 ,0 0 0 .

N ie ld -C o ok  ^  gave a t t e n t i o n  t o  t h e  s u b j e c t  i n  th e  

f o l lo w in g  y e a r .  He o b ta in e d  1 4 ,2 8 0 ,0 0 0  m ic ro b e s  p e r  c u b ic  

c e n t im e t r e  i n  i c e - c r e a m  and was a b l e  t o  i s o l a t e  from s e v e r a l  

sam ples t h e  B a c i l l u s  C o l i  Communis, P r o te u s  V u l g a r i s ,  th e  

B a c i l l u s  F lu o re s c e n s  L iq u e f a c ie t t s  and many C o cc i .



15W ilk in so n  p u b l i s h e d  h i s  b a c t e r i o l o g i c a l  r e s u l t s  i n

t h e  Ja n u a ry  Number o f  P u b l i c  H e a l th ,  1899 and t h e
12

e x am in a tio n s  by K le in  i n  1902 o f  tv /e n ty - f o u r  sam ples

ta k e n  in  th e  C i ty  o f  London have  b e en  a l r e a d y  r e f e r r e d  t o .

I n  America t h e  Annual R eport® of th e  B osto n  H e a l th

D epartm ent f o r  1906 f u r n i s h e s  r e c o r d s  o f  th e  b a c t e r i o l o g i c a l

e x a m in a t io n s  o f  v a r i o u s  sam ples o f  i c e - c r e a m  and hokey-pokey

ta k e n  d u r in g  19&6 i n  v/hich th e  h i g h e s t  b a c t e r i a l  c o u n t  v/as

15 0 ,0 0 0 ,0 0 0  p e r  c u b ic  c e n t im e t r e  and t h e  lo w e s t  1 ,0 0 0 ,0 0 0 .

An acc o u n t  o f  s i m i l a r  work conducted  i n  th e  b a c t e r i o l o g i c a l

l a b o r a t o r y  o f  th e  C i ty  o f  P h i l a d e l p h i a  by P e n n in g to n  and 
24.W a l t e r '^  d u r in g  1905 and 1906 a p p e a re d  i n  t h e  November 

Number o f  th e  New York M e d ica l  J o u r n a l  f o r  1907 . 68 sam ples

were examined and among t h e s e  th e  lo w e s t  c o u n t  r e c o rd e d  was

50 .000  p e r  c u b ic  c e n t im e t r e  and th e  h i g h e s t  more th an

1 5 1 .2 0 0 .0 0 0  and c a l l e d  in n u m e ra b le .  T h e i r  e x a m in a t io n  

in c lu d e d  an en u m e ra t io n  o f  l e u c o c y te s  and a s e a r c h  f o r  

s t r e p t o c o c c i  a s  w e l l  a s  a  s a n i t a r y  i n s p e c t i o n  o f  th e  p re m is e s  

on w h ich  th e  a r t i c l e  was m a n u fa c tu re d .

o f  th e . jgLresent i n v e s t i g a t i o n .

The p r e s e n t  r e s e a r c h  h a s  been  u n d e r ta k e n  i n  Birmingham 

v fith  a v iew  to  a s c e r t a i n i n g  how and to  w hat e x t e n t  i c e - c r e a m  

i s  c o n ta m in a te d .  I t  h a s  b e en  l i m i t e d  to  th e  ic e -c re a m  

p re p a re d  by I t a l i a n s  and sm a ll  r e t a i l  E n g l i s h  c o n f e c t i o n e r s  

and h a s  in c lu d e d

(1) An e n q u iry  i n t o  th e  m ethods o f  p r e p a r a t i o n ,

(2) A s a n i t a r y  i n s p e c t i o n  o f  t h e  p re m ise s  on w hich  

ic e -c re a m  i s  made, and

(5) A b a c t e r i o l o g i c a l  s tu d y  o f  t h e  m ix tu re  a t  v a r io u s



s t a g e s  i n  t | ie  p r o c e s s  o f  m a n u fa c tu re .

C om po sit io n  o f  I c  e-crearn  ju i  thlg__C a im try .

The i n g r e d i e n t s  v a ry  a c c o rd in g  to  t h e  q u a l i t y  o f  th e  

ai’t i o l e  s o l d .  The simpleJtfoxm o f  i c e - c r e a m  i s  composed o f  

m i lk ,  su g a r  and c o r n f l o u r .  I n  o t h e r s  th e  c o r n f l o u r  i s  

r e p l a c e d  by " i c e - c r e a m  pow der" ,  and t o  e i t h e r  c o m b in a t io n  

eggs may be  added i n  t h e  p r o p o r t i o n  o f  4 to  12 to  t h e  g a l l o n .  

Sometimes a c o lo u r in g  a g e n t  i s  added and th e  f i n i s h e d  p ro d u c t  

v a r i e s  i n  c o lo u r  from  w h i te  to  o ra n g e .

P . C j g r e p ^ r a t j ^ .

The m ethods o f  p r e p a r a t i o n  by 50 d i f f e r e n t  v e n d o rs  

(£5 E n g l i s h  and 17 I t a l i a n )  w ere  i n v e s t i g a t e d .

Heating.* ^he f i r s t  s t a g e  o f  t h e  p r o c e s s  v a r i e s  a c c o rd in g  to  

th e  p r a c t i c e  o f  t h e  m a n u f a c tu r e r .  I n  4 i n s t a n c e s  ( a l l  

E n g l is h )  t h e  m i lk  and su g a r  w ere  b o l i e d  i n  an enamel p o t  and 

pou red  w i t h  s t i r r i n g  onjto th e  re m a in in g  i n g r e d i e n t  o r  i n g r e d i e n t s  

i n  a g a lv a n is e d  i r o n  b u c k e t .

I n  17 i n s t a n c e s  (4 I t a l i a n  and 15 E n g l i s h )  some form  of 

" w a te r  b a th "  v/as u se d  f o r  h e a t i n g  a l l  t h e  i n g r e d i e n t s  t o g e t h e r .

I n  o n ly  one i n s t a n c e  (N o.2 i n  T ab le  a, I t a l i a n )  was a b o i l e r  

r e s e r v e d  f o r  u s e  a s  a  w a te r —b a t h ;  th e  o th e r  16 ? n an u fac tu re rs  

u s in g  t h e  washhouse b o i l e r  o r  a l a r g e  p o t .  I n  t h i s  m ethod o f  

h e a t i n g ,  th e  i c e - c r e a m  i n g r e d i e n t s  w ere  p u t  i n t o  th e  f r e e z e r  

w hich  i n  i t s  t u r n  was p la c e d  i n  t h e  w a te r  o f  t h e  b o i l e r  and 

g r a d u a l ly  h e a t e d .

I n  th e  re m a in in g  23 i n s t a n c e s  (16 E n g l i s h  and i s  I t a l i a n )  

t h e  m i lk  and su g a r  w ere  b o i l e d  i n  enamel o r  i r o n  p o t s  d i r e c t l y  

o v e r  an open f i r e p l a c e  o r  s to v e  and t h e  c o r n f l o u r  o r  i c e - c r e a m  

powder and eg g s ,  i f  any , w ere  g r a d u a l l y  added w i t h  s t i r r i n g  and 

m airjtenanoe  o f  t h e  t e m p e r a tu r e .
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The d u r a t io n  o f  h e a t in g  v a r i e d  g r e a t l y .  I n  t h e  f i r s t  

method the m i lk  and s u g a r  w ere  m ere ly  b ro u g h t  to  t h e  b o i l ,  * 

w h i l e  i n  th e  second and t l i i r d  m ethods th e  m a n u f a c tu r e r s  

s t a t e d  t h a t  b o i l i n g  was c o n t in u e d  i n  some c a s e s  f o r  a  few 

m in u te s  and i n  o th e r s  f o r  one h o u r  and a  h a l f .

C o o l in g . A f t e r  t h i s  t r e a tm e n t  th e  i c e - c r e a m  commodity i s  

s e t  o u t  i n  g a lv a n is e d  i r o n  b u c k e t s  to  c o o l ,  o r  i t  may rem a in  

i n  th e  f r e e z e r  i f  th e  f i r s t  s t a g e  was c a r r i e d  o u t  i n  t h a t  

v e s s e l .  I n  o n ly  one i n s t a n c e  (No. 6 i n  T ab le  2 I t a l i a n )  

w ere t h e s e  b u c k e t s  r e s e r v e d  s o l e l y  f o r  u s e  i n  th e  m a n u fa c tu re  

o f  th e  i c e - c r e a m .  I n  t h e  re m a in in g  49 c a s e s  th ey  w ere 

u se d  f o r  o r d in a r y  d o m es tic  p u rp o s e s  as  w e l l ,  and in  one 

i n s t a n c e  f o r  t r i p e  c l e a n s in g  a l s o .  I n  10 c a s e s  (8  I t a l i a n  

and 2 E n g l i s h )  t h e  i c e - c r e a m  was covered  w h i le  c o o l in g  and 

w i th  r e g a r d  to  th e  8 I t a l i a n s  i t  may be s a i d  t h a t  i n  no 

i n s t a n c e  was th e  c o v e r in g  e f f l u e n t .  I t  c o n s i s t e d ^ o f  

c u r t a i n  m a t e r i a l  w i th  a w ide mesh work w hich  oo u l d  p r e v e n t  

on ly  l a r g e  p a r t i c l e s  o f  d i r t  g a in in g  a c c e s s .  The 2 E n g l i s h  

v e n d o rs  u se d  f i n e  m u s l in .

m

C ooling  i n  shed w i th  C u r ta in  Cover, 
(No 2 In  T ab le  2}



No s p é c i a l  a t t e n t i o n  was g iv e n  to  t h e  w ash ing  o r  c le a n s in g  

o f  t h e s e  c o v e r in g s  v;hich w ere  u se d  o v e r  and o ve r  a g a in  

u n t i l  o b v io u s ly  u n c le a n .  I n  s e v e r a l  c a s e s  th e  c o v e r in g  

d ipp ed  i n t o  t h e  i c e - c r e a m  w h i le  c o o l i n g .  The v e s s e l s  

i n  w hich  t h e  i c e - c r e a m  was c o o le d  w ere  u s u a l l y  p la c e d  on 

a s l o p e  so  a s  t o  expose a  l a r g e r  s u r f a c e  to  th e  a i r  f o r  

C oo ling  and w ere  a llow ed  to  s ta n d  i n  t h i s  p o s i t i o n  o v er  

n i g h t .

F r e e z i n g . On t h e  f o l lo w in g  m orning  t h e  m ix tu r e  was 

s t r a i n e d  i n t o  t h e  f re e a te r  ( i n  th o s e  c a s e s  i n  w h ic h  i t  had  

n o t  c o o le d  i n  th e  f r e e z e r )  th ro u g h  a m e ta l  s i e v e .  The 

f r e e z e r s  u sed  w ere e i t h e r  o f  th e  E n g l i s h  o r  t h e  American 

p a t t e r n  and th e  f r e e z i n g  m ix tu r e  v/as i n v a r i a b l y  s a l t  and 

ice*  The s a l t  and i c e  w ere  u s u a l l y  s p e c i a l l y  s u p p l ie d  

by a t r a d e r  f o r  th e  p u r p o s e ,  b u t  i n  a few i n s t a n c e s  s a l t  

was u se d  w hich  had been  p r e v i o u s ly  employed i n  t h e  c u r in g  

o f  b a c o n .

The E n g l i s h  F r e e z e r . D uring th e  p r o c e s s  o f  f r e e z i n g  th e  

i n n e r  v e s s e l  c o n ta in in g  t h e  m ix tu re  i s  i n  c o n s t a n t  

r o t a t i o n .  Where th e  E n g l i s h  f r e e z e r  i s  u s e d  the  i c e ­

cream h a s  t o  be  s t i r r e d  up f r e q u e n t l y  to  h a s t e n  and 

com ple te  - i t s  s o l i d i f i c a t i o n .  F o r  t h i s  p u rp o se  a

s p e c i a l  m e ta l  spade w i t h  a  wooden h a n d le  i s  employed, and 

t h e  l i d  o f  th e  v e s s e l  i s  removed and u s u a l l y  n o t  r e p l a c e d .  

The sp ad e  i s  worked by t h e  h an d s  w hich  have  n o t  been  

washed b e f o r e  f r e e z i n g  i s  begun ,and  w h ich , s l i d i n g  up and 

down t h e  J iand le  o f  t h e  sp ad e  and b e in g  u se d  o c c a s i o n a l l y  

f o r  t a s t i n g  th e  i c e - c r e a m ,  g r e a t l y  add t o  t h e  c o n ta m in a t io n  

o f  t h e  f i n i s h e d  p r o d u c t .



' "A!' a

«■ -

2 . E n g l i s h  p a t t e r n .  Method o f"S p ad ln g "  (No 2 I n  T ab le  2)

Note t h a t  th e  l i d  i s  p l a c e d  on th e  ground d u r in g  
t h e  p r o c e s s .

ï î f f f  *>*.

f îM »  n

5 . E n g l i s h  p a t t e r n .  Spades u sed  in  f r e e z i n g  (N o .15 in  ^ a ^ le  
2 ) ,  Note t h e i r  rough  c o n s t r u c t i o n  and t h e  l i g h t e r  
a r e a  on th e  s h a f t s  w here  th e  o p e r a t o r ’ s hands have 
worked up and down.
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The -Amerlo a n  F r e e z e r . When th e  A m erican  F r e e z e r  i s

u se d  t h e  l i d  i s  k e p t  on c o n s t a n t l y  d u r in g  th e  w hole  f r e e z i n g  

p r o c e s s  and t h e  n e c e s s a r y  s t i r r i n g  o f  t h e  i c e - c r e a m  i s  done 

by a m e c h a n ic a l  c o n t r i v a n c e ,  i n s i d e  th e  a p p a ra tu s *  T h is  

f r e e z e r  o b v io u s ly  g r e a t l y  d im in is h e s  th e  r i s k s  o f  p o l l u t i o n  

and i t  ough t to  be  i n  g e n e r a l  u s e .

aS

4 .  American p a t t e r n F r e e z i n g .



5* American p a t t e r n .  Shewing m ec h an ica l  

c o n t r iv a n c e  f o r  s t i r r i n g ,  removed from  

i n t e r i o r  o f  f r e e z e r .
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The Jgr,esils,es.jan(i t h e i r  Su r ro u n d in g s . .

Twelve m a n u f a c tu r e r s  ( a l l  I t a l i a n s )  had sheds  e r e c te d  

f o r  th e  p r e p a r a t i o n  o f  th e  a r t i c l e *  T hese  sheds  w ere  

s i t u a t e  i n  a common y a rd  and w ere  c o n s t r u c t e d  o f  wood 

c a r e l e s s l y  n a i l e d  t o g e t h e r  w i th  a  c o r r u g a te d  z in c  r o o f  on 

w hich  w ere  to  be found o ld  b a s k e t s ,  r a b b i t  s k i n s ,  and o th e r  

r u b b i s h .  The f l o o r s  w ere  b a d ly  p a v ed . Only one o f  th e s e  

tw e lv e  m a n u f a c tu r e r s  (iIo*6 i n  T ab le  2) had  a p l a c e  u se d  

s o l e l y  by  h i m s e l f .  The o t h e r s  u se d  sh ed s  i n  cd mmon v / i th  

o t h e r  v e n d o r s .  I n  many c a s e s  tu b s  o v e rf lo w in g  w i th  

v e g e t a b l e  r e f u s e  w ere  d o s e  a t  h a n d .  I t  i s  v e ry  d i f f i c u l t  

t o  g e t  I t a l i a n s  t o  make a p r o p e r  u s e  o f  W.Cs. and i n  

consequence  t h e s e  w ere  commonly found i n  a  f i l t h y  s t a t e  

i n  th e  same common y a rd  as  t h a t  i n  w h ich  t h e  i c e - c r e a m  was 

m a n u fa c tu re d .  E e f e re n c e  h a s  a l r e a d y  been  made to  t h e  

f a c t  t h a t  one m a n u f a c tu r e r  (N o .2 i n  T ab le  2) had a  b o i l e r  

w hich  he  r e s e r v e d  f o r  th e  h e a t i n g  o f  th e  i c e - c r e a m .  T h is ,  

how ever, was p la c e d  i n  a sm a l l  d a rk  c o m e r  o f  th e  y a r d  and 

was su r ro u n d e d  w i th  d e c a y in g  v e g e t a b l e  m a t t e r  and human 

e x c r e t a .  S e a t in g  and c o o l in g  o f  th e  i c e - c r e a m  m a t e r i a l  

a r e  c a r r i e d  o u t  i n  t h e s e  b a d ly  c o n s t r u c t e d  sheds  and d u r in g  

t h e  c o o l in g  s t a g e  th e  comîaodity i s  exposed th ro u g h  th e  

open ;; d o 6 r ,  d e f e c t i v e  j o i n t s  and r o o f ,  t o  c o n ta m in a t io n  by 

t h e  d u s t  and d r i e d  human excrem ent from t h e  s u r f a c e  o f  th e  

i l l - p a v e d  and d i r t y  common y a rd s  i n  w hich  th e  m a n u fa c tu r in g  

p r o c e s s  i s  c o n d u c te d .  Amongst t h e  re m a in in g  t h i r t y - e i g h t  

v e n d o rs  th e  p ro c e s s  o f  b o i l i n g  o r  h e a t i n g  i s  c a r r i e d  on i n  

th e  l i v i n g  room, k i t c h e n  o r  s c u l l e r y  o f  t h e  h o u s e ^  o r  i n  th e

*
I n  th e  c a se  o f  I t a l i a n s  th e  h o u se  i s  f r e q u e n t l y  overc row ded , 
• n e  such  example w i n  s u f f i c e *  No.4  i n  T ab le  -  S sm a ll  bed ­
rooms and 2 sm a l l  l iv in g - r o o m s  w ere  o c c u p ie d  by 7 a d u l t s  (o v e r  
15 y e a r s )  and 6 c h i l d r e n  (u n d e r  14 y e a r s ) .
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w ashhouse common %o s e v e r a l  f a m i l i e s  in  th e  same ypvâ  

The io e -o re a m  may th e n  be p u t  on t h e  s in k  in. t h e  

s c u l l e r y  o r  on th e  d o o r s te p  t o  c o o l .  F re e z in g

i s  done in  th e  common ya rd  o r  som etim es a t  t h e  door 

i n  th e  s t r e e t .

P h o to g ra p h s  t o  I l l u s t r a t e  I n s a n i t a r y  C o n d i t i o n s ,

6 .  Shed used  f o r  h e a t i n g  and b o i l i n g  h j  Nos 3 , 5 , 8 , 1 5 ,  

1 4 ,1 5 ,1 6  and 21 in  T ab le  2 .

Note- th e  d e f e c t i v e  r o o f ,  i l l  f i t t i n g  b o a rd s ,  

unpaved f l o o r  and u n co v ered  d u s t b i n s  c lo s e  b y .
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P h o to g ra p h s  I l l u s t r a t i n g  I n s a n i t a r y  C o n d i t i o n s  (Contd)

7 .  I n t e r i o r  o f  shed shewn i n  P h o to g ra n h  6 .

9 .  I n s i d e  t h e  c o r r u g a te d  z in c  shed (b e lo n g in g  to  No 2 
T ab le  2) t h e r e  i s  a h o l l e r  w hich i s  r e s e r v e d  f o r  
t h e  man’. i f a c tu r s  o f  i c e - c r e a m .
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Photographs I l l u s t r a t i n g  I n s a n i t a r y  Condit ions  (Contd)

9 .  I n t e r i o r  o f  shed shewn i n  P h o to g ra p h  8 .  

Note ao o u m u la t io n  o f  v e g e t a b l e  r e f u s e  and human 

e x c r e t a  a t  s id e  o f  b o i l e r .
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Phot0graphs t l l u s t r a t l ng I n sa n i ta r y  Conditio n s  ( Contd )

3.0, A r e c e s s  I n  a shop o v e r  c e l l a r  head  w here  h e a t in g  o f  
i c e - c r e a m  m ix tu re  i s  d one . (No 22 i n  T ab le  2 ) •

11, C ooling  In  a sh e d .  (No 2 in  T ab le  2 ) .
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Photographs i l l u s t r a t in g  Insani t a ry Condit i o ns (Contd)

12, A v e ry  common ty p e  o f  p re m ise s  (No 4 In  T ab le  2 ) ,

15 , The c l e a n e s t  p re m is e s  i n s p e c te d  (uo 6 in  T able  2)
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# i e r e  no sheds have  been  b u i l t  f o r  th e  piapose o f  th e
A

t r a d e  i n  io e -o re a m  a s  i n  t h e  e a se  o f  th e  12 m a n u fa c tu r e r s  

a l r e a d y  a l l u d e d  t o ,  t h e  f r o z e n  p ro d u c t  i s  s t o r e d ,  

u s u a l l y  u n c o v re d ,  i n  a  d i r t y  und e rg ro u n d  c e l l a r  to  w h ich  

th e  d u s t  from  th e  s t r e e t  o r  y a rd  g a in s  e asy  a c c e s s  

th rougJi a p e r f o r a t e d  i r o n  g r a t i n g  o r  g r i d .  T h is  c e l l a r  

i s  a l s o  u sed  f o r  t h e  s to r g g e  o f  o th e r  m a t e r i a l s  e . g . ,  

w o o d , c o a l , e t c .

.Qieaniy^.g.JLf  V e sse l s .

A l l  th e  m a n u f a c tu r e r s  s t a t e d  t h a t  th e  v e s s e l s  

employed i n  t h e  p r e p a r a t i o n  and s a l e  w ere washed o u t  w i th  

h o t  soda  w a t e r , ■s c a l d e d ,  and th o ro u g h ly  r i n s e d  a f t e r  u s e .  

I t  i s  d o u b t f u l  i f  t h i s  p r o c e s s  i s  alw ays c a r r i e d  out^ a s  i n  

t h e  m a j o r i t y  o f  c a s e s  b o i l i n g  w a te r  can  be o b ta in e d  i n  

s u f f i c i e n t  q u a n t i t y  o n ly  by h e a t in g  o v e r  th e  k i t d h e n  f i r e  

i n  th e  same p o t  as  was u sed  f o r  th e  p r e p a r a t i o n  o f  th e  

i c e - c r e a m .  ( j ^ i t h  r e g a r d  to  th e  g l a s s  v e s s e l s  i n  w hich  

i c e - c r e a m  i s  s o ld  to  th e  p u r c h a s e r  i t  i s ' w e l l  t o  n o t e  t h a t  

i n  th e  c a se  o f  s t r e e t  t r o l l y s  t h e  v end o r  h a s  o n ly  a v e ry  

s m a l l  and l i m i t e d  su p p ly  o f  w a te r  to  c l e a n s e  them f o r  th e  

u s e  o f  s u b s e q u e n t  c u s t o m e r s . )

For t h e  m ost p a r t  i c e - c r e a m  i s  p re p a re d  on a  F r id a y  f o r  

s a l e  d u r in g  th e  w eek-end and f o r  th e  r e s t  o f  §he week th e  

u t e n s i l s ’u sed  a r e  s t o r e d  anyv/here as  c o n v en ien t^ n o  s p e c i a l  

p l a c e  b e in g  p ro v id e d  f o r  them.
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S a n i t a r y  C l a s s i f i c a t i o n  o f  P r e m i s e . •

A ll  th e  f o r e g o in g  p o i n t s  w ere  t a k e n  i n t o  c o n s i d e r a t i o n  i n  

c l a s s i f y i n g  t h e  v a r i o u s  p re m ise s  i n s p e c t e d ,  i n t o  c le a n ,  f a i r ,  

d i r t y  and f i l t h y  (Vide C o l . , 1 1 , T ab le  2 ) .

