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Predominance of Fructose Accumulation in Cold-Stored 
Immature Potato Tubers

BOGUSLAW SA M O TU Sa a n d  SIGMUND SCHW IMMER
Western Regional Research Laboratory,b Albany , California 

(M a n u s c r ip t  re c e iv e d  A u g u s t  14, 1961)

SUMMARY
Freshly harvested im m ature potato tuhers contain appreciable am ounts 

of free sugar, m ainly as sucrose. As the tuber matures, the percentage o f sucrose 
present decreases and that o f starch increases. W hen stored at 25 °C, immature 
tubers lose sucrose but starch does not accum ulate. At 0°C storage, starch 
content decreases, im m ature tubers losing starch faster than mature tubers. 
Free sugars accum ulate at 0°C, the m ajor one being fructose in immature 
tubers, whereas sucrose accum ulation predom inates in  the mature tubers.

As is well known, reducing sugars in cold- 
stored potatoes are a major factor in the 
nonenzymatic browning that occurs in many 
forms of processed potatoes (Schwimmer 
and Burr, 1959; Schwimmer et al., 1957). 
Sugar content is quite low in freshly har
vested mature tubers (Schwimmer et al.,
1954), whereas immature tubers contain ap
preciable amounts of free sugars, mainly 
sucrose (Appleman and Miller, 1926; Sa- 
motus, 1958). Samotus found that the sugar 
content of tubers harvested at the end of the 
bloom stage of development was as high as
1.5-2.0% for different varieties. Reducing 
sugars constituted 10-35% of the total 
sugars, and thus could possibly cause non
enzymatic browning during subsequent proc
essing. The effect of storage on the levels 
of the individual sugars has not been investi
gated hitherto.

The present paper confirms previous ob
servations on the presence of higher percent
ages of free sugars and lower percentage of 
starch in immature tubers as compared with 
mature tubers. In addition, it is shown that 
the characteristic responses of immature tu
bers to post-harvest storage is loss of sucrose 
and increase in reducing sugars at 25 °C and

a F e llo w  o f  th e  R o c k e fe lle r  F o u n d a tio n  o n  le a v e  
f ro m  th e  D e p a r tm e n t  o f  A g r ic u l tu r a l  T e c h n o lo g y , 
C o lleg e  o f A g r ic u l tu r e ,  K ra k o w , P o la n d .

b A  L a b o r a to r y  o f  th e  W e s t e r n  U t i l iz a t io n  R e 
s e a rc h  a n d  D e v e lo p m e n t D iv is io n , U . S . D e p a r tm e n t  
o f A g r ic u l tu re ,  A g r ic u l tu r a l  R e s e a rc h  S e rv ic e .

the predominant accumulation of fructose, 
rather than sucrose, at 0°C.

M A T E R I A L S  A N D  M E T H O D S
S o u rc e  o f  tu b e r s .  W h i te  R o se  a n d  K e n n e b e c  

v a r ie t ie s ,  u s e d  in  th e  p re s e n t  s tu d y , w e re  p la n te d  
o n  M a r c h  4, 1960, in  H e s p e r ia  s a n d y  lo a m  n e a r  
S h a f te r  ( K e r n  C o u n ty ) ,  C a li fo rn ia . T a b le  1 su m 
m a r iz e s  p e r t in e n t  h o r t i c u l tu r a l  a n d  h a r v e s t  d a ta .

P r e p a r a t io n  o f  tu b e r s  f o r  s to r a g e  a n d  a n a ly s is .  
O n ly  tu b e r s  o f  m e d iu m  s iz e  w e re  u se d . A f t e r  b e in g  
c a re fu l ly  w a s h e d  u n d e r  ta p  w a te r  a n d  d r ie d , th e  
tu b e r s  w e re  d iv id e d  in to  t h r e e  lo ts  o f  2  k g  each . 
O n e  lo t  w a s  a n a ly z e d  im m e d ia te ly  (2  d a y s  m a x i-

T a b le  1. P o ta to  c u l tu ra l  a n d  h a r v e s t  d a ta .
H arvest number I II I I I

D a te  h a rv e s te d M a y  3 M a y  23 J u n e  14
D a y s  o f  g ro w th

a f te r  p la n tin g 60 80 102
S ta g e  of B u d  ( p r e - A f t e r N e a r

d e v e lo p m e n ta b lo o m ) b lo o m m a tu r i ty
W e ig h t  o f t u b e r s /

p la n t, g b 160 279 428
S o il  te m p e ra tu re s

(°C) 14 -19 1 4 -1 8 2 2 -2 6
a T h e  p re -b lo o m  s ta g e  a s  a  c r i te r io n  f o r  d e v e lo p 

m e n t  is  n o t  c o m m o n ly  u se d  in  K e r n  C o u n ty . H ig h  
t e m p e ra tu re s  a f fe c t  f lo w e rin g , a n d  to p s  d o  n o t  o f te n  
b lo o m  a l th o u g h  f lo w e r b u d s  a r e  e v id e n t . T h e  s ta te  
o f  m a tu r i ty ,  e x p re s s e d  a s  d a y s  o f g r o w th  a f te r  
p la n tin g ,  a r e  c lo se  to  b u d  ( p r e - b lo o m ) ,  b lo o m , a n d  
a f te r -b lo o m  in  m o r e - n o r th e r n  g ro w in g  a re a s .  N o r 
m a l h a r v e s t  d a te s  in  th is  a r e a  a r e  105-115  d a y s  
a f t e r  p la n tin g .

b D a ta  f o r  W h i te  R o s e  v a r ie ty .
1



2 SUGARS IN COLD-STORED POTATOES

m u m  b e tw e e n  h a r v e s t  a n d  a n a ly s i s ) .  T h e  o th e r  
tw o  lo ts  w e re  s to re d , o n e  a t  25 °C  a n d  th e  o th e r  
a t  0 °C .

F o r  a n a ly s is , e a c h  tu b e r  w a s  s lic e d  lo n g i tu d in a l ly  
in to  h a lv e s . O n e  s e t  o f  h a lf - tu b e r s  w a s  u s e d  fo r  
e x t r a c t io n  o f  s ta r c h  a n d  th e  o th e r  fo r  ch em ica l 
a n a ly s e s  a n d  d e te rm in a t io n  o f d r y  w e ig h t.

A n a ly t ic a l  m e th o d s . T h e  g lu co se , f ru c to s e ,  a n d  
su c ro s e  c o n te n ts  o f  d e io n iz e d  a q u e o u s  so lu tio n  d e 
r iv e d  f ro m  a lc o h o lic  e x tr a c t io n  of 100 g  o f  p o ta to e s  
w e re  d e te rm in e d  a c c o rd in g  to  th e  p ro c e d u re s  o f 
P o t t e r  et al. (1 9 5 9 ) .  T h e  a m o u n ts  o f e a c h  o f th e se  
th r e e  s u g a r s  a r e  c a lc u la te d  f ro m  re d u c in g  s u g a r  
v a lu e s  b e fo re  a n d  a f te r  t r e a tm e n t  o f  s e p a ra te  p o r 
t io n s  o f  th e  s o lu t io n  w ith  g lu c o s e  o x id a s e  a n d  
in v e r ta s e .  ( T h e  v a r io u s  p ro c e d u re s  f o r  e x tr a c t io n ,  
c la r if ic a tio n  a n d  a n a ly s is  a r e  s e t  f o r th  in  d e ta i l  in  
th e  fo l lo w in g  sec tio n s  o f th e  N in th  E d it io n ,  O ffic ia l 
M e th o d  o f  A s s o c ia tio n  o f O ffic ia l A g r ic u l tu r a l  
C h e m is t  (1 9 6 0 ) : 6 0 0 2 b ; 6 0 7 4 b ; 6 0 7 6 b ; 6 0 7 6 ; 60 7 8 ; 
6 0 7 9 ; 6 0 8 3 (2 )  ; 2 0 :0 5 5 ;  2 9 :0 5 6 .)  D r y  w e ig h t  w a s  
d e te rm in e d  by  lo ss  o f  w e ig h t  f ro m  d r y in g  f o r  1 h r  
a t  13 0°C . S ta r c h  w a s  d e te rm in e d  in  th e  re s id u e  
f ro m  e x tr a c t io n  o f  100 g  o f f re s h ly  d iced  tu b e rs  
w i th  5 %  tr ic h lo ro a c e tic  a c id  a c c o rd in g  to  th e  
m e th o d  o f G ro ss fe ld  (1 9 3 0 ) .  A  R u d o lf  P o la r im e te r  
w a s  used .

R E S U L T S
C o m p o s itio n  o f  f r e s h ly  h a rv e s te d  p o ta to e s .  C a r 

b o h y d ra te  a n a ly s e s  o f f r e s h  tu b e r s  a r e  s u m m a r iz e d  
in  T a b le  2. A c c u m u la tio n  o f  so lid s  d u r in g  tu b e r  
g r o w th  is  l a rg e ly  a c c o u n te d  f o r  b y  th e  in c re a s e  in  
s ta r c h  c o n te n t . T h e  r a te  o f a c c u m u la t io n  is g r e a te r

T a b le  2. C a rb o h y d ra te  c o n te n t  ( p e rc e n t  f re s h -  
w e ig h t  b a s i s ) 6 o f  f r e s h ly  h a rv e s te d  p o ta to  tu b e rs .

Component Days a fte r planting
measurement Variety a 60 80 102

D r y  w e ig h t w 16.2 21.2 23.2
K 15.9 22.0 22.8

S ta r c h W 11.4 15.8 18.5
K 11.3 16.7 18.3

T o ta l  s u g a rs W 1.53 0.84 0.58
K 0.85 0.46 0.44

S u c ro s e W 1.03 0.38 0.56
K 0.56 0.39 0.32

F ru c to s e W 0.12 0.08 0.08
K 0.08 0.05 0.05

G lu co se W 0.38 0.12 0.12
K 0.21 0.02 0.07

” W  =  W h i te  R o s e  v a r i e t y ; K  =  K e n n e b e c  v a r ie ty .  
11 C a lc u la te d  o n  f r e s h ly -h a rv e s te d -w e ig h t  b a s is .

T a b le  3. C h a n g e s  in tu b e r c o m p o s itio n d u r in g
s to ra g e  a t  25 °C .

Days after planting 60 80 102
Storage time, weeks 5 6 5

Changes i n : V ariety a Percent fresh-weight basis h
D r y  w e ig h t w - 0 .3 - 0 . 2 - 1 . 5

K + 0 .3 - 1 .5 - 0 . 6

S ta rc h W - 0 .2 - 0 . 0 - 1 .1
K - 0 .1 - 1 . 7 - 1 . 8

T o ta l  s u g a r s W - 0 .4 3 - 0 .4 6 - 0 .2 4
K - 0 .1 5 -0 .1 5 - 0 .1 5

S u c ro s e W - 0 .5 8 - 0 .4 3 - 0 .1 9
K - 0 .2 3 - 0 .1 6 - 0 .1 0

F ru c to s e W + 0 .3 2 + 0 .0 1 + 0 .0 3
K + 0 .1 0 + 0 .0 2 + 0 .0 3

G lu co se W - 0 .1 7 - 0 .0 4 - 0 .0 8
K - 0 .0 2 - 0 .0 2 - 0 .0 2

“ W  — W h i te  R o se  v a r ie ty  ; K  =  K e n n e b e c  v a r ie ty .  
b C a lc u la te d  o n  f r e s h ly -h a rv e s te d -w e ig h t  b a s is .

in  th e  e a r ly  s ta g e , a n d  is  m o re  p ro n o u n c e d  in  th e  
W h i te  R o s e  th a n  in  th e  K e n n e b e c  v a r ie ty .  T o ta l  
s u g a r  c o n c e n tra t io n  in  tu b e r s  f ro m  th e  f i r s t  h a r v e s t  
a m o u n te d  to  1 .5 %  f o r  th e  W h i te  R o se  v a r ie ty  a n d  
0 .8 %  fo r  th e  K e n n e b e c  v a r ie ty ,  b u t  p ro g re s s iv e ly  
d e c re a se d  w ith  in c re a s in g  m a tu r i ty .  T h e  m a in  
s u g a r  c o m p o n e n t a t  a ll  s ta g e s  o f  d e v e lo p m e n t w a s  
su c ro se . H o w e v e r ,  th e  p e rc e n ta g e s  o f su c ro s e  a n d  
g lu c o se  b o th  d e c re a s e d  d u r in g  m a tu r a t io n  to  a  
g r e a te r  e x te n t  th a n  d id  t h a t  o f  f ru c to s e .  T h e  p r e s 
en ce  o f  a p p re c ia b le  a m o u n ts  o f  s u g a r  c a n n o t  b e  a t 
t r ib u te d  to  lo w  so il te m p e r a tu r e  ( T a b le  1 ) .

E f f e c t  o f  p o s t-h a rv e s t  s to r a g e  a t  2 5 °C . T a b le  ;! 
s u m m a r iz e s  d a ta  o n  th e  c h a n g e  in  c o m p o s itio n  o f 
tu b e rs  a f te r  s to r a g e  fo r  5 o r  6 w e e k s  a t  25 "C . T h e  
p e rc e n ta g e  lo ss  o f to ta l  w e ig h t  o f im m a tu r e  tu b e r s  
w a s  g r e a te r  th a n  t h a t  o f m a tu re  tu b e rs .  T h e  v a lu e s  
f o r  to ta l  so lid s  ( %  d r y  w e ig h t)  a n d  f o r  s ta r c h  a r e  
c o r r e c te d  f o r  th e  to ta l  w e ig h t  lo sse s . T h e  sm a ll  
o b s e rv e d  c h a n g e s  in  th e s e  v a lu e s  p ro b a b ly  re f le c t  
s a m p lin g  e r r o r s .  T h e  m e a n  v a lu e  o f  th e  p e rc e n t  
c h a n g e  o f p e rc e n t  d r y  w e ig h t  fo r  b o th  v a r ie t ie s  
a m o u n te d  to  —1 ± 4 .  T h e  m ea n  v a lu e  o f  th e  p e rc e n t  
c h a n g e  o f p e rc e n t  to ta l  s u g a r s  a m o u n ts  to  —35 ± 9 .  
S u g a r  lo s se s  th u s  a p p e a r  to  b e  s ig n if ic a n t. T h e  
lo ss  in  s u g a r  is  p r im a r i ly  a  lo ss  in  s u c ro s e  a n d , to  
a  le s s e r  e x te n t ,  a  d e c re a se  in  g lu c o se . In  c o n t r a s t ,  
f ru c to s e  in c re a se d , e sp e c ia lly  in  th e  im m a tu r e  
tu b e rs .

E f f e c t  o f  p o s t-h a rv e s t  s to r a g e  a t  0 °C . T h e  p r i n 
c ip a l s u g a r  t h a t  a c c u m u la te d  in  im m a tu r e  p o ta to e s  
d u r in g  s to r a g e  a t  0° w a s  f ru c to s e  ( T a b le  4 )  ; th e  
a m o u n t  o f f ru c to s e  a c c u m u la te d  w a s  m o re  th a n
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T a b le  4. C h a n g e s  in 
s to ra g e  a t  0 °C .

i tu b e r c o m p o s itio n d u r in g

Days afte r planting 60 80 102Storage time, weeks 6 7 6
Changes in : Variety a Percent fresh-weight basis b

D r y  w e ig h t w + 0 .2 - 1 . 2 - 0 . 6
K + 1 .0 - 2 . 0 + 0 .2

S ta rc h W - 5 .1 - 5 . 2 - 4 . 2
K - 5 . 6 - 5 . 9 - 3 . 4

T o ta l  s u g a rs W + 4 .8 / + 3 .91 + 3 .8 6
K + 5 .8 1 + 3 .8 8 + 3 .0 5

S u c ro s e W + 0 .7 3 + 1 .2 5 + 2 .0 9
K + 1 .5 3 + 2 .0 9 + 1 .9 9

F ru c to s e W + 3 .9 4 + 1 .9 0 + 1 .3 0
K +3 .81 + 1 .3 2 + 1 .0 4

G luco se W + 0 .2 0 + 0 .7 6 + 0 .4 7
K + 0 .4 7 + 0 .4 7 + 0 .0 5

a W  =  W h i te  R o s e  v a r i e t y ; K  =  K e n n e b e c  v a r ie ty .  
11 C a lc u la te d  on  f r e s h ly -h a rv e s te d -w e ig h t  b a s is .

th r e e  tim e s  t h a t  o f su c ro se . In  m a tu re  p o ta to e s  
su c ro s e  a c c u m u la tio n  w a s  p re d o m in a n t ,  a s  h a s  b een  
f r e q u e n t ly  r e p o r te d  (S c h w im m e r  et al., 1 9 5 4 ). T h e  
m a tu r e  p o ta to e s  a c c u m u la te d  a lm o s t  tw ic e  a s  m u c h  
su c ro se  a s  f ru c to s e .  T h a t  th is  re p re s e n ts  a  p r o g r e s 
s iv e  s h if t  to w a r d  p re d o m in a n c e  o f s u c ro s e  a c c u m u 
la t io n  in  0° s to ra g e  w i th  in c re a s in g  m a tu r i ty  o f th e  
tu b e rs  is  b o rn e  o u t  b y  d a ta  f ro m  th e  seco n d  h a rv e s t ,  
in  w h ic h  th e  r a t io  o f a c c u m u la te d  f ru c to s e  to  s u c ro s e  
w a s  in te rm e d ia te  to  v a lu e s  fo r  th e  f i r s t  a n d  la s t  
h a rv e s t .

D IS C U S S IO N
The appearance of significant quantities of 

sugars in freshly harvested immature pota
toes is, on first sight, rather surprising in 
view of the heavy demands for rapid, con
tinuous starch synthesis and heightened res
piration rates. Apparently the rate of trans
location of sugars from the leaves into the 
tubers exceeds the combined rates of those 
two processes. When these immature tubers 
are harvested and stored at 25° for 5 or 6 
weeks, neither starch decomposition nor 
sugar accumulation occurs. On the contrary 
there is some indication of a disappearance 
of sucrose, which would indicate that sucrose 
is utilized preferentially in the respiratory 
process. The observation that the fructose 
content increases suggests that this sugar is 
not as directly involved in respiration as 
glucose and that the glucose moiety of the 
sucrose molecule is utilized at greater rate

than the fructose moiety. Thus, White Rose 
and Kennebec tubers from the first harvest 
respectively increased 0.32% and 0.10% in 
fructose, and decreased 0.29% and 0.11% in 
the glucose moiety of sucrose.

The hypothesis that the glucose moiety of 
sucrose is preferentially utilized for respira
tion in the post-harvest state is corroborated 
by the sugar accumulation pattern at 0° 
storage. In this case the two pertinent over
all reactions are presumed to be the rapid 
conversion of starch to sucrose followed by 
respiration. If respiration does indeed pro
ceed via a mechanism in which the glucose 
moiety of sucrose is preferentially utilized, 
then fructose would accumulate provided 
that the respiration rate of the immature 
tuber is large in comparison to the rate at 
which sucrose is formed from starch. On 
the other hand, the fact that mature tubers 
respire at a slower rate than immature 
tubers (Appleman and Miller, 1926; Shaw 
et al., 1958) suggests that the competition 
between sucrose accumulation and respira
tion favors the sucrose accumulation so that 
storage of mature tubers would result in a 
predominant increase in sucrose.

The hypothesis herein presented is in par
tial agreement with the conclusion of Barker 
(1936) that sucrose is the immediate re
spirable substrate, but is at variance with the 
picture presented by Barker in that the fruc
tose rather than the glucose moiety of su
crose is considered to be utilized preferen
tially in respiration. In this connection, 
recent reports on the central role of uridine 
diphosphate glucose in the metabolism of 
both starch (Fekete et al., 1960) and sucrose 
(Schwimmer and Rorem, 1960) in potatoes 
is suggestive of the dynamic role played by 
glucose.

The low starch content and the presence 
of appreciable reducing sugars in immature 
tubers, even after storage at room temper
ature, renders such tubers unsuitable for 
most processing purposes. It is of interest 
to note that the total sugar content of imma
ture potatoes stored at 0° exceeded the starch 
content and accounted for 40% of the total 
solids. These levels of sugar and sugar-to- 
starch ratio are quite comparable to those of 
sweet potatoes (Sistrunk et al., 1954; Scott 
and Matthews, 1957).



4 SUGARS IN  COLD-STORED POTATOES

ACKNOWLEDGMENT
T h e  a u th o r s  th a n k  D r .  H e r m a n  T im m , D e p a r t 

m e n t  o f  V e g e ta b le  C ro p s , U n iv e r s i ty  o f C a li fo rn ia  
a t  D a v is , fo r  a r r a n g in g  to  p ro c u re  th e  p o ta to e s  u se d  
in  th e  p re s e n t  s tu d y  a n d  f o r  su p p ly in g  th e  h o r t ic u l 
t u r a l  d a ta .

R e fe re n c e  to  a  c o m p a n y  a n d / o r  p ro d u c t  n a m e  
d o es  n o t  im p ly  a p p ro v a l  o r  re c o m m e n d a tio n  to  th e  
e x c lu s io n  o f  o th e r  p ro d u c ts  th a t  m a y  a lso  b e  s u i t 
ab le .

R E F E R E N C E S
A p p le m a n , C . O ., a n d  E . V . M ille r ,  1926. A  c h e m i

ca l a n d  p h y s io lo g ic a l  s tu d y  o f  m a tu r i ty  in  p o 
ta to e s . / .  A g r .  R e s e a rc h  33, 569.

B a r k e r ,  J .  1936. A n a ly tic a l  s tu d ie s  in  p la n t  r e s p i r a 
tio n , P a r t  3. T h e  re la t io n  o f th e  r e s p ir a t io n  to  
th e  c o n c e n tra t io n  o f  su c ro se . P r o c . R o y . S o c . 
L o n d o n  B  119, 453.

G ro ss fe ld , J .  1930. T h e  p o la r im e tr ic  d e te rm in a t io n  
o f  s ta r c h  in  fo o d  m a te r ia ls .  U n te r s u c h . L e b -  
e n s m . 59, 216.

F e k e te ,  M . A . R . de , L . F .  L e lo ir ,  a n d  C. E . C a rd in i. 
1960. M e c h a n is m  o f  s ta r c h  b io sy n th e s is . N a tu r e  
187, 918.

P o t te r ,  E . F ., J .  R . W ils o n , a n d  K . T .  W il l ia m s , 
1959. A n o th e r  c o m p a r is o n  o f  a  g lu c o se  o x id a s e  
m e th o d  w ith  a n  o ffic ia l m e th o d  fo r  th e  d e te r 
m in a tio n  o f f ru c to s e .  / .  A s o c . O ffic ia l A g r .  
C h e m is ts  42, 650.

S a m o tu s , B . 1958. S tu d ie s  o n  v a r ia t io n s  in  th e  leve l 
o f  s ta rc h ,  s u g a rs ,  a n d  p h o s p h o ru s  in  p o ta to  t u 

b e rs  in  th e  v e g e ta t iv e  p e rio d . ( E n g l i s h  s u m 
m a r y )  Z e s z y t y  N a t tk .  W y s s z e j  S z k o l y  R o l -  
n ic z c j ,  K r a k o w  R o ln ic tw o  5, 117.

S c h w im m e r , S ., a n d  H .  K . B u r r .  1959. S t r u c tu r e  
a n d  c h em ica l c o m p o s itio n  of th e  p o ta to  tu b e r .  
C h a p te r  2  in  “ F o o d  P ro c e s s in g ” ( W .  F .  T a l -  
b u r t  a n d  0 .  S m ith , e d s .) .  A v i  P u b l i s h in g  C o ., 
W e s tp o r t ,  C o nn .

S c h w im m e r , S ., a n d  E . S . R o re m . 1960. B io 
sy n th e s is  o f s u c ro s e  b y  p r e p a ra t io n s  f ro m  p o 
ta to e s  s to re d  in  th e  c o ld  a n d  a t  ro o m  te m p e r a 
tu re .  N a tu r e  187, 1113.

S c h w im m e r , S ., A . B e v e n u e , W . J .  W e s to n ,  a n d  
A . L . P o t te r .  1954. S u rv e y  o f  m a jo r  a n d  m in o r  
s u g a r  c o m p o n e n ts  o f th e  w h i te  p o ta to .  / .  A g r .  
F o o d  C lien t. 2, 1284.

S c h w im m e r , S ., C . E .  H e n d e l, W .  O . H a r r in g to n ,  
a n d  R . L . O lso n . 1957. I n te r r e la t io n  a m o n g  
b ro w n in g  o f p ro c e s s e d  p o ta to e s  a n d  s u g a r  c o m 
p o n en ts . A m .  P o ta to  J . 34, 119.

S c o tt ,  L . E .,  a n d  W . A . M a tth e w s . 1957. C a rb o 
h y d r a te  c h a n g e s  in  sw e e t  p o ta to e s  d u r in g  c u r 
in g  a n d  s to ra g e .  P r o c . A m .  S o c . H o r t .  S c i . 70, 
407.

S in g h , B . N ., a n d  P .  B . M a th u r .  1937. S tu d ie s  in  
p o ta to  s to ra g e .  I .  I n v e s t ig a t io n  o f  p h y s io lo g ic a l  
a n d  c h em ica l c h a n g e s  d u r in g  th e  d e v e lo p m e n t 
a n d  r ip e n in g  o f p o ta to  tu b e rs .  A n n .  A p p l .  B io l.  
24, 469.

S is t ru n k ,  W . A ., J .  C. M ille r ,  a n d  L . G. J o n e s . 1954. 
C a rb o h y d ra te  c h a n g e s  d u r in g  s to ra g e  a n d  c o o k 
in g  o f  sw e e t  p o ta to e s . F o o d  T e c h n o !. 8, 223.



Amino Acid Composition of Normal and Degenerated
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SUMMARY
The distribution o f nineteen amino acids was found to be almost iden

tical in Longissimus durst from  a norm al pig and a p ig affected with total 
m uscle degeneration.

INTRODUCTION
There might be no disagreement regard

ing the manifestations of muscle degenera
tion referred to in this paper. However, 
there is no uniform designation of this dis
order, which is characterized by a pale, 
exudative (watery) appearance of the mus
culature, structural changes, a rapidly elaps
ing post-mortem glycolysis with consequent 
rapid lowering of pH, and low water-hold
ing capacity. The condition has been studied 
during the last 10 years, primarily in Eng
land, Denmark, France, USA, Sweden, Hol
land, and Poland. In Scandinavia the dis
ease is called “muskeldegeneration,” in 
France “la myopathie exudative dépigmen- 
taire du pore,” in English literature the 
Scandinavian term appears—sometimes in 
English spelling—along with “muscular dys
trophy,” “waxy muscle degeneration,” “my
opathy,” and “white muscle disease.”