T h e  f o l lo w in g  c l a s s i f i c a t i o n  g iv e s  t h e  r e s u l t s  o f  t h e  

p re m ise s  i n s p e c t e d : -

5 o r  10^  w ere  c o n s id e re d  c l e a n .

18 o r  56^  were c o n s id e r e d  f a i r .

25 o r  4 6 ^  w ere c o n s id e re d  d i r t y .

4  o r  8/^ w ere c o n s id e re d  f i l th j '" .

C o l l e c t i on o f  t h e  S am p les .

The b a c t e r i o l o g i c a l  e x a m in a t io n  was begun on th e  7 t h  o f  

J u l y , 1908* T hree  s e r i e s  o f  Samples were t a k e n  c a l l e d  

r e s p e c t i v e l y ,  *a** " b ” and " c ” .

Sam o le p : t a k e n  from  each  o f  50 m a n u f a c tu r e r s  im m e d ia te ly  

a f t e r  t h e  i c e - c r e a m  m a t e r i a l  had been  b o i l e d .  These sam ples 

w ere  Aaken d i r e c t l y  ou t  o f  t h e  v e s s e l s  i n  w h ich  t h e  i n g r e d i e n t s  

w ere  h e a t e d .

**b” sa m p le s : t a k e n  a f ' ^ ^  th e  commodity had  been  c o o le d X

samo^egi: t a k e n  a f t e r  t h e  m a t e r i a l  had been  fx’ozen and p u t  

on t h e  m a rk e t .

A l l  t h e s e  sam ples -  "a"  *b" and "c" i n  T a b le  2 -  w ere  ta k e n  

w i t h  s t e r i l e  p r e c a u t i o n s  i n  w ide mouthed b o t t l e s  o f  ab o u t 200 

cu b ic  c e n t im e t r e s  c a p a c i t y  and conveyed to  t h e  l a b o r a t o r y  i n  

a s p e c i a l l y  c o n s t r u c t e d  c a s e  w i th o u t  d e la y .  The f r o z e n  

i c e - c r e a m  n e v e r  r e a c h e d  th e  l a b o r a t o r y  i n  a m e l te d  c o n d i t i o n .

D i l u t i o n  o f  th e  Samples f o r  Bao t e r i o l o & i c a l  

E x a m in a t io n .

I t  was a lw ays p o s s i b l e  to  d e a l  w i th  th e  "a** sam ples w i th o u t
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d i l u t i o n ,  a s  th e  p r e l im in a r y  q u a n t i t i e s  w ere  p u t  i n t o  th e
7 3\ v a r io u s  m ad ia  w h i le  t h e  io e -o re a rn  m a t e r i a l  was s t i l l  h o t  /

and b e f o r e  i t  had  s e t .  I t  was a l s o  p r a c t i c a b l e  t o  d e a l  

i n  a s i m i l a r  way w i t h  s e v e r a l  o f  th e  o t h e r  s a m p le s .  But 

w i th  many o f  th e  co o led  and a l l  t h e  f r o z e n  s a m p le s ,  d i l u t i o n  was 

n e c e s s a r y .  T h is  was i n v a r i a b l y  c a r r i e d  out w i th  s t e r i l e  

d i s t i l l e d  w a te r  i n  t h e  sam ple b o t t l e s  w hich  w ere g ra d u a te d  

a t  two p o i n t s  A and B, th e  c a p a c i ty  o f  th e  b o t t l e  to  B b e in g  

tw ic e  t h a t  t o  A.

The B a c t e r i o l o g i c a l  E x a m in a t io n .

The r o u t i n e  e x a m in a t io n  o f  t h e s e  sam ples was a s  

f o l l o w s : -

T e s t  1 .  An e n u m e ra t io n  o f  t h e  c o lo n ie s  c a p a b le  o f  grow ing 

on n u t r i e n t  g e l a t i n e  ( r e a c t i o n  4- X%) a t  20""- 22 ' 'C i n  72 h o u rs  

Tsgl_2^ A s i m i l a r  e s t im a t i o n  u s in g  n u t r i e n t  a g a r  ( r e a c t i o n - h  

1)6) and i n c u b a t i n g  a t  S5** -  57*’ C f o r  48 h o u r s ,

T e s t  g .  Varidws q u a n t i t i e s  w ere  p u t  i n t o  MacConkey’ s g lu c o s e  

b r o t h ,  and a f t e r  i n c u b â t i o ^ 5 5 ° -  57*C f o r  48 h o u rs  th e  r e ­

a c t i o n  p ro d u ced  was n o t e d .  I n  th o s e  c a s e s  i n  w hich  a c id  

and gas w ere  p roduced  i n  t h i s  medium a l o o p l e t  was p l a t e d  

a f t e r  a p p r o p r i a t e  d i l u t i o n  on MaoConkey’ s N e u t r a l  Bed B i le  

S a l t  A gar, and an en d ea v o u r^ to  d e te rm in e  th e  i d e n t i t y  o f  t h e  

c o lo n ie s  by 16 d i f f e r e n t  t e s t s .

T e s t  4 .  An e s t im a t i o n  o f  t h e  p r e s e n c e  o r  a b sen ce  (gf t h e  

B a c i l l u s  E n t e r i t i d i s  Sporogenes^ftnd a l s o  o f  th e  numbers i n  

w h ich  t h i s  o rg an ism  e x is te d ^  was made by in c u b a t in g  d e c i -  

m u l t i p i e  q u a n t i t i e s  o f  th e  ice& cream , a f t e r  h e a t in g  to  

d e s t r o y  n o n - s p o r in g  o rg a n ism s ,  u n d e r  a n a e ro b ic  c o n d i t i o n s  

a t  85 t o  57 C f o r  seven  d a y s .

The method employed f o r  t h i s  l a s t  t e s t  i s  o f  i n t e r e s t .



22

lo e -c re a m  i s  a s u b s ta n c e  w h ich  i t s e l f  c o n ta in s  m i lk  i n  

l a r g e  p r o p o r t i o n .  F i f t y  c u b ic  c e n t i i n e t r e s  o f  S t e r i l e  

w a te r  w ere  p u t  i n t o  s t e r i l e  f l a s k s ^ v / i t h  lo n g  n e c k s ,  o f  150 

c u b ic  c e n t im e t r e s  c a p a c i ty ,  and 100 c u b ic  c e n t im e t r e s  o f  

i c e - c r e a m  were a d d ed ,an d  v a s e l i n e ,  i n t o  w hich  a l i t t l e  

h a rd  p a r a f f i n  had been  p u t ,  was p ou red  o v e r  i n  t h e  u s u a l  

w ay. S i m i l a r l y  10 c u b ic  c e n t im e t r e s  o f  i c e -c re a m  w ere  

added to  abou t 10 c u b ic  c e n t im e t r e s  o f  s t e r i l e  w a te r  i n  a 

tu b e  and s e a le d  as above . In  t h e  c a se  o f  1 c u b ic  

c e n t im e t r e  o f  i c e -c re a m  t h i s  was added to  a b o u t  10 c u b ic  

c e n t im e t r e s  o f  s t e r i l e  m i lk  and w a t e r  ( h a l f  and h a l f ) ,  th e  

m ix tu r e  o f  v a s e l i n e  and h a rd  p a r a f f i n  b e in g  p o u red  o ve r  

as  b e f o r e  to  e x c lu d e  th e  a i r .  A f t e r  h e a t in g  to  k i l l  

n o n - s p o r in g  o rg an ism s i n c u b a t i o n  was a llo w ed  to  p ro c e e d  

a t  8 5 * -  87*C. I n  th e  e a r l i e r  sam ples examined m ilk  was 

u sed  a s  above i n s t e a d  o f  w a t e r ,  b u t  owing to  t h e  

c o n s i s t e n c y  o f  th e  ic e - c r e a m  th e  t y p i c a l  " e n t e r i t i d i s  

change" was n o t  w e l l  d e f i n e d .  The s u b s t i t u t i o n  o f  

w a te r  f o r  m i lk  g r e a t l y  im proved t h e  r e s u l t s  and in c r e a s e d  

th e  e a se  o f  t h e  m a n ip u la t io n  a s  w e l l .

A t y p i c a l  r e a c t i o n  r e s u l t e d  i n  many o a se s  i n  24 h o u r s ,  

b u t  t h e  above p e r io d  - s e v e n  d a y s -  was a llow ed  to  e la p s e  

b e f o r e  a n e g a t i v e  r e s u l t  was e n t e r e d .  P o s i t i v e  r e s u l t s  

w ere r e c o r d e d  on ly  i n  th o s e  c a se s  i n  w hich  a t y p i c a l  t o r n  

and i r r e g u l a r  p i n k i s h  c l o t  was form ed w i t h  a m o d e ra te ly  

c l e a r  whey and e v o lu t io n  o f  g a s .  M ic ro sc o p ic  e x am in a tio n  

o f  t h e  whey r e v e a le d  t h e  p re s e n c e  o f  l a r g e  b a c i l l i  and 

s p o re s  when th e  c o n d i t i o n s  had becom e, by th e  f o r c i n g  ou t 

o f  t h e  p lu g  o f  v a s e l i n e ,  no lo n g e r  a n a e ro b ic .

-Tj^st ,.5> N e u t r a l  re d  g lu c o s e  b r o t h  was u sed  a s  th e  medium 

f o r  i n c u b a t i n g  w i t h  d e o i - m u l t i p l e  q u a n t i t i e s  o f  th e  i c e ­

cream f o r  d e te rm in in g  t h e  p re s e n c e  o f  s t r e p t o c o c c i .  'A f t e r



i n c u b a t i o n  a t  57 C f o r  48 h o u r s  t h e  s e d i n e n t  v^as

n i o r o s c o p i o a l l y  exan l ned^ and th e  c h a r a c t e r  o f  th e  c h a in s  

Then p r e s e n t  n o ted *  I n  tho'^^e s a n c l e s  where t h e  n unber 

o f  s t r e p t o c o c c i  a s  seen  by t h e  m ic ro sc o p e  a p p ea re d  

ab u n d an t  a t t e m p ts  w ere  made t o  i s o l a t e  t h e  o rg an ism  

som etim es on D r i^ a ls J t i* s ^ a n d  som etim es on g lu c o s e  A gar.

The fo l lo w in g  t a b l e  shews th e  v a r i o u s  q u a n t i t i e s  

u sed  f o r  e x a m in a t io n  in  t h e  c a se  o f  each s a m p le : -

T a b le  1 

Shewing q u a n t i t i e s  o r  a' 

f o r  t h e  5 p r im a ry  t e s t s *

« # b" and "c* Samples p u t  on

T e sts  *a* Sandies *b* Samples "c" Saa^ les

: , #
T es t  lis B & DII I) & F D & F

1 T e s t  Z • « #

T est 5 10 CO., 1 GC., 10 0 0 . ,  1 0 0 . , 10 00» , 1 CO.,1 A & B A, B, C & D. A, B, C & B .

T est 4 iQo O S.,1 0  00 . , 100 CO., 10 CO., 100 CO., 20 CO.,
& 1 G.C. & 1 C.G. & 1 C.O.

1 T est 5 10 0 3 . ,  1 CO., 10 CO., 1 CO., 10 CO., 1 o c . .
A & B A, 3 ,  C & D. A, B, C éc D.

^  A = •1  oubio oeatjUttetre
B •01 • #

C « •001 • «

D = •0001 • #

S . •OOOOl • •

9 s •000001 • #

■Gxdn^S JO *Ofj
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i n c u b a t i o n  a t  5 5 * -  67 C f o r  48 h o u rs  t h e  sediiment was 

m ic r o s c o p ic a l l y  examined^ and th e  c h a r a c t e r  o f  t h e  c h a in s  

when p r e s e n t  n o ted *  I n  th o ^ e  sam ples where t h e  number 

o f  s t r e p t o c o c c i  a s  seen  by t h e  m ic ro sc o p e  a p p e a re d  

ab u n d an t  a t t e m p ts  w ere  made to  i s o l a t e  t h e  o rg an ism  

som etim es on D r i g a l s h i ’ s^and  som etim es on g lu c o s e  A gar.

The fo l lo w in g  t a b l e  shews th e  v a r i o u s  q u a n t i t i e s  

u sed  f o r  e x a m in a t io n  In  th e  c a se  o f  each sa m p le : -

T a b le - J L

Shewing q u a n t i t i e s  o f  "a** "b" and ” 0 " Samples p u t  on 

f o r  t h e  5 p r im a ry  t e s t s .

T e s ts *a* Samples *b" Samples "c** Samples

T es t  1
#

B & D I> & P D & P
T e s t  2 # It It

T e s t  s 10 C O . ,  1 C O . ,
A & B

10 0 0 . ,  1 0 0 *, 
A, B, 0 & D.

10 0 0 . ,  1 C O . ,  
A, B, C & D.

T e s t  4 1 0 0  CO.,1 0  C O . ,  
& 1 o . c .

1 0 0  C O . ,  1 0  C O . ,  
& 1 c . 0 .

100 CO. ,  10 C O . ,
& 1 c . c .

T e s t  5 10 C O . ,  1  C O . ,  
A & B

10 C O . ,  1 CO . ,  
A,  B ,  C & B*

10 0 0 . ,  1 C O . ,  
A, B, C & D.

'*  A •1  o u b io  o e a t im e t r e
B » •01 " #

C « •001 " #

D = •0001 » #

£  . •00001 " tt

9 a •000001 • »



24

For ease o f  r e fe r e n c e  I t  i s  w e l l  to  s e t  out th e  

r e s u l t s  o f  th e  primary t e s t s  now, and t h i s  i s  done in  

th e  fo llo w in g  ta b le

T a b le  2 .

G e n e ra l  B a c t e r i o l o g i c a l  

R e s u l t s .

(V ide  p p .  26 -  35)
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C l a s s i f i c a t i o n  o f  th e  s a n p le s  
a c c o rd in g  t p th e  r e s u l t s  o f  T ost 1 .

No. o f  o rgan ism s p e r  c u b ic  c e n t im e tr e .

1 0  sam ples c o n ta in e d betw een  1 0 , 0 0 0  and 1 0 0 , 0 0 0

9  * *
* 1 0 0 , 0 0 0  and 1 , 0 0 0 , 0 0 0

5 It n
" 1 , 0 0 0 , 0 0 0  and 1 0 , 0 0 0 , 0 0 0

9  tt t#
* 1 0 , 0 0 0 , 0 0 0  and 1 0 0 , 0 0 0 , 0 0 0

2 » o v e r 1 0 0 , 0 0 0 , 0 0 0

15 w ere l iq u e f i e d  i n . t : ir©e d a y s .

These sam ples w ere a l l  ta k e n  a f t e r  th e

m a . t ^ ia l  had been  f r o z e n .  I n  one in s ta n c e  f r e e z in g

was done a f t e r  th e  sam ple had coo led  h o u r s , b u t in  

two in s ta n c e s  c o o lin g  had gone f o r  44 h o u rs  b e fo re  

f r e e z in g  was begun . The a v e rag e  tim e  whicjn e la p se d  

betw een  h e a t in g  and f r e e z in g  was abou t 2 0 f  h o u rs  f o r  

a l l  th e  50 sam ples exam ined. T h is  s u p p o r ts  th e  

s ta te m e n ts  o f  th e  m a n u fa c tu re rs  t h a t  t h e i r  u s u a l  

p r a c t i c e  i s  to  f r e e z e  w i th in  24 h o u rs  o f  b o i l in g *

The "c" sam ples w ere ta k e n  on an a v e rag e  #  h> urs a f t e r  

f r e e z in g .  68 o f  th e s e  sam ples w ere p u rch a se d  when th e

a r t i c l e  was exposed f o r  s a l e  in  th e  s t r e e t , i n  th e

c a se  o f  th e  I t a l i a n  hawkers^ o r  in  a  shop i n  th e  c a se  o f  

th e  sm a ll m n f e c t i o n e r s .  The rem a in in g  12 sam ples w ere 

o b ta in e d  im m ed ia te ly  f r e e z in g  was com pleted^and B e fo re  

th e  f in is h e d  p ro d u c t was p la c e d  on th e  m a rk e t. i n  

evei^r c ase  th e r e  was an enormous in c r e a s e  o f  b a c t e r i a  in  

th e s e  f ro z e n  sam ples over th e  c o rre sp o n d in g  co o led  

sam p les^ th e  a v e ra g e  f o r  th e  fo rm er b e in g
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5 72 ,216 , 421 as a g a in s t  1 5 ,0 4 2 ,8 5 7  

c o lo n ie s  p e r  cu b ic  c e n t im e tr e  f o r  th e  l a t t e r .  T h is 

a v e ra g e  f o r  f ro z e n  sam ples i s  h ig h e r  th a n  th a t  

o b ta in e d  by p re v io u s  i n v e s t i g a t o r s  who, h o w w e r, 

examined on ly  a few sam ples* I t  i s  m ain ly  acco u n ted  

f o r  by th e  sonç>les y ie ld in g  more th a n  1 ,0 0 0 ,0 0 0 ,0 0 0  

o rgan ism s p e r  c u b ic  c e n t im e tr e  (5 i n  num ber), .

e x c lu d in g  w h ic h ^ I v e ^  an  average^ o f  1 6 ,4 7 0 ,5 1 5  o rgan ism s 

p e r  c u b ic  c e n t im e tr e  -  a number i n  acco rd  w ith  o th e r  

w o rk e r s - .

C l a s s i f i c a t i o n  o f  th e  "c* Samples 
a c c o rd in g  to  th e  r e s u l t s  o f  T e s t 1

No. Of o rgan ism s p e r  c u b ic  c e n t im e tr e .

S sam ples c o n ta in e d betw een  10 ,000  and 100,000

IB " • " 100,000 and 1 ,0 0 0 ,0 0 0

G • ■ •  1 ,0 0 0 ,0 0 0  and 1 0 ,0 0 0 ,0 0 0
11 " ■ •  1 0 ,0 0 0 ,0 0 0  and 10 0 ,0 0 0 ,0 0 0

7 ** * o v ^  100 ,0 0 0 ,0 0 0

Causes o f  th e  in c r e a s e  i n  th e  Number 
o f  O rganism s i n  th e  *c* Sam ples.

jorg^anisms du r in g  fu r t h e r  O A rd ^  

T h is in c r e a s e  i s  due in  p a r t  to  

m u l t i p l i c a t i o n  d u rin g  th e  f u r t h e r  tim e th e  m a te r ia l  

was c o o lin g  nam ely , 5 h o u rs  on th e  a v e ra g e .
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2* liP A t l p n  jof^J)rganlsm 8 d u ri n g ^ ,

I t  I s  a l s o  due to  m u l t i p l i c a t i o n  o f  o rgan ism s d u rin g  th e  

f ro z e n  p e r io d ,  a s  shewn by th e  fo llo w in g  e x p e rim e n t; -  

On th e  9 th  o f  A p r i l ,  1 9 0 9 ,ic e -c re a m  was 

o b ta in e d  from  a m a n u fa c tu re r  i n  a f r e e z e r ,  w hich was

b ro u g h t to  th e  la b o ra to ry  and k e p t su rro u n d ed  by i c e  and 
s a l t .

On i t s  a r i v a l  a t  th e  la b o r a to r y  

th e  " g e l a t i n e  coun t"  o f
th e  ic e -c re a m  was 527,000 c o lo n ie s  p e r  cu b ic

c e n tim e tre  •

A f te r  5 h o u rs

th e  " g e l a t i n e  coun t"  was 388 ,000  " "

A f te r  6 h o u rs

th e  " g e l a t i n e  coun t"  was 4 59 ,000  " *

A f te r  9 h o u rs

th e  " g e l a t i n e  coun t"  was 603,000 " "

A f te r  12 h o u rs

th e  " g e l a t i n e  count*  was 611,000 " "

The " a g a r  coun t"  o f  th e  ic e -c re a m  
on i t s  a r i v a l  a t  th e  la b o r a to r y  was

93 ,000  c o lo n ie s  p e r  oubio
c e n tim e tre s^

A f te r  3 h o u rs

th e  " a g a r  coun t"  was 112,000 "

A f te r  6 h o u rs

th e  " a g a r  co u n t"  was 126,000 "

A f te r  9 h o u rs

th e  " a g a r  co u n t"  was 130,000 "
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A f te r  12 h o u rs

th e  " a g a r  coun t"  was 159,000 c o lo n ie s  p e r  cub ic  

c e n t im e tr e .

D uring th e  experim en t th e  te m p e ra tu re  o f  th e  

ic e -c re a m  v a r ie d  betw een 28^P and 28^8 P .

T h ^ _ m ü ltip llc a t i o n  o f  o rg an ism s in  

Ic_e-Cream a l t e r n a te ly  Thawed^ and 

P ro a en .

A l te r n a te  thaw ing  and f r e e z in g  d id  n o t p ro b ab ly  

o c cu r i n  th e  sam ples u n d e r c o n s id e r a t io n ,  b u t u n d e r 

th e s e  c o n d it io n s  Pennington^®  has shewn t h a t  th e  

organ ism s In  io e -c re a m .'in c re a s e  v e ry  ra p id ly ^  and t h i s  

o b s e rv a t io n  was confirm ed  d u rin g  th e  e n q u iry  by th e  

fo llo w in g  ex p erim en t:

E x p erim e n t.
Ice -c re a m  f r e s h ly  p re p a re d  by a 

m a n u fa c tu re r  was p u rch a se d  i n  th e  f r e e z e r  i n  w hich i t  

was made and b ro u g h t to  th e  l a b o r a to r y .  The i n i t i a l  

b a c t e r i a l  co u n t was ta k e n ,a n d  th e  m ix tu re  o f  th e  s a l t  

and i c e  su rro u n d in g  th e  ic e -c re a m  was t h e r e a f t e r  

renew ed d a i ly  and b a c t e r i a l  c o u n ts  ta k e n  a t  r e g u la r  

i n te r v A ls .  The maximum and minimum te m p e ra tu re s  o f  th e  

ic e -c re a m  d u r in g  th e  i n t e r v a l s  o f  sam pling were 

re c o rd e d . The r e s u l t s  a re  g iv en  in  T ab le  6 .
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T a b l e  3.

Shewing, m u l t i p l i c a t i o n  o f  o rgan ism s In  to e - o ream 

a l t e r n a t e l y  thawed and f r o z e n .

D ate Hour

T em peratu re
in

D egrees P.

No. o f  o rgan ism s 
p e r  cu b ic  
c e n t im e tre  
c ap a b le  o f  
grow ing on 
n u t r i e n t  g e la t i n e  
( r e a c t io n  -b V/,) 
a t  20* to  22* C 
in  3 d a y s .

No. o f  o rgan ism s 
p e r  cub ic  
c e n t im e tre  
c ap a b le  o f  
grow ing on 
n u t r i e n t  a g a r

Max. M in .
( r e a c t io n  -f- 1^) 
a t  35* to  37" C 
i n  2 days -

ig.OSL_

March

4 6 pm I n i t i a 1 count 28,000 688,000

7 9.30am BO" 2 9" 1 ,9 7 0 ,0 0 0 1 2 ,4 8 0 ,0 0 0

10 6 pm BCC 29" 21 ,760 ,000 26 ,8 8 0 ,0 0 0

13 l l .3 0 am 50" so" 1 44 ,240 ,000 1 8 2 ,330 ,000

16 2 pm 46" 29* 1 ,2 3 2 ,0 0 0 ,0 0 0 1 ,4 5 6 ,0 0 0 ,0 0 0

^  19 12.30pm 46" 29* 1 ,8 7 2 ,0 0 0 ,0 0 0 1 ,2 3 6 ,0 0 0 ,0 0 0

22 12 noon 4 1 .7 83%3 5 ,7 3 2 ,0 0 0 ,0 0 0 1 ,1 5 6 ,0 0 0 ,0 0 0

25 6 pm 39*. 5 28° 1 8 ,1 2 0 ,0 0 9 ,0 0 0 1 ,2 2 0 ,0 0 0 ,0 0 0

28 11.15am 46*.8 25* 5 6 ,1 6 0 ,0 0 0 ,0 0 0 860 ,000 ,000

51 3.45pm 47* 27* 6 4 ,2 0 0 ,0 0 0 ,0 0 0 7 9 0 , 0 0 0 ,0 0 0

By t h i s  d a te  th e  io e -c rea m  had become c lo t t e d  and was 

o b v io u s ly  unsound .
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The r e s u l t s  re c o rd e d  In  th e  fo re g o in g  experim en t 

shew th e  im p o rtan ce  in  th e  i n t e r e s t s  o f  a p u re  ic e -c re a m  

su p p ly  o f  n o t  a llo v /in g  r e - f r o z e n  ic e -c re a m  to  be 

exposed f o r  s a l e .

a t  Lovf T e m p e ra tu re s .

In  o rd e r  to  p re v e n t e f f e c t u a l l y  th e  m u l t i p l i c a t i o n  

o f  o rgan ism s in  ic e -c re a m  i t  i s  n e c e ssa ry  to  keep i t  

f ro z e n  a t  low te m p e ra tu re s .

Ic e -c re a m  was p la c e d  in  a co ld  s to ra g e  room by 

p e rm is s io n  o f th e  L inde  R e f r ig e r a to r  Company,

Birm ingham , and b a c t e r i a l  c o u n ts  ta k e n  a t  s t a te d  

i n t e r v a l s  gave th e  fo llo w in g  r e s u l t s :

T a b l e  4 .

SjlGwing, D im in u tio n  o f th e  Number o f  Organism s 

i n - l o 0-C ream d u rin g  co ld  s t o ra g e .

Date

F a h re n h e it

T em pera tu re

N o .o f Organism s 
p e r  c u b ic  
c e n tim e tre  
c ap a b le  o f  grow ing 
on n u t r i e n t  

• g e la t i n e  ( r e a c t io n  
- h l^ )  a t  SO" to  SS° 
C. i n  5 d a y s .

No. o f  Organism s 
p e r  cu b ic  
c e n t im e tre  
c a p a b le  o f growing 
on n u t r i e n t  ^ a r  
( r e a c t io n  - a t  
55* -  57*0 in  
Qy d a y s .

1909 Max Min

1 2 3 4 5

Mar .4  • I n i t i a : L count 28 ,000 688,000

" 5 - 13*5 29,000 700,000

" 6 1 s t 5 lo lo 28,000 654,000

• 7 1 ^ .5 11* 0 20,000 628,000

" 10 22°

i

13* 10,000 220,000
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1 2 3 4 5

M ar.13 1 8 '5 15* 8 ,000 55 ,000

" 16 19 12* 7 ,000 15 ,000

" 19 20 13*5* 3 ,200 4 ,8 0 0

• 22 22* 15* 5 ,100 4 ,5 0 0

" 25 21* 14* 1,760 2,880

* 28 20* 12* 1 ,510 2 ,720

" 31 22* 18* 1 ,484 2 ,040

Api. 3 20*6 14* 1 ,024 1,350

6 22* 15* 1 ,0 8 8
i 990

” 21 20* 16* 760 960

" 24 21 15* 720 672

" 27 20* 15" , 690 640

" SO 19* 15* 654 572

May. s 20* 16* 608 564

• 6 21* 16* 592 560

" 9 20* 15* 541 524

• 12 22* 17* 535 479
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T
A s 0̂ 1 t in y  o f  T ab le  4 shewR t h a t  th e r e  was a 

v e ry  s l i g h t  in c r e a s e  èn th e  f i r s t  day a f t e r  s to r a g e .  

T h is ,  how ever, i s  h a rd ly  beyond th e  l im i t  o f  

e x p e rim e n ta l e r r o r  and^ i f  i t  oaourred^m ay have tak e n  

p la c e  b e fo re  th e  ic e -c re a m  go t down to  th e  

te m p e ra tu re  o f  th e  co ld  room. S im ila r  ex p erim en ts  

have been conducted  by S ti le s^ ®  in  W ash ing ton , a t  a 

te m p e ra tu re  v a ry in g  betw een 0® and 10° P and by 

Pennington^®  in  P h i la d e lp h ia  a t  a te m p e ra tu re  o f
o

— 5 .8  p .  S t i l e s  found p.. s l i g h t  in c r e a s e  un to  th e  

3rd  day, and th e n  a r e g u la r  f a l l  in  th e  number o f  

o rgan ism s t i l l  th e  9 7 th  day,when th e r e  was a second 

s h o r t  sh a rp  in c r e a s e  w ith  a s te e p  f a l l .  T h is 

second r i s e  was n o t found in  th e  p re s e n t  e x p e rim e n t, 

P en n in g to n  o c c a s io n a l ly  found an In c re a s e  a t  th e  end 

o f  94 hours^ b u t t h e r e a f t e r  a gr^idual d im in u tio n  in  

th e  o r i g in a l  number o f  b a c t e r i a  p e r  cu b ic  c e n t im e tr e ,  

S t i le s * e x p e r im e n ts  l a s te d  o v er a p e r io d  o f  34 d a y s , 

/'vL< ^  P en n in g to n (s^  9 days and th o se  re c o rd e d  by th e  

w r i t e r  60 d a y s .

^ » T M j y i l l l q ! ! J 2 j t d u r i n g th e  

F re e z in g  P ro c e s s .

The h ig h  .average  coun t amongst th e  "c" sam ples 

i s  a ls o  to  be accoun ted  f o r  by th e  a d d i t io n  o f  

m icrobes d u rin g  th e  p ro c e ss  o f f r e e z in g  by th e  

d i r t i n e s s  and c a ro le s s n e s s  o f  th e  m a n u fa c tu re r  as 

a lre a d y  n o te d . T h is  p o in t  i s  w e ll  I l l u s t r a t e d  by 

th e  f o i low ing t a b l e  g iv in g  th e  r e s u l t s  o f th e  

ex am in a tio n  o f  sam ples ta k e n  from  v e n d o rs  im m edia te ly  

b e fo re  and a f t e r  f r e e z in g !

ÿ
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T a b l e  5.

Shewing Number o f  B a c te r ia  p e r  Cubic C e n tim e tre  

i n  Ice-C ream  i^Tm ediately b e fo re  and a f t e r  f r e e z in g .

M an u fac tu re r 
V ide 

T able 2
D ate
o f

ex am in a tio n

1909

No, o f  O rganism s 
cap a b le  o f  
grow ing on 
n u t r i e n t  g e la t i n e  
( r e a c t io n -H l^ )  

a t
20° to  22° C in
3 d ay s.

No. o f  Organism s 
c a p a b le  o f 
grow ing on 
n u t r i e n t  a g a r  
( r e a c t io n -b i;^ )  

a t
35° to  37*C in  
2 d a y s .

B e fo re
F reez ing

A f te r
f r e e z in g

B efo re
f r e e z in g

A ft e r
f r e e z in g

No. 6 .
• 1 . 9

F e b .28 . 10 ,000 30,000 250,000 470 ,000

No. 7 . Apl.SO , 8 ,000 14 ,000 5 ,000 12 ,000

N o.26, May. 1 , 2 ,300 36 ,000 18,000 29,000

Exporjbnenl.
A la b o r a to r y  experim en t was c a r r ie d  out to  

p ro v e  t h a t  I t  was p o s s ib le  to  f r e e z e  w ith o u t  th e  

in t r o d u c t io n  o f  m ic ro b es in  e x c e s s iv e  num bers. -The 

ic e -c re a m  in g r é d ie n ts  w ere d u ly  b o i le d  f o r  10 m in u tes  

and a l o o p le t  o f th e  m ix tu re  was p u t in to  b r o th .  No 

g row th  r e s u l t e d .  T h is  s t e r i l e  p ro d u c t was th en  poured 

w h ile  s t i l l  h o t  in to  an o rd in a ry  f r e e z e r  p re v io u s ly  

s t e r i l i s e d  in  th e  a u to c la v e .  The l i d  w hich  te d  a ls o  

been  s t e r i l i s e d  was p u t on and k e p t and th e  ic e -c re a m  

was f ro z e n  by r o t a t i o n  in  th e  m ix tu re  o f  s a l t  and io e .  

The p ro c e s s  occup ied  2 h o u rs . The ic e -c re a m  was th e n  

s to re d  in  th e  la b o r a to r y  s to r e  room th e  on ly  p re c a u t io n
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th a t  was ta k e n  b e in g  to  keep th e  l i d  on , 5 m in u te s , 30 m in u te s , 

and 90 m in u te s  a f t e r  f r e e z in g  a lo o p le t  was p u t in to  b r o th  b u t 

no g row th  r e s u l t e d .  84 h o u rs  a f te rw a r d s ,  i  oubio  o e n tim e tre  

o f  i»he loe-or»£ini, w hich had been  k e p t f r o z e n ,  was p u t  i n to  

n u t r i e n t  g e l a t i n e  and found to  c o n ta in  200 o rg a n ism s . (V ide 

a ls o  ex p erim en ts  re c o rd e d  on pages 1 0 1 'and 102 .

T e s t 2 .  Number o f  O rganism s c a p a b le  o f  grow ing on 

IfeLtrUBt-AgPE. M  32. C. in_ 3_ d a ? 8 .

The a g a r  p l a t e s  w ere a l l  coun ted  a f t e r  2 days in c u b a t io n .
 ̂ 0

sp eak in g  g e n e r a l ly ,  th e  number o f  c o lo n ie s  grow ing a t  35 to  37 

C.^was found to  be l e s s  th an  th e  c o rre sp o n d in g  number o f  c o lo n ie s  

grow ing a t  20 to  22 C. The same g ra d u a l in c r e a s e  in  numbers 

i s  to  be r e g i s t e r e d  v fith  t% is coun t as th e  m an u fac tu re  o f  i c e ­

cream  i s  p ro ceed ed  w i th .  The fo llo w in g  c l a s s i f i c a t i o n  and 

a v e ra g e s  i n d ic a t e  t h i s

Cl a s s i f i c a t i o n  o f  th e  " a " "b" and "o" sam ples acco rd ­

in g  to  r e s u l t s  o f  T es t 2 .

No. o f O rganism s p e r  cu b ic  
c e n t im e tr e .

s a m p l e s

"a" "b" "c"

C o n ta in in g  l e s s th a n  100 1 0 0
# betw een  100 and 1000 4 0 0

1# If 1 ,000 and 10,000 18 1 0
# * 10,000  and 100 ,000 15 15 6
» n 100,000 and 1 ,0 0 0 ,0 0 0 7 12 14
m If 1 ,0 0 0 ,0 0 0  and 1 0 ,0 00 ,000 5 11 10
M If 10 ,000 ,000  & 100 ,000 ,000 0 11 16
If ovei* 100 ,0 0 0 ,0 0 0 0 0 4

A verage No. o f  o rganism s p e r  cu b ic  c e n t im e tre  in  
a" Samples » 379,010

I = 6 ,8 6 1 ,6 0 0
0 " = 34 ,467 ,000

I n c id e n ta l ly  th e  ap p earan ce  o f  200 m icrobes p e r  cub ic  
c e n tim e tre  su p p o r ts  th e  experim en ts and c o n c lu s io n s  re g a rd in g  
th e  m u l t i p l i c a t io n  o f  o rgan ism s in  fro z e n  ic e -c re a m .
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T e s t 5 . The G lucose B ile  S a l t  B ro th  T e s t .

A ll  sam ples w ere  su b m itte d  to  t h i s  t e s t ,  and th e  

r e a c t io n  produced  w i th in  48 h o u rs  n o te d .  The' 

q u a n t i t i e s  (put o n jh ev e  a lr e a d y  been g iv e n  (V ide T ab le  i  ) 

th e  t o t a l  f o r  each  o f  th e  "a* sam ples b e in g  11.11 c u b ic  

c e n t im e tr e s  and f o r  each o f  th e  "b" and "c" sam p les , 

11 .1111  c u b ic  c e n t im e tr e s .  Only two sam ples gave 

"no change" i n  th e  t o t a l  q u a n t i ty  p u t on im m ed ia te ly  a f t e r  

b o i l i n g .  In  none o f  th e  o th e r  sam ples o f  th e  th r e e  

s e r i e s  was "no  change" re c o rd e d . T h is i s  n o t a s  i t  

sh o u ld  b e . Ice-C ream  made in  th e  l a b o r a to r y  —fr e e z in g

b e in g  c a r r i e d  o u t im m ed ia te ly  a f t e r  b o i l i n g -  p roduced 

"no change" i n  t h i s  medium a f t e r  i t  had s to o d  f ro z e n  

24 h o u rs  and 72 h o u rs  r e s p e c t iv e ly ,  when a s  much as  20 

oub io  c e n t im e tr e s  w ere exam ined. T his f a c t  shews

how s e r io u s  i s  th e  c o n ta m in a tio n  o f  ic e -c re a m  w ith  The 

"G lucose  fe rm e n te r8" o r  o rgan ism s o f  th e  i n t e s t i n a l  ty p e .

•Wie fo llo w in g  t a b l e  s e t s  ou t th e  r e s u l t s  o f  t h i s  

t e s t  w ith  th e  sam ples o f  th r e e  s e r i e s

T able 6 Cla_s_sifying t h e  R e s u lts  g iv en  by th e  " a " ,  "b" and 

*c" Sam ples w ith  T e s t 2 .

P roducing  no change i n  1 1 .11  o .c

a c id  i n  10 c . c .  b u t n o t in  1 o .c .

" i n  1 c . c .  " " in  A

" in  A • " in  B

" In  B " *

" In  D

in  C

62O

cS

3

16

20 10

8

1



51

■a" "b" ■c"

P roducing Acid and Gas i n  10 0 .0 . b u t n o t  i n  

1 c . c . 1 2

« I  0 ,9 . A • A S 3 5

* A » " B 5 7 5

# ë B * " C 1 10 19

# # C # * D 7 7

* # D 2 11

T o ta l ao ao 60
...----

N ine o f  th e  **a* sam ples th e r e f o r e  p roduced  th e  

oonoplete change - a c id  and g a s -  i n  v a ry in g  q u a n t i t i e s  

In  t h i s  medium, one o f  th e s e  p ro d u c in g  i t  in  th e  

s m a l le s t  q u a n t i ty  p u t on , v i z .  B o r  *01 cu b ic  

c e n t im e tr e .  T h ir ty -o n e  o f  th e  "b" s e r i e s  produced

t h i s  r e a c t i o n ,  S g iv in g  i t  i n  D o r  *0001 oubio  

o e n tim e tr e .  In  th e  t h i r d  s e r i e s  o f  sam p les, i . e . ,  

th o se  ta k e n  a f t e r  f r e e z in g ,  47 ou t o f  th e  50 sam ples 

examined showed fe rm e n ta t io n , no l e s s  th an  11 

p ro d u c in g  a c id  and gas in  D o r  *0001 cu b ic  c e n t im e tr e .  

The g ra d u a l  in c r e a s e  in  th e  number o f  s a n g le s  p ro d u cin g  

t h i s  change, as w e ll  as in  th e  number p ro d u cin g  i t  in  

v e ry  sm a ll q u a n t i t i e s  o f  th e  io e -c re a in , i s  c le a r  

e v id en ce  o f  th e  c o n ta m in a tio n  to  w h ich  t h i s  a r t i c l e  o f  

food i s  s u b je c te d  in  th e  p ro c e ss  o f  m a n u fa c tu re , and 

b e a rs  out th e  p re v io u s  r e s u l t s  o f  th e  g e la t in e  and 

a g a r  c o u n ts .
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The n e x t p a r t  o f  T e s t 5 , was th e  I s o l a t i o n  and 

i d e n t i f i c a t i o n  so f a r  a s  p o s s ib le  o f  th e  o rgan ism s 

w h ich  p roduced  a c id  and gas i n  g lu c o s e  ta u r o c h o la te  

b r o th .  Prom th e  s m a l le s t  q u a n t i ty  i n  each  s e r i e s  

shew ing t h i s  change a p l a t e  was made on MacConkey* s 

N e u tra l  Red L a c to se  Agar and th e  n a tu re  o f  th e  c o lo n ie s  

d ev e lo p in g  in  24 h o u rs  a t  3 5 to  57^ C n o te d .  The

c o lo n ie s  v a r ie d  from  th e  red  c o lo n ie s  w ith  p ro d u c tio n  

o f  h aze  in  th e  su rro u n d in g  medium supposed to  be 

t y p i c a l  o f  th e  C o li Group, to  re d  w ith o u t h a z e , p in k  

and l a s t l y  w h i te .  95 such  p l a t e s  w ere made^ and th e  

fo llo w in g  c la s s i f i c a t io n  g iv e s  th e  r e s u l t s  a s  re g a rd s  

th e  n a tu r e  o f  th e  c o lo n ie s  p ro d u ced .

21 p l a t e s  shewed o n ly  red  c o lo n ie s  w ith  h a z e .

22 " " re d  w ith  h aze  and w h ite  c o lo n ie s .

11 " " on ly  red  c o lo n ie s .

2 " " re d  and p in k  c o lo n ie s .

1 p l a t e  " r e d ,  p in k  and w h ite  c o lo n ie s .

19  p l a t e s  " re d  and w h ite  c o lo n ie s .

6 " " only  p in k  c o lo n ie s .

11 ** * * w h ite  c o lo n ie s .

2 " " n o  g row th .

In  6 In s ta n c e s  v i z . ,  3b , 5 c , 12^ l8 c ,  43c and 48b , 

p l a t e s  w ere made from  d i f f e r e n t  d i l u t i o n s  o f  th e  same 

sample^ and th e s e  r e s u l t s  a re  In c lu d e d  in  th e  fo re g o in g  

c l a s s i f i c a t i o n .  In  th e s e  s i r ,  w ith  one e x c e p tio n ,

48b , th e  r e d  c o lo n ie s  w ith  haze o r  re d  c o lo n ie s ,  when
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p r e s e n t ,  w ere found in  th e  l e s s e r  d i l u t i o n s  and th e  

w h ite  c o lo n ie s  in  th e  h ig h e r .  So f a r  as p ra c t ic a b le ^  

3  c o lo n ie s  w ere s e le c te d  from  each  p l a t e  -  two red  

and one w h ite  a s  a r u l e -  and th e s e  w ere each 

s u b je c te d  to  16 f e rm e n ta tio n  and o th e r  t e s t s  f o r  th e  

p u rp o se s  o f  d i f f e r e n t i a t i o n  and c l a s s i f i c a t i o n .

In  t h i s  way 258 c o lo n ie s  w ere f i s h e d  from  th e  95 

p l a t e s ,  108 b e in g  re d  c o lo n ie s  w ith  h a z e , 69 r e d ,

2 2  pink^and 59 w h ite .

The r e a g e n ts  employed w ere

G lucose f o r  f e rm e n ta t io n .

L a c to se  " "

N e u tra l  Red f o r  f lu o r e s c e n c e .

P ep to n e  w a te r  f o r  in d o l .

G lucose b r o th  f o r  Voges and P ro s k a u e r ’ s r e a c t io n ,

Mann i t  0 f o r  f e rm e n ta t io n .

M alto se  

G a la c to s e  

Lae v u lo s e  

A d o n ite  

S acch a ro se  

R a ff in o s e  

I n u l in  

S a l io in  

D u lc ite  " *

G e la t in e  " l i q u e f a c t io n .

G lu co se , m arm ite , m a lto s e , g a la c to s e ,  and la e v u lo s e  

in v a r ia b ly  y ie ld e d  p o s i t iv e  r e s u l t s ,  and a re  th e r e f o r e
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excluded  from  th e  fo llo w in g  t a b l e  w hich g iv e s  th e  

co m p le te  r e a c t i o n s  o f  a l l  th e  c o lo n ie s  exam ined, as 

w e l l  as th e  sam ples from  w h ich  th e y  w ere ta k e n .

T a b l e  7 .

Shewing r e a c t io n s  o f  "G lucose  Ferment e r s "  

i s o l a te d  from  th e  "a" *b" and "c*

Sam ples o f  Ice -C ream .

(V ide p p . 55 -  64}
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T A B L E  7.

Shewing reaction s o f "Glucose Fermentera" iso la te d  from

th e  "a" "b" and 0 Sam ples o f  Ice-C ream ,

1 2 5 4 6 6 7 8 9 10 11.12)15 lA 1,0 16

1
%
«

îl

1
1
44O
•

â

A
1

■sPim
Î
%+»oSHA

1

1A

Nature of 
colonies 
developing oyu 

^"Beblp elagar" 
in  24 hours 

at
35° -  57° C,

Nature
of

colonies
selected.