Causes of muscle degeneration. Many 
causes of muscle degeneration in pigs have 
been recorded. No exhaustive enumeration 
of these causes or a comprehensive survey 
of the literature in this large field of re
search is made here. Ludvigsen (1955, 1957, 
1958, 1959) emphasized the relation be
tween muscle degeneration and breed, and 
pointed to the fact that pigs selected for a 
high rate of growth and increased body 
length produce an enhanced amount of 
growth-stimulating hormone and reduced 
amounts of ACTH, thyroid-stimulating hor
mone, and adrenocortical hormones. De
ficiency of the last three types of hormones 
reduces the adaptive mechanism of the body. 
Consequently, stress of any kind may cause

development of muscle degeneration. Henry
(1957), Henry and Billon (1959), and Bu- 
gard et al. (1959) reached similar conclu
sions. In addition, these investigators par
ticularly refer to the hyperkalaemia in 
muscle degeneration, owing to excretion of 
potassium ions from the cells and indicating 
a disturbance in the production of adreno
cortical hormones.

The impairing effect of domestication and 
stress on the quality of pork muscles can 
be reduced or eliminated by exercising the 
pigs for some days prior to slaughter, ac
cording to Briskey (1959) and Briskey et 
al, ( 1959a,b).

In agreement with what was found by 
Ludvigsen (1955, 1957, 1958, 1959), via., 
the importance of the heredity factor, cer
tain breeds, e.g., Poland China, Pietrain, and 
Danish Landrace, are particularly liable to 
muscle degeneration. In addition, Wilson 
et al. (1959) showed that the concentration 
of myoglobin and the degree of “two-toning” 
of hams are heritable characteristics.

The influence of the intensity of feeding 
and the composition of the foodstuff, espe
cially its content of protein and vitamins, 
on the development of muscle degeneration 
has been studied by several investigators. 
Cereal grown and harvested under unfavor
able weather conditions, rancid fats as well 
as polyunsaturated fats deficient in tocoph
erol may cause muscle degeneration in pigs 
(Orstadius and Aberg, 1961; Orstadius,
1961). The disorder can be successfully 
treated prophylactically with tocopherol and 
sodium selenite and therapeutically with Na- 
selenite alone. Muth et al. (1959) reported

5
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that Na-selenite exerts a strongly protective 
effect against white muscle disease in lambs 
and calves.

Background of the present investigation.
We know that in the first place the most 
expensive parts of the carcass—the loin and 
the ham—are concerned with the disorder. 
Shall the veterinarian condemn pork with 
muscle degeneration as unfit for human con
sumption? It is evident that the inspecting 
veterinarians would need some basis for a 
decision. The practice in Sweden is to con
demn the parts of the carcass that have total 
muscle degeneration, whereas those with 
partial muscle degeneration are approved 
for sausage manufacture.

The different appearance of normal and 
degenerated pig muscle might by itself not 
be a reason for assuming a possibly differ
ent amino acid composition of the respective 
proteins. Regarding the well established dif
ferent biochemical behavior of normal and 
degenerated muscle from a general point of 
view, however, it cannot be taken for granted 
that protein synthesis and metabolism pro
ceed in the same way in the two cases.

No consistent results exist with regard to 
color score in relation to content of pigment. 
Thus, Wismer-Pedersen (1959) found no 
systematic difference in pigment concentra
tion between loins of differing color. He 
concluded that meat with normal water
holding capacity has a desirable color even 
at low contents of pigment. On the other 
hand, Lawrie (1960) reported a virtual ab
sence of pigment in pale muscles. The myo
globin content, however, is so small a frac
tion of the meat protein that a varying con
tent will not substantially influence the 
amino acid composition of the meat protein 
as a whole. Another, and more decisive, 
reason for the present investigation was the 
findings of Spangenberg (1957), which re
veal great differences in the composition of 
essential amino acids in protein from well- 
fed and emaciated cattle. For instance, the 
content of phenylalanine in the Musculus 
gracilis from 20 well-fed animals was on an 
average 3.9%, whereas that of the same 
muscle from 20 emaciated animals was 
10.1%. In contrast, Greenwood et al.
(1951) found virtually the same percent

ages of eighteen amino acids in the protein 
of six different cuts of both choice and utility 
grades of beef. In agreement with these re
sults are those of Schweigert et al. (1949 ) 
on pork and lamb cuts. At the Veterinary 
College, Hannover, where Spangenberg
(1957) made the investigations just men
tioned, Salobir (1958) also studied protein 
chemistry. By paper electrophoresis he re
corded significantly different protein com
position of meat from pigs fed a nutrition
ally complete diet and pigs fed a protein- 
deficient ration. Although this finding does 
not necessarily mean differences with regard 
to the amino acid composition, it is an indi
cation of changes that may be of importance 
in consideration of the problem as a whole.

E X P E R I M E N T A L
A b o u t  0.5 g  d ry ,  a c e to n e - t r e a te d  m e a t  ( Longis- 

simus dorsi) f ro m  a  n o rm a l  so w  (d r e s s e d  w e ig h t  
57  k g )  a n d  f r o m  a  b a r r o w  (d r e s s e d  w e ig h t  66 
k g )  w ith  to ta l  m u sc le  d e g e n e ra t io n  w a s  h y d r o 
ly ze d  b y  b o il in g  16 h r  in  50 m l 6N  H C 1  using- 
re f lu x . T h e  h y d ro ly s a te  w a s  d i lu te d  to  500 m l, 
a n d  p H  w a s  a d ju s te d  to  2.0.

I t  m a y  b e  n o te d  t h a t  23 k g  o f th e  lo in s  a n d  th e  
h a m s  in  th e  c a rc a s s  w i th  m u sc le  d e g e n e ra t io n  w e re  
co n d e m n e d . S a m p le s  w e re  ta k e n  o f th e  lo in  a t  
th e  lu m b a r  re g io n , w h e re  th e  d is e a s e  is  m o s t  
p ro n o u n c e d  an d , a c c o rd in g  to  L a w r ie  (1 9 6 0 ) ,  th e  
u l t im a te  p H  o f th e  m e a t  is v e ry  m u c h  lo w e r  th a n  
t h a t  in  th e  th o ra c ic  re g io n .

T w o  m l o f th e  d i lu te d  h y d ro ly s a te  w a s  r u n  in  
a  c o n tin u o u s ly  o p e ra t in g  a m in o  a c id  a n a ly z e r  f o r  
d e te rm in in g  th e  a m in o  a c id s , u s in g  n in h y d r in  as  
a  re a g e n t .  T h e  a c id ic  a n d  n e u t r a l  a m in o  a c id s  
w e re  in i t ia l ly  e lu te d  f ro m  th e  c o lu m n  ( A m b e r l i t e  
I R  120) w ith  a  0 .20N  c i t r a t e  b u f fe r  o f p H  3.25. 
A f te r  p ro lin e  th e  b u ffe r  s o lu tio n  w a s  s h if te d  to  
p H  4.25. T h e  b a s ic  a m in o  a c id s  w e re  d e te rm in e d  
in  a  s e p a ra te  co lu m n , u s in g  a  O.SSA'' c i t r a t e  b u f fe r  
o f p H  5 .28 f o r  e lu tio n .

S in c e  t r y p to p h a n  w ill  b e  c o m p le te ly  d e s tro y e d  
b y  a c id  h y d ro ly s is , th is  a m in o  a c id  w a s  d e te r 
m in e d  s e p a ra te ly  o n  th e  o r ig in a l  m a te r ia l ,  u s in g  
th e  m e th o d  o f G ra h a m  et al. ( 1 9 4 7 ) ,  s l ig h t ly  
m o d ified . I n  a d d itio n , h y d ro x y p r o lin e ,  f o r  w h ic h  
n in h y d r in  c a n n o t  be  u s e d  a s  a  re a g e n t ,  w a s  d e te r 
m in e d  s e p a ra te ly  a s  w e ll, u s in g  th e  m e th o d  o f 
S te g e m a n n  (1 9 5 8 ) .  F in a l ly ,  th e  c o n te n t  of w a te r -  
so lu b le  g u a n id in o  c o m p o u n d s  ( e s s e n t ia l ly  c r e a t in e  
a n d  v e r y  l i t t le  f re e  a r g in in e )  w a s  d e te rm in e d  a c 
c o rd in g  to  R o s e n b e rg  ct al. ( 1 9 5 6 ) .  I t  w a s  c a lc u 
la te d  a s  p e rc e n t  c re a tin e  o f to ta l  ( c r u d e )  p ro te in .
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RESULTS
T a b le  1 l is ts  th e  a m in o  a c id  c o m p o s itio n  e x 

p re s s e d  a s  p e rc e n t  b y  w e ig h t  o f  th e  su m  o f a m in o  
a c id s  p re s e n t  in  th e  h y d ro ly s a te  o f  a c e to n e -d r ie d  
Longissimus dorsi f ro m  th e  n o rm a l  p ig , a n d  
f ro m  th e  p ig  w i th  to ta l  m u sc le  d e g e n e ra t io n .  I n  
a d d itio n , th e  c o n te n t  o f w a te r - s o lu b le  g u a n id in o  
c o m p o u n d s  is g iv e n . T h e  a m in o  a c id s  a r e  l is te d  
in  th e  o r d e r  th e y  a p p e a r  in  th e  effluen t. T h e  
m e th io n in e -s u lfo x id e s , w h ic h  p re c e d e  a s p a r t ic  a c id , 
a r e  fo r  p ra c tic a l  r e a s o n s  p la c e d  a f t e r  m e th io n in e . 
T ry p to p h a n  a n d  h y d ro x y p r o lin e ,  w h ic h  w e re  d e 
te rm in e d  s e p a ra te ly , a r e  p la c e d  a t  th e  en d  o f th e  
tab le .

T h e  y ie ld  o f a m in o  a c id s  +  a m m o n ia , re d u c e d  
by  th e  w a te r  b o u n d  d u r in g  h y d ro ly s is , w a s  fo u n d  
to  be 9 8 .5 %  (n o rm a l  p ig )  a n d  10 0 .9%  (d e g e n 
e ra te d  p ig )  o f th e  a m o u n t  o f  p ro te in  u se d  fo r  
a n a ly s is . T h e  c o n te n t  o f p ro te in  in  th e  a c e to n e -  
d r ie d  m e a t  w a s  d e te rm in e d  in  tw o  w a y s : 1 ) b y

T a b le  1. R e la t iv e  p e rc e n ta g e  o f  th e  v a r io u s  
a m in o  a c id s  fo u n d  in  h y d ro ly s a te s  f ro m  a c e to n e -  
d r ie d  Longissimus dorsi o f  p ig s .

Amino acid Normal
pig

Pigaffectedwithtotalmuscledegeneration
A s p a r t ic  a c id 9.89 9.88
T h re o n in e 4.75 4.75
S e r in e 4.19 4.15
G lu ta m ic  ac id 15.65 15.66
P ro lin e 3.94 4.04
G ly cin e 4.34 4.19
A la n in e 5.80 5.74
C y stin e - 0 . 3 ~ 0 .3
V a lin e 5.10 5.27
M e th io n in e 2.93 3.25
M e th io n in e -s u lfo x id e s — 0.3 0.00
Iso le u c in e 4.76 4.94
L eu c in e 8.28 8.32
T y ro s in e 3.64 3.72
P h e n y la la n in e 4.27 4.14
L y s in e 9.50 9.61
H is t id in e 4.45 4.25
A rg in in e 6.45 6.40
T  ry p to p h a n 1.29 1.26
H y d ro x y p ro l in e 0.17 0.13

T o ta l
W a te r - s o lu b le  g u a n id in o  

co m p o u n d s  (e s s e n t ia l ly  
c r e a t in e ) ,  c a lc u la te d  a s

100 .00% 100 .00%

p e rc e n t  o f to ta l  p ro te in 2.64 2.60

m u lt ip ly in g  th e  n i tro g e n  c o n te n t  b y  6.25, 2 )  b y  
s u b tr a c t in g  th e  c o n te n t  o f w a te r  ( 7 .4 - 7 .0 % ) ,  a sh  
( 3 .6 - 3 .4 % ) ,  a n d  lip id s  ( 0 .8 - 0 .7 % )  f ro m  100. T h e  
re s p e c tiv e  r e s u lt s  w e re  88.4 a n d  8 8 .2 %  p ro te in  
(n o rm a l  p ig )  a n d  88.6 a n d  8 8 .9 %  (d e g e n e ra te d  
p ig ) .  T h u s ,  t h e r e  w a s  g o o d  a g re e m e n t  b e tw e en  
th e  m e th o d s . F o r  c a lc u la t io n  th e  m e a n s  w e re  used .

F r o m  T a b le  1 i t  is e v id e n t  th a t ,  w i th in  th e  
l im its  o f  a n a ly t ic a l  e r r o r ,  th e  a m in o  a c id  c o m p o s i
t io n  o f th e  p ro te in  in  n o rm a l  a n d  d e g e n e ra te d  p ig  
m u sc le  is th e  sam e . T h a t  is a ls o  t r u e  f o r  th e  
w a te r - s o lu b le  g u a n id in o  co m p o u n d s . I n  th e  c a se  
o f m e th io n in e  a  s ig n if ic a n tly  lo w e r  c o n te n t  w a s  
fo u n d  in  th e  m e a t  o f th e  n o rm a l  p ig , b u t  th e  
d if fe re n c e  c o u ld  be  a c c o u n te d  f o r  b y  m e th io n in e -  
su lfo x id e s  p re s e n t  in  th is  sam p le . I t  m ig h t  be  
a s s u m e d  th a t  th e s e  o x id e s  a r e  a r t i f a c ts  fo rm e d  
d u r in g  th e  h y d ro ly s is  p ro c e s s  o r  th e  m a n ip u la tio n s . 
A m o n g  th e  o th e r  d iffe ren ce s , th e  o n e  f o r  h is tid in e  
is  th e  l a rg e s t .  T h e  h is tid in e  v a lu e  f o r  th e  p ro te in  
in  th e  d e g e n e ra te d  p ig  m u sc le  is  h a r d ly  5 %  ( r e l a 
t iv e )  lo w e r  th a n  t h a t  f o r  th e  p ro te in  in  th e  
n o rm a l  p ig  m u sc le . H o w e v e r ,  th is  d i f fe re n c e  is 
n e v e r th e le s s  to o  sm a ll to  be s ig n if ic a n t.

I n  v ie w  o f  th e s e  r e s u l t s  i t  w o u ld  b e  o f in te r e s t  
to  k n o w  w h e th e r  th e r e  m ig h t  a ls o  b e  n u tr i t io n a l  
e q u a li ty  b e tw e e n  n o rm a l  a n d  d e g e n e ra te d  m u sc le s  
w ith  re s p e c t  to  e th e r  c o n s t itu e n ts ,  e .g . th ia m in e .

ACKNOWLEDGMENT
I  a m  g r e a t ly  in d e b te d  to  P ro f .  T .  S to r g a r d s  

a n d  M r . B . L in d q u is t,  E n g in e e r ,  a t  M jo lk c e n -  
t r a l e n ’s ( th e  D a i r y  A s s o c ia t io n )  la b o ra to ry ,  S to c k 
h o lm , f o r  ru n n in g  th e  a m in o  a c id  a n a ly s e s  in  th e i r  
a u to m a tic a l ly  o p e ra t in g  a m in o  a c id  a n a ly z e r ,  o f 
L in d q u is t ’s c o n s tru c tio n .  I  a ls o  a p p re c ia te  th e  
a s s is ta n c e  o f M r . K . A . P e r s s o n , C h e m ic a l  E n g i 
n e e r , S c a n ’s C e n t r a l la b o ra to r iu m .

R E F E R E N C E S
B r is k e y , E .  J .  1959. P r e - s la u g h te r  t r e a tm e n ts  a s  

re la te d  to  p o s t-m o r te m  c h a n g e s  in  p o r k  m u s 
c le . 5 th  M e e t in g  o f  E u ro p e a n  M e a t  R e s e a rc h  
W o r k e r s ,  P a r i s .  10 pp .

B r is k e y , E .  J ., R . W . B r a y , W .  G . H o e k s t r a ,  
R . W . G ru m m e r ,  a n d  P .  H .  P h i l l ip s .  1959a. 
T h e  e ffe c t  o f  v a r io u s  le v e ls  o f e x e r c is e  in  
a l t e r in g  th e  c h e m ic a l  a n d  p h y s ic a l  c h a r a c te r 
is t ic s  o f  c e r ta in  p o r k  h a m  m u sc le s . / .  Animal 
Sci. 18, 153.

B r is k e y , E .  J ., R . W . B r a y , W .  G . H o e k s t r a ,  
P .  H .  P h i l l ip s ,  a n d  R . H .  G ru m m e r . 1959b. 
T h e  e f fe c t  o f e x h a u s tiv e  e x e r c is e  a n d  h ig h  
su c ro s e  re g im e n  on  c e r ta in  c h e m ic a l  a n d  p h y s i
c a l p o rk  h a m  m u sc le  c h a r a c te r is t ic s .  / .  Ani
mal Sci. 18, 173.



8 A M IN O  ACIDS OF PIG  M USCLE

B u g a rd ,  P . ,  M . H e n r y ,  a n d  C. L a b ié . 1959. É tu d e  
d e s  e ffe ts  n o n  sp éc ifiq u es  des  a g re s s io n s  chez  
le  p o rc . Rev. Pathol. Gén. Physiol. Clin. 707, 
401.

G ra h a m , C . E .,  E . P .  S m ith , S . W . H ie r ,  a n d  
D . K le in . 1947. A n  im p ro v e d  m e th o d  f o r  th e  
d e te rm in a t io n  o f  t ry p to p h a n  w ith  p -d im e th y l-  
a m in o -b e n z a ld e h y d e . / .  Biol. Cliem. 168, 711.

G re en w o o d , D . A ., H .  R . K ra y b i l l ,  a n d  B . S. 
S c h w e ig e r t .  1951. A m in o  a c id  c o m p o s itio n  o f 
f r e s h  a n d  c o o k e d  b e e f  c u ts . J. Biol. Chem. 193, 
23.

H e n r y ,  M . 1957. M o b il is a tio n  d u  p o ta s s iu m  c e llu 
la i r e  ch ez  le  p o rc  e t  q u a lité s  c h a r c u te r ie s  de  
la  v ia n d e . 3 rd  M e e t in g  o f E u ro p e a n  M e a t  
R e s e a rc h  W o r k e r s ,  C o p e n h a g e n . 7 pp.

H e n r y ,  M ., a n d  J .  B illo n . 1959. N o u v e lle s  o b 
s e rv a t io n s  s u r  l’in flu en ce  d e s  a g g re s s io n s  no n  
sp é c ifiq u e s  s u r  la  q u a l i té  d e  la  v ia n d e  d e  p o rc . 
5 th  M e e t in g  o f E u ro p e a n  M e a t  R e s e a rc h  
W o r k e r s ,  P a r is .  15 pp .

L a w r ie ,  R . A . 1960. P o s t - m o r te m  g ly c o ly s is  in  
n o rm a l  a n d  e x u d a tiv e  lo n g is s im u s  d o rs i  m u s 
c le s  o f th e  p ig  in  r e la t io n  to  s o -c a lle d  w h ite  
m u sc le  d isea se . / .  Comp. Pathol. Therap. 70, 
273.

L u d v ig s e n , J .  1955. U n d e r s d g e ls e r  o v e r  d e n  s â k -  
a ld te  “ m u s k e ld e g e n e ra t io n ” h o s  sv in . S tu d ie r  
o v e r  p a th o g e n e s e n . 234. beretning fra forspgs- 
laboratorict, u d g iv e t  a f  S ta te n s  H u s d y r s b r u g s -  
u d v a lg  ; C o p e n h a g e n . 84 pp.

L u d v ig s e n , J .  1957. C o m p lic a tio n s  in  c o n n e c tio n  
w i th  “ s t r e s s ”  c o n d itio n s  in  p ig s . R e p r in t  o f 
"Mcdlemsblad for Den danske Dyrlaegcforen- 
ing,” N r .  7, 1 a p r i l .  14 pp .

L u d v ig s e n , J .  1958. D e n  g e n e tis k e  o g  d e n  e rn a e r -  
in g s b e tin g e d e  “ m u s k e ld e g e n e ra t io n .” Ugcskrift 
for Landmaend, N r .  47 o g  N r .  48. 7 pp .

L u d v ig s e n , J .  1959. S t r e s s -p ro b le m e r  i v e te r in a e r -  
m ed ic in en . Medlemsblad for Den danske D yr- 
laegeforening, N r .  13. 1 ju l i .  7 pp.

M u th ,  O . H . ,  J. E . O ld fie ld , J .  R . S c h u b e r t ,  a n d  
L . F .  R e m m e rt . 1959. W h i te  m u sc le  d is e a s e  
(m y o p a th y )  in  lam b s  a n d  c a lv e s . V I .  E f f e c ts  

o f  s e len iu m  a n d  v i ta m in  E  o n  lam b s . Am . J.
Vet. Research 20, 231.

O rs ta d iu s ,  K . 1961. N u t r i t io n a l  m u s c u la r  d y s t r o 
p h y  in  p ig s . T h e s is , R o y a l  V e te r in a r y  C o lleg e , 
S to c k h o lm , S w e d e n . 28 pp.

O rs ta d iu s ,  K ., a n d  B . Ä b e rg .  1961. D is t r ib u t io n  
o f  S e TO- ta g g e d  s o d iu m  se le n ite  in  p ig s . Acta  
Vet. Scand. 2, 60.

R o s e n b e rg , H ., A . H .  E n n o r ,  a n d  J .  F .  M o r r is o n .  
1956. T h e  e s t im a tio n  o f  a rg in in e .  Biochem. J. 
63, 153.

S a lo b ir ,  K . 1958. P a p ie re le k tr o p h o re t i s c h e  U n t e r 
s u c h u n g e n  d e r  M u s k e le iw e is s k ö r p e r  v o n  
S c h w e in e n  n a c h  b io lo g is c h  h o c h w e r t ig e r  K o s t  
u n d  E iw e is s m a n g e le rn ä h ru n g . T h e s is ,  V e t e r 
in a r y  C o lleg e , In s t i tu te  o f  P h y s io lo g y , H a n 
o v e r , W e s te r n  G e rm a n y . 57 pp.

S c h w e ig e r t ,  B . S ., B . T .  G u th n e c k , H .  R . K ra y b i l l ,  
a n d  D . A . G re e n w o o d . 1949. T h e  a m in o  a c id  
c o m p o s itio n  o f p o rk  a n d  lam b  c u ts . / .  Biol. 
Chem. 180, 1077.

S p a n g e n b e rg , R . 1957. B e s tim m u n g  e s s e n t ie l le r  
A m in o s ä u re n  in  d e r  M u s k u la tu r  g e s u n d e r  u n d  
d u rc h  K r a n k h e i t  s t a r k  a b g e m a g e r te r  R in d e r .  
T h e s is ,  V e te r in a r y  C o lleg e , I n s t i tu te  o f P h y s i 
o lo g y , H a n n o v e r ,  W e s te r n  G e rm a n y . 23  pp .

S te g e m a n n , H .  1958. M ic ro b e s tim m u n g  v o n  H y -  
d ro x y p ro l in  m it  C h lo ra m in -T  u n d  p -D im e th y l-  
a m in o b e n z a ld e h y d . Hoppe-Seylcr’s Z. physiol. 
Chem. 311, 41.

W ils o n , G . D ., I .  D . G in g e r , B . S . S c h w e ig e r t ,  
a n d  W . J .  A u n a n . 1959. A  s tu d y  o f  th e  v a r i a 
t io n s  o f m y o g lo b in  c o n c e n tra t io n  in  “ tw o -  
to n e d ” h a m s . J. Animal Sei. 18, 1080.

W is m e r -P c d e r s e n ,  J .  1959. Q u a l i ty  o f  p o r k  in  
re la t io n  to  r a t e  o f p H - c h a n g e  p o s t  m o r te m . 
Food Research 24, 711.



Spectral Examination of Cured-Meat Pigments 
During Frankfurter Processing a

C. G. SID W ELL,b HAROLD SALW IN,C MARGARET DRIVER, a n dROBERT B. KOCH a
Q u a r te r m a s te r  F o o d  a n d  C o n ta in e r  I n s t i tu te  fo r  th e  A r m e d  F o r c e s , U S  A r m y

C h ica g o  9, I l l in o is

( M a n u s c r ip t  re c e iv e d  A u g u s t  3, 1961)

SUMMARY
Spectrophotom etric analyses o f aqueous-acetone extracts o f frankfurters 

were usefu l for characterizing the porphyrin pigm ents that form ed during  
sm okehouse treatm ent or laboratory heating. The absorption curves showed 
differences am ong samples in spectral structure, rates o f p igm ent develop
m ent, and pigm ent stability. They also showed prom ise o f differentiating  
am ong sam ples on the basis o f storage stability.

Frankfurters are an important and pop
ular food in the armed forces of the United 
States. Providing a high-quality product 
in remote overseas areas requires a minimum 
freezer-storage life of six months. Even 
though all frankfurters are produced in ac
cordance with the requirements of the Fed
eral Specification (1954) and appear iden
tical when freshly prepared, their shelf life 
varies. Experience indicates that some lots 
exceed minimum stability needs while others 
become rancid within two months. It would 
therefore be desirable to develop objective 
methods capable of differentiating among 
lots on the basis of their predisposition to 
become rancid. For this purpose, our atten
tion was directed to a study of the cured- 
meat pigments of frankfurters.

The heme pigments of uncured meat cata
lyze the oxidation of lipids (Watts, 1954; 
Younathan and Watts, 1959). Cured meats

’ T h is  p a p e r  r e p o r t s  r e s e a r c h  c o n d u c te d  b y  th e  
Q u a r te r m a s te r  F o o d  a n d  C o n ta in e r  I n s t i tu te  f o r  
th e  A rm e d  F o r c e s  a n d  h a s  b e en  a s s ig n e d  N o . 2136 
in  th e  s e r ie s  o f  p a p e rs  a p p ro v e d  f o r  p u b lic a t io n . 
T h e  v ie w s  o r  c o n c lu s io n s  a r e  th o s e  o f th e  a u th o rs ,  
a n d  a r e  n o t  to  b e  c o n s tru e d  a s  n e c e s s a r i ly  re f le c t in g  
th e  v ie w s  o r  in d o r s e m e n t  o f  th e  D e p a r tm e n t  of 
D e fen se .

6 P r e s e n t  a d d r e s s :  V e te ra n s  A d m in is t ra t io n ,
W e s t  S id e  H o s p i ta l ,  C h ic ag o , I l l in o is .

'  P r e s e n t  a d d r e s s : F o o d  a n d  D r u g  A d m in i s t r a 
tio n , W a s h in g to n , D .C .

d P r e s e n t  a d d r e s s : M in e a p o lis -H o n e y w e ll  R e g 
u la to r  C o m p an y , H o p k in s ,  M in n e s o ta .

are more stable (Younathan and Watts,
1959), but evidence on the relation of cured- 
meat pigments to lipid oxidation is less 
definite. Bauernfiend et al. (1954) and 
Wiesman and Ziemba (1946) showed that 
flavor stability paralleled pigment stability 
during freezer storage of such comminuted 
cured meat products as wieners and sau
sages.