©0o+>
sA

<DO
s
g0

1
■3X»
5

1•p
iPi
0
I

1
a

1
0©
1 1

©0

1oa03

©0
1

1

aH
50

1

©+»T#0
1

©
a■p0H©bO
Uo
§•H•P
g44 i0 1
g. 1t4 I1

lo 1 B Red and White Red
r
+ 4-

t
+ 4 + 4

2 Red -f 4- “h — — 4 4 — 4 4 —
2b 5 B Red and White Red -f 4- — — 4- 4 4 4 4 4 —.

4 Red + — 4 4- 4 4- -H 4 t
5 Red + -f- 4- — 4- 4 4- 4 4 4 -

2o 6 D Red and White Red + -h 4- — — 4 — —' —. —
7 Red + + 4- — — 4 —- — —

8 Red + "4“ -h — — —■— —-
5a 9 B Red with haze Red with hase 4- + 4- — -- 4 — — — 4 --

10 Red with haze + + *4 —- — 4 —- — — 4 —•
11 Red with haze + 4- — --- 4 --- —• — 4 —

5b 12
15

B Red with haze 
and White

Red with haze 

Red with haze +
+
+

+
4-

— --- 4
4

4
4 + 4 4

14 Red w ith  haze + 4- 4* —' -- 4 4 + 4 4
15 C White White + 4- — 4~ 4 4 4 4 4 4 —-

16 White -h 4 - — 4 4 - 4 4 4 4 4
17 White 4" + 4 4 - 4 4 4 4 4

50 18 D Red with haze Red wlthhüwS 4- 4- -4 4 4 4
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1 2 3 4 5 6 7 8 9 10 11 13 14 15 £

4 b 19

20

B ]üed w i th  h aze  J 
ixxd w h it  G.

iod w i th  haz Q 

led  w ith  h aze

4-

“h 4-

+

4-

— — 4

4

4

4

— — -- —  1

21 Red w i th  h aze 4 “ — 4 - — — 4 4 -- --- — 1

4 0 22 1> h i t  8 î îh i te 4 - 4- — — — 4 4 4 + 4 —-

i . 23 im ite 4- 4- — — 4 4 4 4 4 —  1

24 fifhite -h 4- — — 4 4 4 4 + 4 —. j

25

26

B iod w ith  haze  
and w h ite

Red w ith  haze  

Red w i th  haze

4 -

4 -

4 -

4-
4-

4-

4-

4

4

4

4

4

4

4

-1-

+

4

4
5 a 27

28

1 oo Bed w ith  haz« 
and w h ite Red w i th  h aze  

Red w ith  h aze
4"
4“

4“
4-

+
4-

— 4
4

4
4

4 4
4

—

29 Red w ith  h aze + 4- 4 — 4 4 4 --- —

5 b SO B Red w ith  h a ze Red w ith  haze 4- 4- 4- — —- 4 4 — -- 4 —

31 Red w i th  haze + 4- 4~ — —• 4 4 — -- - 4 —

32 Red w ith  haze -t- 4- 4- — 4 4 —■-- 4 —-

5 0 63

34

C Red w i th  haze  
and w h ite

Red w i th  haze  

Red w ith  haze +

4"
4-

— — — 4

4

4
4

4
4

4
4

4

4
65 Red w i th  h a z e . 4“ 4- ---- 4 — 4 4 4 4 4 —

36 D Hfhite W hite 4- 4" --- — — 4 4 4 4 4 —

37 im ite 4“ 4 - --- — —- 4 4 4 4 4 —

38 M hite 4- 4- --- 4- — 4 4 4 4 4 —

6 0 39 B Red Red 4- 4- 4- — 4 4 — — 4 —-

40 Red 4" 4- 4“ —— 4 4 — -- - 4 —

41 Red 4“ 4- 4- --- — 4 + — 4 —

8 0 42 D Rod Red 4“ 4- 4- — 4 - — — —• —' —

9 b 43 1 oc fio A Pink 4- --- ——— 4- 4 + — + — -
44 Pink 4- — --- --- 4~ 4 ——— + —,

45 Pink 4- --- —— 4- 4 4 —' + — —

9 0 46 A Pink Pink 4" — + —— —■ — 4 — — 4 —

47 Pink —f- 4- + ——— — 4 -— -- - 4 —

48 Pink 4- + 4 ——---- — 4 ---- 4 —
10b 49 A P in k Pink 4- + 4 4 4 4 4 4 4 ——

50 Pink 4- 4 - 4 4 4 4 —. 4 4 —:
51

1
Pink 4- -h 4 4 4 4 4 4 4 — 1
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10 11 1415

P in k52lOo

P in k64

66 lo o  P in kl i b

P in k66

57

l l o 58

P in k

P in k

Red

65

+  +  

-h  +65 Red

66

120 67 Red +  +  

+  +68 Red

Red

70 00 Red w ith  3aa&e Red w ith  h aze140

Red w i th  h aze71

72 Red w i th  haze

W hite00

74 W hite

76 W hite

76 Red Red

77 Red
----- h

----- h78 Red

Red Red - |------

80 Red

81 Red +  -
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1 2 5 4 5 6 7 8 9 1C 22 18 14 1£} 16

18a a E lo<3 IThite White ' +
a 2 White -H + — — — —
a 1 White — — — — 4

18b Q\5 B Red Red 4- + — 4  4 4 4 4
180 S(j A White White —— + — — :4 — 4 4 —

8*2 2 White White H" + 4- + 4  4 4 4 4 4
a White 4- 4- 4- 4- + 1 + 4 4 4 4
8Î Wloite + ~h — 4 4" +  + 4 4 4 4

19b 9C A Red with haze Red with haze 4- + — ———-
9] Red with haze» + + — — 4- + — — — —.
95 Red with haze'“h - t — — — — — —.

190 92 A Red and Pink Red + +
94 Pink 4- + — — — - '+ 1 ——+ .—
9£ B Red Red + - f — — 1

!
-I" —

20b 96 B Red and Pink Red 4- + — 4 — - ! + |
97 Pink — + — 4 —
96 Pink t i-- - — — 4 4  4 4 —

20o 99 B Red with haze Red with haze 4“ --- — — 4 4 4 4 4 4 -—
IOC Red with haze 4- --- 4- 4  4  4 4 4 ——
10] Red with haze 4- --- - —- — + 4  4  4 4 4 —

21a 105 A Red and White Red H- f f 4 “
' i

4  4  4 4 4 ___
102 Red ' t -h 4- 4- 4- 4 1 4  4 4 4
104 Red 4- ^ - — __ 4 ‘1'

21b 106 A Red and White Red 4“ -h '— --- 4 4  4 4loe White — - t — --- 4 ,4  4 4

210
107 White — -h — 4 4 4 4
106 B led with haze 

&nd white Red with haze 4- 4 “ — —
1

I- —

22b
109 White — 4 . 4 4 4 4
lie Ic.c. led with hAze Red with haze 4  -

t
4  -

1

11]
ind White t  4 4

' Red w ith  h aze - h + 4  -f t 4 -

115 W hite
\ 4" 4  -^ 4

!
!

1
4  '
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1 2 5 4 5 6 7 8 9 10 11 12 15 14 15 16

220 115

114

1 00 Red w i th  h aze  
and IThite

Red w ith  h aze  

W hite
4 + — — 4-

-f

4

4
4 4

4

4-

4
2Sb Uj5' B ' Red w ith  h aze + 4 — — —. "h 4 —— f —

L16 Red w ith  h aze 4 — — — 4 — — , / —

280 117

118

2 Red w ith  h a ze  
and W hite

Red w ith  haze  

Red w ith  h aze

~h

4 -

4
+

+•

+

4

4

4

4
119 W hite + 4 — — i - 4 — + ---

24b 120 B Red w ith  h aze Red w ith  ha^e - h 4 — ——— — —- 4 —
121 Red w ith  haze + 4 + — -- — — — 4 —

122 Red w ith  h a ze H- 4 + — —. —- — ——— 4 -—

240 .126

124

C Red w i th  h a ze  
and w h ite

Red v fith  h aze  

Red w ith  h aze

-+-

4 -

4
4

4 -

+

—— — — — —

:126 W hite --- 4 — — — 4 4 4 -h —
I

25a :126

127

A Red w ith  h a ze  
and W hite

Red w ith  haze  

Red w ith  h aze
+

4

4
4 :

4
4

4

4
4 +

4 ;
—' \

.28 W hite + 4 — — - — 4 4 — f — —
25b ;L29

.50

C Red w ith  h aze  
and W hite

Red w ith  h aze  

Red w ith  haze
+

4
4
4

— - t

4
4

4

——

y-

— ——

151 Red w ith  hjELze 4 4 — — — +4 — + —

250 152

155

c Red w i th  h aze  
and W hite Red w ith  haze  

Red w ith  haze
4
4

4
4

4 — — 4 — — — —

26a 154 A Rod w ith  haze Red w ith  haze 4; 4 —— 4 4 + — "4 — - — —

155 Red w ith  haze 4 4 — — 4 4 4 — 4" — —

156 Red w ith  h aze 4 4 — 4 4 4 — 4 — — __
26b 157 C Red w ith  h aze Red w ith  h aze 4 4 4 — + +4 — -t —

158 Red w ith  h aze 4 — 4 + 4 ' — + —

159 Red w ith  h aze 4 4 — 4 4 — + — —  '
260 140 DW hite W hite - — 4 — r - — — — 4 — + —

141 W hite ------ + ------ • — 4 — + —.

142 W hite
— — "h ------ — 4 +
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1 2 3 4 5 6 7 8 9 10 Li 12 13 14 15 10

278 U8 lOo > Red with 
haze and lüfhite

Red with haz( 4 y- 4 4 y y
(

144 Red with haze'+ y- ------ — — 4 y — ------ —

4 145 Red with haze + y- ------ — — . 4 y — — —

27b 146 B Red with haze 
and White Red with haze + y- ----- — — — y — y — —

147 Red with haze + y- ----- — — — y * ' 4
148 White y- y 4— — — - — '— —

270 149 C Red and White Red + ------ y — — y — 4 — —

150 Red + y- 4 — — y y — 4 — —

151 White — + — y — y y — 4 — —

28b 152 B Wliit e White + y~ — — y y — 4 — —
153 White f y- — — — y y — 4 —

154 Wliite + y- — — - — y y ____ 4
280 155 B Red with haze 

and White
Red with haze -f + — y y —- 4 — '— "

156 Red with haze y- y- — — y y — 4
157 White — y- — 4 — 4 y — 4 — ■■ j

29ai 158 ' A Red with haze 
and White

Red with haze y- y- -— — — 4 y — 4 — —
159 Red with haze 4 y- — — —' — — — y —

29b 160 D Red with haze 
and White

Red with haze y- -h 4 y — —
161 - White y- y- — 4 — — y y — —-
162 White y~ + — ——y — y -—

"290 163 ÏÏ Red with haze 
and White*

Red with haze y- y 4 — — y y — — y -

164 Red with haze + — y 4 — y y — y — —

165 White — y — 4 — y y — y — y
30a 166 A Red with haze 

and White
Red with haze + y- ■— — — y y — y

167 * Red with haze y- y — — — y y — y —
|;

168 White y- — - 4 — y y — y — —  1
80b 169 C Red with haze Rod with haze y- y — — — y — —— -— 4 - — .'!

!
170 Red with haze y- y — — y — — 4 —

171 ' Red with haze + y — ' — y — — — 4
30o

I

172 c White White y- y- y 4
'

y
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I l i a10 16 151614

W hite175

W hite174

RedRed and W hite175610

Red176

White
RedRed and W hite178

179 Red

180

100 0  Red w i th  h a ze181 Red w ith  h a ze

Red w i th  h a ze

185 Red w i th  h aze

Red and W hite Red

185 W hite

Red and W hite Red

187 Red

188 W hite

lOoc W hite

Red and W hite Red

Red

W hite
RedRed and  W hite

Red

195 W hite

196 Red and W hite Red

197 Red

198 W hite

199 Red and W hite Red

200 Red

201

202 Red w ith  haze Red w ith  h aze
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. i 2 5 4 5 6 7 8 9 10 11 12 15 14 15 16

*8% 205 B Red with haz 4̂- + 4 4
204 Red with haze -h -f 4 — — — -- -- 4 —

880 205 G Bed with haze Red with haze 4- 4 — 4 — -- -- — ——
206 ! Red with haze 4- + 4 4 — -- —- —.

I 207 > Red with hAze “h + 4 4 — -- — -- — —
89b 208 C Bed with haze Red with haze -f- + 4 4 —

209 Red with haze 4- + 4 — — — -- 4 -—
210 Red with haze 4- -t- 4 — — — — —— -- 4 —.

590 211 0 Bed and White Red 4" + 4 — — — 4 — -- 4 —
212 Red -h + 4 — -- — 4 — -- 4 —
215 White -— + — + — 4 — — --- — ——

40o 214 Â Bed, Pink and 
White

Red 4- -f — 4 4 4 — 4 —
215 Red + + — + 4 4 4 4 4 4 .—
216 Pink 4- + 4 — — . — — -

410 - A Bo growth

42o 217
218

loo Bed with haze Red with haze
Red with haze'

4-
4-

+
4

219 Red with haze 4~ 4 4 — — 4 4 — 4 —

45b 220 A Red and White Red 4- 4 — — — — 4 — — 4 —
221 Red 4- 4 — — — — 4 — — 4 —
222 Red 4- 4- ——— — 4 4 — —“ 4 —

450 225 C Bed and White Red 4- 4 — — 4 4 — — 4 —
224 Red 4 - 4 — — — 4 4 — —; . 4 ''—

' 225 White — 4 4 —— — -- — — '
226 White — 4- 4 — —— — —- — — :
227 White — 4 4- -h
228 A Red Red 4" H-

44b 229
250

C Bed and White Red
Red

4 “
4~

+
4 4

— — 4 —■-- — ----

251 White — + — -- — + 4- + 4 — -- ,

44o 252 D Red with haze Red with haze

!

4

1
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1 2 5 4 5 6 7 8 9 i.0 XX12 15 14 15 16

440 255 D Red with haze 4 4 4
254 Red with haze 4 4 4

450 255 A Red with haze Red with haze 4 4 4 — — 4 — — — —»«- '
256 Red with haze 4 4 4 — — 4 — ———- J?;
257 Red with haze 4 4 4 — — 4 — — —

460 258 loo Red Red 4 4 — 4 4 4 4 4 —,—— ■
259 Red 4 4 — — 4 4 4 4 4 — --
240 Red 4 4 — — 4 4 4 4 4 —

47Ô 241 D Red with haze Red with haze 4 1 ■4 4and White 1

242 Red with haze 4 4 ——4 4 4 — — —- ——
245 White — ——4 4 4 4 4 -h — --

470 244 D HajdL uyctLy Red with haze 4 + 4
245 Red with haze 4- + 4
246 Red with haze 4 + 4

48b 247 G Red with haze Red with haze 4 + 4 — 4 4 4 — + — —
248 Red with haze 4 + 4 — 4 4 4 — — --
249 Red with haze 4 — — 4 4 4 4 + — --
250 B Red and White Red 4 — — — 4 4 4 4 + —
251 Red 4 4 t — 4 4 4 4 --
252 White — 4 — — 4 4 4 — — — --

&8o. 255 D Red with haz© Red with haze 4 4 4 — — 4 4 — — --
254 Red with haze 4 4 4 — — 4 4 — — —
255 Red with haze 4- 4 4 — ——4 4 — 4 — --

19 0 256 B Red with haze Red with haze 4" 4 — 4 --
267 V- Rad with haze 4 4 4 -- -
258 Red with haze 4 4 — — — — — — — 4 ---

50o B Bo growth
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i» ' I

^  » #
fiebJ^Qlagar -  MaoConkey’s Beutral Red Lactose Agar,

T * Production of acid and gas,
presence of indol,

presence of Voges and Proskauer's reaction, 
or liquéfaction of gelatine according to 

the column in which i t  appears*

}
absence of above according to column, 
or sligh t production of acid without gas 

or s lig h t production of acid with only a 
bubble of gas*
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The Composit i o n  o f  th e  Me^la F.7nnloy ,=̂  .

T?here the fermenting power of an 

organism was to be tested gelatine media were employed 
having the following composition :

Sugar or alcohol

Peptone Zi
Lemco
Gelatine
5^ KBO Solution

D latilled  water 
tinted with litmus

A medium similar in composition to the
jporegoing was used, litmus being omitted and neutral red 

replacing the sugar or alcohol so as to give a b r illian t  
color to the gelatine.
l a r J M a l :

^Peptone ifo

. . S a l t  0*5^

D istilled  water 98*5^ 
gOÆ and.JProskauer*js_ Reaction;

G-luoose 0*5^
Peptone ifa

Demoo 0*5^
D istilled  water 98*

Method of  .Conducting the Differen tia l Te s ts .

The method employed in carrying out these 

d ifferen tia l tests was based on that devised by Houston^^®
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aîîd dGSCfibcd by Jiin  i n  tJiQ R sportg  on tb.6 MGiropoÜicUi 

W atar S upp ly , J a n u a ry  and Ju n e ,  1907. The m edia were

p u t  up i n  sm a ll  tu b e s  (2* x  J " )  which i n  t h e i r  t u r n  w ere  

p la c e d  i n s i d e  w ide  tu b e s  (3* X l " ) .  The v a r io u s  

m edia w ere  d i s t i n g u i s h e d  where n e c e s s a ry  by c o lo re d  beads 

i n  t h e  sm a ll  tu b e s  and c o lo re d  wool i n  t h e  w ide . When 

s t e r i l i s e d  th e y  were rea d y  f o r  u s e .  One such  wide 

tu b e  c o n ta in in g  5 o f  th e  sm all  s i z e  w i th  c o lo re d  beads 

a t  th e  b o tto m  o f  t h e  l a t t e r  i s  shewn i n  th e  

accompanying s k e tc h .
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As 5 c o lo n ie s  were s e l e c t e d  f o r  each p l a t e  a 

com plete  s e t  o f  tu b e s  f o r  one o p e r a t io n  was as fo llow s:

T h ree  o f  th e  fo l lo v / in g :

A. Wide tu b e  (w h ite  wool) c o n ta in in g ^ s m a l l  tu b e s  as

’o l lo w s :

1 . l i tm u s g lu c o s e  g e l a t i n e -  w h i te bead

2 . # l a c t o s e # -  brov/n 9

3 . # m an n ite # -  b lu e 9

4 . # m a l to se # — green 9

5 . * g a la c t o s e # -  b la c k 9

T hree  o f  th e  fo llo w in ,S:

B, Wide tu b e  (b lu e  wool) c o n ta in in g  4 sm all  tu b e s  as 

fo l lo w s  :

1 .  l i t m u s ' l a e v u lo s e  g e l a t i n e

2.
3 .

4 .

a d o n i t

s a c c h a ro s e

r a f f i n o s e

-  no bead

-  re d  bead

-  ye llow  bead

-  in d ig o  "

T hree  o f  f o l lo w in g ;

C. Wide tu b e  (brown wool) c o n ta in in g  4 sm all  tu b e s  as 

fo l lo w s :

1 .  l i tm u s  8a l i o i n  g e l a t i n e

2 .  • d u l o i t e  *

3# " i n u l i n  *

4 .  n e u t r a l  r e d  *

-  b lu e  bead

-  g ree n  *

-  brown "

-  no b e a d .

One o f  fo l lo w in g :

D. Wide tu b e  (w h ite  wool) c o n ta in in g  6 sm all  tu b e s  as 

fo l lo w s  :

3 w i th  g lu c o s e  b r o t h  (b lu e  bead)

3 w i th  p ep to n e  w a te r  ( no bead)
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When a co lony  was f i s h e d  from a "R e b ip o lag a r"  p l a t e  

i t  was e m u ls i f i e d  i n  s t e r i l e  waAer i n  one o f  t h e s e  

sma.ll t u b e s .  I t  i s  easy  t o  g e t  t h e s e  tu b es  f a l l  

o f  s t e r i l e  w a te r  by b o i l i n g  them i n  w a te r  and to  

re d u c e  th e  g u a j i t i t y  o f  w a te r  in  them to  th e  d e s i r e d  

amount by j e r k in g  th e  ex ce ss  o u t .

The w i r e s  u sed  f o r  la n d in g  th e  c o lo n ie s  and f o r  

é m u l s i f i c a t i o n  w ere th o s e  recommended by Houston 

and e a s i l y  o b ta in e d  from f l o r i s t s  who s to c k  them f o r  

x l o r a l  d e c o r a t i v e  p u rp o s e s .  They a r e  s o f t  i r o n  

w i r e s  o f  n i c e  l e n g t h  (ab o u t  7 in c h e s )  th ic k n e s s  and 

b a l a n c e .  They can be s t e r i l i s e d  i n  b u lk ,  c o s t  

a lm ost  n o th in g  and can be used  over and over a g a in .

When a colonj^ v/as co m p le te ly  e m u ls i f ie d  in  th e  

s t e r i l e  w a te r  i n  a sm a ll  tu b e  14 a d d i t i o n a l  w i re s  

were added , making 15 i n  a l l .  As 3 such  c o lo n ie s  

were s e l e c t e d  from each p l a t e ,  b e fo r e  commencing th e  

i n o c u l a t i o n  o f  th e  m edia th e r e  were o b v io u s ly  S sm a ll  

tu b e s  each c o n ta in in g  an e m u ls i f ie d  colony and 15 

i n f e c t e d  w ire s  (45 w ire s  i n  a l l ) .

During i n o c u l a t i o n ^ t h e  sm all  i n n e r  tu b e s  c o n ta in ­

ing  th e  m edia w ere  removed from th e  o u te r  by means o f  

s t e r i l e  fo rc e p s  and p la c e d  in  a s p e c i a l  r a c k .

IS o f  th e  15 w ire s  i n  an e m u ls i f ie d  colony were 

used  f o r  i n f e c t i n g  th e  13 sm all  tu b e s  in  one o f  th e  

s e t s  A, B and C. For th e  3 c o l o n i e s , t h e r e f o r e ,

39 w i r e s  were used  and a l l  th e  s e t s  A, B and C.

S ix  i n f e c t e d  w i r e s  were s t i l l  l e f t ,  2 each in  each 

e m u ls i f i e d  co lo n y , and t h e s e  were u sed  f o r  i n o c u la t i n g  

t h e  t h r e e  s e t s  o f  g lu c o se  b r o th  and pep tone  w a te r  in  

D, th e  sm all  tu b e s  b e in g  marked w i th  one, two o r  th ree
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t r a n s v e r s e  b a r s  to  I d e n t i f y  th e  co lo n y .

^?hen th u s  in o o u la te d  th e  sm all  tu b e s  were 

r e p la c e d  i n  t h e i r  o r i g i n a l  c o n ta ln in g - tu b e s  which 

w ere a p p r o p r i a t e l y  marked f o r  th e  i d e n t i f i c a t i o n  

o f  t h e  m icrobe  w i th  w hich  th e  m edia hed beeh  i n f e c t e d .

A l l  w ere  a llow ed  t o  In c u b a te  a t  5 5 ° to  3 7  0 ;  b u t  a t

t h e  end o f  o h o u rs  th e  g e l a t i n e  media (A, B and C) 

w ere  removed and p la c e d  f o r  h a l f  an h o u r  in  an i c e -  

c h e s t  and a f t e r w a r d s  a llow ed  to  in c u b a te  a t  to  

22*̂  C. The p r im ary  in c u b a t io n  a t  t h e  h ig h e r  tem p éra tu re ]  i 

m e l t s  t h e  g e l a t i n e ,  a llo w s o f  some m u l t i p l i c a t i o n  to  

t a k e  p l a c e  and e n a b le s  t h e  organism s t o  d i s t r i b u t e  

th e m se lv e s  th ro u g h o u t  th e  medium. The p ro d u c t io n  o f  

a c id  o r  gas  i s  r e a d i l y  i n d ic a t e d  by th e  change o f  c o lo r  

o f  t h e  l i tm u s  o r  t h e  p re s e n c e  o f  a bu b b le  o f  gas  in  

t h e  medium.

I t  to o k  on an av e rag e  15 m in u te s  to  i n o c u l a t e  a 

com ple te  s e r i e s  o f  t h e s e  tu b e s  i . e .  A, B, C and D 

c o r re sp o n d in g  to  t h e  3 c o lo n ie s  f i s h e d  from a 

" R e b ip e la g a r*  p l a t e ,  and c e r t a i n l y  no s e t  was exposed 

to  t h e  a i r  f o r  a lo n g e r  p e r io d  th an  20 m in u te s .  I t

h a s  been  su g g e s te d  t h a t  d u r in g  t h i s  t im e  th e  g e l a t i n e  !
i

may become co n tam in a ted  w i th  a i r - b o m e  organism s and i

th e  r e s u l t s  t h e r e f o r e  v i t i a t e d .  But i t  must be |

remembered t h a t  th e  s u r f a c e  o f  th e  g e l a t i n e  i s  sm a ll .  

and a t  th e  f o o t  o f  a s t e r i l e  column o f  a i r ,  w hich 

a c t s  as a p r o t e c t i v e  l a y e r  t o  th e  n u t r i e n t  m ed ia . ^

An exp erim en t was conducted in  v/hioh th e  tu b es  w ere

I n o c u la te d  in  t h e  u s u a l  way b u t  w i th  s t e r i l e  w i re s  and 1

I
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th e  p e r io d  o f  i n o c u l a t i o n  and axposure  was ex tended  

to  one h o u r .  I n c u b a t io n  was th e n  allow ed to  

p ro c e e d ,  b u t  no g row th  r e s u l t  ed^or was any change 

in  any o f  th e  m edis  a p p a r e n t .  H ous to ^^a lso  Tsak es 

r e f e r e n c e  t o  t h e  f a c t  in  h i s  f i r s t  d e s c r i p t i o n  o f  

t h e  method t h a t  t h e r e  i s  no a p p r e c i a b le  danger of 

a i r  c e n t  a m in a tio n  d u r in g  i n o c u l a t i o n  o f  th e  sm a ll  

s a l i n e  tu b e s  w hich  h e  employs*

The tu b e s  w ere  looked  a t  d a i ly  f o r  f e rm e n ta t io n  

up to  7 d a y s .  I t  was n o t  found to  be p r a c t i c a b l e  

on a c c o u n t  o f  t h e  numbers in  u se  t o  keep them lo n g e r  

th a n  t h a t  t im e .  Those shewing d e f i n i t e  p ro d u c t io n  

o f  a c id  and gas w i t h in  t h a t  p e r io d  a r e  i n d ic a t e d  by 

t h e  s ig n  ■+- i n  th e  a p p r o p r i a t e  column. Ho r e c o rd  

o f  th e  deg ree  o f  a c i d i t y  o r  amount o f  gas p r o d u c t io n  

i s  p o s s i b l e  by t h i s  m ethod. At th e  same tim e  i t  

was c l e a r  t h a t  th e  o rgan ism s i s o l a t e d ,  a l th o u g h  

y i e l d i n g  an  u n m is ta k a b ly  p o s i t i v e  r e s u l t ^  d i f f e r e d  

g r e a t l y  i n  t h e i r  powers o f  s p l i t t i n g  th e s e  r e a g e n t s ,  

H o u s to n '^ -  (M e tro p o l i ta n  W ater Supply , S ep tem b er ,1907 

R e p o r t ,  pp 25-25) h a s  p o in te d  out th e  extreme 

d e l i c a c y  o f  g e l a t i n e  media f o r  th e s e  fe rm e n ta t io n  

. t e s t s .  T h is c o n c lu s io n  was amply su p p o r ted  d u r in g  

th e  p r e s e n t  i n q u i r y ,  and th e  s ig n  — i n d i c a t e s  (a )  

p ro d u c t io n  o f  n e i t h e r  a c id  n o r  gas i n  7 days , (b) 

s l i g h t  p ro d u c t io n  o f  a c id  w i th o u t  g a s ,  and (o) s l i g h t  

p ro d u c t io n  o f  a c id  w i th  o n ly  a bubb le  o f  g a s .

I t  i s  a l s o  w orthy  o f  n o te  t h a t  l i q u e f a c t i o n  o f  

t h e  g e l a t i n e  may s e t  i n  b e fo r e  f e rm e n ta t io n  has begun, 

making gas p ro d u c t io n  im p o ss ib le  o f  r e c o g n i t i o n .
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T h i s ,  h ow ever ,  d id  n o t  happen i n  th e  c a se  .of any o f  

t h e  m ic ro b e s  i n v e s t i g a t e d *  But I t  r a i s e s  t h e  

q u e s t i o n  i f  t h e s e  g e l a t i n e  su g a r  m edia a r e  a s  u s e f u l  

f o r  t h e  d i f f a ?  e n t l a t i o n  o f  unknown m ic ro b es  as th e y  

c e r t a i n l y  a r e  f o r  t h e  p u rp o se  to  which H ouston  p u t s  

them , v i z .  t h e  r e c o g n i t i o n  o f  b a c i l l u s  o o l i  communis 

and b a c i l l u s  tÿ p h o s u s ,  n e i t h e r  o f  w hich  I tq u e f j '” 

g e l a t i n e .

P a rad im e th y lam ,ld o b en za ld eh y d e  and p e r s u l p h a t e  o f  

p o t a s s iu m  w ere  u se d  f o r  th e  i n d o l  t e s t ,  t h e  a d d i t i o n  

o f  50 p e r  c e n t  o f  th e  volume o f  p e p to n e  w a te r  o f  each  

o f  t h e s e  g i v in g  th e  b e s t  r e s u l t s .  W ith in  th e  7  d ays  

a l l o t t e d  f o r  t h e  c o m p le t io n  o f  t h e s e  r e s u l t s  i t  may be 

s a i d  t h a t  t h e  i n t e n s i t y  o f  t h e  c o l o r a t i o n  depended on 

t h e  l e n g t h  o f  g ro w th .  But from  th e  e x p e r ie n c e  o f  a 

few i n s t a n c e s  s p e c i a l l y  t e s t e d , i t  may be s a id  t h a t  th e  

i n d o l  r e a c t l o n ^ i f  n o t  d e t e c t a b l e  w i t h in  24 h o u rs  o f  

i n c u b a t io n ^  i s  n o t  g iv e n  l a t e r .

VAges and P r o s k a u e r ' s  r e a c t i o n  was c a r r i e d  ou t in

t h e  f o l lo w in g  m anner .  I n c u b a t io n  in  g lu c o s e  b r o th

was a l lo w e d  to  p ro c e e d  f o r  t h r e e  daj^s when abou t 2 5 ^

o f  t h e  volum e o f  t h e  b r o t h  was added o f  a Z f  s o l u t i o n

o f  c a u s t i c  s o d a .  The tu b e s  w ere  th e n  a llow ed  to

re m a in  a t  room t e m p e r a tu r e  f o r  4  days lo n g e r ,  d a i l y

O b s e r v a t io n s  b e in g  made d u r in g  t h i s  t im e .  . The c o l o r
/

l i k e  t h a t  o f  a d i l u t e  a l c o h o l i c  s o l u t i o n  o f  e o s in  

a p p e a re d  a s  a r u l e  w i t h i n  Z-% h o u r s ,  and i n  some 

i n s t a n c e s  w e n t  th ro u j iv v a ry in g  sh ades  to  a p a l e  g reen  

v«/ith a brown sed im en to u s  d e p o s i t  w i t h in  th e  4  

d a y s .  A ll  t u b e s  showing th e  b ro w n ish  f l u o r e s c e n t  

c o l o r a t i o n  on s t a n d in g  a r e  i n d i c a t e d  by th e  4 - s ig n  in
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th e  t a b l e s .

The f o l lo w in g  t a b l e  I n d i c a t e s  th e  number o f  p o s i t i v e  

and n e g a t iv e  r e s u l t s  t o g e t h e r  w i th  th e  p e r c e n ta g e s ,  

r e c o rd e d  f o r  each  o f  th e  t e s t s  o th e r  th a n  g lu c o s e ,  mn.unite, 

m a l to s e ,  g a l a c t o s e ,  and l a e v u lo s e ,  a l l  o f  which were 

p o s i t lv e - 4 -

T a b l e  8 .

( Vide p .  73 )
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!E2!Ll.J753Alê̂ ^Q£- th e  V o rl  ou s H ean en t  s Emp 1 py q <3 

f a i L D l g ^ e n t l a ^ ^

So f a r  as  th e  r e s u l t s  ob tadned  by a m inute  

e x am in a tio n  o f  t h e  S58 m ic ro bes  i s o l a t e d  a r e  conorrned^ 

i t  i s  p o s s i b l e  to  say  t h a t  m a n n i te ,  m a l to s e ,  g a la c to s e  and 

l a e v u lo s e  a r e  u s e l e s s  f o r  p u rp o ses  o f  d i f f e r e n t i a t i o n  o f  

g lu c o s e —f e r m e n te r s  as  a l l  th e  organism s i s o l a t e d  produced 

a c id  and gas  i n  t h e s e  m edia . MacConliey^'^^ has a l r e a d y  

made th e  same s t a te m e n t .

The p o s i t i o n  o f  l a c t o s e  i s  i n t e r e s t i n g ,  and may be 

summoned up th u s

(1 ) A l l  C o lon ies  d e f i n i t e l y  red  in  c o lo u r  on 

MacConkey's n e u t r a l  r e d  b i l e  s a l t  ag ar  a r e  l a c to s e  

fe r m e n te r  s .

(2) P in k  o r  w h i te  o lo n ie s  on t h i s  medium may or may n o t  

s p l i t  l a c t o s e .  There were t e s t e d  2 2  p in k  and 59  w h i te ,  

and th e  m a j o r i t y  o f  t h e s e  produced l a c t o s e  f e r m e n ta t io n ,  

MaoConkey^*^^ h as  r e f e r r e d  to  t h i s  f e r m e n ta t io n  o f  l a c t o s e

by c o l o u r l e s s  c o lo n ie s  i n  th e  J o u rn a l  o f  Hÿgiene, Vol V i i i ,

P 524.

F lu o re sc e n c e  was produced  by 255 o u t . o f  th e  258 

c o lo n ie s  examined, o r  by 9 0 . 5 ^  T his i s  a h ig h e r  

p e rc e n ta g e  th a n  o b ta in e d  by th e  w r i t e r ^ ^  when examining 

g lu c o s e  fe rm e n t in g  organ ism s i s o l a t e d  from m u sse ls .  In  

t h i s  l a t t e r  c a se  th e  p e rc e n ta g e  was 50 . A p o s i t i v e  

r e a c t i o n  as r e g a r d s  f lu o r e s c e n c e  i s  n o t  always g iven  by 

g lu c o s e - f e r m e n te r s ,  b u t  th e  s ta te m e n t  o f  Houston^^® t h a t  i t  

i s  by th e  g r e a t  m a jo r i ty  i s  p ro b ab ly  c o r r e c t .

In d o l  was i n v a r i a b l y  produced by th o s e  red  00 l o n i e s
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p ro d u c in g  d e f i n i t e  haze  in  th e  su rro u n d in g  medium, and 

i t  becomes m i e s t i o n a b l e ^ i t  i s  v a lu a b le  as  a f u r t h e r  t e s t  

i n  t h e s e  o a s e s .

The p o s i t i o n  and ex ac t  i n t e r p r e t a t i o n  o f  Voges and

P r o s k a u e r 's  r e a c t i o n  has n o t  y e t  been d e f i n i t e l y

d e c id e d .  I t  i s  g e n e r a l l y  a cc ep ted  as  a r e a c t i o n  g iven

o n ly  by b a c i l l i  o f  th e  B. l a o t i s  a e rogenes  and B .c lo a c a e

g ro u p s .  F i f t y - f o u r  o u t  o f  th e  258 c o lo n ie s  examined,

o r  2 0 .9 ^  gave th e  r e a c t i o n .  I t  i s  n o t ,  t h e r e f o r e ,  a

r e a c t i o n  g iv en  by every organism  as M a o L .H a r r i s ^  h as
27o

s t a t e d  and KacConkey* , has a l r e a d y  c o n t r e v e r t e d . But

o f  t h e  54 p o s i t i v e  organism s o n ly  2 could  be p la c e d  i n  

th e  L a c t ig  ae ro g en e s  group by t h e i r  o th e r  re a c t io n s^  and 

on ly  2 more i n  t h e  C loacae  g ro u p . I t  I s ,  t h e r e f o r e ,

d i f f i c u l t  t o  p la c e  o rgan ism s i n  any p a r t i c u l a r  group by 

means o f  t h i s  t e s t .  I t  seems r a t h e r  to  be a r e a c t i o n  

g iv e n  by a l a r g e  number o f  organism s o f  d i f f e r e n t  c la sse s^  

a l t h o u ^  in  t h e  p r e s e n t  s t a t e  o f  our Jaiowledge i t  may be 

w e l l  to  a c c e p t  i t  as  a n e c e s s a ry  q u a l i f i c a t i o n  o f  th e  

o rgan ism s b e lo n g in g  to  th e  groups m en tioned .

Ho p a r t i c u l a r  ment io n  . . r e q u ire s  to  be  made o f  th e  

o th e r  r e a g e n t s  employed, w hich , judg ing  by th e  p e rc e n ta g e  

o f  p o s i t i v e  and n e g a t iv e  r e s u l t s  g iven  by each, a r e  a l l  

more o r  l e s s  o f  d i a g n o s t i c  v a lu e .  Too much im portance

m ust n o t  be a t t a c h e d  to  th e  l a s t  t e s t  f o r  l i q u e f a c t i o n  

o f  g e l a t i n e  where th e  r e s u l t s  a r e  n e g a t iv e ,  a s  th e  t im e  

g iv e n  (7 days) was s h o r t  f o r  t h i s  t e s t .  So f a r  as i t  

goes i t  i s  i n t e r e s t i n g  to  n o te  t h a t  12 o u t  o f  th e  15 

l l q u e f l e r s  w ere  c o lo u r l e s s  c o lo n ie s  on I^cC o n k ey 's  

H e u t r a l  Red B i le  S a l t  Agar.
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Whe ü f t tu re  o f  th e  Organisms I s o l a t e d .

R e f e r r in g  to  Table  7 I t  w i l l  be seen  t h a t  In  

o n ly  t n r e e  o f  th e  ioe-o ream s was i t  p o s s i b l e  to  i s o l a t e  

an organ ism  g iv in g  t h e  same r e a c t i o n s  In  tv;o 

s u c c e s s iv e  s t a g e s ,  v l z : -

Organisms E os. 64 ,65  and 66 in  sample 12b 

( c o o l in g ,  21 h o u r s ) ,  and organ ism  Ho. 69 i n  sample 12c 

( c o o l in g  42 ho u rs  and f r e e z in g  S h o u r s ) ;

o rgan ism s E os. 127 and 128 i n  sample 25a 

( im m ed ia te ly  a f t e r  b o i l i n g )  and organism s E os. 150 and 

151 i n  sample 25b ( c o o l in g  5 h o u r s ) ;

o rgan ism  No. 222 i n  sample 45b (c o o l in g  18 h o u rs )  

and o rgan ism s Eos 225 and 224 in  sample 45c ( c o o l in g  

19 h o u rs  and f r e e z i n g  5 h o u r s ) .

In  th e  c a se  o f  th e  organism s i s o l a t e d  from sam ples 

Nos. 25a and 25b, No. 128 was w h i te  on MacConkey's 

N e u t r a l  Red L a c to se  Agar, w h i le  Nos 127, 150 and 151 

a l l  shewed r e d  w i th  h a z e .  These f a c t s  i n d i c a t e  th e  

m u l t i p l i c i t y  o f  g lu c o s e  fe rm e n te rs  which abound in  

i c e -c re a m  and len d  s t ro n g  p resum p tion  to  th e  view t h a t  

f r e s h  o rgan ism s a re  added by c o n tam in a tio n  a t  each 

s t a g e  o f  th e  m a n u fa c tu re .

For p u rp o se s  o f  c l a s s i f i c a t i o n  o f  t h e s e  v a r io u s  

i s o l a t e d  o r g a n i s m s , i t  was n e c e s sa ry ^ p u t  known organism s 

th ro u g h  t h e  same t e s t s  in  th e  same way. By the  

k in d n e ss  o f  D rs .  K.M.Buohanan, A .C.H ouston, P r o f e s s o r  

R .P .O .L e i th ,  Dr.A.T.MacConkey, P r o f e s s o r  E.J.McWeeney 

and Dr.W.Cf.Savage, th e  w r i t e r  was a b le  to  o b ta in  s t r a i n s  

o f  v a r io u s  organ ism s and t h e  fo l lo w in g  t a b l e  g iv e s  th e  

r e a c t i o n s  o b ta in e d  w i th  th e s e  b a c i l l i  as w e l l  as th e  

so u rc e s  from w hich th ey  were g o t .
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T a b i c  9

Shewing E e a o t io n s  o f  known Organisms w i th  th e  d i f f e r e n t i a l  

Media employed in  th e  p r e s e n t  i n v e s t i g a t i o n .

8 i.9:.o 15 U 17QL8

Name 

of Organism

O bta ined

from ca
G>

O

0

1
a

o"HH6Sca

<AMo
t)
44O
§

i-P
!0d
144©
E*

B.Coll coom m is 
(Esoherioh)

B«Aeidi l a o t l o i
(aSXppe)

B.laotis aerogenes

B.oloaoae

B.paraooli (Widal)

B .en ter itid is  
((faertner)

Dr.A.T.M aoConkey

D r.A .G .H ouston

E ^ à l th ro u g h  
D r. P.M. Buchanan

Dr • A.T .MaoConkey

Dr .A.C .H ouston

K rà l  t h r o u ^
Dr .R .M .Buchanan

K ra i th ro u g h  
Dr .R .M. Buchanan

D r. A.C. H ouston

K ra i th ro u g h  
Dr.R .M .Buchanan

O r ig in a l  s t r a i n  
th ro u g h  Dr .W.C. 
S avage.

+

+

+

+

+

+

4-

4

4

4

4

4

4 4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4 I : -

41 +
!

I
4 4  

4 i 4  

4  -

4  4  

4

4 | -

4 I -

4  -

4

4 4

4

4

4

-4

-4

4-

4

4

4

4
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B.paraty piiosus B
( S o h o t t m t l l l e r )

' w

lAohard) 
n *
(Sohottmltller]

, "  ' *

(MoWeeney)
tt ti

A (Sohottzdillier)
tt «

(Brion & X ayser)

B»aerti‘yok©

B.Sinpestifer

B.pslttaoosis

BiPriedlander 
U io o l le )

[B.Priedlander 

lev ans 

|2»(xriinthal

'^•Oavioida(Brieger)

( •̂oxytoous 
Pôrniolosus

^'Oosooroba
L

8 1215 14 15 16 17 1 8

Dr .A .G «Houston

K ra i  th ro u g h  
Dr *E «M^Buohanan

Krékl th ro u g h  
Dr .H.M.Buohanan

Dr .W.G .Savage

P r o f .E .T  *MoW e en ey

Dr .A.T .MaoConkey

Dr .A.C .H ouston

K rù .  th ro u g h  
Dr .R.M.Buchanan

Dr.W .G.Savage

K ra i  th ro u g h  
Dr.R.M .Buchanan

Dr.A .I,M acGonkey

P r o f  .U hl en h u th  
th ro u g h  Dr.W.G. 
Savage

D r . A i T .MacC onk ey

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

Dr .A .C . Hous to n

D r.A .T  .Mac C onkey

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

+

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

t

t

4

4

4

t

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

+

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4 t

4

4

4

4

4

4

4

4

4

4

4

4 4

4

4

4

i

4

4

4

4

4

4

4 4 4 4 4 4

4  -
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Oasi

B, typhosus

o 3 L( 11 13 18

P r o f .E .P .C .L e ith A

B.rhinosclsroniatls |Dr *A*T .Mac Conk ey

A

4

A A

4 4 4 4 4

A

4 4

The f e r m e n ta t io n  t e s t s  i n  

this t a b le  were i a l l  c a r r i e d  o u t  

in g e la t in e  m ed ia .

#
A

4"

= Acid

Vtd ■^otes to  ^ a b le  7

! Ï
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H ô te s  t a  T ab le___

lîaoConkey ( J o u rn a l  o f  H ygiene 1905 V o l .7  page S50)d e s c r ib e s

B.Coli ConsiEiniB (E sc h e r io h )  a s  E a f f in o s e  - f

B.Aoldi L a o t io i  a s  R a f f in o s e  +-

BiCloacae a s  L a c to s e  -h

B.Paracolon (Day) a s  R a f f in o s e  4  and D u lc i t e  A.

B.Enteritidis (G a e r tn e r )  a s  R a f f in o s e  4

B.of the  H o g -c h o le ra  g roup  a s  R a f f in o s e  A and D u lo i tg  A.

B,P s i t t a c o s i s  a s  R a f f in o s e  -4

B.Priedlander a s  L a c to s e  A and sometimes I n d o l  4

MaoConkey ( J o u r n a l  o f  Hÿgiene 1906 Vol VI page 5 9 7 .)  d e s c r ib e s

B.Laotis Aerogenes

B.Levans

B.Grünthal

B.Cavioida (B r ie g e r )  

B.Oxytoous p e r n io io s u s  

B, Rhinos 0 1  erom .

as  I n d o l  4

a s  L a o to sa  4  and S accharose  

as  S acch a ro se  — 

as D u lc i t e  4  

as Voges and P r o s k a u e r 's  4  

a s  I n d o l  4  and I n u l i n  —

Morgan ( B r i t i s h  M ed ica l J o u r n a l  1906 Vol I .  page  1259) d e s c r ib e s

B.Coli

B.Cloacae 

B. «

B.Paracoii 

B.Paratyphoid  B. 