Heme pigments are present in cured meat 
products principally as nitrosohemochrome 
(the reduced or ferrous form), as brown 
denatured metmyoglobin (the oxidized or 
hemichrome form), or as a mixture of the 
two. Greenish discoloration can result from 
advanced oxidation, which ruptures the por
phyrin ring to form verdohemochromes (Am. 
Meat Inst. Foundation, 1960; Brown and 
Tappel, 1958). The globin portion of the 
pigment may be present in either the unde
natured or denatured form, depending on 
the extent of heat processing.

Younathan and Watts (1959) hypothe
sized that the oxidized form of the pigment 
is the active catalyst in the oxidation of the 
fat. However, this cause-and-effect relation 
may at times be reversed because other 
changes accompanying the development of 
the cured-meat pigments during processing, 
and their role have not been fully assessed. 
Brown and Tappel (1958) reported that 
nitrosohemochrome forms in many reducing 
media but that it is most stable when formed 
in the presence of sulfhydryl groups released
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10 PIG M E N T  CH ANGES DURING FR A N K FU R T E R  PROCESSING

by heat dénaturation of the protein. Met- 
myoglobin may therefore be formed in the 
presence of oxidized fat when there is a 
deficiency of sulfhydryls. Insolubilization of 
the pigment protein by heat may also retard 
interactions with the fat in the meat emul
sion. Thus the physical state of the emul
sion as well as its chemical composition may 
be a controlling factor in stability.

This paper reports the changes in the 
absorption spectra of the pigments as they 
develop under smokehouse and laboratory 
conditions. Some observations were also 
made on the relation of spectral character
istics to stability, but a more intensive study 
will be the subject of future work.

EXPERIMENTAL
Materials. T w o  lo ca l p ro c e s s o rs  o f f r a n k f u r te r s  

fu r n is h e d  sam p le s  w i th d ra w n  f ro m  th e  sm o k e 
h o u s e  a t  a p p ro x im a te ly  o n e -h o u r  in te rv a ls  d u r in g  
th e  sm o k in g  t r e a tm e n t .  T h e y  a ls o  p ro v id e d  u n 
sm o k e d  sam p le s . T h e  s m o k e h o u se  t e m p e r a tu r e  a n d  
th e  p ro d u c t  in te rn a l  te m p e r a tu r e  w e re  re c o rd e d  a t  
e ac h  w i th d ra w a l  ( T a b le  1 ) .

T a b le  1. P ro c e s s in g  t e m p e ra tu re s  ( ° F )  of 
C o m p a n y  A  a n d  C o m p a n y  B  f r a n k f u r t e r  sam p le s .

Processingtime(min)

Company A Company B
Smokehousetemp.

Producttemp.
Smokehousetemp.

Producttemp.
0 60

60 160 122 130 130
90 140 135

120 160 152 150 140
180 180 155 150 146

T h e  p ro d u c t  o f c o m p a n y  A  c o n ta in e d  e q u a l p o r 
t io n s  o f  b ee f a n d  p o rk  a n d  w a s  p a r t  o f a  m il i ta ry  
p ro c u re m e n t  u n d e r  th e  F e d e r a l  S p e c if ic a tio n  
(1 9 5 4 ) .  T h e  p ro d u c t  o f c o m p a n y  B  w a s  6 0 %  
b eef a n d  4 0 %  p o r k  a n d  w a s  p ro c e s s e d  f o r  th e  
c o m m e rc ia l  m a rk e t .  T h e  sam p le s  c o n ta in e d  no 
a d d e d  c o lo r  o r  a s c o rb ic  ac id . T h e  sam p le s  w e re  
d e liv e re d  to  th e  In s t i tu te  la b o ra to r ie s  o n  th e  d a y  
p re p a re d ,  s to re d  o v e rn ig h t  a t  4 .4° C, a n d  te s te d  
th e  fo l lo w in g  d ay .

M e th o d s . Sample preparation. A f t e r  th e  c a s in g s  
w e re  re m o v e d  th e  f r a n k f u r t e r s  w e re  g ro u n d  
th r o u g h  a  fo o d  c h o p p e r  a n d  f u r th e r  t r i t u r a te d  w ith  
a  m o r ta r  a n d  p e s tle . S p e c t r a l  a n a ly s e s  a n d  p r o 
te in  s o lu b ili ty  te s ts  w e re  c o n d u c te d  o n  p o r tio n s

o f th e  p r e p a re d  m a te r ia l ,  d i re c t ly ,  a n d  a ls o  a f te r  
la b o r a to r y  h e a tin g .

Laboratory heating. T w e n ty - g r a m  s a m p le s  o f 
p re p a re d  f r a n k f u r t e r s  w e re  w ra p p e d  a n d  s e a le d  in  
f la t  a lu m in u m -fo il  p a c k e ts  o f  a p p ro x  3 X 5 X 
3 /1 6  in . T h e  p a c k e ts  w e re  im m e rs e d  in  a  6 0 ° C 
w a te r  b a th  fo r  p e r io d s  u p  to  3 h r .  A b o v e  60 ° C, 
th e  c o lo r  d e v e lo p ed  to o  ra p id ly  f o r  s tu d y . I n d i 
v id u a l  p a c k e ts  w e re  w i th d ra w n  a t  in te r v a ls  a n d  
th e  e n ti re  c o n te n ts  w e re  te s te d .

Absorption spectra. H o r n s e y  (1 9 5 6 ) a n d  o th e r s  
(S ie d le r  a n d  S c h w e ig h e r t ,  19 59 ; T a p p e l , 19 57) u se d  
a c e to n e -w a te r  so lu tio n s  ( 4 0 :3 )  to  e x t r a c t  c u re d -  
m e a t  p ig m e n ts  fo r  s p e c tra l  a n a ly s is . T h e  e x t r a c te d  
p ig m e n t, n o  lo n g e r  a t ta c h e d  to  th e  g lo b in  m o ie ty , 
w a s  sh o w n  to  b e  a  n i tro s o h e m e -a c e to n e  c o m p le x  
( H o r n s e y ,  1 9 5 6 ). I t  h a s  a ls o  b een  h y p o th e s iz e d  
t h a t  th e  h em e  c o m p o n e n t p ro b a b ly  e x is ts  in  th e  
m e a t  u n a t ta c h e d  to  th e  g lo b in  (A m . M e a t  In s t .  
F o u n d a tio n ,  1 9 6 0 ).

In  o u r  w o rk , th e  sam p le  s ize  w a s  in c re a s e d  o v e r  
t h a t  u s e d  b y  H o r n s e y  a n d  o th e r s  in  o r d e r  to  r e 
v e a l th e  s p e c tra l  s t r u c tu r e  m o re  c le a r ly . A l l  e x 
t r a c t io n s  w e re  c o n d u c te d  in  su b d u e d  l ig h t  to  a v o id  
l ig h t-c a ta ly z e d  o x id a tio n  o f th e  a c e to n e  c o m p le x  
(T a p p e l ,  1 9 5 7 ). T w e n ty  g ra m s  o f  th e  p r e p a re d  
sam p le  in  a  m o r t a r  w e re  c o v e re d  w ith  43 m l o f 
th e  a q u e o u s  a c e to n e . T h e  s a m p le  w a s  sq u ee ze d  
a n d  p re s s e d  w ith  a  p e s tle  fo r  5 m in , c a re  b e in g  
ta k e n  to  a v o id  u n d u e  a e ra t io n .  T h e  e x t r a c t  w a s  
f i l te re d  th r o u g h  W h a tm a n  N o . 1 f i l te r  p a p e r . A b 
s o rp tio n  s p e c t r a  f ro m  450 to  700 mg w e re  th e n  
o b ta in e d  w ith  a  M o d e l 14 M  C a ry  r e c o rd in g  sp e c 
t ro p h o to m e te r  (m e n tio n  o f c o m m e rc ia l  p ro d u c ts  
d o es  n o t  im p ly  e n d o r s e m e n t  b y  th e  D e p a r tm e n t  
o f D e fe n se  o v e r  o th e r  s im ila r  p ro d u c ts  n o t  m e n 
t io n e d ) .

Soluble protein. A  m o d if ic a tio n  o f  C o r e t t i ’s 
(1 9 5 7 ) m e th o d  w a s  u se d  to  ju d g e  th e  e x te n t  o f 
p ro te in  d e n a tu r a t io n  a s  a n  in d e x  o f h e a t  t r e a tm e n t  
d u r in g  p ro c e s s in g . F iv e - g ra m  s a m p le s  w e re  e x 
t r a c te d  b y  in te r m it te n t  s h a k in g  f o r  30  m in  in  a  
f la sk  w ith  25 m l o f d is ti l le d  w a te r  a n d  f i l te re d  
th ro u g h  W h a tm a n  N o . 42 f i l te r  p a p e r .  T e n - m l 
p o r t io n s  o f  th e  f i l t r a te s  w e re  h e a te d  15 m in  a t  
65 °C  to  c o a g u la te  th e  so lu b le  p ro te in .  T h e  a b 
s o rb a n c y  o f  th e  tu rb id  s o lu tio n  w a s  m e a s u re d  w ith  
a n  E v e ly n  c o lo r im e te r  w i th  th e  515 filte r .

Keeping quality. F r a n k f u r t e r s  in  th e i r  c e llu lo se  
c a s in g s  w e re  w ra p p e d , 6 to  a  p a c k a g e , in  a lu m in u m  
fo il a n d  s to re d  a t  —1 8 °C  in  c a rd b o a rd  c a r to n s .  
A f te r  4 -1 2  m o n th s  o f f re e z e r  s to ra g e ,  a  f r a n k f u r t e r  
f ro m  e ac h  p ro c e s s in g  t r e a tm e n t  w a s  c o o k e d  10 
m in  in  b o il in g  w a te r  in  a  c o v e re d  b e a k e r .  T h e  
in te n s i ty  a n d  c h a r a c te r  o f th e  o d o r  o f  th e  h o t  
f r a n k f u r t e r  sam p le s  w e re  ju d g e d  b y  a  p a n e l  of 
la b o r a to r y  p e rso n n e l .
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RESULTS AND DISCUSSION

Heretofore, aqueous-acetone extraction 
has been used largely for quantitative deter
mination of cured-meat pigments. The pur
pose here was to observe qualitative and 
quantitative differences in spectra as they 
developed during processing or laboratory 
treatment.

C o m p an y  A  sam p le s  d u r in g  s m o k in g .

Pigment spectra of company A samples.
Fig. 1 shows the pigment spectra of samples 
removed from the smokehouse at hourly 
intervals. The indicated temperatures are 
internal sample temperatures. The absorp
tion maxima at 480, 540, and 565 m/i, char
acteristic of nitrosohemochrome (Hornsey, 
1956; Tappel, 1957), were fully developed 
in approx 2 hr when the internal tempera
ture reached 67°C. Most of the color de
veloped during the second hour of smoking.

Fig. 2 shows that the same characteristic 
spectrum developed during laboratory heat
ing of the unsmoked frankfurters at 60° C. 
The small dimensions of the aluminum-foil 
packet permitted rapid heat penetration and 
faster development of color.

Pigment spectra of company B samples. 
The pigment in samples from company B 
developed in a different manner from that

described above. Pigment concentration was 
near a maximum after only 1 hr of smoke
house treatment when the internal tempera
ture was 54°C. The curves in Fig. 3 gave 
evidence of instability upon heating in the 
smokehouse beyond the first hour. The ab
sorption maximum at 565 m^ became pro
gressively less well-defined until it disap
peared, at 3 hr. Concurrently, a peak de
veloped at 635 m¡x, suggestive of a hemi- 
chrorne form of the pigment.

Fig. 4 shows the results of laboratory 
heating of the unsmoked frankfurters at 
60°C. Under these conditions, as in the 
smokehouse, the pigment developed more 
rapidly than it did in company A samples. 
In other respects, however, the pigment 
characteristics were more like those of Figs. 
1 and 2 than those of Fig. 3. The spectral 
structure was that of nitrosohemochrome, 
and stability was good upon continued heat
ing for 3 hr. The results in Figs. 3 and 4 
indicated that the meat emulsion and the 
curing ingredients were inherently capable 
of developing the stable nitrosohemochrome, 
but that a smokehouse or other processing 
factor led to instability.

The fact that the same procedure was used 
for obtaining the data in Figs. 3 and 4 indi-

F ig .  2. D e v e lo p m e n t o f  c u re d -m e a t  p ig m e n t  in  
u n s m o k e d  C o m p a n y  A  sam p le s  d u r in g  la b o r a to r y  
h e a t in g  a t  60° C.
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F ig . 3. D e v e lo p m e n t o f  c u re d -m e a t  p ig m e n t in 
C o m p an y  B  sam p le s  d u r in g  s m o k in g .

cated that the 635-mu, peak of Fig. 3 was 
not the result of light-catalyzed oxidation of 
the extracts. Extracts of the smoked sam
ples did not develop the 635-mu peak when 
exposed to subdued light for 2 hr. Further
more, Hornsey (1956) showed that the 
light-catalyzed oxidation product had a single 
absorption maximum, at 566 m¡i.

Samples of the material smoked for 3 hr 
were subjected to laboratory heating at 60°C. 
The absorption curves in Fig. 5 show that 
the spectral shift from 565 to 635 mu that 
occurred during smoking could be reversed 
by the laboratory heating. Total exclusion 
of air under these conditions suggested that 
the smokehouse may not have had a suffi
ciently reducing atmosphere to prevent oxi
dation of the nitrosohemochrome (Fox,
1959).

Absorbancy index of frankfurter pig
ment. The sharpness of the a-band in the 
560-mu region is characteristic of the hemo- 
chrome structure (Lemberg and Legge,
1949). An absorbancy index employing the 
measurements at 505, 540, and 565 m/x may 
therefore be useful for characterizing the ex
tracted pigment. Table 2 shows the values

T a b le  2. A b s o rb a n c y  in d e x  o f f r a n k f u r t e r  p ig 
m en t.

A ,  565 m/x — A s 505 m u  
A ,  540 m u  — A s 505 m u

Smoking time, or lab. heating time (min)

Company A samples Company B samples

Smoked

U nsmoked,lab.heated Smoked

Unsmoked,lab.heated

Smoked 3 hr, lab. heated
15 0.67 0 .94  --1 .9 0
30 0.80 0.94 0.00
60 - 0 .1 8 0.94 0.59 0.94 0.53
90 0.47

120 0.91 0.32 1.00
180 0.97 - 1 .2 0 1.00

As 565 ni/x — As 505 mp,of this index -— --------- -———-----for the

spectra in Figs. 1 to 5. They ranged from
1.00, for nitrosohemochrome, to —1.90, for 
oxidized pigment.

Relation of temperature during smoking 
to pigment development. The effect of tem
peratures on pigment development, independ
ent of other factors, could not be ascertained 
from these experiments. The greatest pig
ment concentration (Fig. 1) and highest 
product temperature (68°C, 155°F, Table 1)

Fig. 4. Development of cured-meat pigment in
u n s m o k e d  C o m p an y  B  sam p le s  d u r in g  la b o r a to r y  
h e a t in g  a t  6 0 °C .
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were attained in the company A smokehouse. 
The concentration could not be equaled by 
60 min of laboratory heating at 60°C (Fig.
2). The highest product temperature reached 
in the company B smokehouse was 63 °C. 
The unstable pigment that developed could 
be equaled in concentration by 30 min of 
laboratory heating (Figs. 3 and 4). The 
greater stability of the pigment developed in 
the company A product appeared to be re
lated to the higher product temperatures 
reached at the end of 120 and 180 minutes of 
smoking. The final product temperature pre
scribed by the Federal Specification (1954) 
for frankfurters is 66-71 °C (150-160°F). 
A second source (Am. Meat Inst. Founda
tion, 1960) considers 66°C to be a minimum 
end-point temperature but recommends a 
temperature of 68° C to provide a safety 
margin for any variation that may arise from 
position in the smokehouse or errors in 
thermometer placement. This higher process
ing temperature is said to provide better 
keeping quality in the product.

The processing temperatures in Table 1 
and the pigment spectra in Figs. 1 and 2 
suggest that a product temperature of 68°C 
is not a required minimum for pigment de-

F ig .  5. R e v e r s a l  o f 5 6 5-63 5  mu s p e c tra l  s h if t  
( 3 - h r  sam p le , F ig .  3 )  b y  a d d i t io n a l  la b o ra to ry  
h e a t in g  a t  60° C.

velopment but is important for conferring 
stability on the pigment that develops at 
lower temperatures.

Relation of protein solubility to pigment 
formation and stability. A close relation 
between pigment formation and stability and 
the extent of protein dénaturation has been 
reported (Am. Meat Inst. Foundation, 1960; 
Fox, 1959; Siedler and Schweigert, 1959). 
The protein-solubility results on the company 
A samples (Table 3) showed a consistent 
pattern with time of smoking. Complete pro
tein dénaturation as defined by loss of solubil
ity occurred sometime between the first and 
second hours of smoking. At the same time 
a definite increase in pigment concentration 
occurred (Fig. 1) and the absorbancy index 
reached 0.91 (Table 2).

The smoking time for minimum solubility 
in the company 3  samples also coincided with 
the interval of rapid pigment development— 
approx 1 hr. However, results of the solu
bility test on the smoked samples were not 
entirely consistent with processing time. Al
though sample variation may be partly re
sponsible, there may be a relation between 
the erratic behavior of this product and the 
instability of the pigment.

Relation of pigment development to keep
ing quality. Sensory evaluations were made 
after storage at — 18°C. A rank order of 
stability was assigned that represented degree 
of retention of normal frankfurter odor in the 
cooked samples. Throughout 12 months of 
storage the stability of company A samples 
was directly related to processing time, pig
ment concentration, absorbancy index, and

T a b le  3. S o lu b le  p ro te in  t e s t  o n  f r a n k f u r t e r s  
(a b s o rb a n c y , A s 515 f i l t e r ) .
Smoking time, or lab. heating time (min)

Company A samples Compan}' B samples

Smoked Smoked Lab.heated
0 0.429* 0 .3 0 1 ” p La 

1 
o 

!

i s 0.143
30 0.137
60 0 .2 9 6 “ 0.027 0.056
90 0.375

120 0.080 0.029 0.061o00 0.017 0.127
A b s o rb a n c y  o f 0.080 o r  lo w e r  re p re s e n ts  n e g li-

g ib le  tu rb id i ty .
a T e s t  c o n d u c te d  o n  1 -g  r a th e r  th a n  5 -g  sam p le .
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insolubility of the protein. From the sixth to 
the twelfth months, only the samples smoked 
for 2 or 3 hr had a normal frankfurter odor. 
All of the smoked samples retained good 
color for 12 months. Among company B 
samples, which were more erratic in their 
pattern of pigment development, only the 
sample smoked 2 hours retained an odor re
sembling that of normal frankfurters after 4 
months of storage. Off-odors were detectable 
in this sample after 6 months, and severe 
greenish discoloration occurred in all samples 
after 10 months. Storage stability of the com
pany B product was definitely inferior to that 
of the company A product.
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Spectrophotometric Determination of Sorbic Acid 
in Apple Cider8
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SUMMARY
An improved m ethod for measuring sorbic acid in cider is based on dilution  

of the sam ple and direct ultraviolet readings at 262 mg. This m ethod was 
compared with the distillation m ethod for sorbic acid usually applied to cider. 
The latter m ethod produced ultraviolet-absorbant m aterials that interfered  
with sorbic acid determ inations and were shown to be affected by the sugar 
content o f the cider and the distillation techniques. The ultraviolet-interfering  
m aterials in cider distillates have absorption peaks and chem ical properties 
sim ilar to those o f 5-hydroxym ethylfurfural.

In this paper, “cider” refers to unpas
teurized unfermented juice from apples, not 
the heat-processed canned (or bottled) prod
uct. Freshly pressed cider has distinctive 
consumer appeal. Freezing, chemical pres
ervation, and pasteurization have been stud
ied (Marshall, 1947; Robinson et al., 1958; 
Smock and Neubert, 1958; Tressler and 
Joslyn, 1954) as means of maintaining cider 
in good condition.

Smaller cider producers are particularly 
interested in the addition of chemical pre
servatives to extend the shelf life of cider 
during warm fall weather. Weaver et al.
(1957), Robinson and Hills (1959), and 
Dryden and Hills (1959) found sorbic acid 
and its salts to be good preservatives, be
cause their fungistatic properties increased 
storage life with the least flavor change. 
Therefore, it appeared desirable to be able 
to follow concentration changes in sorbic 
acid during the storage life of cider.

Distillation and spectrophotometric pro
cedures have been developed and used by 
Melnick and co-workers (Gooding et al., 
1955 ; Luckmann and Melnick, 1955; Mel
nick and Luckmann, 1954) for sorbic acid 
determination in dairy products and other

a P r e s e n te d  a t  th e  I n s t i t u t e  o f F o o d  T e c h n o lo 
g is ts , S a n  F ra n c is c o ,  C a li fo rn ia , M a y  1 5 -19 , 1960.

b E a s te r n  U t i l iz a t io n  R e s e a rc h  a n d  D e v e lo p m e n t 
D iv is io n , A g r ic u l tu r a l  R e s e a rc h  S e rv ic e , U n i te d  
S ta te s  D e p a r tm e n t  o f A g r ic u l tu re .

foodstuffs. Other workers (Bôhme and 
Bertling, 1959; Spanyár and Sander, 1958; 
Hardon and Visser, 1958; Alterton and 
Lewis, 1958) have used alterations of these 
procedures for their studies on sorbic acid. 
This paper presents a simple and accurate 
method of determining sorbic acid in cider 
based on the ultraviolet absorption of diluted 
cider rather than cider distillates.

M A T E R I A L S  A N D  M E T H O D S
S o rb ic  a c id . C o m m e rc ia l  s am p le s  o f  s o rb ic  ac id  

a n d  p o ta s s iu m  s ó rb a te  f ro m  U n io n  C a rb id e  C h e m 
ica ls  C o m p a n y  w e re  u se d  (m e n tio n  o f  c o m p a n ie s  
o r  p ro d u c ts  d o es  n o t  im p ly  e n d o r s e m e n t  b y  th e  
U n i te d  S ta te s  D e p a r tm e n t  o f  A g r ic u l tu r e  o v e r  
o th e r s  n o t  n a m e d ) .  U l t r a v io le t  a b s o rp tio n  c u rv e s  
fo r  c a re fu l ly  p r e p a re d  so lu tio n s  o f k n o w n  c o n c e n 
t r a t io n s  a g re e d  w i th  th e  p u b lis h e d  s p e c t r a  of 
A l te r to n  a n d  L e w is  (1 9 5 8 ) ,  L u c k m a n n  a n d  M e l
n ic k  (1 9 5 5 ) ,  a n d  M e ln ic k  a n d  L u c k m a n n  (1 9 5 4 ) .

C id e r. F r e s h ly  p re s s e d  c id e r  w a s  o b ta in e d  f ro m  
a  lo ca l p ro d u c e r .  F r e s h  c id e r  w a s  c o m p a re d  w ith  
p e c tin o l  c la r if ied , h e a te d  a n d  u n h e a te d , f e rm e n t in g  
a n d  fe rm e n te d  sam p le s , w i th  a n d  w i th o u t  a d d e d  
s o rb ic  a c id . C o m m e rc ia lly  b o tt le d  c id e r  w a s  a lso  
s tu d ied .

I n s t r u m e n t .  A d s o rp t io n  s p e c t r a  in  th e  2 1 0 -3 2 0 - 
n ift r e g io n  w e re  re c o rd e d  o n  a  C a ry  M o d e l 14 
s p e c tro p h o to m e te r  in  a  1 -cm  ce ll v e r s u s  ac id if ie d  
d is t i l le d  w a te r .

S o rb ic  a c id  d i s t i l l a t io n  p ro c e d u r e .  C id e r  s a m 
p les  o f  5 -1 0  m l, w i th  a n d  w i th o u t  a d d e d  s o rb ic  
ac id , w e re  p la c e d  in  a  50 0 -m l d is t i l l in g  f la sk  co n -

50 m l o f  d is ti l le d  
T h e  e le c tr ic a l ly

ta in in g  50 g  o f  M g S C L  • 7F L O , 
w a te r ,  a n d  1 g  o f c i t r i c _ a c id

u«umiw«H* mGrvnfliW
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h e a te d  f la sk  w a s  c o n n e c te d  to  a  F r i e d r ic h s  c o n 
d e n s e r . W h e n  45 n il o f d is t i l l a te  h a d  b een  c o l
le c te d  in  a  g r a d u a te d  c y lin d e r  c o o led  in  a n  ice 
b a th , 50 m l o f d is ti l le d  w a te r  w a s  a d d e d  th ro u g h  
th e  s id e  o p e n in g  o f th e  flask . T h e  d is t i l la t io n  w a s  
s to p p e d  a f te r  a n  a d d i t io n a l  45 m l w a s  co llec ted , 
a n d  th e  c o n d e n se r  r in s e d  w ith  90 m l o f h o t  w a te r .  
T h e  d is t i l l a te  a n d  r in s e  w a te r  w e re  d i lu te d  to  
1000 m l w ith  ac id if ie d  d is ti l le d  w a te r  ( p H  3 .2 -  
3 .5 ) to  p re p a re  th e  s a m p le  f o r  u l t r a v io le t  a b s o rp 
t io n  s p e c tru m  m e a s u re m e n ts .

M a lic  a c id  m a y  b e  s u b s ti tu te d  f o r  c i t r ic  a c id , 
o r  50 m l o f 0.1 iV H 2S O i f o r  th e  d is t i l le d  w a te r  
a n d  c i t r ic  a c id , w i th o u t  a f fe c t in g  th e  r e s u lts .  A n  
e x c e ss  o f a c id  (1 0  m l o f cone . H » S O i)  a d d e d  to  
th e  d is t i l l in g  f la sk  g r e a t ly  in c re a se d  th e  a m o u n t  
o f  i n te r f e r in g  m a te r ia ls  in  th e  d is t i l la te .  V a r i a 
t io n s  in  d is t i l l in g  te c h n iq u e s  w ill  a f fe c t  th e  d is 
t i l la te  o f th e  te s t  s am p le s  a n d  th e i r  b la n k s  by  
in c o m p le te  d is t i l la t io n  o r  e x c e s s iv e  p y ro ly s is .

Dilution method. R e c o v e ry  e r r o r s  a r e  e lim in a te d  
b y  th is  m e th o d , in  w h ic h  1 m l o f c id e r , w i th  o r  
w i th o u t  s o rb ic  ac id , w a s  d i lu te d  to  100 o r  200 m l 
by  ac id if ie d  d is ti l le d  w a te r  (1  m l o f  I V  H C 1 p e r  
100 m l o f d is ti l le d  w a t e r ) .  T h e  c id e r  s o lu tio n  
m a y  b e  f i l te re d  t h r o u g h  N o . 50 W h a tm a n  p a p e r , 
b e fo re  o r  a f te r  d i lu tio n , to  e n s u re  c la r i ty .  T h e  
o p tim u m  s o rb ic  a c id  c o n c e n tra t io n  f o r  m e a s u re 
m e n t in  a  1 -cm  cell is  1 -3  pp m , w h ich  c a n  be d e 
te rm in e d  w ith  a n  e r r o r  n o  g r e a te r  th a n  ±  1% .