B. • A.

a s  S accha ro se  4  D u lc i t e  — 

o r  S a cch a ro se  4  D u lc i t e  4  

a s  L iq u e f a c t io n  o f  G e la t in e  — 

a s  L a c to s e  4  

a s  D u lo i te  — 

a s  I n d o l  a  t r a c e  

a s  "

B* of th e  H og-ch41era  group as " *

B.Grrünthal as  S accharose  —
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Com paring th e  r e a c t io n s  o f  th e  organlsm s

i s o l a t e d  from  ic e -c re a m  (T ab le  7) w i th  th o s e

g iv e n  i n  T a b le  9 ,  we f i n d  x h a t  66 out o f  t h e

258 can be  c l a s s i f i e d  as  fo l lo w s :

( T id e  T ab le  10 . p 8 2 . )
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T a b l e  10.

Shewing the nature o f 65 .o fCthe organisms from the

"a" "b" and o Samples esomined

Red
with
haze

Red Pink White

B.Oxytoous pernioiosus (V & ? +-) 4,215, 15,16,17,

B.Oxytoous pernio iosus (V & 2 -) 1 118 2,240, 23,24,
B.Bhinosolerom (Indol — Inulin -f-) J

B.Coll (Saoo -h Raff -f Dulo -b) 30,51,
32,168,
219

39,40,
41,

B.Coli (Saco — R a f f D u l o - b ) 211,212 47,48,

B.Cloaoae (Laot Llg. of gelatine —) 184,187,

B.Coli (SaoQ "f- Raff — Dulo — ) 1 132 6,7,
B.Criinthal r
B.Cosooroba ^

B.Coli (Saoo -  Raff -  Dulo -  ) 1 
B.Cavioida (Dulo — ) J

108,125,
124,202,
255,234,
244,245,
246.

8,64,
65,66,
69,175,
176,
230.

216

B.Coli (Saco 4- Raff -  Dulo -h ) 9,10,11

B.Aoidi la o t ic i  (Raff — ) 205,206,
207,

42

B.Coli oommunls (Saoo — Raff — Dulo +*) ' 71,120,
121,122,
203,204,
208,209,
210.

67,68.

B.Priedlander (Indol — ) 110

B.Laotis aerogenes (Indol —) 188,139

The figures refer to the 
organisms numbered on Table
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C o l l  g r oup .

In  t h i s  t a b l e  w© f in d  t h a t  th e  C oli  group 

p re d o m in a te s ,  no l e s s  th an  47  o u t  o f  th e  66 re c o g n ise d  

o rgan ism s b e lo n g in g  to  t h i s  g roup , 11 o f  th e s e  b e in g  

t h e  t y p i c a l  b a c i l l u s  c o l i  communis * In  only  3 

i n s t a n c e s  d id  th e s e  members o f  th e  c o l i  group n o t  

y i e l d  r e d  c o lo n ie s  on MacConkey’ s n e u t r a l  re d  l a c t o s e  

a g a r  ana even th e s e  t h r e e  w ere p in k .  I t  i s  i n t e r e s t i n g  

to  n o te  t h a t  27 o u t  o f  th e  t o t a l  4 7 m c o l i - l lk e  m icrobes 

p roduced  r e d  s u r f a c e  c o lo n ie s  w i th  haze  i n  t h i s  medium. 

T h is  I n d i c a t e s  t h a t  w h i le  th e  c o lo n ie s  to  be s p e c i a l l y  

s e l e c t e d  when u s in g  MacConkey*s N e u t ra l  Red L ac to se  Agar 

sho u ld  be th o s e  p ro d u c in g  h a z e ^ o th e r  v a r i e t i e s  must n o t  

be  n e g le c te d  i n  th e  s e a rc h  f o r  B a c i l l u s  C o l i .

Organism s o f  t h i s  group have  long been  a s s o c i a t e d  

w i th  c o n ta m in a t io n  by f a e c e s ,  human ox* o th e rw is e .

D o u b t le s s  th e y  g a in  e n tra n c e  to  ic e -c re a m  from th e  d r i e d  

p a r t i c l e s  i n  th e  c o u r t  y a rd s  a s  w e l l  as from  th e  m akers 

hands w hich  a r e  n o t  washed b e f o r e  conanenolng I t s  

m a n u fa c tu re .

B.

So f a r  as th e s e  t e s t s  go i t  i s  im possio*e  to  

d i s t i n g u i s h  betw een c e r t a i n  v a r i e t i e s  o f  th e  B .C o l i  and 

t h e  B .C ru n th a l ,  B.Cosooroba and B .C a v ic id a  as seen  on 

T a b le s  9 and 10. The B .G ru n th a l  has  been  p la c e d  i n  

th e  Colon group by M organ^  ( B r i t i s h  M edical J o u r n a l ,  V ol. 

I .  1905, p 1258). B .Cosooroba i s  s t a t e d  to  have been
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th e  c a u se  o f  an  epidem ic o c c u r r in g  i n  swans. T h is
3Ûwas s t u d i e d  by T r i t r o p  and h i s  r e s u l t s  p u b l is h e d  

a t t r i b u t i n g  th e  o u tb re a k  to  t h i s  b a c i l l u s  i n  

Ann. de 1* I n s t .  P a s t e u r ,  %IT, 1900, p . 224. The 

B .C a v ic id a  h as  been  i s o l a t e d  from f a e c e s  by B r le g e rp ^  

xiho g iv e s  an  acco u n t o f  th e  organism  i n  TJeber 

S p a l tu n g s - p r o d u c te  d e r  B a k te r ie n  ( L e i t s o h r .  f u r  p h y s . 

Chemie, T i l l  1884, e t  B e r l i n  k l i n .  Wochenschr. 1884 

Ü0 . 1 4 ) .  I t  i s  p a th o g e n ic  f o r  g u in e a -p ig s  when 

i n o c u l a t e d  subcutanoously^  but i s  w it î io u t  e f f e c t  when 

ta k e n  w i th  th e  fo o d . A ccording to  B r ie g e r  i t  i s  

a l l i e d  to  B a c i l l u s  C o l i  Communis and B a c i l lu s  L a o t i s  

A erogeîies .

B .Oxytoous p e m i c i o s u s and 

BjiimijiQ s^oJl^om tig ..

Next t o , t h e  C o li  group o f  organism s th e  

o rgan ism  found in  most abundance was th e  B a c i l l u s  

Oxytocus p e m i c i o s u s .  T h is  i s  an organism  f i r s t  

d e s c r ib e d  by Wysskowltsch^"^ and i s o l a t e d  by him 

from o ld  m ilk .  I t  i s  p a th o g e n ic  f o r  mice and 

r a b b i t s  when l a r g e  doses a r e  u se d .

MacConkey^*^® i d e n t i f i e d  t h i s  organism  16 tim es  

i n  170 organism s i s o l a t e d  from m ilk .

A g la n c e  a t  T ab le  10 w i l l  shew t h a t  i t  has  been 

n e c e s s a ry  to  a s s o c i a t e  a v a r i e t y  o f  t h i s  b a c i l l u s  as 

r e g a r d s  i t s  f e rm e n ta t io n  t e s t s  v ;i th  b a c i l l u s  

r h i n o s c l e r o m a t i s . I n c lu d in g  b o th  v a r i e t i e s  h e r e  

i n d i c a t e d ^ t h e  b a c i l l u s  oxytocus p e m i c i o s u s  has been 

found 10 tim es in  th e  258 m icrobes s p e c i a l l y  s t u d i e d .
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BftCJLoj^e.

The B .C lo acae  has been I s o l a t e d  tvrloe, A good
27aa c c o u n t  o f  t h i s  o rgan ism  i s  to  be found i n  JVÎaoConkey^ s 

a r t i c l e  on L a c to s e  Ferm enting  B a c t e r i a  i n  Faeces which 

ap p ea red  i n  t h e  J o u rn a l  o f  H ygiene, V o l.  5 ,  1905.

W ith  th e  s t r a i n s  t h e r e  examined l i q u e f a c t i o n  o f  

g e l a t i n e  d id  n o t  occu r v r i th ln  s i x  weeks^and t h i s  r e s u l t  

s u p p o r ts  th e  c l a s s i f i c a t i o n  o f  organisms Nos. 184 and 

187 a s  B ,C lo a c a e ,  t h e  tim e allov^ed f o r  l i q u e f a c t i o n  

i n  th e  p r e s e n t  i n v e s t i g a t i o n  b e in g  one week o n ly .

B .L a o t i s  Aeroiienes. jm d

iU E asuB m iA a X fe te â iâ ssL e sL .

The B . l a c t i s  ae ro g en es  has been I d e n t i f i e d  tw ice  

and th e  B.pneumoniae (F r ie d la n d e r )  once.

A u t h o r i t i e s  a r e  n o t  ag reed  as  to  th e  r e l a t i o n s h i p  

be tw een  t h e s e  o rg an ism s . Some c o n s id e r  them i d e n t i c a l .  

O th e rs  c o n s id e r  th e  B . l a c t i s  a e rogenes  a s  i d e n t i c a l  w i th  

th e  B . c o l i  communis. The p re se n c e  o f  Toges and 

P ro sk a u e r» s  r e a c t i o n  i s  th e  most im p o rtan t  t e s t  y e t  p u t  

fo rw ard  f o r  th e  i d e n t i f i c a t i o n  o f  th e  B . l a c t i s  a e ro g e n e s .  

MaoConkey^*^® i s o l a t e d  th e  l a t t e r  tw ice  from v a r io u s  

sam ples o f  m i lk ,  bu t was u n a b le  to  i d e n t i f y  th e  

B.pneumoniae (F r ie d la n d e r )  d u r in g  t h i s  i n v e s t i g a t i o n .

He c o n s id e re d  t h a t  th e  B .c lo a c a e  and B . l a c t i s  a e ro g en es  

cou ld  be found i n  m ilk  i n  g r e a t e r  abundance a f t e r  i t  

had been  k e p t  some t im e .



86

B.Aoi d i  Lao t lo jL.

The B .a o ld i  l a o t i o i  has a l s o  been r e c o g n is e d ,  

KaoConkey^*^® h a s  su g g e s te d  t h a t  t h i s  o rgan ism  w h ile  

o o o u r r ln g  i n  f a e c e s  d i s a p p e a r s  so q u ic k ly  t h a t  i t  may 

p ro v id e  an e x c e l l e n t  t e s t  f o r  th e  n e a rn e s s  o r  

rem o ten e ss  o f  p o l l u t i o n .  In  any case  a u t h o r i t i e s  a re  

ag re ed  t h a t  i t  i s  a c lo s e  a l l y  o f  B . c o l i  communis and 

as su c h  m ust be re g a rd e d  as evidence o f  s e r i o u s  

c o n ta m in a t io n .  I t  was found i n  two o f  th e  samples 

i n v e s t i g a t e d .

C l a s s i f i c a t i o n  o f  th e  rega in in g . 

o rg a n is m s .

W ith  r e g a rd  to  th e  rem ain ing  192 organ ism s th e s e  

may be d iv id e d  i n to  69 d i f f e r e n t  groups as shevm in  th e  

fo l lo w in g  t a b l e

T a b l e  11

( V ide p p .  87 , 88 , 89 , 90 . )
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T a b l e  11.

C l a s s i f i c a t i o n  o f  th e  192 u n re c o g n ise d  organ ism s i s o l a t e d  

from th e  "s'* " b ” and "c* Samples exam ined.

1 2 3 4 5 6 7 6 9 LO 11 12 13 14 15

g
,

•H

c50
p;
09

5  14̂  ■
l \to

Red

w ith

haze
t

Bed P in k W hite
(Dtao
oa

oo
g0CQ<D
u

1

r4O

H

1
(9
S04

0»0
§•>

0+3

1
<

0C90

1  o
§ca

009O
a4444
â

5HdCM

ao•f-lr4dca

0
■pifOH
ê

$0o
co :-rl+>o
50
3.'H

102 ,103 4- 4- 4- 4- 4 4 4 4 4 4 ---

8 8 ,8 9 ,8 7 . 4- -h — 4- 4- 4 4 4 4 4 4

4 9 ,5 0 ,5 1 . 4- 4- 4- 4 - 4- 4 4 — 4 4 —

25,26 5 ,1 9 9 ,2 5 1 4* 4- 4- — 4~ 4 4 4 4 4 —

1 27 + 4- 4 “ — 4 4 4 4 4 — —

, 13,14. 4 - 4 - — — 4 4 4 4 4

55 3 8 . ~h 4- — 4 — 4 4 4 4 4 —

' 186 . — 4 — 4" 4 4 4 4 4 — - t -
■' '

190 . 4- 4- 4- 4 - 4- — 4 — 4 — —

137,247, 
: 248.

214 5 3 ,5 4 . 4 ” 4" 4- 4- 4 4 4

18 4" 4- 4- — 4 4 4 — — 4

200 4- 4- 4- — 4 4 — * — 4 4

2 4- 4" 4* — — 4 4 — 4 4 —

192 4- 4- — 4- 4 — 4 — 4 4 — -

126,849. 1 9 6 ,1 9 7 ,
2 3 8 ,2 3 9 . 4- 4- — — 4 4 4 4 4 —

!

1

7 3 ,7 4 ,7 5 . 4" 4 - 4 4 4 4 +
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L/"(

J.

83

99,100,
101.

28,29

255,-

184,135 ,
136

111,143 ,

72.

8 5 ,

193,194

250

150

1.

105,

7 9 ,8 0 ,8 1

164

12,20,253  
254.

156,166,
167,117,
U8,127,
160,151,
155,1 5 6 .

242

5 2 ,

45

179
149
191

22 2 ,223 ,
224.

5 8 ,5 9 ,6 0 .

4 5 6 r 3 9 10 I.1 ]L2 ]L5 14

2 2 ,3 6 ,3 7 ,
174. 4 4 4 4 f  -f  't

195. 4 — 4 4 4 4 4 4
4 — 4 4 4 4 4

4 4 4 4 4 — 4 —

4 4 4 — — 4 4 4 —

4" 4 — 4 4 4 — —

168. 4 4 4 4 4 — 4 —

112, 4 4 — — 4 4 4 — 4 ——

4 4 — — 4 4 — 4 4 —

4 4 — — 4 4 4 4 —r

4 4 — — — 4 4 — 4 +

4- — 4 4 — 4 4 — 4 —

4 — 4 —- 4 4 4 — 4 ---

188 — 4 4 4 4 -h — 4 ---

165 — 4 --- 4 — 4 4 — 4 —

243 — — 4 4 4 4 4 4 ---

109 — — -- 4 — 4 | 4 4 4 4

4 4 4 — 4 4 —- — —

4 4 — 4 4 4 — — — —

161 4 4 — 4 — — 4 — 4 —

4 4 — — 4 — 4 — 4 —

1 1 9 ,1 2 8 ,
15 2 ,15 3 ,
154. 4 4 — — — 4 4 — 4 —

4 4 — — — 4 4 — — +

173 t 4 — — — 4 4 -- — —

4 — 4 4 4 4 —

4 4 4 4 4

— 4

—  4

I ^
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255,256,
287.

70.
181,182,
188.

144,90,91
92,116,
U6,129.
169,170,
171.
146,147.

\
160

19,21

241

186.

96,178.

76,77,78,
280,221

159,256, 
r 257,258,

it .

43,

98

93,229

94

46

44

67

97

89

104,151,
157,189.
106,125,
231.

172

162.

201

252
188
114

227
180,213

140,141,
142,148,

-h

-t-

+

+

4 -
+

*4'

-f-

-h

i "

+

- t

8

- t

y-

- f

y-

y~

y*

y-
“h

y-

y-

y-

y*

y-

y -

y-

y-
y-
+

y-
y-
y-

y-
y

y-
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y

y

y

y

y

y

y
y
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y

y

11

y

y

y

y

y

y

y

y

y

y

y

y
y
y

y

y

y

y

y
y

14 15

y

y

y

y

y

y

y

y

y

y

y

y

y

y
y

y
y

y
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52,217 > 
18,232,

B.

aunb

6 1 ,6 3 ,6 3 ,  5 5 ,5 6 ,
9 5 ,238  I

104

Che f i g u r e s

ered  on T ab le

86

8 3 ,8 3

84

1 7 7 ,3 2 5 ,
236.

8 10 11 1X2

y

15

y

14

y

15

y

y

y

y

y

' t

r e f e r  to  th e  O rganism ;

y y
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I t  Vf i l l  be  n o te d  t h a t  th e  method o f  c l a s s i f i c a t i o n  

h e r e  drawn up i s  p u r e ly  a r b i t r a r y .  The t e s t s  have  

been p u t  d o ra  i n  t h e  o r d e r  i n  w hich  th e y  w e re  

co n d u c ted  and t h e  o rgan ism s g iv in g  th e  g r e a t e s t  

number o f  p o s i t i v e  r e a c t i o n s  have  b e en  p la c e d  f i r s t  

on th e  t a b l e ,  t h e  o rg an ism s w i t h  t h e  g r e a t e s t  number 

o f  s u c c e s s iv e  p o s i t i v e  r e a c t i o n s  t a k i n g  p re c e d e n c e  

w h ere  th e  t o t a l  number o f  p o s i t i v e  r e a c t i o n s  i s  th e  

same.

I n  t h i s  vfay i t  h a s  been  p o s s i b l e  t o ' a r r a n g e  

th e  192 u n re c o g n is e d  o rgan ism s in  69 d i f f e r e n t  g ro u p s .  

Many o f  t h e s e  g ro u p s  a p p ro x im a te  t o  t h e  known 

o rgan ism s a l r e a d y  d e s c r i b e d ,  b u t  th e  d i f f e r e n c e s  a re  

such  as -to p r e v e n t  t h e i r  i n c l u s i o n  i n  known g r o u p s .  

MacConkey l a y s  c o n s i d e r a b l e  s t r e s s  on th e  v a lu e  o f  

t h e s e  f e r m e n t a t i o n  te s tg ^  and th e  above  r e s u l t s  

s u p p o r t  h i s  c o n c l u s i o n s .  The l a b o u r  in v o lv e d  in  

w ork ing  o u t  t h e s e  r e a c t i o n s  f o r  t h e  v a r i o u s  o rg an ism s 

i s  c o n s id e ra b le ^  and d o u b t l e s s  p r e v e n t s  t h i s  method o f  

d i f f e r e n t i a t i o n  from  becoming p o p u l a r .  I t  i s  e q u a l ly  

t r u e  t h a t  i n  t h e  p r e s e n t  s t a t e  o f  ou r  knowledge no 

o rgan ism  can be a b s o l u t e l y  r e c o g n is e d  w i th o u t  them , 

and i t  i s  hoped t h a t  t h e  p r e s e n t  c o n t r i b u t i o n  w i l l  

h e lp  t o  add som eth ing  to  o u r  knowledge o f  t h e  s u b j e c t .  

I t  m igh t s e r v e  a u s e f u l  p u rp o se  i f  b a c t e r i o l o g i s t s  

d e c id e d  upon some d e f i n i t e  method f o r  t h e  a p p l i c a t i o n  

o f  t h e s e  t e s t s  and th e  c l a s s i f i o e t i o n  o f  r e s u l t s .

The m ethod o f  c l a s s i f i c a t i o n  I  have employed i s  

e m p i r i c a l  b u t  i t  i s  a t  l e a s t  s u g g e s t i v e  and m igh t 

c o n c e iv a b ly  be u se d  as a w ork ing  b a s i s  f o r  d i s c u s s i o n .
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Te s t  4 .
The Ent e r l t i d l s  T e s t

The n e x t  s t e p  In  t h e  e n q u iry  was to  a s c e r t a i n  i n  

what num bers th e  s p o re s  o f  t h e  B a c i l l u s  E n t e r i t i d i s  

Sporogenes  e x i s t e d  i n  th e  sam ples exam ined . The 

method o f  c o n d u c t in g  t h i s  t e s t  has  b e en  i n d l c a t  ed (v id e  

p .  &/ ) .  I n  no c a se  was a s m a l l e r  q u a n t i t y  o f

ic e -c re a m  th an  1 c u b ic  c e n t im e t r e  u s e d ,  and th e  f o l lo w in g  

t a b l e  g iv e s  th e  r e s u l t s

T a b l e  13.

C l a s s i f y i n ?  th e  R e s u l t s  g iv en  by th e  

** and *0 * Samples w i th  T e s t  4 .

0)
o

:K
K

0 3
<D

f
%«

OQ©
rt

Î
fto
ft

Producing no change i n  111 c ,c* 9 4 2

« th e  " e n t e r i t i d i s  change" i n  100 c . c .  b u t

n o t  i n  10 c . c . 18 14 8

K # # i n  10 c . c .  b u t

n o t  i n  1 c . c . 19 21 17

« # « in  1 c . c . 4 11 23

T o ta l 50 50 50
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In  o n ly  n in e  o f  t h e  sam ples ta k e n  Im m ed ia te ly  

a f t e r  b o i l i n g  was no r e a c t i o n  p rod uced  I n  a l l  th e  t h r e e  

q u a n t i t i e s  p u t  on, v i z .  100 c u b ic  c e n t i m e t r e s ,  10 c u b ic  

c e n t im e t r e s  and 1 c u b ic  c e n t i m e t r e .  A l l  t h e  o t h e r  

41 sam ples  shewed t h e  " E n t e r i t i d i s  change" i n  one o r  

o t h e r  o f  t h e s e  q u a n t i t i e s  * I t  h a s  a l r e a d y  b een  

p o in te d  o u t t$m t th e  i c e - c r e a m  p ro d u c t  sh ou ld  be a 

s t e r i l e  f l u i d  im m e d ia te ly  a f t e r  heatirg^and . a m ix tu re  o f  

m i lk ,s u g a r ^ a n d  c o r n f l o u r  h e a te d  i n  th e  l a b o r a t o r y  as  

o l r e a d y  d e s c r i b e d  ( v id e  p . ) d id  n o t  g iv e  th e

" e n t e r i t i d i s  ohrjige" when 100 c u b ic  c e n t im e t r e s  w ere  

t e s t e d .  A f t e r  f r e e z i n g  and s t a n d in g  73 hours^ 100

c u b ic  c e n t im e t r e s  o f  t h e  i c e - c r e a m  m a t e r i a l  w ere  s t i l l  

f r e e  from  t h e  B a c i l l u s  E n t e r i t i d i s  S p o ro g e n es .

P r e s e n c e  o f  th e  Ba o i l 3..us E n t e r i t i d i s  

S norogenes i n  th e  Ing red l(m ts__ q f  

I c e - c r e a m.