Calculation of sorbic acid concentration. F o r  
b o th  th e  d is t i l la t io n  a n d  d i lu t io n  p r o c e d u r e s :

p p m  s o rb ic  a c id  = X d i lu t io n  f a c to r

W h e re  A, =  a b s o rb a n c e  o f c id e r  +  s o rb ic  a c id  
a t  262 n ig

Ab =  a b s o rb a n c e  o f c id e r  b la n k  a t  262 m g
.23 =  c o n s ta n t  (a b s o rb a n c e  o f 1 p p m  s o rb ic  a c id  

a t  262 m g  in  1 -cm  c e ll)
d i lu te d  v o lu m eD ilu t io n  f a c to r  =  — — — j----:---------o r ig in a l  v o lu m e o f sam p le

RESULTS AND DISCUSSION
Spectrophotometric d e te rm in a tio n  of 

sorbic acid in apple cider is based on the 
degree of ultraviolet absorbance of this sub
stance at the wave length of maximum 
absorption. This maximum occurs at 262 
mg, and the absorbance increases propor
tionally with concentration, in agreement 
with Beer’s Law.

Fig. 1 illustrates application of the dilu
tion method for sorbic acid determination 
at various levels in cider. Curve A is for the

1% cider blank. Similarly curves B, C, D, 
and E  respectively represent cider samples 
containing 23, 46, 91, and 182 ppm of sorbic 
acid. Because no heat is used, this method 
avoids the generation of irrelevant ultra
violet absorbant materials influenced by the 
cider’s quality (clarified, pasteurized, fresh 
and/or fermenting) and no recovery losses 
are encountered.

However, many sorbic acid determination 
procedures are based on its recovery by dis
tillation. These methods were applied to 
cider ; and under some conditions, irrelevant 
materials interfere with the absorbance read
ings.

Fig. 2 and Table 1 are included in this 
paper to demonstrate problems in the appli
cation of the distillation procedure for sorbic 
acid recovery and determination from cider.

Fig. 2, curve A, indicates that fresh cider 
distillates contain materials that have a maxi
mum absorption peak at 282 mg. When 
sorbic acid is distilled from cider (B and 
C curves), peak absorption (between 262 
and 282 mg) is shifted relative to the sorbic

WAVELENGTH, mp
F ig .  1. S o rb ic  a c id  d e te rm in a t io n s  in  c id e r  b y  

d i lu t io n ;  d i lu tio n  f a c to r  =  100. A )  c id e r  b l a n k ;  
B ) c id e r  +  23 p p m  s o rb ic  a c i d ; C )  c id e r  +  46 p p m  
s o rb ic  a c id ;  D )  c id e r  +  91 p p m  s o rb ic  a c id ;  E )  
c id e r  +  182 p p m  s o rb ic  ac id .
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T a b le  1. E f fe c t  o f m ic ro b io lo g ic a l  a c t iv i ty  o n  s o rb ic  a c id  d e te rm in a t io n s  in  c id e r .

Storage time at room temperature (days)

By dilution By distillation
Ultraviolet absorbance at 262 mfi

Calculatedsorbicacidcontentb (ppm)

Ultraviolet absorbance at 262 nifi
Calculatedsorbicacidcontent13(ppm)Sorbated-cider3 Blank-cider3 Sorbated-cider3 Blank-cider3

0 0.428 0.068 156 0.440 0.100 148
4 C 0.422 0.065 155 0.414 0.050 158

( 1 5 4 ) d ( 1 3 7 ) d
8 C 0.420 0.058 157 0.410 0.021 169

( 1 5 3 ) d ( 1 3 5 ) 3
* T h e  s o rb a te d -c id e r  a n d  i ts  b la n k  ( s a m e  lo t)  w e re  in o c u la te d  w i th  s p o ila g e  o rg a n is m  f ro m  

fe rm e n t in g  c id e r , th e n  s im ila r ly  s a m p le d  a n d  a n a ly z e d  b y  a b o v e  m e th o d s . T h e  c id e r  w a s  o f  la te  
sea so n  a n d  h a d  a  p H  3.95.

( s o r b a te d - c id e r )  — ( b la n k -c id e r )0~22------------------------X 100 =  p p m  s o rb ic  ac id .
0 T h e r e  w a s  c o n s id e ra b le  m ic ro b io lo g ic a l  a c t iv i ty  in d ic a te d  b y  g a s  p r e s s u r e  a n d  r i s in g  

b u b b le s  in  c id e r .
d R e c a lc u la te d  u s in g  th e  z e ro  o r  in i t ia l  b la n k  v a lu e s , th e  d iffe re n c e s  sh o w  t h a t  th e  d is 

t i l la t io n  m e th o d  is  c o n s id e ra b ly  a f fe c te d  b y  m ic ro b ia l  q u a l i ty  c h a n g e s  in  th e  c id e r  ( s o r b a te d  
o r  b l a n k ) ,  a l t e r in g  th e  v a lu e  o f i ts  c a lc u la te d  s o rb ic  a c id  c o n te n t . T h e  d i lu t io n  m e th o d  is  n o t  
s im ila r ly  a ffe c te d .

sorbic acid. The quantity of interfering ma
terials in the distillate is affected by the 
amount of cider distilled, the distillation 
procedure, and the quality of cider, but the 
amount of interfering materials in the dis
tillation procedure can be kept constant by 
using a standardized procedure and cider of 
constant quality (prevention of microbial 
growth). Then the sorbic acid content can 
be calculated by the absorbance difference of 
a sorbated-cider minus its blank measured 
at 262 m/x. Thus, the sorbic acid contents 
of cider used for B and C curves of Fig. 2 
respectively calculate to 174 and 103 ppm 
for cider containing 180 and 96 ppm.

However, when microbial growth alters 
cider quality, then varying amounts of inter
fering absorbing materials are distilled and 
we have no accurate basis for calculating the 
amount of recovered sorbic acid. This is 
demonstrated by Table 1.

From Table 1 it may be seen that micro
bial spoilage had less quantitative effect on 
the sorbic acid determined by dilution than 
by the distillation procedure, whether calcu
lated using the original blank or one that 
had equal storage and microbial growth. 
Since the effect of microbial spoilage on 
fresh or sorbate-cider is evidently complex, 
accurate calculations for determination of 
sorbic acid levels cannot be made on dis-

acid-cider ratios. The effect is especially 
large at low sorbic acid levels because of 
superimposition of the spectra of the inter
fering cider distillate materials on that of

F ig .  2. U l t r a v io le t  a b s o rp tio n  s p e c t r a  o f  s o rb a te -  
c id e r  d i s t i l l a t e ;  d i lu tio n  f a c to r  =  100. A )  c id e r  
b la n k ;  B )  c id e r  + 1 8 0  p p m  s o rb ic  a c id ;  C )  c id e r  
+  96 p p m  s o rb ic  ac id .
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tillates of cider in which microbial growth 
has occurred. This uncertainty is due to 
the variation in amounts of the interfering 
materials distilled from either blank or sor- 
bated-cider which are changing in quality.

Sugars are known to produce ultraviolet
absorbing materials upon heating (Wolfrom 
et al., 1948; Haas et al., 1948) ; spectra of 
heated sugar solutions were compared with 
the interfering substances observed in cider 
distillates. A 1% solution of D-fructose, the 
predominant and least heat-stable sugar in 
apples (Smock and Neubert, 1958), was 
acidified as outlined in the dilution process. 
Spectra were obtained before and after 2 min 
of boiling. The unheated sample showed 
little absorption; the heated sample had at 
282 mp a strong maximum similar to that 
observed for cider distillates and boiled cider. 
Distillates of acidified fructose also exhibited 
maxima at 282 mfi, as did heated sucrose 
solutions. Increased absorption at 282 m/x 
in cider distillates can therefore result partly 
from sugar decomposition, which is accen
tuated by longer heating periods, higher 
temperatures, and addition of acid, but 
diminish if fermentation occurs.

Singh et al. (1948) and Wahhab (1948) 
have established that the principal decompo
sition product of sugars heated under acid

F ig . 3. C o m p a r is o n  o f u l t r a v io le t  a b s o rp tio n  
c u rv e s  f o r  c id e r  d is t i l l a te  a n d  h y d ro x y m e th y l-  
fu r fu ra l .

conditions is 5-hydroxymethyl-2-furfural, es
pecially when hexoses are present. The 
similarity in the spectra of a commercial 
sample of hydroxymethylfurfural and a 
fresh cider distillate is shown in Fig. 3. 
Cider distillates gave a positive Molisch 
test and had similar paper chromatographic 
Rf values compared to commercial 5-hy
droxymethylfurfural, thus suggesting that 
the principal interfering material is 5-hy- 
droxymethylfurfural.
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An Ion-Exchange Study of the Free Amino Acids in the 
Juices of Six Varieties of Citrus"
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(M a n u s c r ip t  re c e iv e d  J u ly  1, 1961)

SUMMARY
Free am ino acids were determ ined in the juices o f mature Valencia and 

W ashington navel oranges, Eureka and Lisbon lem ons, Dancy tangerines, and 
Marsh grapefruit. Twelve am ino acids and am m onia were identified and 
measured quantitatively. Eleven unidentified ninhydrin-positive compounds 
were also detected. Alanine, asparagine, aspartic acid, glutam ic acid, proline, 
serine, y-aminobutyric acid, and arginine occurred in substantial am ounts in 
all fruits. Proline was the most prom inent am ino acid in every fruit except 
the grapefruit, but appeared in  especially h igh  concentrations in the Valencia 
orange. Aspartic acid predom inated in the grapefruit. Nitrogen calculated
from  the am ino acids accounted for 
nitrogen in  each o f the juices.

Recent developments in chromatographic 
and microbiological methods have stimu
lated interest in the free amino acids in 
plant materials. The results of such studies 
with the citrus fruits have been summarized 
in several reviews (Agr. Research Service, 
1956; Kefford, 1959; Rockland, 1959, 
1961; Underwood and Rockland, 1953). In 
general, data regarding the orange, grape
fruit, lemon, mandarin, lime, and several 
hybrid varieties indicate a qualitative simi
larity in the amino acid compositions of the 
citrus varieties studied. A number of the 
amino acids appear to be common to most 
of the varieties. These include alanine, 
y-aminobutyric acid, arginine, asparagine, 
aspartic acid, cysteine, glutamic acid, glu
tamine, glycine, histidine, isoleucine, leucine, 
lysine, phenylalanine, proline, serine, threo
nine, tryptophane, tyrosine, and valine. In 
addition, /3-alanine, a-aminobutyric acid, 
citrulline, cystine, hydroxyproline, methio
nine, and ornithine have been reported in 
certain varieties.

Most of the studies pertaining to the 
amino acids in the citrus fruits have been

11 P r e s e n te d  in  p a r t  a t  th e  2 0 th  A n n u a l  M e e t in g  
o f  th e  I n s t i tu te  o f  F o o d  T e c h n o lo g is ts ,  S a n  F r a n 
c isco , M a y , 1960.

approxim ately 70%  o f the Kjeldahl

qualitative or semi-quantitative. Quantita
tive investigations, in general, have been 
limited to the measurement of specific 
compounds or groups. Because of the impor
tance of the amino acids in any consideration 
of fruit biochemistry and such processes as 
growth, maturation, and senescence, a quan
titative study of the amino acids and related 
compounds in the citrus fruits has been 
initiated. The application of established ion- 
exchange techniques permits an accurate 
analysis of amino acids in biological materi
als. Moreover, such methods require a 
minimum of preparation of the material 
prior to assay, and thus avoid or reduce 
many of the errors that are inherent in 
other methods. For this purpose, the re
cently developed procedure of Moore et al.
(1958) has been adapted. This procedure, 
and its antecedents, have found wide appli
cation in biochemistry, but have been used 
in only a few fruit studies (Carangal et al., 
1954; Saravacos et al., 1958; Tinsley and 
Bockian, 1959). The following data repre
sent a preliminary survey of amino acids in 
some important citrus varieties. Intensive 
studies are now being made of the indi
vidual varieties to determine the effects of 
seasonal changes and various environmental 
factors.

20
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EXPERIMENTAL

Sample preparation. V a le n c ia  o ra n g e s ,  E u r e k a  
lem o n s, a n d  L is b o n  lem o n s w e re  p ic k e d  f ro m  t r e e s  
in  C i tru s  E x p e r im e n t  S ta t io n  p lo ts  a t  R iv e rs id e , 
C a lifo rn ia . F r u i t s  a t ta in e d  c o lo r  o n  th e  t re e ,  a n d  
c o n fo rm e d  to  c o m m e rc ia l  m a tu r i ty  s ta n d a rd s .  
W a s h in g to n  n a v e l  o ra n g e s ,  D a n c y  ta n g e r in e s ,  a n d  
M a rs h  g r a p e f r u i t  (C o a c h e lla  V a l le y )  w e re  p u r 
c h ase d  o n  th e  lo ca l m a rk e t .  F o r  a n a ly s is , tw o  
lo ts  o f  e ac h  v a r ie ty ,  s ix  f r u i t s  e ac h , w e re  s e lec ted  
f o r  d u p lic a te  d e te rm in a t io n s .  T h e  f ru i t s  w e re  
pee led , a lb e d o  w a s  re m o v e d , a n d  th e  p u lp s  w e re  
m a c e r a te d  ( w i th  re m o v a l o f s e e d s )  a n d  sq u ee ze d  
th ro u g h  c h ee sec lo th . T h e  ju ic e  w a s  fro z e n , th a w e d , 
a n d  f i l te re d  t h r o u g h  C e li te  to  g iv e  a  c le a r  se ru m . 
K je ld a h l  n i tro g e n , so lu b le  so lid s , to ta l  a c id ity , a n d  
p H  w e re  d e te rm in e d  o n  th is  f ra c t io n .

Amino acid separations. T h e  a m in o  a c id s  in  
th e  s e ru m  w e re  d e te rm in e d  b y  th e  p ro c e d u re  of 
M o o re  et al. ( 1 9 5 8 ) ,  w i th  m in o r  m o d if ic a tio n s . 
S e p a r a t io n  o f th e  m o re  a c id ic  c o m p o u n d s  ( a s 
p a r t ic  a c id  th ro u g h  p ro l in e )  r e q u ire d  o p e ra t io n  
o f  th e  150-cm  c o lu m n  a t  3 0 ° C  in  th is  re g io n . 
A f te r  e lu t io n  o f  p ro lin e , th e  te m p e r a tu r e  c o u ld  
b e  i n c r e a s e d  t o  5 0 °  C  f o r  t h e  r e m a i n d e r  
o f th e  ru n . H o w e v e r ,  a p p l ic a t io n  o f th is  p ro c e d u re  
to c it ru s  ju ic e s  p ro v e d  to b e  im p ra c tic a l .  S o m e  
of th e  m o re  a c id ic  a m in o  a c id s  a r e  p re s e n t  in  th e  
ju ic e s  in  re la t iv e ly  h ig h  c o n c e n tra t io n s ,  a n d  a p 
p lic a t io n  o f  a  sam p le  su ffic ien t f o r  m e a s u re m e n t  
o f th e  s lo w e r -m o v in g  a c id s  re s u l te d  in  o v e r la p p in g

o f  th e  e a r ly  p e ak s . C o n v e rs e ly , w h e n  th e  sam p le  
s iz e  w a s  re d u c e d  su ff ic ien tly  fo r  c o m p le te  r e s o lu 
t io n  o f th e  e a r ly  p e ak s , m a n y  o f  th e  l a t e r  p e a k s  
a p p e a re d  o n ly  a s  tra c e s .  T h e r e fo re ,  tw o  0 .9  X 
15 0-cm  co lu m n s  w e re  u sed . O n e  c o lu m n  (Column 
A )  w a s  o p e ra te d  a t  5 0 ° C  th ro u g h o u t,  w i th  e lu t io n  
a t  p H  3.25 fo llo w e d  b y  p H  4.25 ( a f t e r  c o lle c tio n  
o f  a p p r o x  260 m l o f  e f f lu e n t) .  F r a c t io n s  c o n ta in 
in g  th e  u n re s o lv e d  a c id ic  c o m p o u n d s  ( f r a c t io n s  
100 t h r o u g h  2 0 0 ) w e re  d is c a rd e d . T h e  seco n d  
c o lu m n  (Column B) w a s  o p e ra te d  a t  30° C  t h r o u g h 
o u t, a t  p H  3.25, w i th  a p p l ic a t io n  o f  a  s m a l le r  
lo ad . T h is  s e p a ra t io n  w a s  te rm in a te d  w ith  th e  
e lu t io n  o f  p ro lin e . I n  b o th  case s , th e  c o lu m n s  w e re  
r e g e n e ra te d  w ith  0.2N  s o d iu m  h y d ro x id e  a n d  e q u i
l ib ra te d  w i th  p H  3.25 b u f fe r  a f te r  e a c h  ru n .  T h e  
b a s ic  a m in o  a c id s  w e re  s e p a ra te d  on  a  0 .9  X  50 -cm  
c o lu m n  (Column C) w i th  e lu t io n  a t  p H  4.30. T h is  
c o lu m n  w a s  o p e ra te d  a t  30° C  u n ti l  o n ly  a rg in in e  
re m a in e d  o n  th e  co lu m n , w h e re u p o n  th e  t e m p e ra 
t u r e  w a s  e le v a te d  to  50° C. A f t e r  e lu t io n  o f 
a rg in in e ,  th e  c o lu m n  w a s  re u s e d  w i th o u t  r e g e n 
e ra t io n .

T h e  s e ru m  w a s  a d d e d  to  th e  c o lu m n s  a s  fo l
lo w s :  Column A  (1 5 0  cm  a t  5 0 ° C )  : p H  o f  th e  
s e ru m  (3  m l)  w a s  a d ju s te d  to  p H  2  a n d  th e  
m ix tu r e  w a s  a d d e d  to  th e  co lu m n . Column B 
(1 5 0  cm  a t  3 0 ° C )  : T h e  s e ru m  (5  m l)  w a s  d i lu te d  
( to  25 m l)  w i th  p H  2 .2  c i t r a t e  b u ffe r , a n d  a n  
a l iq u o t  (1  m l, c o n ta in in g  0 .2  m l s e r u m )  w a s  a d d e d

Marsh Lisbon Eureka Dancy Navel Valencia
Grapefruit Lemon Lemon Tangerine Orange Orange

p moles  per  ml. of j u i c e
* Expressed os leucine equivalents

F ig .  1. T h e  p r in c ip a l  a m in o  a c id s  in  s ix  v a r ie t ie s  o f  c i t ru s .
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T a b le  1. C o m p o s itio n s  o f so m e  c i t ru s  ju ic e s .
Navel orange Valencia orange Dancy tangerine

/¿moles mg per per ml 100 ml juice juice
mg per 100 mg solids

/¿moles per ml juice
mg per 100 ml juice

mg per lOOmg solids
/¿moles per ml juice

mg per 100 ml juice
mg per 100 mg solids

A la n in e 1.3 12 0.12 1.5 13 0.10 0.8 7 0.06
7 -A m in o b u ty r ic  a c id 2.3 24 0.24 3.1 32 0.26 1.7 18 0.17
A m m o n ia 0.6 1 0.01 1.0 2 0.02 0.4 1 0.01
A rg in in e 3.1 54 0.53 3.3 57 0.46 4.8 84 0.77
A s p a ra g in e 5.1 67 0.66 3.8 50 0.40 6.4 85 0.78
A s p a r t i c  a c id 2.0 27 0.27 2.5 33 0.27 2.7 36 0.33
G lu ta m ic  ac id 0.8 12 0.12 1.2 18 0.15 1.1 16 0.15
G ly c in e 0.2 2 0.02 0.2 2 0.02 0.2 2 0 .02
L y s in e 0.2 3 0.03 0.3 4 0.03 0.3 4 0.04
P h e n y la la n in e  ( + ty ro s in e ) 0.2 3 0.03 0.3 5 0.04 0.3 5 0.05
P r o l in e 9.3 107 1.06 20.8 239 1.93 8.7 100 0.92
S e r in e 1.7 18 0.18 2.1 22 0.18 1.8 19 0.17
V a lin e 0.2 2 0.02 0.2 2 0.02 0.2 2 0.02

S o lu b le  so lid s  ( % ) 10.1 12.4 10.9
A c id  (% , a s  c i t r ic ) 0.84 1.29 0.89
S o l id s -a c id  r a t io 12.0 9.6 12.2
T o ta l  m m oles a m in o  a c id s  p e r  m l 
T o ta l  n e q u iv a le n ts  N  p e r  m l

27.8 41.3 30.4

( f ro m  a m in o  a c id s )
T o ta l  ß e q u iv a le n ts  N  p e r  m l

42.3 55.3 51.5

( K je ld a h l ) 61.5 77.9 74.0
M g  N  p e r  m l ( K je ld a h l ) 0.86 1.09 1.04
P e r c e n t  N  a c c o u n te d  fo r 69 71 70

to  th e  co lu m n . Column C (SO c m )  : T h e  s e ru m  
(1 m l)  w a s  a d d e d  d i re c t ly  to  th e  co lu m n .

B u ffe rs  w e re  d e liv e re d  b y  g ra v i ty ,  a n d  f ra c t io n s  
( 2  m l)  w e re  c o lle c te d  w ith  d ro p -c o u n tin g  f ra c t io n  
c o lle c to rs  ( R e s e a r c h  S p e c ia l t ie s  C o .) .  T h e  flow  
ra te s  w e re  th e  m a x im u m  o b ta in a b le  u n d e r  th e  c o n 
d itio n s  w i th  g r a v i ty  feed . T h e s e  w e re  a p p r o x i 
m a te ly  8  m l / h r  f o r  th e  150-cm  c o lu m n  a t  30° C, 
12 m l / h r  f o r  th e  15 0-cm  c o lu m n  a t  5 0 °C , a n d  
25 m l / h r  f o r  th e  5 0 -cm  co lu m n .

Q u a n t i t a t iv e  a n d  q u a l i t a t iv e  a n a ly s is .  T h e  efflu
e n ts  w e re  a n a ly z e d  p h o to m e tr ic a l ly  (C o le m a n  U n i 
v e rs a l  S p e c tro p h o to m e te r  ) a c c o rd in g  to  th e  m e th o d  
o f M o o re  a n d  S te in  (1 9 5 4 ) , w ith  a b s o rp tio n  m e a s 
u re m e n ts  a t  th e  a p p ro p r ia te  w a v e le n g th  (57 0  o r  
440 m /i ) .  A  s ta n d a r d  leu c in e  c u rv e  w a s  p re p a re d ,  
a n d  th e  c o lo r  v a lu e s  o f M o o re  a n d  S te in  (1 9 5 4 ) 
w e re  u se d . P e a k  p o s it io n s  a n d  re c o v e r ie s  w e re  
v e rif ie d  b y  a p p lic a t io n  o f s ta n d a rd  m ix tu r e s  o f 
a m in o  a c id s  ( S p a c k m a n  et a l,  1 9 5 8 ).

T h e  a m in o  a c id s  w e re  id en tif ie d  b y  th e i r  e lu 
t io n  th re s h o ld s  a n d  b y  p a p e r  c h ro m a to g ra p h y . F o r  
th e  l a t te r  p ro c e d u re , sam p le s  w e re  s e p a ra te d  on 
th e  c o lu m n s  a n d  a l t e r n a te  f ra c t io n s  w e re  a n a ly z e d  
to  d e te rm in e  p e a k  p o s itio n s . T h e  r e m a in in g  f r a c 
t io n s  w e re  c o m b in ed  in to  in d iv id u a l  p e ak s , a n d  
d e s a l te d  o n  a  s h o r t  c o lu m n  o f A m b e r li te  IR -1 2 0

re s in . T h e  r e s u l t in g  a m in o  a c id s  w e re  c h r o m a to 
g ra p h e d  s im u lta n e o u s ly  w ith  k n o w n  c o m p o u n d s  by  
tw o  d if f e r e n t  o n e -d im e n s io n a l  s y s te m s  (p h e n o l-  
a m m o n ia  a n d  b u ta n o l - a c e t ic  a c id - w a te r )  ( C le m 
e n ts  a n d  D e a th e r a g e ,  1 9 5 7 ). S o m e  c o m p o u n d s  r e 
m a in  u n id e n tif ied , e i th e r  b e ca u se  of th e  lo w  lev e ls  
p re s e n t  o r  b e c a u se  o f a  la c k  o f k n o w n  re fe re n c e  
c o m p o u n d s  w ith  c o r re s p o n d in g  c h a r a c te r is t ic s .  
P e n d in g  id e n tif ic a t io n , th e s e  c o m p o u n d s  a r e  e x 
p re s s e d  in  leu c in e  e q u iv a le n ts .

RESULTS AND DISCUSSION
The results (averages of single analyses 

of duplicate samples) are tabulated in Tables
1-3, and shown graphically in Fig. 1. The 
graphs are drawn to a single scale to permit 
a direct comparison of the profiles. Since 
this is a preliminary study involving limited 
sampling, the data do not necessarily repre
sent typical profiles of the varieties studied. 
However, the results are accurate quantita
tive measurements of what may be assumed 
to be typical specimens of the particular 
varieties grown under typical conditions. 
The data and techniques are to be employed
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as a basis for future determinations of 
“normal” ranges, and for studies of factors 
contributing to variations.

The citrus fruits appear to be similar to 
other fruits in that the free amino acid 
content is subject to the influence of physio
logical and environmental factors. The 
amino acids that are characteristic of plants 
in general are present in varying amounts, 
and any specific differences appear to be 
quantitative rather than qualitative. Al
though some citrus varieties appear to be 
characterized by high levels of certain amino 
acids, the composition of a given sample 
may be a reflection of the particular en
vironmental and physiological conditions, 
rather than of variety. The significance of 
such apparent varietal differences must await 
a complete quantitative study of seasonal 
changes, nutrition and rootstock effects, and 
perhaps climatic and water relations.

The navel orange, Valencia orange, and 
tangerine were characterized by a definite 
preponderance of proline. This is most strik
ing in the Valencia orange (239 mg per

100 ml) with a concentration almost identi
cal to the maximum reported by Rockland 
and Underwood (1956) for this variety. 
These authors report proline in even higher 
concentrations in the navel orange, but the 
samples analyzed in the present study con
tained less than half as much proline (107 
mg per 100 ml) as the Valencia variety. 
Proline was also the most prominent amino 
acid in the lemons, but was present at much 
lower levels (41-47 mg per 100 ml). The 
grapefruit contained somewhat more proline 
(59 mg per 100 ml), but aspartic acid 
(81 mg per 100 ml) predominated in this 
fruit. In general, alanine, asparagine, as
partic acid, glutamic acid, proline, and serine 
were the most prominent acidic and neutral 
amino acids in all varieties. The dominant 
basic compounds were y-aminobutyric acid 
and arginine, with substantial amounts of 
ammonia. Glycine, valine, tyrosine, phenyl
alanine, and lysine appeared in all varieties 
in relatively low concentrations.

Eleven unidentified components were de
tected, most of them present in traces (Table

T a b le  2. C o m p o s itio n s  o f so m e  c i t ru s  ju ic e s .
Eureka lemon Lisbon lemon Marsh grapefruit

/¿moles per ml juice
mg per 100 ml juice

mg per100 mgsolids
/¿moles mg per per ml 100 ml juice juice

mg per 100 mg solids
/¿moles per ml j uice

mg per 100 ml juice
mg per 100 mg solids

A la n in e 1.0 9 0.12 1.1 10 0.12 1.0 9 0.09
7 -A m in o b u tv r ic  a c id 0.7 7 0.09 0.7 7 0.08 1.8 19 0.18
A m m o n ia 3.0 S 0.06 2.5 4 0.05 1.0 2 0.02
A rg in in e 0.2 3 0.04 0.2 3 0.04 2.7 47 0.45
A s p a ra g in e 1.2 16 0.21 1.3 17 0.20 3.2 42 0.40
A s p a r t ic  a c id 2.7 36 0.46 2.4 32 0.39 6.1 81 0.77
G lu ta m ic  ac id 1.3 19 0.24 1.2 18 0.22 1.5 22 0.21
G ly c in e 0.1 1 0.01 0.1 1 0.01 0.3 2 0.02
L y s in e 0.1 1 0.01 T r 1 0.01 0.2 3 0.03
P h e n y la la n in e  ( +  ty ro s in e ) 0.1 2 0.03 0.2 3 0.04 0.2 3 0.03
P r o l in e 3.6 41 0.53 4.1 47 0.57 5.1 59 0.56
S e r in e 1.6 17 0.22 1.8 19 0.23 1.4 15 0.14
V a lin e 0.1 1 0.01 0.1 1 0.01 0.2 2 0.02

S o lu b le  so lid s  ( % ) 7.7 8.1 10.4
A c id  ( % ,  a s  c i t r ic ) 5.17 5.30 1.75
S o lid s -a c id  r a t io 1.5 1.5 5.9
T o ta l  ^ m o le s  a m in o  a c id s  p e r  m l 15.6 16.0 25.3
T o ta l  /i e q u iv a le n ts  N  p e r  m l

( f r o m  a m in o  a c id s ) 17.4 17.9 36.8
T o ta l  fi e q u iv a le n ts  N  p e r  m l

( K je ld a h l ) 25.7 27.5 56.2
M g  N  p e r  m l ( K je ld a h l ) 0.36 0.39 0.79
P e r c e n t  N  a c c o u n te d  fo r 68 65 66
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T a b le  3. U n id e n tif ie d  n in h y d r in -p o s it iv e  su b s ta n c e s  in  so m e  c i t ru s  ju ic e s . 
Unidentified compounds

Peak positionLeucine equivalents (/¿moles per ml juice) (fraction no.)

Compound Navelorange
Dancy Valencia Tange- orange rine Eurekalemon Lisbonlemon

Marshgrapefruit
150-cmcolumn(50°)

50-cm column(30°) Notes
i 0.2 0.4 0.1 0.1 0.1 0.2 2 9 -3 5 M e a s u re d  a t  440 m ji

n .1 .1 .1 T r ,i .1 19 7-20 3 L e u c in e  +  ?
h i .2 .1 .1 T r T r 2 125-135 H is t id in e  ( ? ) +  ?
I V .1 .3 T r T r 9 3 -9 6 C o lu m n  a t  30°

V .1 .1 .1 T r T r .i 4 5 -4 8 M e th io n in e
s u lfo x id e  ( ? )

V I T r .1 T r T r T r T r 5 4 -5 9 M e th io n in e
s u lfo x id e  ( ? )

V I I .1 .1 .1 T r .1 .1 18 7-19 2 Is o le u c in e  ( ? )
V I I I .2 .1 .3 9 0 -9 5

I X T r T r T r T r T r T r 1 7 8-18 4 M e th io n in e  ( ? )

3). One compound (I) appeared at signifi
cant levels in all varieties, but was especially 
prominent in the Valencia orange. This 
compound reacted with ninhydrin to give 
a yellow color, and absorption was conse
quently measured at 440 m^. The color and 
early elution threshold suggest an imino 
acid, probably more acidic than proline. 
Paper chromatography of the effluent did 
not produce a spot detectable with ninhydrin 
or isatin. In view of the low ninhydrin color 
values for the imino acids, the concentra
tions of this compound could be much 
greater than the leucine equivalents indicate 
(perhaps approaching 1 /¿-mole per ml of 
juice in the Valencia orange). Tentative 
identifications are given for some of the 
other unidentified compounds. Methionine 
is probably present (also accounting for 
traces of compounds corresponding to me
thionine oxidation products, since thiodi- 
glycol was not added to the buffers). Other 
ninhydrin-positive compounds are undoubt
edly present, but probably in traces. Under 
the conditions employed, glutamine is only 
partially recovered; glutathione would be 
obscured by glutamic acid (Spackman et al.,
1958).

Total amino nitrogen in each juice was 
calculated from the individual amino acid 
concentrations, and this value was compared 
with the total nitrogen as determined by the 
Kjeldahl method (Tables 1 and 2). It may

be noted that the Kjeldahl nitrogen ranged 
from 0.36 mg per ml of juice, in the Eureka 
lemon, to 1.09 mg per ml, in the Valencia 
orange, but in each case the amino acids 
accounted for approximately 70%' of the 
total nitrogen in the clarified juice.

Insofar as the individual amino acids are 
concerned, the results are qualitatively simi
lar to those of previous workers. However, 
extreme quantitative variations are to be 
noted in many instances. It has been shown 
that the total nitrogen content of citrus 
fruits is influenced by position on the tree 
(Koo and Sies, 1956), mineral nutrition 
(Jones and Parker, 1947), and rootstock 
(Marsh, 1953). It has also been established 
that total nitrogen, as well as concentrations 
of certain amino acids in certain varieties, 
are related to maturity (Bain, 1958; Cam
eron et al., 1935; Safina and Sara, 1955; 
Wedding and Horspool, 1955; Zidan and 
Wallace, 1954). The technique involved in 
extracting the juice may also be important, 
since it has been shown that increased pres
sure during extraction results in a juice with 
higher nitrogen content (Solarino, 1938).
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SUMMARY
Amounts o f m yoglobin and hem oglobin were determ ined in  light and dark 

m uscle o f yellowfin tuna, Neothunnus macropterus. M yoglobin concentration  
ranged from  0.37 to 1.28 m g /g  wet weight in  light m uscle and from  5.3 to 24 .4  
m g /g  in dark m uscle; hem oglobin concentrations ranged from  0 .12  to 0.58  
m g /g  in light m uscle and from  0.5  to 3.8 m g /g  in dark m uscle. The fish were 
divided into two groups on the basis o f  m eans o f capture, i.e., taken on hooks  
from  a bait boat, or seined. Average percentage o f hem oglobin was slightly, 
but not significantly, higher in the seined fish. Of the total hem e pigm ents, 
m yoglobin constituted 69—85%  in light m uscle and 81-95%  in dark m uscle 
from  bait-boat fish, and 47-81%  in light m uscle and 84-98%  in dark muscle 
of seined fish.

INTRODUCTION
A recently developed technique utilizing 

DEAE-cellulose chromatography (Brown,
1961) has made possible a simple and ac
curate determination of the amounts of myo
globin and hemoglobin in tissue extracts. 
This paper presents results of a study in 
which such chromatography was employed 
to determine the concentration of these two 
heme pigments in light and dark muscle of 
yellowfin tuna.

The heme proteins myoglobin and hemo
globin, and various of their derivatives, are 
responsible for normal and off colors of can
ned tuna (Brown and Tappel, 1957; Brown 
et al., 1958) as well as most meat and other 
fish products.

EXPERIMENTAL
Materials. F r o z e n  s e c tio n s  o f  y e llo w fin  tu n a  

m u sc le  a p p r o x  2 X 4 X6 in ., e a c h  c o n ta in in g  b o th  
l ig h t  a n d  d a r k  m u sc le , w e re  s u p p lie d  b y  R o la n d  
F in c h  a n d  L o u is  C an e d o , W e s tg a te -C a l i fo rn ia  
C o rp o ra t io n ,  S a n  D ie g o . T h e  s a m p le s  w e re  d i 
v id e d  in to  tw o  lo ts  o n  th e  b a s is  o f m ea n s  of 
c a p t u r e : ta k e n  on  h o o k s  f ro m  a  b a i t  b o a t ,  o r
ta k e n  in  a  se ine . A l l  fish  w i th in  a  g ro u p  w e re  
s im ila r ly  h a n d led . T h e  b a i t -b o a t  g ro u p  ra n g e d  
f ro m  21 to  38 in . lo n g  a n d  h a d  b e en  h e ld  f ro z e n  
in  th e  w e ll  of th e  b o a t  fo r  16 -31  d a y s . T h e  
se in e d  fish  w e re  2 0 -3 1  in . lo n g  a n d  h a d  b een  h e ld  
f ro z e n  in  th e  w e ll f o r  14 d ay s .

Methods. S a m p le s  o f 10 g  e a c h  o f l ig h t  m u sc le  
a n d  2  g  e ac h  o f  d a r k  m u sc le  w e re  ta k e n  f ro m  th e  
i n te r io r  o f th e  sec tio n s  o f th e  fish . T h e s e  w e re  
b le n d e d  f o r  1 m in  w i th  35 m l o f  c o ld  io n - f r e e  
w a te r  in  a  W a r in g  b le n d e r  m ic ro -c u p . T h e  cu p  
w a s  r in s e d  w i th  a n  a d d i t io n a l  5 m l o f w a te r ,  a n d  
th e  c o m b in ed  m ix tu r e  w a s  s to re d  o v e rn ig h t  in  a  
r e f r ig e r a to r  ( 6 ° C )  a n d  th e n  c e n tr i fu g e d  20  m in  
a t  10,000 G  in  a  S e rv a l l  r e f r ig e r a te d  c e n t r i fu g e  
( 2 ° C ) .  A liq u o ts  o f th e  r e s u l t in g  s u p e r n a ta n t  w e re  
p lac ed  o n to  D E A E - c e l lu lo s e  c o lu m n s  (d e s c r ib e d  
b e lo w ) ,  a n d  o th e r s  w e re  s u i ta b ly  d i lu te d  f o r  a b 
s o rb a n c y  m e a s u re m e n ts  in  th e  S o r e t  re g io n . T h e  
h e m e  p ig m e n ts  w e re  in  th e  m e t  (o x id iz e d )  fo rm , 
a s  d e te rm in e d  s p e c tro p h o to m e tr ic a l ly .  A  sec o n d  
e x t r a c t  o f  th e  r e s id u e  w a s  m a d e  a n d  t r e a te d  in  
s im ila r  fa sh io n . T h e  sec o n d  e x tr a c t io n  y ie ld e d  
le ss  th a n  1 0 %  o f th e  to ta l  p ig m e n ts . P r e l im in a r y  
s tu d ie s  in d ic a te d  t h a t  a  th i r d  e x tr a c t io n  y ie ld e d  
n o  a d d i t io n a l  p ig m e n t. F in a l  f ig u re s  in  th e  d a ta  
a r e  s u m m a r ie s  o f r e s u l t s  f ro m  th e  tw o  e x tr a c ts .

T h e  c o lu m n s  ( 2 X 6  c m ) w e re  p r e p a r e d  f r o m  
D E A E - c e l lu lo s e  ( B io - R a d  L a b o r a to r i e s )  e q u i lib 
r a te d  w i th  0.05M  T r i s  b u ffe r , p H  8 .6 ;  th e y  w e re  
p a c k e d  u n d e r  1 lb  a i r  p re s s u re .  D e ta i l s  o f  th e s e  
p ro c e d u re s  h a v e  b e en  g iv e n  ( B ro w n ,  1 9 6 1 ). U s u 
a lly  2  m l o f  th e  s u p e rn a ta n t  w a s  p la c e d  o n  th e  
co lu m n  a n d  e lu te d  w i th  th e  sa m e  b u ffe r . U n d e r  
th e s e  c o n d itio n s , m y o g lo b in  is  n o t  r e ta in e d  o n  
th e  co lu m n , w h e re a s  h e m o g lo b in  is  r e ta in e d  o n  
th e  to p  p o r tio n  o f th e  p a c k in g  a n d  d o es  n o t  m i
g r a te .  T h e  c o lo r  o f th e  m y o g lo b in  m a k e s  i t  p o s 
s ib le  to  c o lle c t a  s in g le  f r a c t io n  o f  e lu a te  b y
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concentration in tuna light muscle are about 
the same as those reported for light pork 
muscle (Ginger et a l 1954) ; they are also 
approximately equal to the levels in rat and 
guinea pig muscle, but lower than levels in 
horse, dog, rabbit, and human muscle 
(Perkoff and Tyler, 1958). Matsuura and 
Hashimoto (1959) have reported higher 
values for myoglobin concentration in Thun- 
nus orientalis.

Most of the pigment extractable from 
light muscle and essentially all of that from 
dark muscle is myoglobin. Matsuura and 
Hashimoto (1959) obtained similar results 
on extracts from Thunnus orientalis except 
that they found all of the pigment from 
light muscle to be myoglobin. Naughton 
et al. (1958) suggested that 95% of the 
pigment in tuna muscle is hemoglobin.

If the amount of bruising undergone by 
fish handled by seine is significantly differ
ent from that of fish caught on hooks, it 
might be expected to be reflected in a rela
tively higher percentage of hemoglobin than 
myoglobin in muscle tissue. There did ap
pear to be some small difference in the

T a b le  1. C o n c e n tra t io n  ( m g / g  w e t  w e ig h t)  o f h e m e  p ro te in s  in  tu n a  m u sc le .
Means of Light muscle Dark muscle

andsample Total Myoglobin Hemoglobin % myoglobin Total Myoglobin Hemoglobin % myoglobin
B a it  b o a t

A 0.49 0.37 0.12 76 16.5 15.5 1.0 94
0.88 0.68 0.20 77 15.6 14.8 0.8 95

B 0.78 0.64 0.14 82 16.5 15.5 1.0 94
0.88 0.75 0.13 85 16.5 15.2 1.3 92

C 1.42 1.05 0.37 74 22.6 20.8 1.8 92
1.68 1.28 0.40 76

D 0.81 0.59 0.22 73 8.0 7.2 0.8 90
0.84 0.59 0.25 70 6.6 5.3 1.3 81

E 0.75 0.61 0.14 82 9.3 7.7 1.6 83
0.68 0.47 0.21 69 10.6 9.4 1.2 89

A v . 0.92 0.70 0.22 76 13.6 12.4 1.2 90

S e in e d
G 1.09 0.69 0.40 63 21.5 21.0 0.5 98

1.27 0.93 0.34 73 19.2 18.0 1.2 94
H 1.23 1.03 0.20 81 17.3 14.5 2.8 84

1.35 1.06 0.29 79 17.8 14.9 2.9 84
I 0.82 0.41 0.41 50 28 .2 24 .4 3.8 87

1.12 0.53 0.58 47
J 1.16 0.88 0.28 76 20.6 17.5 3.1 85

1.15 0.88 0.27 76
A v . 1.15 0.80 0.35 68 20.8 18.4 2.4 89

v isu a l  in sp e c tio n . T h e  a b s o rb a n c y  o f  th is  f r a c 
t io n  in  th e  S o r e t  re g io n  re f le c ts  o n ly  th e  h e m e  
p ro te in s  p re s e n t. A b s o rb a n c y  o f th e  o r ig in a l  e x 
t r a c t  d i lu te d  w i th  th e  sam e  b u f fe r  w a s  c o m p a re d  
to  a b s o rb a n c y  o f th e  e lu a te  to  o b ta in  th e  p e r 
c e n ta g e  o f m y o g lo b in . A b s o lu te  c o n c e n tra t io n s  
w e re  d e te rm in e d  f ro m  e x tin c tio n  c o e f f ic ie n t  m e a s 
u re m e n ts  o n  h ig h ly  p u r if ie d  y e llo w fin  tu n a  m y o 
g lo b in  ( B ro w n  et al., 1961, 1962) ; y e llo w fin  tu n a  
m e tm y o g lo b in  in  th is  b u ffe r  h a s  i ts  S o r e t  p e a k  
a t  410 m /i a n d  A i%  =  67.

RESULTS AND DISCUSSION
The measurements are presented in Table 

1. Duplicate determinations are shown for 
most of the samples. The variations in 
duplicate values reflect actual variation in 
myoglobin (or hemoglobin) content of the 
extract; losses of myoglobin on the column 
are negligible under these conditions, numer
ous control studies have shown (Brown,
1961). This variation was considerably 
more pronounced in the light muscle tissue 
than in the dark. Variation of myoglobin 
concentration within pork muscle has been 
reported (Ginger et al., 1954; Hornsey,
1959). The average values for myoglobin
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relative amounts of the pigments between 
the two groups, with the seined fish having 
slightly more hemoglobin. One fish, Sample 
I, is the most noticeable in this regard, hav
ing about 50% hemoglobin in the muscle 
extract. However, the limited numbers of 
samples in this study and the smallness of 
the differences do not permit any generali
zation about bruising.

The major limitation to application of 
the techniques described here is in the ex
traction procedure. Tuna myoglobins in 
aqueous solution are remarkably stable pro
teins; tuna hemoglobins are not (Brown 
et al., 1961). There was no difficulty with 
loss of solubility of these proteins in the 
extracts used in this study, and since the 
differentiation of myoglobin and hemoglobin 
depends on elution of myoglobin and reten
tion of hemoglobin, it is of no consequence 
if hemoglobin should become insoluble on 
the column. However, there was some pig
ment that was not extracted, for the tissue 
residues were colored. In the case of light 
muscle, the residual color was not great; 
the dark muscle residues had considerably 
more color. Based on experience with these 
proteins it would be expected that hemo
globin would more likely be denatured (and 
therefore not extractable) than would myo
globin. Thus the absolute values for myo
globin concentration are likely correct; the 
values for hemoglobin, particularly in dark 
muscle, may be in error on the low side. 
However, observation of the original and 
the extracted muscle clearly indicates that 
most of the total pigments have been re
moved, and therefore any correction factor 
should not be large.

There has been a tendency in the past to 
assume that the properties of myoglobin 
and hemoglobin were sufficiently similar to 
make it possible to apply any results obtained

with either of these proteins to any color 
problem or question concerning pigments of 
fish and meats. It can be seen that such 
assumptions might be misleading. The meth
ods used in this study should be applicable 
to other muscle tissue.
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(M a n u s c r ip t  re c e iv e d  J u ly  10, 1961)

SUMMARY
Sex odor/flavor in  pork was produced when fat, lean (with fa t ) ,  and 

most organs from  a boar were heated in  a skillet or in boiling water. Odor 
seem ed not to be entirely absent in boar fat at body temperature, although  
volatilization appeared to occur to a m uch greater extent at approx. 1 0 0 -  
108 °C. Sex odor was found to be water-insoluble, ether-soluble, and definitely  
associated with the fatty tissues o f boars. It was absent in rehydrated moisture- 
free, fat-free lean. D istillation m ethods proved unsatisfactory for collecting  
the sex odor com ponents in recognizable form , since no consistent and re
producible differences could be detected between boar and barrow fat when 
collected volatile com pounds were analyzed by heat test and gas chrom atog
raphy. Cold saponification o f boar fat yielded a small quantity o f unsaponi- 
fiable matter that produced a concentrated, perm eating sex odor on exposure  
to heat. Thus, the agen t(s) responsible for sex odor in pork are located in 
the unsaponifiable m aterial. Cholesterol and squalene were found in this 
fraction in both boar and barrow fat, but sex odor was not produced when 
these com pounds were heated.

Heating the flesh of certain swine causes 
the production of an objectionable odor or 
flavor that was described by Lerche (1936) 
as being “onionlike” or unpleasantly per- 
spirative in nature. It is commonly referred 
to as sex odor or boar odor, although Self
(1957) indicated that it occurred in the 
flesh of both sexes, being about as prevalent 
in female hogs as in males.

Dutt et a!. (1959) concluded that the pre
putial glands produced a fat-diffusible ma
terial responsible for sex odor in hoar car
casses. Christian and Turk (1958) noted in 
taste-panel studies that sex odor or flavor 
was less prevalent in boar tissues frozen and 
stored 5 months at freezer temperatures than

■'' J o u r n a l  a r t ic le  2835, M ic h ig a n  A g r ic u l tu r a l  E x 
p e r im e n t S ta t io n ,  E a s t  L a n s in g .

b T h is  p a p e r  p re s e n ts  a  p o r t io n  o f r e s e a rc h  r e 
p o rte d  in  th e  P h .D . th e s is  o f th e  s e n io r  a u th o r  a t  
M ic h ig a n  S ta te  U n iv e rs i ty .

'' P r e s e n te d  a t  th e  2 1 st A n n u a l  M e e t in g  o f th e  
In s t i tu te  o f F o o d  T e c h n o lo g is ts ,  N e w  Y o r k , M a y  
10, 1961.

11 P re s e n t  a d d r e s s : D e p a r tm e n t  o f F o o d  S c ien ce  
a n d  P ro c e s s in g ,  N o r th  C a ro l in a  S ta te  C o lleg e , 
R a le ig h .

in fresh, unfrozen samples from the same 
animal.

Sex odor in pork undoubtedly causes some 
adverse consumer-processor relations and 
has been the reason for condemnation 
of a large number of boars and stags annually 
under Federal Meat Inspection. Neverthe
less, little is known about the nature of the 
odor or the responsible component(s).

Thus, this study was undertaken to ascer
tain if sex odor was located in the fat or 
lean or both; to study its solubility proper
ties ; and to attempt to collect, isolate, and 
identify the responsible component(s).

MATERIALS AND METHODS
Use of controls. U n le s s  o th e rw is e  in d ic a te d , s e x -  

o d o r - f r e e  b a r ro w  t is s u e s  w e re  u se d  a s  c o n tro ls  
th r o u g h o u t  th e  s tu d y .

Production of sex odor by heat. T is s u e s  w e re  
e x a m in e d  fo r  s e x  o d o r  b y  h e a t in g  sm a ll cu b es  in  
a  s k i lle t  o r  by  b o il in g  th e m  in  a n  E r le n m e y e r  fla sk  
in  a  s m a ll a m o u n t  o f  d is ti l le d  w a te r .  A t  le a s t  th r e e  
in d iv id u a ls  v e r if ie d  th e  p re s e n c e  o r  a b se n c e  of th e  
o d o r . T h e  t e m p e r a tu r e  r e q u ire d  f o r  o d o r  p ro d u c 
t io n  w a s  a sc e r ta in e d  by  h e a t in g  cu b ed  t is su e  in 
P lr le n m e y e r  f la sk s  f i t te d  w ith  s to p p e rs  c o n ta in in g  
a  s h o r t  le n g th  o f g la s s  tu b in g . T h e  fla sk s  w e re  im 
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m e rs e d  in  a  l a r d  b a th , a n d  th e  t e m p e ra tu re  w as 
in c re a s e d  g ra d u a l ly  u n ti l  s e x  o d o r e m e rg e d  f ro m  
th e  tu b es .

D e te rm in a t io n  o f  s o lu b i l i ty  p r o p e r t ie s  a n d  t is s u e  
lo c a t io n  o f  sex  o d o r c o m p o n e n t ( s ) . A  n u m b e r  of 
o rg a n s ,  a s  w e ll a s  f a t  a n d  le a n  t is su e s , w e re  o b ta in e d  
f ro m  a  y o u n g  Y o r k s h i r e  b o a r  (1 8  m o. o ld ) .  
S o lu b il ity  in  w a te r  o f th e  c o m p o n e n t ( s )  re sp o n s ib le  
fo r  s e x  o d o r  in  p o rk  w a s  d e te rm in e d  o n  b o th  fa t  
a n d  lean  t is su e s . T h e  tw ic e -g ro u n d  m a te r ia l  w a s  
b len d ed  fo r  3 m in  w ith  5 p a r ts  o f d is ti l le d  w a te r .  
T h e  re s u l t in g  s lu r r y  w a s  c e n tr ifu g e d , a n d  th e  s u p e r 
n a ta n t  w a s  d e c a n te d  a n d  s t r a in e d  th ro u g h  c h e e se 
c lo th ;  a n d  b o th  i t  a n d  th e  re s id u e  w e re  h e a t- te s te d  
fo r  s e x  o d o r.

S a m p le s  o f b o a r  b a c k fa t  w e ig h in g  200 g  w e re  
e x tr a c te d  w ith  s e v e ra l  o rg a n ic  s o lv e n ts . S o lv e n ts  
a n d  f a t  w e re  b len d ed  a n d  s t r a in e d  th r o u g h  c h ee se 
c lo th , a n d  th e  r e la t iv e  a m o u n ts  o f f a t  e x tr a c te d  b y  
each  so lv e n t  w e re  n o te d . S a m p le s  o f  f a t  th u s  
e x tr a c te d  w e re  f re e d  o f so lv e n t  a n d  h e a te d  to  d e te r 
m in e  s e x  o d o r. T h e  fo llo w in g  s o lv e n ts  w e re  te s te d  : 
a ce to n e , c a rb o n  te t ra c h lo r id e ,  c h lo ro fo rm , d ie th y l  
e th e r , p e tro le u m  e th e r  (b p  3 0 -6 0 ° C ) ,  d io x a n e , a n d  
e th y l  a lco h o l.

A  100-g sam p le  o f le a n  f ro m  th e  h a m  o f a  b o a r  
w a s  f re e z e -d r ie d  fo r  26  h r .  T h e  m o is tu re  a n d  a  
sam p le  o f d r y  le a n  w e re  h e a t- te s te d .  T h e  re m a in in g  
d ry  le a n  w a s  e x tr a c te d  fo r  3 h r . in  a  G o ld fisch  f a t  
e x tr a c to r .  T h e  f a t  a n d  th e  m o is tu re - f re e ,  f a t - f r e e  
lean  w e re  h e a te d  to  c h eck  fo r  s e x  o d o r.