So f a r  as th e  i n g r e d i e n t s  o f  i c e - c r e a m  a re .c o n c e rn e d ^  

th e  p r e s e n c e  o f  t h e  B a c i l l u s  E n t e r i t i d i s  Sporogenes was 

found  in  sam ples o f  m i lk ,  and c o r n f l o u r ,  b u t  n o t  i n  

s u g a r  p u t  on f o r  t h i s  t e s t .  M ilk ,  how ever, o o n te in s  

t h e  o rgan ism  i n  by f a r  th e  h i g h e s t  num bers , f o r  w h i le  th e  

" e n t e r i t i d i s  change"-w as g iv en  w i t h  as  l i t t l e  a s  *1 

c u b ic  c e n t im e t r e  o f  m i l k , t h i s  r e a c t i o n  was n o t  p ro d u ced  

w i t h  l e s s  t h a n  10 grammes o f  c o r n f l o u r  i n  t h e  p r e s e n t  

i n v e s t i g a t i o n .  Thfe; i n i t i a l  b o i l i n g  o f  t h e s e  

i n g r e d i e n t s  sho u ld  d e s t r o y  th e  o rgan ism  as  shown by th e  

e x n e r im e n t  r e c o rd e d  in  t h e  p re c e d in g  p a ra g ra p h ^ a n d  i t s
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e n t r a n c e  l a t e r  i n  t h e  m a n u fa c tu re  m ust come from  

o t h e r  s o u r c e s .

A Consi d e r a t i o n  o f  th e  I n c r e a s e in  

Numbers o f  th e  Baoi l l u s  E n ter1M  d i  s 

SnoroRene s .

(a)  By M u l t i p l i c a t i o n .

As regard s t h e  i n c r e a s e  i n  numbers o f  t h i s  

organism - in  t h e  "a"  "b" and "c* s a m p le s , th e  same 

may be s a i d  as  h a s  a l r e a d y  been  s t a t e d  f o r  th e  

" c o u n ts "  and t h e  " g l u c o s e - f e r m e n t e r s " . T here  i s  

d o u b t l e s s  m u l t i p l i c a t i o n  due to  th e  f a c t  t h a t  a i r  

h a s  b e e n  d r i v e n  o ù t  o f  th e  m i lk ,  sugar^ and 

c o r n f l o u r  compound w h i le  b o i l i n g ,  and th e  c re rm  o f  

t h e  m i lk  r i s i n g  t o  t h e  s u r f a c e  m a in ta in s  th e  

a n a e r o b ic  c o n d i t i o n s  s u i t a b l e  f o r  t h e  g row th  and 

m u l t i p l i c a t i o n  o f  t h i s  b a c i l l u s .

(b) By a d d i t i o n  from  co n tam in a t e d sour c e s .

Organisms o f  t h i s  ty p e  are a l s o  added from  d u s t  

and th e  sw eepings o f  d ir t y  c o u r t  yards i n  w h ich  

ic e -c r e a m  i s  m anufactured* H o u s t o n ^ ® ® h a s  

shown th a t  t h i s  organism  i s  to  be found in  

r e l a t i v e l y  g r e a t  numbers in  s o i l ,  and o th er  o b serv ers  

have supported h i s  c o n c lu s io n s , w h ile  Hewlett^'^ 

and Klela^®®*^* have shown th a t  t h i s  organism  i s  

w id esp read  in  i t s  d i s t r ib u t io n  and e s p e c ia l ly  

p r e v a le n t  in  d u s t .
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TesjLJ..
S tr e p to o p o o l.

N ext t o  t h e  g lu c o s e  t a u r o c h o l a t e  b r o t h  t e s t ^  

t h e  t e s t  f o r  t h i s  g roup  o f  o rg an ism s  i s  c o n s id e re d  

by some b a c t e r i o l o g i s t s  to  be th e  b e s t  a s  an  in d ex  

o f  p o l lT l t io n .  I n  t h e  p r e s e n t  s e r i e s  o f  

e x p e r im e n t8^w i t h  a few e x c e p t io n s ^ th e  t e s t  h a s  been  

a m ic r o s c o p ic  one a f t e r  i n c u b a t i o n  o f  t h e  

q u a n t i t i e s  a l r e a d y  s t a t e d  ( v id e  T ab le  I )  i n  

n e u t r a l  r e d  g lu c o s e  b r o t h  f o r  48  h o u r s .  I n  a few 

i n s t a n c e s  w h ^ e  m ic r o s c o p ic a l l y  t h e s e  o rg an ism s  

w ere  a p p a r e n t l y  p r e s e n t  i n  g r e a t  n u m b e rs ^ p la te s  

w ere  made on D r ig a l s k i*  s medium, and som etim es on 

g lu c o s e  a g a r .  I n  one i n s t a n c e  as  many a s  67 o f  

t h e  m in u te  c o lo n ie s  d e v e lo p in g  on one o r  o t h e r  o f  

t h e s e  m edia  w ere  examined w i th o u t  any one o f  them 

p ro v in g  to  be  s t r e p t o c o c c a l ;  and in  none o f  th e  

sam ples examined by t h i s  p r o c e s s  was a c o lo n y  o f  

s t r e p t o c o c c i  landed*  T h is  i s  i n  a c c o rd a n c e  w i th  my 

p r e v io u s  e x p e r ie n c e s  r e c o rd e d  i n  Muss e ls ^ ^  and 

Typhoid  F e v e r ;  C i ty  o f  Birmingham H e a l th  R e p o r ts ,

1908 , a l t h o u g h  i n  t h i s  l a t t e r  i n v e s t i g a t i o n  a f t e r  

p ro lo n g e d  s e a r c h  o f  25 sam ples o f  m u sse ls  3 c o lo n ie s  

w ere  i s o l a t e d  and t h e i r  r e a c t i o n s  s t u d i e d .  The 

m ethods d e s c r i b e d  by Andrewes^^ and H o r d e r ^ O  

CrOPdony^®’’’ »®* H ouston^® ® ’ '’ - and r . l l

i n d i c a t e  th e  d i f f i c u l t y  o f  s u c c e s s f u l  i s o l a t i o n  o f  

t h e s e  o rg a n is m s ,  and th e  v a lu e  o f  t h i s  t e s t ,  t h e r e f o r e ,  

f o r  r o u t i n e  w ork must depend on th e  p r e s e n c e  o r  

ab sen ce  o f  t h i s  group o f  o rg a n ism s ,  and th e  k ind  o f  

c h a in s  th e y  form  as  se e n  by th e  m ic ro sc o p e .
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D o u b t le s s  as o u r  knowledge o f  t h e  s u b j e c t  I n c r e a s e s  

i t  w i l l  be  p o s s i b l e  to  a p p ly  o t h e r  t e s t s  w i t h  r a p i d i t y  

and c e r t a i n t y ,  w h ich  w i l l  e n a b le  an a c c u r a t e  

d i f f e r e n t i a t i o n  o f  t h e s e  o rgan ism s to  be q u ic k ly  made.

The fo l lo w in g  t a b l e  g iv e s  th e  r e s u l t s  o b ta in e d  

f o r  s t r e p t o c o c c i  i n  th e  p r e s e n t  enquirj^

T a b l e  13

"b* and "c"

Same l e s  v / l th  T e s t  5 .
03©
H

i*K
ft
tô

ft

m©
M

1m
ft
ft

©©

r

ft
—J

Shewing no s t r e p t o c o c c i i n  t h e q u a n t  i t  i  es examin ed 31 23 7

» s t r e t o o o c c i  in 10 c . c . b u t  n o t  $n 1 c . c . - 1

# i4) 1 c . c . * ft » A 3 1

n " i n A ft # " B 16 8 6

n •  i n B ft ft ft 0 3 15 7

# » in C ft ft ft j5 - 3 15

# " i n D — - 12

T o ta l 50 50 SO
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The S o u rc es  o f  S t r e u t o o o c c i .

S t r e p to o o c o l  hs,\Le been found In  enormous nuijibers in  

m i l k .  I n  31 o f  th e  sam ples o f  loe-o ream ^T aken

im m e d ia te ly  a f t e r  b o i l i n g ^ n o  s t r e p t o o o o c i  w ere  t o  be s e e n .  

I t  i s  T h e r e fo r e  a f a i r  o o n c iu s io n  t h a t  th e  o r i g i n a l  

s t r e p t o c o c c i  o f  th e  m i lk  had been d e s t r o y e d  d u r in g  th e  

h e a t in g  p r o c e s s . Only 7 o f  th o s e  31 sam ples w ere  s t i l l

f r e e  from  s t r e p t o c o c c i  a f x e r  f r e e z i n g .  I n  24 sa m p les 

t h e r e f o re ^  s t r e p t o c o c c i  had e n te r e d .  S t r e p t o c o c c i  a r e  

c o n s ta n u ly  found l a  f a e c e s ,  m anure , d u s t ,  and a i r  and 

from  one o r  o t h e r  o f  t h e s e  s o u r c e s  th e  24 sam ples m ust 

h a v e  d e r iv e d  t h e  o rg a n is m s .  I t  i s  h e r e  t h a t  more

knowledge o f  th e  s u b j e c t  o f  s t r e p t o c o c c i  i s  n e c e s s a r y .

I t  i s  h i g h ly  d e s i r a b l e  t h a t  we sh o u ld  be  a b le  to  a s s o c i a t e  

a p a r t i c u l a r  v a r i e t y  o f  s t r e p to c o c c u s  w i t h  a p a r t i c u l a r  

s o u r c e ,  and f o r  t h i s  p u rp o se  i s o l a t i o n  and rapid, and 

c om p le te  d i f f e r e n t i a t i o n  as above i n d i c a t e d  a r e  e s s e n t i a l .

Suj'tr’s s t e d  B a o te r lo lo g to r . l

I n  d e a l i n g  w i th  t h e  s u b j e c t  o f  s t a n d a r d s  i t  i s  w e l1 

t o  remember t h a t  a s t a n d a r d  i s  n o t  m ere ly  a m a t t e r  o f  

b a c t e r i o l o g i c a l  a v e r a g e .  I t  |aas t o  be c o n s id e re d  a l s o  

i n  t h e  l i g h t  o f  t h e  a t t a i n a b l e  and a s  a  r e s u l t  o f  th e  

e x p e r ie n c e  o f  o b s e r v e r s  a s  r e g a r d s  th e  p o t e n t i a l  d i s e a s e -  

p ro d u c in g  power o f  t h e  m a t e r i a l  i n  q u e s t i o n .  The 

o u tb re a k s  r e c o r d e d  a t  t h e  commencement o f  t h i s  p a p e r  

c l e a r l y  shew t h a t  i c e - c r e a m  may be th e  c a r r i e r  o f  v e ry  

many d i s e a s e s .  U n f o r t u n a t e ly  on ly  i n  t h e  o u tb re a k  

i n v e s t i g a t e d  by R o bertson^  was th e  im p l i c a te d  m a t e r i a l
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su 'T n t t te d  to  b a o t c r i o l o g l o a l  a n a l y s i s ,  hov/ev8

was c o n d u c ted  w i t h  a view to  d e te rm in in g  th e  c a u s a l  

a g en t  and n o t  t h e  amount o f  p o l l u t i o n .  I f

in f o r m a t i o n  on t h i s  l a t t e r  p o i n t  had a l s o  been  

p ro v id e d  i n v e s t i g a t o r s  would have  been  in  p o s s e s s i o n  

o f  v a l u a b l e  d a t a  on w h ich  to  b a s e  t h e  c o n s i d e r a t i o n  

o f  s t a n d a r d s .  U nder t h e s e  c i r c u m s ta n c e s  th e  

q u e s t io n  m ust be d e c id e d  by th e  o t h e r  two f a c t o r s  

h  e r  0 m en t  i  on s d «

A C o n s i d e r a t i on o f  St a n d a rd s  b a s e d j m  

T e s t s  1 and 2 .

The a v e ra g e  number o f  c o lo n ie s  c a p a b le  o f  

grow ing on n u t r i e n t  g e l a t i n e  o r  a g a r  (v id e  pp 36 - 4̂9) 

i n  a l l  t h e s e  sam ples was v e r y  h ig h .  T h is  a v e ra g e  

can no t b e  ta k e n  a s  a f a i r  t e s t  o f  w hat t h e  s t a n d a r d  

o f  p u r i t y  shou ld  b e ,  f o r  e x ce p t  in  th e  c a s e s  o f  7 

"a" sam p les  y i e l d i n g  l e s s  th a n  1 ,000  o rg a n s in s  p e r  

c u b ic  c e n t im e t r e  on n u t r i e n t  g e l a t i n e ^ t h e  i n i t i a l  

h e a t in g  co u ld  n o t  be  c o n s id e r e d  as i n  any d eg re e  

s a t i s f a c t o r y .  I f  on th e  o th e r  h a n i t h e s e  7

sam ples  be c a r e f u l l y  c o n s id e re d  a t  s t a g e s  "a"  "b" 

and "c"  i t  i s  p o s s i b l e  t o  a r r i v e  a t  a f a i r  

c o n c lu s io n  a s  t o  w hat sh ou ld  be th e  l i m i t  o f  th e  

b a c t e r i a l  c o n te n t  o f  frozen^ i c e - c r e a m .  The

f o l lo w in g  t a b l e  shows t h e  r e s u l t s  o f  en u m era tio n  

so f a r  a s  t h e s e  seven  sam ples a r e  c o n c e rn e d ,
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T a b l e  14.

Shewing Humber o f  Organisms p e r  Cubic C en tim etre  in th e

Seven "a" " b" and "c* Samples in  which th e  "a" Samples

y i e ld e d  l e s s  th a n  1 ,000  Organisms p e r  Cubic C en tim etre

c a p a b le  o f growing on N u t r i e n t  G e la t in e  ( r e a c t io n  y- 1^)

a t  20"* to  22*^0 i n  5 day s .

2 1 2 3

Mumber
of

Sample

Number o f  Organism s p e r  cu b ic  
c e n t im e t r e  c a p a b le  o f  growing 
on N u t r i e n t  G -ela tine  
( r e a c t i o n  -t- ifa) a t  20'’ to  22® 
C in  3 days*

' -
Number o f  Organisms p e r  cu b ic  
c e n t im e tre  capab le  o f  growing 
on N u t r ie n t  Agar  ̂  ̂
( r e a c t i o n 1^) a t  55** to  37  ̂
C i n  2 days

2a L ess  th a n  
100 200

b - <^180,000 20,000

0 7 ,0 0 0 ,0 0 0 5 ,000 ,000

6a L ess  th a n  
100 2,000

1
!

b L iq u e f ie d  
i n  3 days 100,000

0 12 ,000 ,000 20,000 ,000

41a 200 .J 900

b 70,000 70,000

0 100,000 660,000

42a 600 200

b SO,000 10,000

0 60,000 30,000

46a

b

Less th a n  
100

50,000

Less
th a n
100

L ess than 
10,000



.00

I 2 3

46c 

49 a 600

100,000

5,600

20,000

b 200,000 80,000
c

50a 600

2 ,72 0 ,0 0 0  ^

3,000 \
140,000

b 1 ,2 8 0 ,0 0 0 880,000
c 4 ,6 0 0 ,0 0 0 2 ,000 ,000

I t  w i l l  be no ted  t h â t  th e  b e s t  o f  th e s e  samples 

a r e  Nos. 42 and 4 6 ,  w i th  No 41 no t v e ry  f a r  beh ind .

The s a n i t a r y  c o n d i t io n s  o f  th e  p rem ises  on which 

th e s e  were ma,nufaotured were f a i r .  The p rem ises  

o f  No. 2 were f i l t h y .  No.50 d i r t y .  No.6 c lean  and 

No.49 a g a in  f a i r .  The h ig h  coun ts  i n  sample No, 6 

r e q u i r e  e x p la n a t io n .  l ia is  m an u fa c tu re r  showed 

s p e c i a l  c a re  i n  th e  making o f  h i s  ic e -c re am . He 

r e s e rv e d  b u c k e ts  and an ou thouse  f o r  i t s  p r e p a r a t io n .  

But t h i s  l a t t e r  was s i t u a t e d  in  a c lo s e ,  c o n fin ed , 

crow ded, i l l - p a v e d  yard  common to two h o u ses .  The 

w a t e r - c l o s e t  o f  th e  o th e r  te n a n t  was out o f  r e p a i r  

a t  t h e  t im e  t h i s  sample was, tak en , and th e  ashb in  a 

fefw f e e t  away was f u l l .  Undoubtedly th ese  

i n s a n i t a r y  and d i r t y  arrangem ents c lo s e  by  ̂ combined 

w i th  th e  long p e r io d  o f  co o lin g  and f r e e z in g  -43  hours-^  

c o n t r i b u te d  l a r g e l y  to  th e  h ig h  ooünt» ob ta ined  in  

th e  f i n i s h e d  a r t i c l e .  Another c o n s id e ra t io n  i s  t h i s ,
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t h a t  t h e  f ro z e n  sample was o b ta in ed  from th e  

3ianufa©tLirvjr* s em ployecoff a t r o l l e y  s t a t io n e d  in  

one o f  the  b u s i e s t  p a r t s  o f  Birmingham f i v e  

h o u rs  a f t e r  f r e e z in g  had tak e n  p lace*  The d u s t  

o f  t h e  t r a f f i c  and th e  c o n tin u a l  se rv in g  o f  

cu stom ers  i n  th e  open s t r e e t  by. the  no t over c le a n  

s e l l e r  must a l s o  have l a r g e l y  c o n tr ib u te d  to  

c b n t a m in a t io n  and th e r e f o r e  h ig h  c o u n ts .  Bearirg; 

a l l  t h e s e  f a c t s  i n  mind, and ta k in g  in to  c o n s id e ra t io n  

th e  f i g u r e s  in  t h e  seven samples s e t  f o r t h  i n  Table 

11 ,̂ i t  seems r e a s o n a b le  to  assume t h a t  ice -c ream  

p re p a re d  u n d e r  th e  v a r io u s  c o n d i t io n s  l a id  down in  

t h e  t e » t  should  fo llow  th e  cou rse  o f  th e  m a jo r i ty  

o f  th e s e  seven samples and n o t c o n ta in  more th an  

1 ,0 0 0 ,0 0 0  organism s p e r  cub ic  c e n t im e tre  capab le  o f 

growing a t  20® to  22^ C o r  35° to  37® C.

The experim ent a l r e a d y  quoted (v ide  p . )

shews t h a t  i t  i s  p o s s i b l e  to  m anufac tu re  ice -c ream  

i n  th e  l a b o r a to r y ,  which does n o t  shew more than  

200 organism s p e r  cub ic  c e n t im e tre  a f t e r  s ta n d in g  

f ro z e n  24 h o u r s .  I t  i s  im p o ss ib le  f o r  m an u fac tu re rs  

to  work und er  l a b o r a to r y  c o n d i t io n s ^ b u t  they  can 

r e a d i l j ' '  p re p a re  ic e -c re a m  which w i l l  p a ss  th e  

s ta n d a rd  o f  1 ,000 ,000  i n d i c a t e d .  This i s  shewn by 

t h e  r e s u l t s  o f  th e  examinât io n  o f  ic e -c re am  p rep a red  

as fo l lo w s  by m a n u fa c tu re rs  Nos. 6 ,7 ,2 6 ,1 ,1 1  and 12 

i n  T ab le  2 .

Method o f  p ré p a r a t i o n :
The ic e -c re a m  m ix tu re  was 

b o i le d  in  a po t  d i r e c t l y  o v e r  th e  f i r e  f o r  15 m inutes
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i n  th e  c a se  o f  Nos, 6 ,7  and 26, and a f te r ; ;a rd s  poured 

i n t o  th e  f r e e z e r  th ro u g h  a m eta l s i e v e .  l-n th e

c a se  o f  th e  o th e r  m a n u fa c tu re rs  th e  s o - c a l l e d  " w a te r -  

h a th "  method was u sed  in  which the  f r e e z e r  c o n ta in in g  

th e  i c  G—o r  earn m ix tu re  was p u t  in to  co ld  wa t  or in  

l a r g e  p o t  o r  h o l l e r .  The w a te r  was b rough t to  th e  

b o l l  and k e p t  b o i l i n g  f o r  SO m inu tes  (Nos 1 and 11) 

and f o r  45 m in u tes  (No 12) r e s p e c t i v e l y .

In  each c a se  f r e e z in g  was c a r r i e d  out im m ediate ly  

a f t e r  h e a t i n g .

A ll  th e  u t e n s i l s  u sed  In c lu d in g  th e  s p a d o ^  were 

th o ro u g h ly  c le a n se d  w i th  soda and h o t  w a te r  and 

s c a ld e d  w i th  h o t  w a te r  Im m ediately  b e fo re  u se .

The m a n u fa c tu re ra s  hands and arms were c a r e f u l l y  

sc rubbed  and washed.

The fo l lo w in g  t a b l e  g iv e s  th e  r e s u l t s  :

Vide T ab le  15

I t  i s  much to  be d e s i r e d  from th e  h y g ie n ic  p o in t  o f  
v iew  t h a t  t h i s  a r t i c l e  be made in  one p ie c e  ( a l l  m eta l)  
so t h a t  i t  can be th o ro u g h ly  c le a n e d .
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T a b 1 e 15.

1 2 3 4

Ci
k
50
Ê

1 
m

Time
o f

ta k in g
Eample

Humber o f  
c o lo n ie s  p e r  
cub ic  c e n t im e tre  
capab le  o f 
growing on 
n u t r i e n t  g e la t i n e  
( r e a c t io n  4- 1^) 
a t  20° to  22® C 
in  3 days.

Numbor o f  | 
c o lo n ie s  p e r  
cub ic
c e n t im e tre  
capab le  o f  
growing on 
n u t r i e n t  ag ar  
( r e a c t i o n  1%) 
a t  35° to  37° ft 
in  2 d ay s .

6 Im m ed ia te ly  a f t e r  b o i l i n g 1,200 10,000
ft ft f r e e z in g 3,300 16,000

22 h o u rs  " ft 27,000 41,000

92 " " ft 119,000 127,000

7 Im m ed ia te ly  a f t e r b o i l i n g 2,000 11,000
ft ft f r e e z in g 2,000 16,000

22 h o u rs  " ft 14,000 48,000

70 " " ft 77,000 110,000

26 Im m edia te ly  a f t e r  b o i l i n g Less th an  1,000 Less th an  1,000

ft ft f r e e z in g ft ft ft ft ft ft

20 h o u rs  " ft 4 ,50 0 6,000

44 " " ft 41 ,000 35,000

1 Im m edia te ly  a f t e r b o i l i n g L ess than  1,000 3,000

ft ft f r e e z in g 1 ,100 4,000

48 h o u rs  " ft 63,000 71,000

62 • " ft 112,000 125,000
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1 2 3
‘

4 1

11 Im m ed ia te ly  a f t e r b o i l i n g S t e r i l e S t e r i l e
« # f r e e z in g 200 400 ;

26 h o u rs # ft 9,000 16,000
46 • # ft 30,000 26,000

12 Im m ed ia te ly a f t e r b o i l i n g S t e r i l e S t e r i l e 1
# « f r e e z in g 200 400

20 h o u rs « ft 7,000 10,000 f

44 " ft ft 35,000 17,000

The r e s u l t s  obtainedC Im m ediate ly  a f t e r  h e a t in g )  by 

th e  w a t e r - b a t h  method (Nos 1 , 11 and 12) a re  b e t t e r  th an  

th o s e  o b ta in e d  when th e  m ix tu re  i s  b o i le d  d t r e e t l y  over 

th e  f i r e .  T h is  i s  due to  th e  f a c t  t h a t  du r in g  h e a t in g  

by t h e  l a t t e r  method c o n s ta n t  s t i r r i n g  w i th  the  

exposu re  o f  a l a r g e  s u r f a c e  has to  bo p r a c t i s e d  to  

p r e v e n t  th e  m a t e r i a l  b e in g  b u rn t  and t h i s  does no t 

conduce to  o b ta in in g  a s t e r i l e  a r t i c l e .