H ig h - te m p e ra tu re ,  a tm o s p h e r ic - p re s s u re  d i s t i l l a 
t io n . V a r io u s  m o d if ic a tio n s  o f h ig h - te m p e ra tu re ,  
a tm o s p h e r ic - p re s s u re  d is t i l l a t io n  w e re  a tte m p te d . 
T h e  f i r s t  a p p a r a tu s  e m p lo y ed  w a s  s im ila r  to  th a t  
d e s c r ib e d  b y  K ra m lic h  a n d  P e a r s o n  (1 9 6 0 ) fo r  
f r a c t io n a t io n  o f v o la ti le  f la v o r  c o m p o u n d s  f ro m  
c o o k e d  beef. T h e i r  sy s te m  w a s  m o d ified  b y  r e 
m o v in g  th e  l iq u id  a i r  t r a p s  a n d  th e  w a te r -c o o le d  
c o n d e n se r  ( re p la c e d  b y  a  s h o r t  a ir -c o o le d  c o n 
d e n s e r )  a n d  re p la c in g  th e  n i tro g e n  s tr e a m  w ith  a  
s tr e a m  of a ir .  I n  a d d itio n , th e  sam p le  f la sk  w a s  
h e a te d  in a  h o t  la r d  b a th , th u s  p re v e n t in g  lo ca liz e d  
b u rn in g  o f th e  sam p le  a n d  a llo w in g  m o re  ev en  h e a t  
d is tr ib u tio n .  T h e  f la sk  w a s  c h a rg e d  w i th  2500 g  
o f c u b e d  f a t  o r  l iq u id  fa t  a n d  h e a te d  fo r  5 h r  a t 
14 0 -1 5 0 °C . T h e  liq u id  f a t  w a s  o b ta in e d  by  g r in d in g  
in ta c t  b o a r  fa t,  h e a t in g  s lig h tly , a n d  s tr a in in g  
th ro u g h  c h ee sec lo th . V o la t i le  c o m p o u n d s  w e re  co l
le c te d  f ro m  b o th  th e  cu b ed  f a t  a n d  s tr a in e d  ( l iq u id )  
fa t.  T h e  c o m p o u n d s  c o lle c te d  in  th e  d r y  ic e -e th a n o l 
t r a p  w e re  v a p o r iz e d  b y  h e a t in g  th e  t r a p  in  h o t 
o il ( 1 4 5 ° C )  a n d  in je c t in g  th e m  in to  a  B a r b e r -  
C o le m a n  m o d e l 20 io n iz a tio n  d e te c tio n  sy s tem  g a s  
c h ro m a to g ra p h  by  m ea n s  o f a  6 -w a y  g a s  sam pling- 
va lv e. T h e  g a s  c h ro m a to g ra p h  w a s  eq u ip p e d  w ith  
a  10 -ft X J4 -in . c o p p e r  co lu m n  p a ck ed  w ith  d ie th y l

en e  g ly c o l su c c in a te  ( D E G S )  on  C h ro m a s o rb .  T h e  
c o n te n ts  o f th e  t r a p  im m e rs e d  in  ice  w e re  e x tr a c te d  
w ith  e th y l  e th e r , a n d  th e  e th e r  e x t r a c t  w a s  a n a ly z e d  
by  g a s  c h ro m a to g ra p h y .

A  seco n d  ty p e  of h ig h - te m p e ra tu re  a tm o s p h e r ic -  
p re s s u re  d is t i l la t io n  a p p a ra tu s  w a s  a sse m b le d  so  a s  
to  a llo w  s h o r t - t im e  h e a t in g  of a  s m a l le r  q u a n t i ty  
o f fa t. S k in le s s  b o a r  fa t  w a s  c u t in to  sm a ll  cubes, 
a n d  615 g  w e re  p lac ed  in  a  1 -L  P y r e x  s u c tio n  fla sk . 
T h e  to p  o f th e  fla sk  w a s  c lo se d  w ith  a  c o rk  s to p p e r  
c o n ta in in g  an  L -s h a p e d  g la s s  tu b e . T h is  tu b e  w a s  
c o n n e c te d  to  a  t r a p  im m e rs e d  in  ice  (1 0 0 -m l s u c tio n  
f la s k ) .  T h e  sam p le  fla sk  w a s  h e a te d  fo r  30 m in  on  
an  e le c tr ic  s to v e  a t  m e d iu m  h e a t . V o la t i le s  p r o 
d u ce d  w e re  d ra w n  th ro u g h  th e  t r a p s  b y  a  s l ig h t  
v a cu u m . T h e  p ro c e d u re  w a s  re p e a te d  te n  t im e s . T h e  
to ta l  a q u e o u s  d is t i l la te  o b ta in e d  w a s  300  m l. T h is  
l iq u id  w a s  s a tu ra te d  w ith  so d iu m  c h lo r id e  a n d  e x 
t r a c te d  w ith  fo u r  5 0 -m l p o r t io n s  o f d ie th y l  e th e r .  
T h e  e th e r  e x t r a c t  w a s  d r ie d  o v e r  a n h y d ro u s  so d iu m  
s u lfa te , re d u c e d  to  a  v o lu m e  o f 0.2 m l, a n d  a n a ly z e d  
by  g a s  c h ro m a to g ra p h y  u s in g  10 -ft X %-in. c o p p e r  
co lu m n s  p a ck ed  w ith  D E G S , flex o l p la s t ic iz e r , m a n 
n ito l, o r  s ilico n e  200. A ll l iq u id  p h a se s  w e re  c o a te d  
on  C h ro m a s o rb  “ W ” .

T e s ts  f o r  a m m o n ia , c a rb o n y ls , a n d  s u l f u r  com 
p o u n d s  in  b o a r  f a t .  A m m o n ia  te s t  p a p e r  w a s  u sed  
to  t e s t  fo r  a m m o n ia  in  th e  v o la ti le  s t r e a m  c o m in g  
f ro m  th e  d is t i l l in g  f la sk  c o n ta in in g  h o a r  f a t  w i th  
c o n n e c tiv e  t is su e . T h e  p a p e r  w a s  p r e p a r e d  by  
m ix in g  10 m l o f 2 0 %  s ilv e r  n i t r a t e  s o lu tio n  w ith  
5 d ro p s  of 4 0 %  fo rm a lin  a n d  a  few  d ro p s  o f  d i lu te  
so d iu m  h y d ro x id e .  T h is  m ix tu r e  w a s  f i lte re d , a n d  
th e  f i l t r a te  w a s  im m e d ia te ly  a b s o rb e d  o n  s t r ip s  of 
W h a tm a n  N o . 1 f i lte r  p a p e r .

C a rb o n y l c o m p o u n d s  d is ti l le d  f ro m  in ta c t  a n d  
re n d e re d  b o a r  fa t  w e re  d e te c te d  by  p a s s in g  th e  
v o la ti le  s tr e a m  th ro u g h  a  s o lu tio n  o f 2 ,4 -d in it ro -  
p h e n y lh y d ra z in e  (2  g  p e r  L  in  2N  H C 1 ) a n d  by 
m ix in g  th e  c o n te n ts  o f  th e  d ry  ic e -e th a n o l t r a p  w ith  
th e  re a g e n t .  A  y e llo w  p re c ip i ta te  in d ic a te d  th e  
p re se n c e  of c a rb o n y l co m p o u n d s .

E x a m in a t io n  o f  p r e p u t i a l  g la n d s  a n d  c o n te n ts  
o f  p r e p u t i a l  d iv e r tic u lu m . T h e  y e llo w is h -b ro w n  
p re p u tia l  g ra n d s  w e re  re m o v e d  f ro m  a  n u m b e r  o f 
b o a rs  a t  s la u g h te r  a n d  a n a ly z e d  b y  h e a t  t e s t  a n d  
g a s  c h ro m a to g ra p h y . F u r th e r ,  s in ce  th e  c o n te n ts  
of th e  p re p u tia l  d iv e r tic u lu m  a r e  c la im e d  b y  so m e  
to  c o n ta in  s e x  o d o r, th is  m a te r ia l  w a s  c o lle c te d  
f ro m  se v e ra l  b o a rs , co m b in ed , a n d  f ilte re d , a n d  th e  
f i l t r a te  w a s  e x tr a c te d  w ith  a n  e q u a l q u a n t i ty  o f 
e th e r . T h is  e x tr a c t io n  w a s  re p e a te d , a n d  th e  c o m 
b in e d  e x t r a c ts  w e re  -w ashed w ith  d is t i l le d  w a te r .  
A f te r  e v a p o ra tio n  o f  th e  e th e r ,  som e  o f th e  re s id u e  
w a s  sm e lle d  b e fo re  a n d  a f te r  h e a t in g ;  a n d  so m e  
w a s  a n a ly z e d  by g a s  c h ro m a to g ra p h y  u s in g  a  100-ft 
c a p i l la ry  co lu m n  c o a te d  w ith  A p ie z o n  “ L ” .
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S a p o n if ic a tio n . B o th  b o a r  a n d  b a r ro w  fa t  w a s  

sap o n ified  as  a n  a id  in  f ra c t io n a t io n .  O n e  h u n d re d  
g  each  o f b o a r  a n d  b a r ro w  fa t  w a s  e x tr a c te d  by  
b le n d in g  1 /  m in  w ith  200 m l o f d ie th y l  e th e r .  T h e  
re s u lt in g  s lu r r y  w a s  f i lte re d  th ro u g h  4 la y e rs  of 
c h eesec lo th . T h e  liq u id  p o r tio n  w a s  p la c e d  in  a  
2 -L  flask , a n d  400 m l o f e th e r  w a s  ad d e d . S o d iu m  
e th y la te , p re p a re d  b y  d is s o lv in g  16 g  o f k e ro s e n e -  
f re e  m e ta l lic  so d iu m  in  200 m l o f 9 5 %  e th y l a lco h o l, 
w a s  th en  s t i r r e d  in to  th e  e th e r - f a t  m ix tu r e .  T h e  
fla sk  w a s  s to p p e re d , s h a k e n  v ig o ro u s ly , a n d  a llo w e d  
to  re m a in  a t  ro o m  te m p e ra tu re  fo r  24 h r . S o a p  w as 
re m o v e d  f ro m  th e  liq u id  by  su c tio n  f i l t r a t io n  u s in g  
W h a tm a n  N o . 41 f i lte r  p a p e r . T h e  so ap  w a s  e x 
t r a c te d  on ce  w ith  d ie th y l  e th e r ,  re f il te re d ,  a n d  a l 
lo w ed  to  d ry  a t  ro o m  te m p e ra tu re .  T h e  c o m b in ed  
f i l t r a te  w a s  w a s h e d  re p e a te d ly  w ith  d is t i l le d  w a te r ,  
d r ie d  o v e r  a n h y d ro u s  so d iu m  s u lfa te , a n d  re d u c e d  
u n d e r  v a c u u m  to  a  v o lu m e  o f 1 m l.

G as c h ro m a to g ra p h y  a n d  h e a t  t e s t  o f  u n sa p o n if i-  
a b le  m a t t e r  f ro m  f a t .  T h e  u n sa p o n if ia b le  m a t te r  
f ro m  b o a r  a n d  b a r r o w  fa t  w a s  h e a t - te s te d  a n d  
a n a ly z e d  by  g a s  c h ro m a to g ra p h y  u s in g  a  10 -ft X % - 
in. c o p p e r  c o lu m n  p a c k e d  w ith  D E G S  on  C h ro m a -  
s o rb  o r  s i l ic o n e -S E  30 on  C h ro m a s o rb  “ W .” S e v 
e ra l  c o m p o u n d s  s u sp e c te d  of b e in g  p re s e n t  in  
u n sa p o n if ia b le  m a t te r  w e re  o b ta in e d  in  p u re  fo rm  
a n d  s u b je c te d  to  g a s  c h ro m a to g ra p h ic  a n a ly s is . 
T h e i r  r e te n t io n  t im e s  w e re  c o m p a re d  w ith  th o s e  
o f p eak s  p ro d u c e d  by  s im ila r  a n a ly s is  o f th e  u n 
sap o n ifiab le  m a t te r .

C o lu m n  c h ro m a to g ra p h y  o f u n s a p o n if ia b le  m a t t e r  
f ro m  b o a r  f a t .  A  1 6 1 -m g  sam p le  of u n sap o n if ia b le  
m a t te r  f ro m  b o a r  f a t  w a s  su b je c te d  to  s il ic ic  a c id  
c h ro m a to g ra p h y  by  th e  m e th o d  o f H i r s c h  an d  
A h re n s  (1 9 5 8 ) . T h e  co lu m n  w a s  253 m m  lo n g  a n d  
23 m m  in  in s id e  d ia m e te r .  I t  w a s  p a c k e d  to  a  d e p th  
o f 150 m m  w ith  3 2 5 -m esh  s ilic ic  a c id . T h e  ty p e  
a n d  v o lu m e  o f  e lu a n ts  w e re  th e  sam e  a s  th o se

re c o m m e n d e d  by H ir s c h  a n d  A h r e n s  (1 9 5 8 ) fo r  th e  
s te p w ise  e lu t io n  o f c o m p le x  lip id  m ix tu r e s .

RESULTS AND DISCUSSION
Figure 1 illustrates the lean tissue frac

tionation procedure and indicates the frac
tions where sex odor was detected. Sex 
odor was evident in heated lean tissue and 
in the residue from water extraction but 
could not be detected in the water extract of 
ground lean either while cold or on expo
sure to heat. Thus, the component(s) re
sponsible for sex odor are not readily soluble 
in water.

It was possible to fractionate lean boar 
tissue into lean, fat and moisture fractions 
by freeze-drying and ether-extraction of the 
freeze-dried lean (Fig. 1). Sex odor was 
not evident when heat was applied to the 
water fraction; however, a faint ammonia
like smell was noted. Sex odor was evident 
in freeze-dried lean (with fat) when this 
tissue was heated, but no odor could be de
tected in this fraction after removal of the 
fa t; only the “brothy” smell of cooked pork 
was evident. The fat fraction was present in 
rather small amounts, and was burned 
slightly on heating. This precluded definite 
detection of the odor in this fraction. How
ever, since sex, odor could be detected in 
lean tissue before, but not after, ether extrac
tion, this would appear to be sufficient proof 
of its presence in the fat.

Examination of some of the major organs 
of a boar indicated that sex odor was present 
in all except the liver and lung. The lung,

Freeze
dehydration

LEAN_
TISSUE

nd
------ Water------

d
------ Dry lean—

___ Ether (j
extract------

nd
------Fat-free residue-------

I------ Rehydration-

d
---- Water slurry-------

nd
Filtrate----

d
Residue—

F ig .  1. L e a n  t is s u e  f r a c t io n a t io n  p ro c e d u re . d se x  o d o r  d e te c ta b le . 1111 s e x  o d o r n o t d e te c ta b le . 
D q u e s tio n a b le .
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being low in odor-containing fat, would not 
be expected to produce any appreciable 
odor on heating. Liver, when exposed to 
heat, produced a characteristic “liver-like" 
smell, which probably masked any sex odor 
present.

The procedure used for the fractionation 
of boar fatty tissue is presented in Fig. 2. 
Sex odor was detected in the residue from 
a water extract of fat but was absent in the 
filtrate, thus indicating further its lipophilic 
character and lack of solubility in water. 
When boar fat was heated in a skillet, the 
characteristic sex odor was produced quickly 
and profusely. The odor was less pronounced 
when fat was heated with water in an Erlen- 
meyer flask. Although sex odor was not 
entirely absent from fatty tissues at body 
temperature, volatilization appeared to be 
maximum at approximately 100-108° C. This 
indicates that the responsible component(s) 
are not volatile to any great extent until 
about 100°C is reached, or that they are 
present as precursors. When boar fatty 
tissues were heated in a skillet, the odor 
continued to be produced even when the 
temperature was much higher than 108° C. 
In addition, if a sample of fat was heated, 
cooled, and reheated, the odor seemed to be 
as intense as that produced initially.

Gas chromatographic analysis of volatile 
compounds obtained by distillation. Hav
ing established that the sex odor compo
nent (s) were present in the fat, attempts 
were made to trap the odor component(s) 
by heat (Fig. 2).

When fat, with its adhering connective 
tissue, was heated in the sample flask, a 
number of familiar odors were produced but 
sex odor was difficult to detect. Fumes 
emerging from the flask were “meaty” and 
ammoniacal in nature—somewhat resembling 
cooking bacon or rendering lard. These 
fumes rapidly turned ammonia test paper 
black, indicating that ammonia was present.

The contents of the trap immersed in ice 
were mostly water. Other volatile com
pounds were also collected in this trap, and 
they possessed an odor very reminiscent of 
cooked fat. No sex odor was evident when 
the trap contents were exposed to heat; how
ever, a positive test for sulfur was obtained.

Analysis of the contents of the dry ice-

ethanol trap was accomplished with a 5-ft. 
X ^ -in . copper column packed with DEGS. 
No apparent differences were noted between 
the volatile constituents from boar and 
barrow fat. Several additional peaks were 
obtained by increasing column length and 
decreasing gas flow rate but still no distinct 
differences were observed.

Fat, free of connective tissue (Fig. 2), 
still produced sex odor when heated; but 
tests for ammonia and sulfur compounds 
were negative. Volatile compounds produced 
by distillation of this fat were captured in a 
trap immersed in a dry ice-ethanol mixture. 
No ice trap was used since it was possible 
that the sex odor component(s) were being 
retained in this trap. As a further precau
tion against premature condensation of the 
volatile components, the air-cooled condenser 
was maintained at 100°C with an electric 
mantle. Analysis of the cold trap contents 
by gas chromatography yielded a number of 
peaks, but still no distinct and reproducible 
differences were noted between boar and 
barrow fat. When the trap was heated, no 
sex odor was detected; only the aroma of 
cooked fat was evident. Reaction of the trap 
contents with 2,4-dinitrophenylhydrazine 
yielded a yellow precipitate, indicating the 
presence of carbonyl compounds. Gas chro
matographic analysis of the volatile compo
nents after removal of the carbonyl com
pounds showed that several peaks had dis
appeared.

Short-time heating of boar fat minimized 
the volatile material produced by excessive 
heat. The distillate obtained in the ice trap 
consisted mostly of water and had a cooked 
fat smell. Gas chromatographic analysis of 
the dry ice-ethanol trap contents indicated 
that the volatile compounds obtained from 
boar and barrow fat were essentially iden
tical. One one occasion, the contents of the 
ice trap seemed to evolve a faint sex odor 
when heated; however, this could not be 
reproduced in other trials.

Mannitol on Chromasorb “W ” proved to 
be the most suitable column packing ma
terial for separation of the ether extract of 
the aqueous distillate obtained in the ice trap. 
Thus, this column was used for all future 
gas chromatographic analysis of volatile 
compounds collected by distillation using



F
A

T
T

Y
T

IS
SU

E

--
--

--
Sa

po
ni

fi
ca

ti
on

O
rg

an
ic

 s
ol

ve
nt

 
ex

tr
ac

ti
on

--
--

--
H

ea
t 

te
st

-S
oa

p-
nd

U
n

sa
po

n
lf

ia
bl

e-
 

“ m
at

te
r

G
as

 
ch

ro
m

at
og

ra
ph

y 

H
ea

t 
te

st

Si
li

ci
c 

ac
id

 c
ol

um
n

 
ch

ro
m

at
og

ra
ph

y 

_̂
_

_
G

as
 c

h
ro

m
at

og
ra

ph
y

--
--

--
W

at
er

 
sl

u
rr

y-
--

--
-

nd
F

ib
ra

te
--

-- d
R

es
id

ue
—

--
--

--
H

ea
t 

te
st

■
M

oi
st

 h
ea

t 

D
ry

 h
ea

t

.D
et

er
m

in
at

io
n

 o
f 

se
x 

od
or

 
vo

la
ti

li
za

ti
on

 
te

m
pe

ra
tu

re

R
em

ov
al

 o
f 

co
n

n
ec

ti
ve

 t
is

su
e

U
qu

id
 

D
is

ti
ll

at
io

n 

d
C

on
n

ec
ti

ve
 t

is
su

e-
--

--
-

re
si

du
e

R
es

id
ue

--
--

--
-

V
ol

at
il

e 
co

m
po

un
ds

 
tr

ap
pe

d-
 

in
 

co
ld

 
tr

ap

nd

--
--

--
H

ea
t 

te
st

--
--

--
Q

ua
li

ta
ti

ve
 

an
al

ys
is

--
--

--
G

as
 

ch
ro

m
at

og
ra

ph
y

d

D
is

ti
ll

at
io

n-
--

--
-

Fi
g.

 2
.

--
--

--
R

es
id

ue
--

--
--

-

V
ol

at
il

e 
co

m
po

un
ds

 
tr

ap
pe

d-
 

in
 

co
ld

 
tr

ap
s

Fa
t t

iss
ue

 fr
ac

tio
na

tio
n 

pr
oc

ed
ur

e.

nd
--

--
--

H
ea

t 
te

st

--
--

--
G

as
 c

h
ro

m
at

og
ra

ph
y

d s
ex

 o
do

r d
ete

cta
bl

e. 
”a 

se
x 

od
or

 n
ot

 d
ete

cta
bl

e.
Co OJCRAIG, PEARSON, AND WEBB



34 SEX ODOR/ FLAVOR IN  PORK

short-time heating. In most cases 14 peaks 
were obtained from both boar and barrow 
fat. Minor differences were observed occa
sionally, but they were inconsistent and could 
not be reproduced. No attempts were made 
to identify any of the peaks. Similar analysis 
of the ether extract of the steam distillate 
from boar and barrow fat with a 10-ft DEGS 
column yielded no differences. Only one 
peak other than the solvent peak was ob
tained from each type of fat. The steam 
distillate was devoid of any sex odor.

A number of determinations were made 
with the several types of distillation methods 
mentioned. In all cases the results were sim
ilar ; that is, no distinct and reproducible 
differences could be detected between vola
tile compounds obtained from boar and bar- 
row fat. Thus, under the conditions of this 
study, the agent(s) responsible for sex odor 
in pork were not retained in recognizable 
form in any of the traps used. The fact that 
the odor was produced in heated fat but 
was not detected in the traps, indicated that 
the component(s) might have been altered 
by being decomposed, recombined, or de
stroyed during heating of the fat. Residues 
of sex odor component(s) might well have 
been retained in the traps but did not pro
duce sex odor on exposure to heat. The 
roles played by the solvent and the heat in 
alteration of sex odor are, at this time, 
poorly defined.

Heating excised preputial glands failed 
to produce a more intense sexual odor than 
heating boar fat alone. If these glands are 
the site of production of the odor (Dutt 
et al., 1959) then it must be distributed to 
the fatty tissues as rapidly as it is produced. 
Gas chromatographic analysis of an aqueous 
distillate of these glands as well as an ether 
extract of the preputial diverticulum con
tents showed no major differences between 
boar and barrow fat. A urine-like smell was 
present in the ether extracts, but no other 
odor was noted.

Table 1 shows the results of the solvent 
extraction of fat from fatty tissue. Fat ex
tracted with carbon tetrachloride, dioxane, 
or ethanol did not seem to possess sex odor; 
but these solvents were difficult to remove 
from the fat, and solvent odor was predomi
nant when heat was applied to the samples,

Table 1. Solubility of fat and sex odor components
in various organic solvents.

Solvent Fat yield Sex odor a
A c e to n e fa ir d
C a rb o n  t e t r a c h lo r id e g o o d n d
C h lo ro fo rm g o o d d
D io x a n e fa ir n d
E th y l  e th e r e x c e lle n t d
P e tro le u m  e th e r g o o d d
E th a n o l f a ir n d

* d , d e te c ta b le  ; n d , n o t  d e te c ta b le .

perhaps masking any sex odor present. 
Ethyl ether was the solvent of choice since 
it was very effective in removal of the fat, 
containing the sex odor, from associated 
connective tissue.

Saponification of boar and barrow fat 
(Fig. 1) yielded a small quantity of un- 
saponifiable matter. Application of heat to 
a small drop of unsaponifiable matter from 
boar fat produced a very potent sex odor that 
rapidly permeated the surrounding atmo
sphere. No such odor was noted when the 
corresponding fraction from barrow fat was 
exposed to heat. Likewise, the soap from 
both the boar and barrow fat was devoid of 
sex odor. Thus, sex odor component(s) are 
lipophilic and, further, are located in the 
unsaponifiable fraction of the fat.

The silicone-SE 30 column was superior 
to the DEGS column for gas chromato
graphic analysis of the unsaponifiable matter. 
High temperatures are required for analysis 
of this material, and the latter column pack
ing bleeds excessively at temperatures above 
250°C. Peaks from unsaponifiable matter 
were similar for boar and barrow fat al
though the boar sample was known to con
tain sex odor. The last compound that 
emerged from the gas chromatograph pro
duced a large peak and seemed to be the 
major component present. This was as
sumed to be cholesterol since this compound 
is known to be a component of the unsaponi
fiable fraction of some fats. Analysis of pure 
cholesterol by gas chromatography produced 
a peak that compared in shape and reten
tion time to the unknown peak observed in 
boar and barrow fat. Further evidence for 
the presence of cholesterol was shown by the 
fact that a positive test was obtained for
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A-5 sterols (Liebermann-Burchard reac
tion). Since cholesterol was found in both 
boar and barrow fat, it was not expected to 
be one of the agent(s) responsible for sex 
odor in boars. When this compound was 
heated, no odor reminiscent of sex odor was 
observed. Squalene was similarly analyzed 
by gas chromatography and tentatively iden
tified as being a component of the unsaponi- 
fiable fraction of boar and barrow fat. On 
heating a sample of pure squalene, a rather 
odd, sweetish odor was detected; but it in 
no way resembled sex odor. It is still pos
sible, however, that cholesterol and squalene 
may contribute to the development of sex 
odor by combination with other compo
nent (s) present in the unsaponifiable frac
tion.

Column chromatographic analysis of a 
small sample of the unsaponifiable fraction 
of boar fat yielded three fractions. The first 
fraction was eluted with 200 ml of 25% 
ethyl ether in petroleum ether. It was yellow 
and present in small amount. Pure ethyl 
ether eluted the largest fraction. This frac
tion was also yellow, and amounted to about 
85-90% of the total charge placed on the 
column. The third fraction, eluted with pure 
redistilled methanol, possessed a yellowish- 
brown color. When the three fractions were 
exposed to a heat test, it was found that the 
fraction eluted with ethyl ether contained 
the sex odor component (s). The first frac
tion also contained a trace of the odor, but 
it was absent in the third fraction. Gas 
chromatographic analysis of the three frac

tions indicated that separation by column 
chromatography was not complete. Peaks 
obtained from the second (largest) fraction 
appeared to be very similar to the unfrac
tionated unsaponifiable matter. Thus, the 
separation of this material was not complete 
when undertaken with the eluants employed. 
It is possible that a different series of eluants 
could be used to achieve a more efficient 
separation of the unsaponifiable fraction into 
its component(s).
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SUMMARY
Variations in the distribution o f water in bovine muscles were investigated  

with histological and chem ical analyses. A histological m ethod has been de
veloped to m easure the extracellular space. This property, along with water and 
protein content and pH values, was determ ined in  four m uscles from  each o f  
fou r anim als. The results indicate that extracellular space varied am ong the 
m uscles o f the anim als according to a definite pattern. Among the relations 
found, extracellular space was positively correlated with the water-protein ratio, 
whereas intracellular water content was negatively correlated. The evidence  
indicates that, in  the muscles that characteristically contain a relatively high  
proportion o f water to protein, the additional water is located in  extracellular
spaces.