The Board o f  P u b l ic  H e a l th  o f  th e  S t a t e  o f  Victoria'^'^’ 

r e q u i r e  t h a t  ic e -c re a m  s h a l l  n o t  co n ta in  more th an  

50 ,00 0  o rgan ism s p e r  cub ic  c e n t im e t r e .  But t h i s  

s ta n d a rd  i s  p ro b ab ly  too  se v e re  c o n s id e r in g  the  f a c t  

t h a t  i n  an i n v e s t i g a t i o n  conducted in  P h i l a d e lp h ia  by 

P en n in g to n  and W a l t e r ^  a c e r t a i n  m an u fa c tu re r  "endeavoured 

t o  p r e s e r v e  th e  s t r i c t e s t  c l e a n l i n e s s  p o s s ib le "  and y e t

O'?



105

produced  Ic e -c re a m  w i th  organism s v a ry in g  in  number 

from  6 ,5 3 6 ,0 0 0  to  33 ,120 ,000  p e r  cub ic  c e n t im e t r e .  The 

s ta n d a r d  o f  1 ,0 0 0 ,0 0 0  h e re  l a i d  down may be c a l le d  

l e n i e n t ,  y e t  i t  condemns 35 o r  70^ o f  th e  samples examined.

T hat t h i s  s ta n d a rd  i s  re a s o n a b le  and e a s i ly  

a t t a i n e d ,  i f  th e  ic e -c re a m  i s  p ro p e r ly  m anufactured  and 

n o t  s to r e d  f o r  too  long a p e r io d  (which should  no t be 

l o n g e r  th an  48 ho urs  a f t e r  h e a t in g )  i s  c l e a r l y  shewn by 

T ab le  15.

& _0onmd_2ration o f  a S tandard based  on 

T e s t  3 .

None o f  th e  seven  samples which were taken im m edia te ly  

a f t e r  b o i l i n g  and found to  c o n ta in  l e s s  th an  1,000 

organ ism s p e r  cub ic  cen tim e tre ,  and which have been 

d i s c u s s e d  in  "A C o n s id e ra t io n  o f  S tandards based on T es ts  

1 and 2 " ,  p roduced a c id  and gas i n  g lu co se  b i l e  s a l t  b ro th  

i n  any o f  t h e  q u a n t i t i e s  examined.

The ic e -c re a m  which was m anufactured  as above by 

M a n u fa c tu re rs  Nos. 6 ,7 ,2 6 ,1 ,1 1  and 12 produced ac id  and 

gas as f o l lo w s :

N o .6 -  a f t e r  f r e e z in g  92 h o u rs :

P r e s e n t  in  10 c . c .  and 1 c . c .

No.7n— a f t e r  f r e e z in g  70 h o u rs :

P r e s e n t  in  10 c . c .  and I  c . c .

N o . l  -  a f t e r  f r e e z in g  62 h o u r s :

P re s e n t  in  10 c . c .  and 1 c . c .

The com plete  r e a c t i o n  was n o t  g iven  in  any o f  th e
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samples o f th e  other manufacturers o r in any of th'^ 

preceding samples of Manufacturers IIos, 6y7 or 1 

examined (vide T ab le  1 5 ) .

Xce—cream p re p a re d  in  th e  l a b o r a to r y  (v id e  p .  5*0 ) 

a f t e r  72 h o u r s ' fT e e z ln g  f a i l e d  to  shew the  p re se n c e  o f  

" g lu c o s e  form ent or 8 " in  as much as 20 cubic  c e n t im e tre s  

o f  t h e  ic e -c re a m .

B ear in g  t h e s e  f a c t s  in  mind, i t  i s  not too  much to 

r e q u i r e  t h a t  ic e -c re a m  p rep a red  w i th  due observance o f  

t h e  v a r i o u s  c o n d i t io n s  l a i d  dov/n should no t c o n ta in  

" g lu c o s e  f e rm e n te r s "  in  l e s s  th an  0 .1  (o r  A in  th e  

n o m en c la tu re  u sed ) cu b ic  c e n t im e tre  o f  th e  f in i s h e d  

p r o d u c t .  In  f a c t  t h i s  i s  a ve ry  l e n i e n t  standard*

Yet on t h i s  b a s i s ,  only  i s  o r  26;^ o f  th e  samples 

examined would be p a s s e d ,a  f a c t  in  s t ro n g  su n n o r t  o f  

t h e  u n c le a n ly  c o n d i t io n s  u n d e r  which t h i s  a r t i c l e  i s  

m an u fa c tu re d .

A._Cpm ido_ra .tion  o f  a S tandard based 

on T es t  4 .

In  t h e  case  o f  th e  i c e —cream p rep a red  by t h e  siür 

m a n u fa c tu re r s  a cco rd in g  to  th e  method l a i d  down on 

p a g e i o i t h e  B a c i l l u s  e n t e r i t i d i s  sporogenes was found, 

ra f te r  t h e  m ix tu re  had s tood  f ro zen  in  a l l  o a s e s , i n  100 

cu b ic  c e n t im e t r e s ,  and i n  3 i n s ta n c e s  i n  10 cubic  

c e n t im e t r e s  as w e l l .  In  no case  was i t  found in  1 

cubic c e n t im e t r e .

The ic e -c re a m  which was p re p a re d  in  th e  l a b o r a to r y  

( s e e  p .  %3 ) and a f te rw a rd s  a llowed to  s tand  f ro z e n  and
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covered  f o r  72 hou rs  d id no t shew th e  " en ter itid is  

change" when 100 cub ic  c e n t im e tre s  were examined.

I t  i s  f u r t h e r  i n t e r e s t i n g  to observe  that in  two 

o f  th e  f ro z e n  sam ples (Nos. I5c  and 20o) t h i s  change 

was n o t  g iv en  in  111 cub ic  c e n t im e t r e s .

W ith  th e s e  f a c t s  b e fo r e  us i t  i s  a llow ing  a wide 

m arg in  f o r  u n a v o id a b le  a c c id e n t  to  s t a t e  t h a t  a w e l l  

made, w e l l  s to r e d  ic e -c re a m  should n o t  shew th e  p resen ce  

o f  t h i s  b a c i l l u s  i n  l e s s  th a n  10 cub ic  c e n t im e t r e s .  

Houston'*'^^ in  h i s  r e p o r t  on "The B a c te r io lo g ic a l  

E xam ina tion  o f  M ilk" to  th e  London County C ounc il ,  1905, 

s t a t e s  t h a t  a sample o f  m ilk  im m ediate ly  cooled and 

m a in ta in e d  a t  a te m p e ra tu re  o f  10® C should, be o b je c te d  

to  i f  i t  g iv e s  th e  " e n t e r i t i d i s  ohang©”in  l e s s  th an  1 

cu b ic  c e n t im e t r e .  O r r ^  i n  h i s  r e p o r t  on th e

Y o rk s h ire  m ilk  su p p ly ,  1908, su p p o r ts  t h i s  s ta n d a rd .

In  o n ly  2 out o f  75 samples o f  m ilk  was he a b le  to  f in d  

t h i s  b a c i l l u s  i n  a l e s s  q u a n t i t y  th an  1 cubic  c e n t im e tre .  

I f  t h e s e  o b se rv e r s  reckon  t h i s  a f a i r  s ta n d a rd  f o r  m ilk  

m ere ly  co o le d  and kep t c o o l , i t  i s  not u n f a i r  to  ask  

f o r  th e  h ig h e r  s ta n d a rd  o f  10 cubic c e n t im e tre s  f o r  m ilk ,  

s u g a r ,  and c o r n f l o u r ,  which i s  f i r s t  b o i le d  and 

im m ed ia te ly  f ro z e n  and kep t  f ro z e n .  On t h i s

s ta n d a rd  27 o r  54^ o f  th e  Samples o f  ic e -c re am  examined 

were s a t i s f a c t o r y .

A C o n s id e ra t io n  o f  a S tandard  based 

on T e s t  5 .

In  t h e  l i g h t  o f  our p re s e n t  knowledge as re g a rd s
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s t r e p t o c o c c i  I t  I s  a d i f f i c u l t  m a t te r  to  s e t  up a 

d e f i n i t e  s t a n d a r d .  The d i f f i c u l t y  i s  in c re a se d

by th e  c o n s id e r a t io n  o f  an experim ent in  th e  

m an u fa c tu re  and s to r a g e  o f  ice -c ream  conducted in  

th e  l a b o r a to r y  under th e  same c o n d i t io n s  as s i m i l a r  

ex p e r im en ts  a l r e a d y  q u o ted . In  th e  m ix tu re  thu s  

p r e p a re d  and s to r e d  s t r e p to c o c c i ,  a ltho ugh  absen t 

im m ed ia te ly  a f t e r  bo iling^m ade  t h e i r  appearance  in  

20 cu b ic  c o r i t im e tre s  w i th in  24 h o u rs .  In the  

same tim e  n e i t h e r  th e  p re s e n c e  o f  "g lucose  f e rm e n te r s” 

o r  th e  b a c i l l u s  e n t e r i t i d i s  sporogenes could be 

dem onstraxed  i n  t h e  same amount.

I n  th e  ic e -c re a m  s p e c i a l l y  p rep a red  by 

M a n u fa c tu re r s ,  Nos. 6 ,7 ,2 6 ,1 ,1 1  and 12 (v id e  p . l o i  ) 

s t r e p t o c o c c i  w ere  p r e s e n t  i n  0 .1  o r  A cubic 

c e n t im e t r e  in  th e  f ro z e n  Samples o f  4 o f  th e s e  makers 

and in  0 .0 1  o r  B cu b ic  c e n t im e tr e  as w e l l  ■ i n  th e  

c a se  o f ^ th e s e  f o u r .  These organisms were ab sen t  

from 10 c . c .  i n  th e  samples o f  th e  two rem aining  

m snufac tu re rs^  and in  no case  were they  p re s e n t  in  

.001 o r  C cu b ic  c e n t im e t r e .

Keeping th e s e  r e s u l t s  i n  view^ I  am n o t  d isposed  

t o  u r g e  i n  th e  p r e s e n t  s t a t e  o f  our knowledge 

r e g a r d in g  th e  s i g n i f i c a n c e  o f  s t r e p to c o c c i  t h a t  tjiey 

must be a b se n t  from l a r g e  amounts o f  f ro ze n  ice-cream^ 

and would su g g e s t  t h a t  ic e -c re a m  be accep ted  which 

does n o t  shew t h e i r  p re se n c e  in  l e s s  th an  .001 (o r  C) 

cu b ic  c e n t im e t r e s .  On t h i s  s ta n d a rd  38 o r  7G< 

o f  th e  sam ples would p a s s ,  Houston^^d h i s  r e p o r t  

on m ilk  to  th e  London County CoundL 1 f o r  l i k e  rea so n s
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su g g e s ts  a l e n i e n t  s ta n d a rd  as re g a rd s  s t r e p to c o c c i .  

He su g g e s ts  t h a t  th e  p re se n c e  o f  t h i s  c la s s  o f  

o rgan ism  i n  l e s s  q u a n t i ty  than  .0001 cubic  

c e n t im e t r e  l a y s  th e  m ilk  open to o b je c t io n  from the  

b a c t e r i o l o g i c a l  s t a n d p o in t .  In  a sk ing  f o r  a 

h ig h e r  s ta n d a rd  i n  th e  c a se  o f  i c e - c r e a m , i t  i s  

b ecau se  i t  i s  co m p ara t iv e ly  easy to  p re p a re  ice -c ream  

w hich  i s  i n i t i a l l y  s t e r i l e ,  v /hlle  i t  i s  a d i f f i c u l t  

m a t t e r  t o  p ro c u re  f r e s h l y  draivn m ilk  which does 

n o t  shew th e  p re s e n c e  o f  th e s e  organisms .

S U M M A R Y  .

(1) The p rem ises  o f  50 m an u fa c tu re rs  o f  Ice -c ream  

w ere i n s p e c t e d ,  t h e i r  methods i n v e s t i g a t e d ,  and 

b a c t e r i o l o g i c a l  exam ina tions  made o f  samples ta k e n

*a" 1mmGdlately a f t e r  h e a t in g .

"b" a f t e r  c o o l in g .  I

•o"  a f t e r  f r e e z i n g .

(2) The t r a d e  i s  n o t  c a r r i e d  on under the  co n d  t io n s  

o r  w i t h  th e  p r e c a u t io n s  n e c e s sa ry  to  secu re  a c le an  

p r o d u c t . 1 I

I

(5) B a c t e r l o l o g l o a l l y  p o l lu t e d  ic e -c re a m  i s  due 

to  :

(A) I n s u f f ic ie n t  i n i t i a l  hoating and th e  

m u l t i p l i c a t i o n  o f  th e  o rg an ism s ,n o t  d e s tro y ed  i f

li
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by b lo a t jd u r in g  th© p e r io d s  o f  c o o lin g  and freez ing ;.

(B) T h e -u s 0 o f  u n c le an  v e s s e l s .  '

(C) The a d d i t i o n  o f  organisms d u r in g  c o o lin g  and 

f r e e z i n g  :

(a)  from th e  u n c le a n  l i n e n  o r  m uslin  oovcrs 

(used  by 1 0  m a n u fa c tu re rs )  d ipp ing  in to  th e  

m ix tu re  w h i le  c o o l in g .

(b) from the d ried  dust o f th e  court yard# 

in  which th e  processes are  c a rr ie d  on.

(D) The a d d itio n  o f organisms during sto rage :

(a) from lack  o f  a proper covering fo r  the  

v e s se l con tain ing  the  ice-cream  or ice-cream  i 

m ixture#

(b) from th e  dust o f the  s t r e e t  o r co u rty a rd s, 

which gains en trance to  the  e e l la r s  or rudely  

constru c ted  shed# in  which sto rage i s  e f fe c te d .

(E) The ad d itio n  o f organisms while on sa le  in  

s t r e e t#  o r shops :

(a) from th e  dust o f s tre e t#

(b) from th e  unclean hands and sleeves of 

s e l l e r s .

S B  SCIEgTiyie HETgQP OP IHB MAITOPACTgRg 

OF ICE-CBBAM.

(4) To secure  a pure Ice-cream  :

(a) The prem ises on which ice-cream  is  

m anufactured should be approved and re g is te re d  by 

th e  lo c a l  a u th o r ity  and should be co n s tan tly  
su p erv ised .

(b) A ll T saaals abould be thoroughly eleanaed
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ImmvdIbI s ly  bofoxo us© and i*0se2?VGd foi* x/ie 

m an u fa c tu re  o f  lo e -o ream . They should he 

s to r e d  In  a c le an  p la c e .

(c) TJie m a n u f a c tu r e r 's  hancs and forearm s 

sho u ld  he th o ro u g h ly  scrubbed and c leansed  

b e fo r e  each s ta g e  o f  the  p ro c e s s ,  The c lo th in g  

l i k e l y  to  come In  c o n ta c t  w i th  th e  ice -c ream  

shou ld  a l s o  be c le a n .

(d ; F re s h  m ilk  sh ou ld  be used In  I t s  

m an u fac tu re

(o) The i n g r e d i e n t s  should  be b o i lc d ( ’ d i r e c t l y  

o v e r  a f i r e  f o r  t e n  m in u te s ,  o r  hea ted  by means 

o f  a w a te r-b & th  a t  b o i l i n g  p o in t  fo r  SO m in u te s .  

The l a t t e r  method i s  th e  b e t t e r  as th e  form er i s  

l i a b l e  to  burn  th e  m ix tu re .

( f )  The m ix tu re  shou ld  b e  f ro z e n ,  im u e d la te ly  

a f t e r  b o i l i n g ,p r e f e r a b l y  .in  a f r e e z e r  o f the  

American p a t t e r n .  T h e r e a f t e r  th e  icc -cream  

shou ld  be k ep t f ro z e n  w h i le  in  the- vendors  

p o s s e s s io n ,

Cg) No ic e -c re a m  should be exposed f o r  s a le  

48 h o u rs  a f t e r  b o i l i n g ,

(5) Ic e -c re a m  made und er  th e  c o n d i t io n s  l a i d  down in  

(4) :

Ca) Should n o t  c o n ta in  more th an  1 ,000 ,000  

organ ism s p e r  cub ic  c e n t im e tre  can ab le  o f
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growing on n u t r i e n t  g e l a t i n s  ( r e a c t i o n  4- 1;̂ } 

a t  20° -  22° 0 .  in  3 days , 55 or 70;^ of 

th e  sam ples f a i l  to  p a ss  t h i s  s ta n d a rd .

(b) Should n o t  c o n ta in  more than  1 ,000 .000  

organ ism s p e r  cu b ic  c e n t im e tre  capable  o f  

growing on n u t r i e n t  ag a r  ( r e a c t i o n  -h ifo) at  

55® -  57® C. in  2 day s , SO or 60̂  ̂ o f  th e  

sam ples f a i l  to  p a ss  t h i s  s ta n d a rd ,

(c) Should n o t  p roduce  Acid and G-as i n  MaoConkey's 

G lucose B ro th  w i th  a l e s s  q u a n t i ty  than  0 ,1  

cub ic  c e n t im e t r e .  57 o r  74^ o f  th e  samples 

f a i l  to  p a ss  t h i s  s ta n d a rd .

(d) Should n o t  c o n ta in  th e  B a c i l l u s  E n t e r i t i d i s  

Sporogenes In  l e s s  than  10 cubic  c e n t im e t r e s .  

25 o r  46^  o f  th e  samples f a l l  to  pass  t h i s  

s t a n d a r d ,

(e) Should n o t  c o n ta in  S t r e p to c o c c i  in  l e s s  than 

.001 c u b ic  c e n t im e tr e  o f  ice -c re am . 12 o r  

24^ o f  th e  sam ples f a i l  to  p a ss  t h i s  s ta n d a rd ,

THE "GLUCOSE FERMENTERS".

A, V alue  o f  t h e  D i f f e r e n t i a l  T e s ts  employed.

(6) Fermen t a t i o n T est s . L a c to se ,  A donite , Saccharose , 

R a f f in o s e ,  I n u l l n ,  S a l i c i n  and D u lc l te  were a l l  

found v e ry  u s e f u l .  On th e  o th e r  hand M annito, 

M a lto se ,  G a la c to se  and la c v u lo s o  a l l  y ie ld e d  

p o s i t i v e  r e a c t i o n s  w i th  t h i s  group o f  organisms and 

wore u s e l e s s  f o r  pu rposes  o f  d i f f e r e n t i a t i o n .

L a c to se  fe rm e n tin g  c o lo n ie s  on N e u tra l  Red
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L a c to s e  Agar may v a ry  in  c h a r a c t e r  from red  w ith  

h a z e ,  to  r e d ,  p in k  o r  l a s t l y  whit©,

(7) F lu o r e s c e n c e .  T h is  was produced, by 255 o r  9 0 .of» 

o f  th e  g lu c o s e  f e rm e n te r s  s tu d i e d ,

(8) Voges and P ro s k a u e r ' s  R e a c t io n .  This was given 

by 54 o r  2 0 .9 ^  o f  th e  organism s s tu d ie d .  Only 

f o u r  o f  t h o s e  o rgan ism s,how ever could be i d e n t i f i e d  

a s  b e lo n g in g  to  th e  B a c i l lu s  l a o t i s  aerogenes o r  

B a c i l l u s  C loacae  g ro u p s ,

(9) The T e s t  f o r  I n d o l .  A few experim ents s p e c i a l l y  

c a r r i e d  o u t  shovfod t h a t  th e  in d o l  t e s t  u s in g

p arad im e th y lam ld o b o n sa ld eh y d e  and p e r s u lp h a te  o f 

p o ta s s i tm i i f  n o t  d i s t i n g u i s h a b l e  a f t e r  24 hours 

i s  n o t  g iv en  a f t e r  lo n g e r  in c u b a t io n ;  bu t i f  

g iv e n  in  24 ho u rs  th e  I n t e n s i t y  o f  th e  c o lo r a t io n  

i n c r e a s e s  up to  seven  days -  th e  tim e over which 

t h e  ex p erim en ts  l a s t e d ,

In d o l  was i n v a r i a b l y  produced by m icrobes 

shewing r e d  c o lo n ie s  w i th  d e f i n i t e  haze on 

MacOonkoy*s N e u t r a l  Red L ac to se  Agar,

B. Tho I s o l a t e d  O rganism s.

(10) Two hundred  and f i f t y  e ig h t  "g lu c o se  fe rm e n te rs"  

w ere  i s o l a t e d  and 66 o f  th e s e  wore r e c o g n is e d .

One o r  o th e r  v a r i e t y  o f  B a c i l l u s  C o li  was 

r e c o g n is e d  4 7 't im e s .

T?ie B a c i l l u s  Oxytocus P e r n i c io s u s ,  o r  tho  

B a c i l l u s  R h in o s c le ro m a t is ,  was rec o g n ise d  10 Limes.

The B a c i l l u s  A c id i  L a c t i c !  v;-as i d e n t i f i o d  4
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t i n e s .

The B a c i l l u s  C loacae was i s o l a t e d  tw ic e .

Tho B a c i l l u s  L a o t i s  Aerogenes was i d e n t i f i e d  

tw ic e .

The B a c i l l u s  Pneumonia© (P r ie d la n d e r )  was 

i s o l a t e d  once ,

(11) By an e m p ir ic a l  method p u t  forw ard  i t  was p o s s ib l  

t o  a r ra n g e  th e  rem ain in g  192 un reco gn ised  

o rganism s in  69 c l a s s e s .

growth op  ORGANISMS AND TmtPRRATTTPE.

(12) The Organisms in  ic e -c re a m  m ix tu re

(a )  m u l t i p ly  r a p i d l y  un d e r  th e  in f lu e n c e  o f  

a l t e r n a t e  thaw ing  and f r e e z i n g .  The 

te m p e ra tu re  v a r i e d  in  t h i s  experim ent between 

25® F and 50® F ,

(b) m u l t i p ly  more s low ly  v/hen th e  m ix tu re  i s  kept 

f r o z e n .  The te m p e ra tu re  v a r ie d  in  t h i s  

experim ent between 28*̂  F and 28 .8*  P.

(c )  d im insh  i n  number when th e  m ix tu re  i s  kept 

f ro z e n  in  co ld  s t o r a g e .  The tem p era tu re  

v a r i e d  in  t h i s  experim ent between 1 0 ^ and 

22^ F .
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