Recent investigations in this laboratory 
have been concerned with the properties of 
bovine muscle tissues related to their ca
pacity for holding water (Swift and Ber
man, 1959; Swift et al., 1960; Berman, 
1961; Gibbs and Fryar, 1961). Patterns 
established for the composition and certain 
properties of the muscles have been found 
to repeat in the muscles of each different 
animal studied. Among the components 
conforming to pattern and having a direct 
statistically significant relation to holding 
water are the chloride content and water- 
protein ratio.

From the chloride content is calculated 
“chloride space,” a measure of the extra
cellular space in which aqueous fluid is 
found. The variation in chloride content 
therefore suggested that differences may ex
ist in the distribution of water within the 
muscles. The work reported here deals with 
an investigation of this possibility.

The measurement of differences in extra
cellular areas is a direct approach to ob
taining information on variations in chloride 
space and water-protein ratios. A satisfac
tory histochemical method was needed as 
an independent and direct approach to this 
measurement. To accomplish this, histo

logical techniques that minimize distortion 
were investigated and devised.

The newly developed method and com
plementary chemical methods were then 
applied to a group of four muscles from 
each of four bovine animals. The muscles 
selected were those that, in our earlier work, 
had been found to vary markedly in compo
sition and properties. The present paper 
describes our new histochemical method, 
presents the histochemical and chemical data 
obtained, and discusses the significance of 
the knowledge obtained on the distribution 
of water among the muscles.

E X P E R I M E N T A L  P R O C E D U R E  A N D  
R E S U L T S

A n im a ls  a n d  m u sc le s  u se d . T h e  c a rc a s s e s  u s e d  
w e re  o f  t h r e e  H o ls te in  a n im a ls  ( a  co w  34  m o n th s  
o ld , a  b u ll  15 m o n th s  o ld , a n d  a  b u ll  6  m o n th s  o ld )  
a n d  a  B ro w n  S w is s  co w  (3 9  m o n th s  o ld ) .  W i th in  
o n e  h o u r  o f  s la u g h te r  th e  m u sc le s  l is te d  in  T a b le  1 
w e re  re m o v e d  f ro m  e ac h  c a rc a s s . C e n t r a l ly  lo 
c a te d  cu b es  ( 2  c m 3) w e re  c u t  f ro m  e a c h  m u s c le  
f o r  h is to lo g ic a l  a n a ly s is , a n d  a d ja c e n t  c u b e s  f o r  
c h em ica l a n a ly s is .

H is to lo g ic a l  m e th o d . T h e  c u b e s  to  b e  u s e d  f o r  
h is to lo g ic a l  a n a ly s is  w e re  im m e d ia te ly  f ro z e n  b y  
im m e rs io n  in  liq u id  n i t ro g e n  ( —195 ° C )  c o n ta in e d  
in  D e W a r  f la sk s . T h e  c u b e s  w e re  th e n  t r a n s f e r r e d  
to  so lid  CO= ( —7 8 ° C )  a n d  s to re d  a t  d ry - ic e  te m -

36
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T a b le  1. B o v in e  m u sc le  s tu d ie d

Number
Location

Muscle Forequarter H indquarter
1 Longissimus dorsi R ib , c h u c k S ir lo in , p o r te rh o u s e
2 Semimembranosus R o u n d
3 Serratus ventralis R ib , c h u c k
4 Rectus abdominus P la t e F la n k

p e r a tu r e  u n ti l  s e c tio n e d  ( tw o  o r  m o re  h o u rs  l a t e r ) .
T h e  sam p le  ( s to r e d  a t  — 7 8 ° C )  w a s  re m o v e d  

f ro m  s to ra g e  a n d  a llo w e d  to  w a r m  u n ti l  m ic ro to m e  
c u tt in g  t e m p e r a tu r e  w a s  re a c h e d . T h e  2 -c m 3 
sam p le  w a s  q u ic k ly  c u t  to  1 -cm 3 s ize  a n d  a t ta c h e d  
to  th e  s ta g e  o f  a  S p e n c e r  s lid in g  m ic ro to m e  ( t r a d e  
n a m es  a r e  m e n tio n e d  f o r  id e n tif ic a t io n , im p ly in g  
n o  e n d o r s e m e n t)  w i th  a  d ro p  o f w a te r  t h a t  w a s  
th e n  f ro z e n  in  a  s tr e a m  o f  C 0 2 g a s . C ro s s  sec tio n s  
o f  th e  m u sc le  w e re  c u t 15 a  th ic k  a n d  m o u n te d  w ith  
g ly c e ro l  d i r e c t ly  o n  a lc o h o l-c le a n e d  s lid e s . T h e  
s e c tio n s  w e re  s ta in e d  l ig h tly  a c c o rd in g  to  L il l ie ’s 
(1 9 4 2 ) m o d if ic a tio n  o f M a y e r ’s h e m a to x y lin  m e th o d  
a n d  b lo t te d  w i th  f i l te r  p a p e r . A  d ro p  o f g ly c e ro l  
w a s  p la c e d  o n  th e  slide , a n d  th e  se c tio n  w a s  c o v 
e re d  w ith  a  2 -m tn  N o . 0  m ic ro  c o v e r  g la s s .

B y  u s in g  l iq u id  n i t ro g e n  a n d  so lid  C 0 2, th is  
m e th o d  a v o id e d  f ix a tio n  p ro c e d u re s . F lo ta t io n  w a s  
a lso  e l im in a te d  b y  d i r e c t  m o u n tin g  w i th  g ly c e ro l.  
T h is  t r e a tm e n t  re s u l te d  in  m in im a l d is to r t io n  o f 
th e  m u sc le  sec tio n s .

T h e  m o u n te d  se c tio n s  w e re  p h o to g ra p h e d  w i th  
a  m ic ro s c o p e  a n d  c a m e ra , u s in g  35 -m m  h ig h - c o n 
t r a s t  co p y  film . T o  m e a s u re  th e  m a g n if ic a t io n  
fa c to r ,  a  s ta g e  m ic ro m e te r  s lid e  m a rk e d  in  ,01 -m m  
u n its  w a s  p h o to g ra p h e d  w i th  e a c h  g ro u p  o f  s lides, 
u s in g  th e  s a m e  s e t t in g  o f  m ic ro s c o p e  a n d  c a m e ra . 
E n la rg e d  5 X 8 -in . p r in ts  w e re  m a d e  o f m u sc le  
c ro s s  sec tio n s  a n d  o f th e  s ta g e  m ic ro m e te r  w i th  
th e  sam e  s e t t in g  o f  th e  e n la rg e r .  I n  th is  w a y , 
a c c u ra te  m e a s u re m e n ts  o f  th e  o r ig in a l  ce ll d im e n 
s io n s  w e re  p o ss ib le .

T h e  c e l lu la r  a n d  e x t r a c e l lu la r  a r e a s  w e re  c u t  
o u t  o f th e  p h o to g ra p h , th e  re s p e c tiv e  a r e a s  o f th e  
p a p e r  w e re  w e ig h e d , a n d  th e  p e rc e n ta g e  o f e x t r a 
c e llu la r  sp a ce  w a s  c a lc u la te d  f ro m  th e  w e ig h ts . 
C a lc u la t io n  o f  sp ace , a  v o lu m e , f ro m  a re a ,  a  p la n e  
s u rfa c e , w a s  p o ss ib le  b e c a u se  o f th e  g e o m e try  o f 
m u sc le  t is s u e  a n d  th e  te c h n iq u e  o f s e c tio n in g  t is su e . 
M u sc le s  a r e  c o m p o se d  o f b u n d le s  o f f ib e rs  t h a t  
m a y  be  a s s u m e d  to  b e  p a ra l le l  o v e r  c o m p a ra t iv e ly  
s h o r t  d is ta n c e s . A  t r a n s v e r s e  c ro s s  se c tio n  of 
s t r ia te d  m u sc le  w o u ld  th u s  b e  a p p ro x im a te ly  e q u iv 
a le n t  to  a  n u m b e r  o f  c y lin d r ic a l  f ib e rs  im b e d d e d  in  
a  b a th  o f e x tr a c e l lu la r  m a te r ia l .  T h e  v o lu m e s  o f 
th e  fib e r a n d  th e  n o n -f ib e r  m a te r ia ls  c an  b e  c a lc u 
la te d  b y  m u lt ip ly in g  th e s e  c ro s s - s e c tio n a l  a r e a s  b y  
th is  le n g th . T h e  le n g th s  o f th e  f ib e r  a n d  n o n -f ib e r

m a te r ia l  a r e  eq u a l w h e n  a  se c tio n a l  c u t  is m ad e  
p e rp e n d ic u la r  to  th e  a x is  o f th e  fib e rs . C o n s e 
q u e n tly , th e  v o lu m e s  o f th e  fib e r a n d  n o n -f ib e r  
m a te r ia ls  a r e  d i re c t ly  p ro p o r t io n a l  to  th e i r  a re a s .  
T h e  a v e r a g e  c e l lu la r  d ia m e te r  w a s  c a lc u la te d  b y  
d iv id in g  th e  to ta l  c e l lu la r  a r e a  in  a  p h o to g ra p h  
b y  th e  n u m b e r  o f  ce lls , a s s u m in g  th e  a r e a  o f  e ac h  
ce ll to  b e  a  c irc le . T h e  e ffe c t  o f p o s t-m o r te m  a g e  
w a s  d e te rm in e d  o n  sam p le s  f ro m  th e  o th e r  h a lf  
o f  th e  c a rc a s s  a f te r  24  h r  a t  ca. 3 -4 °  C. I n  a ll  in 
s ta n c e s  h is to lo g ic a l  m e a s u re m e n ts  w e re  m a d e  o n
5 -8  s a m p le s  o f t is su e , a n d  th e  d a ta  g iv e n  a r e  
a v e ra g e s  o f  th e se  v a lu e s .

A n a ly t ic a l  m e th o d s . T h e  c u b e s  c u t  f ro m  th e  
m u sc le s  f o r  c h e m ic a l  a n a ly s e s  w e re  g ro u n d  th ro u g h  
a  H a m il to n -B e a c h  g r in d e r  e q u ip p e d  w i th  a  p la te  
h a v in g  a p p r o x  5 -m m 2 o p en in g s . T h e  a n a ly t ic a l  
m e th o d s  w e re  a p p l ie d  to  d u p lic a te  sam p le s  o f 
g r o u n d  t is su e . T o ta l  n i t ro g e n  w a s  m e a s u re d  b y  
th e  m a c ro -K je ld a h l  m e th o d , a n d  m o is tu r e  b y  th e  
o v en  d ry in g  m e th o d  o f th e  A O  A C  (1 9 6 0 ) .  T o  
d e te rm in e  p H , 20 g  o f e ac h  sam p le  w e re  m ix e d  
w i th  20 m l o f w a te r  a n d  s to re d  a t  5 ° C  in  a i r t ig h t  
c o n ta in e rs . A f t e r  24  h o u rs ,  th e  s a m p le s  w e re  a l 
lo w ed  to  w a rm  to  ro o m  te m p e r a tu r e  a n d  th e  p H  
w a s  d e te rm in e d  w ith  a  B e c k m a n  M o d e l G S  p H  
m e te r . T h is  v a lu e  h a s  b e co m e  k n o w n  a s  th e  u l t i 
m a te  p H  a n d  c o r re s p o n d s  to  th e  lo w  p H  a t ta in e d  
in  t is s u e  a f te r  r ig o r .  C h lo r id e  w a s  d e te rm in e d  b y  
th e  m o d ified  V o lh a r d  m e th o d  d e s c r ib e d  b y  W ils o n  
a n d  B a ll  (1 9 2 9 ) .  C h lo r id e  s p a c e  w a s  c a lc u la te d  
f ro m  th e  c h lo r id e  c o n te n t  o f th e  t is s u e  a n d  of 
b lo o d , u s in g  th e  e q u a t i o n :

C h lo r id e  sp ace , %  = t is s u e  c h lo r id e , m g  %  
b lo o d  c h lo r id e , m g  % X 100.

R e s u l ts  a n d  c a lc u la t io n s .  T a b le  2 sh o w s a v e r a g e  
v a lu e s  o b ta in e d  in  th e  c h em ica l a n a ly s e s  a n d  h i s to 
lo g ic a l m e a s u re m e n ts , a lo n g  w i th  th e  r e s u l t s  o f 
c a lc u la t io n s  o f m o is tu r e - to -p r o te in  ra t io s .  F ig .  1 
sh o w s a v e r a g e d  d a ta  fo r  e ac h  o f th e  fo u r  m u sc le s  
o f th e  fo u r  a n im a ls .

T h e  c o r r e la t io n  coeffic ien ts  o f  re la t io n s h ip s  b e 
tw e e n  c o m p o n e n ts  a r e  g iv e n  in  T a b le  3. O n e  
p r o p e r ty  sh o w n , in t r a c e l lu la r  w a te r  p e rc e n t , w a s  
c a lc u la te d  a s  th e  d if fe re n c e  b e tw e e n  th e  p e rc e n t 
a g e s  o f  to ta l  w a te r  c o n te n t  a n d  o f e x tr a c e l lu la r  
sp ace . T h is  c a lc u la t io n  is  b a se d  o n  th e  a s s u m p tio n
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T a b le  2. A n a ly tic a l  d a ta  f ro m  h is to c h e m ic a l  a n d  c h em ica l a n a ly s is  o f fo u r  b e e f  m u sc le s  
f ro m  fo u r  d if f e r e n t  a n im a ls .

Animal Muscleno. Moisture Protein m /p  Ratio a Extracellularspace pH » Chloride space c
A  (c o w , % % % %

34 m o ) l 75.81 23.13 3.28 11.35 ( 1 8 .7 0 ) 1 5.50
2 75.72 22.15 3.42 14.40 (2 2 .9 0 ) 5.39
3 76.10 20.41 3.73 18.39 (2 8 .4 3 ) 5.63
4 75.79 22.01 3.44 15.02 (2 8 .3 5 ) 5.51

B (b u ll ,
15 m o ) 1 73.71 22.38 3.29 12.50 5.54 15.99

2 73.40 22.06 3.33 12.01 5.42 18.67
3 74.20 21.28 3.48 16.79 5.81 19.92
4 74.45 21.31 3.49 13.62 5.69 20.76

C  (b u ll ,
6  m o ) 1 75.00 22.82 3.29 15.54 5.45

2 75.34 22.99 3.28 14.48 5.39
3 75.89 19.53 3.89 19.48 5.69
4 75.57 20.42 3.70 18.11 5.59

D  (c o w ,
39 m o ) 1 71.86 21.25 3.38 15.19 5.45 8.28

2 74.25 22.10 3.36 14.27 5.40 10.85
3 67.24 18.47 3.64 19.80 4.70 14.25
4 72.45 20.82 3.48 16.33 5.47 12.74

“ C o r re la t io n  coeffic ien ts  of r e la t io n  o f  e x tr a c e l lu la r  to  th e  w a te r - p r o te in  r a t io s  fo r  in d i
v id u a l  a n im a ls  a r e  : A n im a l  A , 0.980 ±  .019, P  <  .01 ; B , 0.745 ±  .212, n o t  sig . ; C , 0.985 — 
.013, P  <  .01 ; D , 0.992 ±  .007, P  <  .01.

b C o r re la t io n  coeffic ien ts  o f re la t io n  o f e x tr a c e l lu la r  sp a ce s  to  th e  p H  v a lu e s  f o r  in d iv id u a l  
a n im a ls  a r e :  A n im a l  A , 0 .604  ±  .284, n o t  s ig n if ic a n t;  B , 0 .898 ±  .087, P < 0 . 1 0 ;  C, 0.998 ±  
.002, P  <  .01 ; D , 0 .998  ±  .011, P  <  .01.

, ^  , . . .  c h lo r id e  t is su e , m g  %C a lc u la te d  a s  - , :— —r~r— ;----~c h lo r id e  b lood , m g  %
1 D e te rm in e d  2 4  h r  a f te r  s la u g h te r .

X  100.

T a b le  3. S ta t is t ic a l  a n a ly s e s  o f  d a ta  f ro m  a n a ly s e s  on  fo u r  m u sc le s  f ro m  each  o f fo u r  b e e f  a n im a ls .
W ater-protein ratio pH » Protein, %

Averaged b d f 3
Notaveraged 0 df 15 Averaged b df 3

Notaveraged c df 15 Averaged b d f 3
Notaveraged c df 15

E x tr a c e l lu la r 0.988 ±  .011 0.846 ±  .051 0.958 ±  .037 0.557 ±  .124 -0 .9 9 6  ±  .004 - 0 .8 5 0  ±  .050
sp ace , % P < . 0 1 P  <  .001 P < . 0 1 P  <  .05 P  <  .001 P  <  .001

I n t r a c e l lu la r - 0 .9 5 0  ±  .044 -0 .5 7 5  ±  .121 -0 .9 6 2  ±  .033 -0 .4 7 6  ±  .139 0.972 ±  .025 0.876 ±  .042
w a te r ,4 % P  < . 0 2 P < . 0 1 P  <  .01 P  <  0.10 P < . 0 1 P  <  .001

1 p H  24  h r  a f te r  s la u g h te r .
b B a s e d  o n  a v e r a g e s  o f d a ta  f o r  e ac h  o f  th e  fo u r  m u sc le s .
0 D a ta  t r e a te d  a s  d e te rm in a t io n s  o f 16 u n re la te d  m u sc le s ,
a C a lc u la te d  a s  th e  d if fe re n c e  b e tw e e n  c o n te n t  o f w a te r  a n d  e x tr a c e l lu la r  space .
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t h a t  e x tr a c e l lu la r  sp a ce  c o n s is ts  p r im a r i ly  o f  w a te r  
a n d  th a t  th e  r e s t  o f th e  w a te r  is  in t r a c e l lu la r .

T h e  s ta t i s t ic a l  c a lc u la t io n s  w e re  m a d e  o n  tw o  
b a ses . O n e  in v o lv e d  a v e r a g e d  d a ta  f o r  e ac h  m u sc le  
a n d  e m p h a s iz e s  v a r ia t io n s  b e tw e e n  th e  p ro p e r t ie s  
o f m u sc le s  w i th in  a n im a ls , e x c lu d in g  b e tw e e n -  
a n im a l d i f f e r e n c e s ; th e  o th e r  w a s  b a se d  o n  in d i
v id u a l  m e a s u re m e n ts , in d e p e n d e n t o f th e  m u sc le s  
o r  a n im a ls  f ro m  w h ic h  th e  sam p le s  w e re  o b ta in e d .

D IS C U S S IO N
The histological method, developed after 

many attempts with alternative techniques, 
produced excellent slides for photography 
that were not detectably distorted (Fig. 2 
and 3). In addition, the operations were 
carried out rapidly so that slides were im
mediately available for microscopic inspec
tion and assessment. This opportunity to 
screen tissue sections before photomicrog
raphy eliminated lengthy operations on un
satisfactory sections.

Another method was also successful. This 
likewise involved initial freezing with liquid 
nitrogen at about — 195°C. The frozen cube 
was then dehydrated in solutions of 1% 
HgCl2 in absolute ethanol at temperatures 
ranging from —40°C to room temperature, 
treated successively with 4% collodion in 
alcohol, chloroform-alcohol, and paraffin in 
chloroform, and then finally embedded in 
paraffin, cut, and stained in the conven
tional manner. However, elapsed time was 
almost a month, in contrast with the rapid 
preferred method, which only took a few 
hours.

Since the measurement of extracellular 
space has frequently been approached 
through the measurement of the chloride 
content of tissue and the calculation of 
chloride-space, as discussed by Davson
(1952), analyses by this method were made 
on two animals (Table 2, animals B and D). 
This afforded an opportunity for a limited 
comparison of the two methods. Statistical 
analyses of the results show that estimates 
of extracellular space based on the chloride 
method approximated those based on the 
histological method. However, estimates of 
extracellular space based on the chloride 
method varied more widely than those based 
on the histochemical method, and statistical 
analyses showed that data obtained by the 
two methods were not closely related.

As shown by the data in Table 2 (animal 
A ), a drastic increase, amounting to an 
average of 66%, occurred in the extracellu
lar spaces of the four muscles during the 
23-hr period between samples taken at 1 
hr and samples taken at 24 hr after slaugh
ter. The correlation coefficient showing the 
relation between the measurements made 
at 1 hr and those made at 24 hr (r =  0.874 
±  .113, p <  .05) indicates that the increases 
were moderately uniform. Therefore, any 
changes in the dimensions of the extracellu
lar spaces in the hour that normally elapsed 
from time of slaughter until initial freezing 
would probably affect all muscles propor
tionally, and consequently can be eliminated 
as a factor significantly affecting the results 
reported here.

The changes in space after slaughter can
not be studied by determining chloride, 
sucrose, or inulin space. On the other hand, 
as shown above, the histological method 
can be used to measure changes occurring 
during the first 24 hr. Also, measurements 
(not reported here) on muscles aged 8 days 
at 3°C showed that structural deformation 
was marked during this period.

Analytical and statistical results are 
shown in Table 2 and the principal statis
tical calculations in Table 3. The data were 
subjected to calculations and statistical 
analyses in the manner previously followed 
in these investigations (Swift and Berman,
1959). The statistical analyses show that 
average extracellular spaces were signifi
cantly and positively correlated with average 
water-protein ratios (r =  0.988 ±.011, P <  
.01) and average pH values (r =  0.958 ±  
.037, P <  .01) and negatively with average 
protein content (r =  —0.996 ±.004, P <  
.001). When based on analyses of individual 
animals (Table 2) the relations of extracellu
lar spaces to water-protein ratios and pH 
values were also significant in three of four 
cases. The results indicate that variation of 
extracellular space occurs among the mus
cles of bovine animals according to definite 
patterns. As mentioned above, earlier work 
has shown that variation of pH, protein 
content, and other components and proper
ties among muscles similarly occurs accord
ing to definite patterns, i.e., muscles of each 
animal, when listed in order of increasing
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EXTRACELLULAR WATER PROTEIN WATER: pH
SPACE,% CONTENT, % CONTENT, % PROTEIN RATIO

M g . 1. A v e ra g e d  d a ta ,  f o r  e ac h  o f  th e  f o u r  m u sc le s  o f  th e  f o u r  a n im a ls .

L o n g i s s i m u s  D o r s i R e c t u s  A b d o m i i t u s

D ig . 2. F ro z e n  s e c tio n s  1 h o u r  a f t e r  s la u g h te r ,  e n la r g e d  317X .
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amounts of extracellular space, tend to fall 
in the pattern 2 <  1 <  4 <  3.

The statistical analyses in Table 3, calcu
lated from the data on 16 muscles but not 
averaged or grouped according to animal or 
muscle sources, also show that significant 
correlations exist between extracellular 
spaces and water-protein ratios (r =  0.846 
±.051, P <  .001), pH values (r =  0.557 
±.124, P <  .05), and protein contents (r =  
—0.850 ±.050, P  <  .001). Coefficients were 
lower than those obtained with averaged 
data, as was to be expected since calculation 
with the unaveraged data was influenced by 
between-animal differences. These arise 
from differences in leanness, age, sex, or 
conditions, which may raise or lower the 
levels over which the properties of all tissues 
may range, but do not influence patterns of 
between-muscle variation. The differences 
noted between correlation coefficients ob
tained in calculations based on averaged and 
unaveraged data derive from this fact, 
namely, that variations of properties and 
composition of muscles of animals occur in 
patterns that are similar but not necessarily 
superimposable.

The significant and direct relation of 
extracellular spaces to water ¡protein ratios 
shown in Table 3 indicates that the incre
ment of water in the extracellular spaces is 
higher in muscles that contain a relatively 
high proportion of water-to-protein than in 
muscles that contain a lower content of 
water relative to protein. The serratus ven- 
tralis and the rectus abdominus muscles are 
those containing the high proportion of 
water to protein, and the longissimus dorsi 
and the semimembranosus the low. The 
validity of the interpretation depends on 
water being the principal component filling 
extracellular spaces. That the space contains 
fluid that is 90% water or more can be 
readily calculated from data on the compo
sition of interstitial fluid published by Dav- 
son (1952).

Assuming that extracellular spaces are 
occupied by water allows intracellular water 
to be calculated. To do this, the difference 
between total water content and extracellu
lar space (as water) is used as an estimate

of intracellular water. This assumption was 
the basis for the calculations in Table 3 of 
the statistical relations involving intracellu
lar water. The significant negative relation 
of average percentages of intracellular water 
to average water-protein ratios (r — —0.950 
±.044, P <  .02) indicates that the water in 
the extracellular areas and not that in the 
cellular areas accounts for the relatively 
high proportion of water relative to protein 
in the serratus ventralis and rectus abdom
inus muscles.

In support of the thesis that the high 
water-protein ratio in the serratus ventralis 
and rectus abdominus muscles is entirely 
explained by water in their larger extra
cellular spaces rather than in their cellular 
areas, the proteins, which are principally lo
cated in the intracellular areas, appear to 
be hydrated at a relatively uniform level, as 
shown by the positive relation of percentages 
of intracellular water to protein content 
(r =  0.972 ±.025, P <  .01).
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SUMMARY
The unique and com plex m ixtures o f carotenoids in  oranges present d if

ficulties in analysis and interpretation o f results. The situation is at times 
further complicated by the addition o f /3-carotene to orange juice. Existing  
analytical procedures, in com bination, have been adapted to a rapid quanti
tative m ethod for both total carotenoids and carotenes. The m ethod involves 
extraction with a foam ing solvent m ixture, saponification o f esterified oxygen
ated carotenoids, separation o f carotenes by colum n chrom atography, and 
m easurem ent with a spectrophotom eter. An increase in carotenes from  the 
normal level o f less than 10% of the total carotenoids to approxim ately 20%  
is readily detected, reflecting a sensitivity adequate to the interpretive needs in  
exam ining comm ercial products.

IN T R O D U C T IO N
A variety of analytical methods have been 

used for determination of carotenoids in 
citrus fruit and juice. However, some of 
these procedures do not make the necessary 
separation of oxygenated carotenoid com
pounds from the hydrocarbon carotenes, and 
other methods are too cumbersome for 
routine use. Because of this situation and 
the general practice of reporting all carote
noids in terms of colorimetric equivalent 
amounts of /Lcarotene, much confusion and 
conflicting analytical data have resulted in 
different laboratories. The problem has been 
further accentuated by the advent of syn
thetic ^-carotene and its resulting wide
spread use to color citrus juices and bever
ages. The work described here was done 
to develop a simple yet valid quantitative 
method for the determination of total carote
noids and carotenes in orange juice. These 
two groups of compounds are of interest 
because the total carotenoids constitute the 
visible pigmentation of the juice, and the 
carotenes are commonly used as a measure 
of the pro-vitamin A content. Addition of 
/1-carotene is reflected by a change in the 
relative proportions of the two groups of

compounds, the altered ratio being in some 
ways a better indication than the absolute 
level of carotenes.

R E V I E W  O F  L I T E R A T U R E
Early work by Zechmeister and Tuzson 

(1933, 1936a, b) confirmed the presence of 
carotenes in oranges but showed that most 
of the carotenoid pigments are oxygenated 
compounds, a majority of which are esteri
fied. Methods of analysis involved saponifi
cation of the esters and separation on a 
chromatographic column.

More recently Curl (1953) and Curl and 
Bailey (1955, 1956, 1957, 1959, 1961) 
separated and identified the carotenoid pig
ments of Valencia and navel oranges using 
the techniques of countercurrent distribu
tion and column chromatography. They 
found that the carotenoids of orange juice 
comprise an unusualy complex mixture, of 
which less than 10% is made up of carotenes. 
The latter are distributed as zeta-carotene, 
which predominates, beta-carotene, and still 
less alpha-carotene.

To extract and separate the pigments into 
fractions for final separation and identifica
tion, Curl and Bailey used an elaborate pro-
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cedure. The juice was mixed with an equal 
volume of methanol, allowed to stand, then 
filtered. The filter cake was washed with 
50% methanol, then acetone. The acetone 
and methanol were evaporated in vacuo, and 
the carotenoids were removed from the 
aqueous residue by exhaustive extraction 
with ether. Subsequently the ether extract 
was separated and evaporated. Before and 
after overnight saponification with 20% 
potassium hydroxide in methanol, the com
pounds of interest were separated by coun
ter-current distribution and column chroma
tography. By this procedure the carotenoids 
arranged themselves according to the number 
of unesterified hydroxyls, regardless of the 
combined total of esterified and free hy
droxyl groups. Thus, without saponification, 
the completely esterified oxygenated com
pounds cannot be separated from the hydro
carbons.

The A.O.A.C. (1960) lists several meth
ods for estimation of carotenes, and for 
some materials specifies a saponification 
step. In the procedure for fresh plant ma
terials, however, this step is not included. 
Briefly, the separation involves blending 
with acetone-hexane, filtration, solvent treat
ment of the filtrate, and chromatographic 
separation. For the latter, a packed 
2 X 10-cm column composed of equal parts 
activated magnesia and diatomaceous earth 
is used with 50 ml of acetone-hexane 
( 1 + 9 )  for the eluant. Measurement is 
made with a spectrophotometer or other 
suitable instrument.

A method of extraction that avoids the 
large volumes of initial filtrate was devel
oped by Moore and Ely (1941). They dis
covered that certain mixtures of ethyl 
alcohol, water, and petroleum ether form 
semistable foams. Thus, a sample included 
as the aqueous portion of this mixture can 
be extracted in a blender without losses due 
to splashing. Not mentioned by the authors, 
though also a possibility, is that low surface 
tension as indicated by foaming will make 
for better extraction.

Of the reported values for carotenes (re
ported as /1-carotene) in oranges, the data 
of Taylor and Witte (1938) are the most 
comprehensive. They used the procedure of 
Guilbert (1934), which employs saponifica

tion but separates the oxygenated com
pounds from carotenes by their methanol 
extraction from a petroleum ether solution 
rather than by column chromatography. 
Many samples were analyzed, and extreme 
values for carotenes ranged from 0.005 
m g/100 ml, for Florida pineapple oranges, 
to 0.297 mg/100 ml, for California navel 
oranges.

Pilcher (1945) , using the foaming-solvent 
method, without saponification and adsorb
ing extraneous pigments on CaoHPCA, found 
0 .0 1  to 0.12 mg as /?-carotene per 100 g. 
Hinman ct al. (1947), using foaming sol
vent plus the A.O.A.C. chromatographic 
procedure, obtained 0.02-0.22 mg per 100 g, 
and Burger et al. (1956), using essentially 
the same technique, found 0.003-0.014 mg 
per 100 g. Recently Joseph et al. (1961), 
with the above method, found 1.35-3.20 mg 
per 100 g total carotenoids, and 0.02-0.17 
mg per 100 g carotenes. Mackinney (1961) 
gives values for total carotenoids ranging 
from 0.44 to 3.4 mg per 100 g in several 
species and varieties of oranges. He states 
that his results with extracts of Biondo, 
Sanguigno, Sanguinella, and Tarocco vari
eties permit the assertion that the carotenoid 
mixtures are qualitatively similar to those 
of California Valencias and Washington 
navels, with the hydrocarbon (carotene) 
fraction varying from 3 to 10% of the total 
carotenoids.

The confusion in methodology was men
tioned by Calvarano (1960), who gave 
values ranging from 0.98 to 2.32 mg per 
1 0 0  ml for total carotenoids in the filtered 
juice of commercially significant Italian 
varieties. Calvarano also determined unes
terified xanthophylls by solvent extraction 
of the total carotenoids without saponifica
tion.

Rowell (1960) published a method based 
on centrifugation for detecting the addition 
of /1-carotene beadlets to orange juice. This 
is a qualitative procedure, however, and 
would not necessarily detect /1-carotene 
added in a form other than beadlets, nor 
does it reveal information on the distribu
tion of carotenoids.

It appears, then, that much of the pub
lished data on carotenes in orange juice may 
be of questionable value for comparative
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purposes because of the analytical procedures 
used. Where adequate procedures have been 
used to eliminate the esterified oxygenated 
carotenoids, the methods are too cumber
some to be directly applicable to routine 
analysis of many samples.

EXPERIMENTAL
T h e  p ro b le m  w a s  a p p ro a c h e d  b y  s t a r t in g  w ith  

C u r l ’s th o ro u g h  b u t  l e n g th y  e x tr a c t io n  p ro c e d u re . 
V a r io u s  s im p lif ic a tio n s , s u g g e s te d  e i th e r  in  th e  
l i t e r a tu r e  o r  b y  o b s e rv a t io n  o f  r e s u lts ,  w e re  t r ie d . 
M a n y  v a r ia t io n s  w e re  r e je c te d ;  o n ly  th e  m e th o d  
a s  d e v e lo p ed  is p re s e n te d .

M a te r ia ls .  U n le s s  o th e rw is e  specified , c h e m ic a ls  
s h o u ld  m e e t  A .C .S . r e a g e n t  s p e c i f ic a t io n s : hexane, 
c o m m e rc ia l,  b .p . 6 0 - 7 5 ° ;  isopropyl alcohol, c o lo r 
less, 9 9 .6 % ;  alkaline methanol, 20 g  K O H  d is 
so lv e d  in  100 m l m e th a n o l ; sodium sulfate, p o w 
d e re d , a n h y d r o u s ; column adsorbent, e q u a l p a r ts  
b y  w e ig h t  o f H y f lo  S u p e r - C e l  ( J o h n s - M a n v i l le )  
a n d  a c t iv a te d  m a g n e s ia  ( M ic r o n  b ra n d , N o . 2642, 
W e s tv a c o  C h lo r in e  P r o d u c ts  C o m p an y , N e w a rk , 
C a li fo r n ia )  o r  S e a  S o rb  4 3 ;  acetone, d ry , a lc o h o l-  
f re e .

P r in c ip le s  o f  m e th o d . U s in g  s e p a ra te  a n d  d if 
f e r e n t  is o p ro p a n o l-h e x a n e - ju ic e  c o m b in a tio n s  fo r  
to ta l  c a ro te n o id s  a n d  f o r  c a ro te n e s , th e  f i r s t  s te p s  
in  e i th e r  a n a ly s is  a r e : b len d , a d d  w a te r ,  a n d  
s e p a ra te  th e  w a s h e d  h e x a n e  so lu tio n . F o r  to ta l  
c a ro te n o id s  th is  s o lu tio n  is  d r ie d  a n d  th e  a b s o rb 
a n c e  m e a s u re d . C a ro te n e s  a r e  d e te rm in e d  a f te r  
sa p o n if ic a tio n , fo l lo w e d  b y  c o lu m n  c h ro m a to g ra p h y  
o f  th e  h e x a n e  s o lu tio n . E lu t io n  is  a cc o m p lish e d  
w i th  a c e to n e -h e x a n e  a n d  a b s o rb a n c e  o f  th e  e lu a te  
m e a s u re d .

T o ta l  c a ro te n o id s .  I n  a  s e m i-m ic ro  W a r in g  
b le n d e r  b o w l, m ix  10 m l s in g le - s t r e n g th  o ra n g e  
ju ic e , 30 m l iso p ro p y l a lc o h o l, a n d  10 m l h e x a n e  
f o r  o n e  m in u te . E m p ty  th e  b le n d e d  s o lu tio n  in to  
a  12 5-m l s e p a ra to ry  fu n n e l  c o n ta in in g  so m e  w a te r ,  
r in s e  th e  b le n d e r  b o w l th r e e  t im e s  w ith  w a te r ,  
a n d  a d d  th e  r in s e  w a te r  t o  th e  c o n te n ts  o f  th e  
s e p a ra to ry  fu n n e l. A d d  w a te r  to  th e  s e p a ra to ry  
fu n n e l  to  g iv e  a  to ta l  v o lu m e  o f  8 0 -1 0 0  m l. T h e  
s o lu tio n  w ill  s e p a ra te  in to  a n  a q u e o u s  la y e r  a n d  
a  h e x a n e  la y e r , th e  l a t te r  c o n ta in in g  th e  c a r o t 
e n o id s . M o is te n  th e  s to p p e r  a n d  in s e r t  i t  in  th e  
s e p a r a to r y  fu n n e l, th e n  m ix  th e  c o n te n ts  b y  s w i r l 
in g . W e t t in g  th e  s to p p e r  h e lp s  to  p re v e n t  le a k a g e  
o f th e  h e x a n e  la y e r ,  b u t, d u r in g  m ix in g , c o n ta c t  o f 
th e  s o lu tio n  w ith  th e  s to p p e r  s h o u ld  b e  k e p t  t o  a  
m in im u m .

A llo w  th e  so lu tio n  to  s ta n d  f o r  30 m in u te s , th e n  
d is c a rd  th e  u n c o lo re d  (u n e m u ls if ie d )  p o r t io n  o f 
th e  a q u e o u s  la y e r . T h is  w ill  a p p e a r  m ilk y  b u t  
w i l l  n o t  c o n ta in  a  s ig n if ic a n t  a c o u n t  o f  c a r o t 

en o id  m a te r ia l .  S e p a r a t io n  c a n  b e  h a s te n e d  by  
c e n t r i fu g a tio n  u s in g  sp e c ia l s e p a r a to r y  fu n n e ls . 
A f te r  d r a in in g  o ff th e  a q u e o u s  p h ase , w a s h  d o w n  
th e  fu n n e l  s e v e ra l  t im e s  w ith  w a te r ,  s e p a r a t in g  
a n d  d is c a rd in g  th e  u n c o lo re d  a q u e o u s  p h a s e  a f te r  
e ac h  w a s h in g . T h is  w ill  t r a n s f e r  a l l  b u t  a n  in 
s ig n if ic a n t  a m o u n t  of th e  c o lo re d  m a te r ia l  to  th e  
h e x a n e  la y e r .  F in a l ly ,  d r a in  th e  h e x a n e  la y e r  in to  
a  5 0 -m l v o lu m e tr ic  f la sk  t h r o u g h  a  s m a ll q u a n t i ty  
o f  a n h y d ro u s  so d iu m  s u lfa te  p o w d e r  s u p p o r te d  in  
a  fu n n e l  by  a  p iece  o f c o tto n . W a s h  th e  s e p a r a to r y  
fu n n e l  tw ic e  w ith  3 o r  4  m l o f  h e x a n e , d is c h a r g in g  
th e  h e x a n e  th ro u g h  th e  fu n n e l. I f  n e c e s s a ry ,  w a s h  
a n y  c o lo r  f ro m  th e  s o d iu m  s u lfa te  w i th  m o re  
h e x a n e . T h e  p o w d e re d  s o d iu m  s u lfa te  a s  u se d  
h e re  a n d  th r o u g h o u t  th is  w o r k  is  f o r  th e  p u rp o s e  
o f p ro d u c in g  a n  a n h y d ro u s  s y s tem . A d d  5 m l 
a c e to n e  to  th e  v o lu m e tr ic  f la sk  a n d  fill to  th e  
m a r k  w ith  h e x a n e . A  sm a ll a m o u n t  o f  s o d iu m  
s u lfa te  a d d e d  to  th e  f la sk  w ill  e n s u re  d ry n e s s . 
T h is  s o lu tio n  is  n o w  re a d y  to  m e a s u re , a l th o u g h  
in  so m e  c a se s  f u r th e r  d i lu t io n  w i th  a c e to n e -  
h e x a n e  m a y  be n e c e s s a ry  to  b r in g  th e  a b s o rb a n c e  
o f  th e  s a m p le  in to  th e  p ro p e r  r a n g e  f o r  m e a s u re 
m e n t w i th  th e  p a r t i c u la r  c o lo r im e te r  o r  s p e c t ro 
p h o to m e te r  to  be u sed . I f  n e c e s s a ry ,  th is  s o lu tio n  
c a n  b e  s to re d  f o r  u p  to  24  h r  a t  0 ° C  o r  lo w e r .

C a ro te n e s . U s in g  20 m l. o f s in g le - s t r e n g th  o ra n g e  
ju ic e , 50  m l is o p ro p y l  a lc o h o l, a n d  10 m l h e x a n e , 
fo l lo w  th e  a b o v e  p ro c e d u re  f o r  t o ta l  c a ro te n o id s  
t h r o u g h  th e  s te p  o f w a s h in g  th e  s e p a ra te d  h e x a n e  
la y e r  w i th  w a te r .  A f t e r  t h a t  s tep , d r a in  th e  
h e x a n e  in to  a  12 5 -m l g r o u n d - g la s s - jo in te d  f la sk . 
R in s e  th e  s e p a r a to r y  fu n n e l  f i r s t  w i th  10 m l of 
a lk a lin e  m e th a n o l, th e n  w i th  10 m l o f  i s o p ro p y l  
a lc o h o l, a n d  d r a in  b o th  o f th e s e  i n to  th e  f la sk  
w i th  th e  h e x a n e . P la c e  2  o r  3 g la s s  b e a d s  in  th e  
f la s k  to  p re v e n t  b u m p in g , a n d  a t t a c h  t h e  f la s k  
to  a  r e f lu x  c o n d e n se r . H e a t in g  g e n t ly  o n  a  w a te r  
o r  s te a m  b a th , r e f lu x  f o r  10 m in . P o u r  th e  s o lu 
t io n  in to  a  p re v io u s ly  m o is te n e d  12 5-m l s e p a r a to r y  
fu n n e l  a n d  r in s e  th e  f la sk  th r e e  t im e s  w i th  w a te r ,  
p o u r in g  th e  r in s e  w a te r  in to  th e  fu n n e l. B r in g  
th e  v o lu m e  in  th e  s e p a r a to r y  fu n n e l  to  8 0 -1 0 0  m l, 
m o is te n  a n d  in s e r t  th e  s to p p e r , a n d  th e n , a s  b e 
fo re , m ix  b y  s w ir lin g .

A llo w  th e  s o lu t io n  to  s ta n d  f o r  30  m in u te s , 
th e n  d r a in  o ff  th e  a q u e o u s  lo w e r  la y e r ,  b u t  r e ta in  
a n y  e m u ls if ie d  c o lo re d  m a te r ia l .  T h e  a q u e o u s  la y e r  
w ill  b e  c o lo re d  b y  c a ro te n o id  c o m p o u n d s  m a d e  
w a te r - s o lu b le  b y  th e  sa p o n if ic a tio n  s te p . W a s h  
th e  h e x a n e  la y e r  3 - 4  t im e s  w i th  w a te r .  T h is  w ill  
t r a n s f e r  e m u ls if ie d  c a ro te n e s  to  th e  h e x a n e  a n d  
re m o v e  a ll  a lc o h o l f ro m  t h a t  la y e r .  D r a in  th e  
w a s h e d  h e x a n e  la y e r  t h r o u g h  a  fu n n e l  c o n ta in in g  
s o d iu m  s u lfa te  p o w d e r  s u p p o r te d  o n  c o t to n  in to  
a  p re v io u s ly  p r e p a re d  c h ro m a to g ra p h ic  c o lu m n . 
W a s h  th e  s e p a r a to r y  fu n n e l  a n d  s o d iu m  s u lfa te
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w ith  s e v e ra l  3 ^ 1 -m l p o r t io n s  o f h e x a n e  to  re m o v e  
c o lo re d  m a te r ia l.

A  su ita b le  c h ro m a to g ra p h ic  tu b e  c a n  b e  p r e 
p a re d  b y  jo in in g  a  1 .8 -cm  O .D . tu b e  20 cm  lo n g  
to  a  s m a l le r  tu b e  ( ca. 1.0 cm  O .D .)  a b o u t  10 cm  
lo n g . T h e  c o lu m n  o f a d s o rb e n t  s h o u ld  be a b o u t
2.5 cm  deep . I t  is  s u p p o r te d  w i th  a  c o tto n  p lu g , 
a n d  p a c k e d  b y  a p p ly in g  v a c u u m  w h ile  ta m p in g  
th e  s u rf a c e  w ith  a  c o rk  on  a  s t i r r i n g  ro d , o r  
w i th  so m e  s im i la r  f la t  o b je c t .  T o p  th e  a d s o rb e n t  
w ith  a  0 .5 -cm  la y e r  o f s o d iu m  s u lfa te  p o w d e r . I t  
is c o n v e n ien t to  in s e r t  th e  d is c h a rg e  tu b e  f ro m  th e  
co lu m n  in  a  ru b b e r  s to p p e r  a n d  th e n  in s e r t  th e  
s to p p e r  in to  a  f i l te r  f la sk . A  t e s t  tu b e  fo r  sam p le  
c o lle c tio n  c a n  be p la c e d  in  th e  f i l te r  f la sk  so  th e  
d is c h a rg e  tu b e  fits  in to  th e  te s t  tu b e . B y  a p p ly in g  
v a cu u m , d r a w  th e  h e x a n e  la y e r  th r o u g h  th e  co lu m n . 
T h e  c a ro te n e s  a n d  o th e r  c a ro te n o id s  w ill  b e  r e 
ta in e d  a t  th e  to p  o f th e  co lu m n . A s  th e  s u r f a c e  
o f  th e  h e x a n e  s in k s  b e lo w  th e  s o d iu m  s u lfa te  in  
th e  co lu m n , w a s h  th e  c o lo r  th ro u g h  th e  so d iu m  
s u lfa te  w i th  s m a ll a m o u n ts  o f  a  2 5 -m l p o r t io n  
o f th e  a c e to n e -h e x a n e  s o lu tio n , th e n  a d d  th e  r e 
m a in d e r  o f th e  a c e to n e -h e x a n e . I f  b a n d s  o f c o lo r  
s e p a ra te  b e fo re  a d d i t io n  of th e  a c e to n e -h e x a n e , th e  
h e x a n e  so lu tio n  w a s  n o t  w a s h e d  f r e e  o f a lc o h o l. 
E i t h e r  a lc o h o l o r  in c o m p le te  s a p o n if ic a tio n  w ill  
p r e v e n t  a  c le a n  s e p a ra t io n  o f c a ro te n e s  b y  th e  
a c e to n e -h e x a n e . B r e a k  th e  v a c u u m , p lac e  a  te s t  
tu b e  u n d e r  th e  d is c h a rg e  f ro m  th e  co lu m n , a n d  
re a p p ly  v a cu u m . W i th  p u re  ju ic e  th e  f i r s t  10-15 
m l o f a c e to n e -h e x a n e  e fflu en t w ill  c o n ta in  a l l  o f 
th e  c a ro te n e s , a n d  su b s e q u e n t c o lu m n  e fflu en t w ill  
be  c o lo rle ss . T h is  c a n  be c h ec k e d  b y  b re a k in g  th e  
v a cu u m  a n d  in s e r t in g  a n o th e r  te s t  tu b e , th e n  c o l
le c tin g  tw o  o r  th re e  m o re  m l o f e ffluen t. I n  th e  
case  o f )3 -ca ro ten e  a d d itio n , s o m e w h a t m o re  efflu
e n t m ay  n e ed  to  be  c o llec te d .

A f te r  a ll  c o lo re d  e fflu en t f r a c t io n s  a r e  c o m 
b ined , in  e i th e r  a  g la s s - s to p p e re d  g ra d u a te d  c y lin 
d e r  o r  in  a  v o lu m e tr ic  flask , th is  s o lu tio n  is  re a d y

to  m e a s u re . W o r k in g  w i th  p u r e  ju ic e , th e  fina l 
v o lu m e  sh o u ld  be k e p t  to  a  m in im u m  to  e n s u re  
th a t  th e  a b s o rb a n c e  w ill  b e  m e a s u ra b le .  E x t r a c t s  
f ro m  ^ -c a ro te n e - fo r t i f ie d  ju ic e  m a y  n e e d  c o n s id e r 
a b le  d i lu t io n  w i th  a c e to n e -h e x a n e  to  b r in g  th e  
a b s o rb a n c e  in to  a  s u ita b le  r a n g e  fo r  m e a s u re m e n t.

RESULTS
T o  te s t  th e  m e th o d , a  2 4 %  se m iso lid  su sp e n s io n  

o f /3 -ca ro ten e  in  v e g e ta b le  o il w a s  o b ta in e d  f ro m  
H o f f m a n n - L a  R o ch e , In c . ( lo t  N o . A .N .  174—3 ) .  
A  d i lu t io n  w a s  m a d e  o f 0 .416  g  (0 .10 0  g  (1 -ca ro ten e )  
o f th is  su sp e n s io n  in  50 m l c o ld -p re s s e d  c i t ru s  o il. 
T h e  /3 -ca ro ten e  p re p a r a t io n  w a s  n o t  c o m p le te ly  
so lu b le  a t  t h a t  c o n c e n tra tio n ,  b u t, b y  a g i ta t in g ,  
a  u n ifo rm  m ix tu r e  su ita b le  fo r  f u r th e r  d i lu t io n  
c o u ld  b e  o b ta in e d . D i lu t io n s  o f  th is  s o lu tio n  w e re  
m e a s u re d  w ith  a  B e c k m a n  M o d e l D U  s p e c t ro 
p h o to m e te r— a s  is, a f te r  v a r io u s  t r e a tm e n ts  d u p li
c a t in g  d if fe re n t  s ta g e s  o f  th e  s e p a ra t io n  p ro c e d u re , 
a n d  a f te r  a d d i t io n  to  a n d  s e p a ra t io n  f ro m  o ra n g e  
ju ic e . I n  c a lc u la t in g  c o n c e n tra tio n s ,  a n  a b s o r p t iv 
i ty  o f 250  L /g - c m  w a s  u se d . V a r io u s  o th e r  v a lu e s  
a r e  r e p o r te d  f o r  b e ta -  a n d  o th e r  c a ro te n e s  o f 
c it ru s ,  a s  sh o w n  in  T a b le  1. T h e  a u th o r s  f ro m  
w h o m  th e  d a ta  in  th e  ta b le  a r e  ta k e n , a ls o  r e p o r t  
th e  p re s e n c e  o f  v a r io u s  c is - t r a n s  iso m e rs  o f  th e  
c a ro te n e s ,  so m e  o c c u r r in g  n a tu r a l ly  a n d  som e  
fo rm e d  d u r in g  e x tr a c t io n ,  b u t  a ll  d i f f e r in g  so m e 
w h a t  in  a b s o rb a n c e  c h a r a c te r is t ic s .  T h e  m a x im u m  
f o r  /3 -ca ro ten e  o b s e rv e d  h e r e  o c c u r re d  f r o m  450 
to  454 m /q b u t  th e  a b s o rp tiv i ty  o f 250  w a s  a p p lie d  
in  e ac h  case . S o m e  v a lu e s  o b ta in e d  fo r  th e  
/3 -ca ro ten e  s to c k  so lu tio n  a r e  g iv e n  in  T a b le  2. 
A l l  d i lu tio n s  w e re  m a d e  w i th  1 + 9  a c e to n e -h e x a n e  
so lv e n t.

T h e  h y d ro ly s is  a n d  c h ro m a to g ra p h y  s te p s  o f 
th e  m e th o d  w e re  ch ec k e d  a s  s h o w n  in  T a b le  3 
f o r  p o ss ib le  lo ss  of /3 -ca ro ten e ; u s in g  d i lu tio n s  
f ro m  th e  (1 -ca ro ten e  in  c i t ru s  o il. T h e  th e o re t ic a l  
a m o u n ts  a r e  b a se d  o n  th e  o r ig in a l  /3 -ca ro ten e  su s-

T a b le  1. A b s o rb a n c e  c h a r a c te r is t ic s  o f  so m e  c a ro te n e s  a s  r e p o r te d  in  th e  l i te r a tu re .

Caroteneisomer Source m fi a
Absorptivity 

mfi a m/x a Reference
b e ta p u r if ie d  A O A C 451 250 L im e  et a!. (1 9 5 7 )
b e ta p u re 450 256 B e a d le  a n d  Z sch e ile (1 9 4 2 )
b e ta f ro m  s p in a ch 450 245 B e a d le  a n d  Z sch e ile (1 9 4 2 )
b e ta p u rif ied , h e a t- Z e c h m e is te r  a n d  P o lg a r (1 9 4 3 )

iso m e r iz e d 451 244 478 212
b e ta to m a to e s 417 179 452 250 479 229 Z sch e ile  a n d  P o r te r (1 9 4 7 )
a lp h a to m a to e s 421 180 447 270 Z sch e ile  a n d  P o r te r (1 9 4 7 )
a lp h a p u rif ied , h e a t-

iso m e r iz e d 444 25 7 474 233 Z e c h m e is te r  a n d  P o lg a r (1 9 4 7 )
z e ta to m a to e s 401 220 426 227 Z sch e ile  a n d  P o r te r (1 9 4 7 )
z e ta to m a to e s 378 130 400 221 425 226 N a s h  a n d  Z sch e ile (1 9 4 5 )
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T a b le  2 . A b s o rb a n c e  o f v a r io u s d i lu tio n s  o f 2 4 % /3 -ca ro ten e  su sp en s io n .

Dilution of 0.416 g/SO ml solution
Absorbancea t454 mfi

Indicated /3-carotene in stock solution (g/100 ml)

Calculated /3-carotene in stock solution(g/'lOO ml) %recovery
1 ; 1250 0.387 0.193 0.200 96.5

0.398 0.199 0.200 99.5
1 :1000 0.490 0.196 0.200 98.0
1 :5 0 0 0.96 0.192 0.200 96.0

0.99 0.198 0.200 99.8
A v e ra g e  re c o v e ry 97.8

T a b le  3. E f f e c t  o f h y d ro ly s is  a n d  c h ro m a to g ra p h y  p ro c e d u re s  on  r e c o v e ry  o f /3 -ca ro ten e .
/3-carotene (m g/m l)

Solution Before A fter
S o lu tio n  w ith  0 .00156 m g  /3 -ca ro ten e  p e r  m l h y d ro ly z e d  1 h r  
S o lu tio n  w ith  0.0391 m g  /3 -ca ro ten e  p e r  m l c h ro m a to g ra p h e d , th e n

0.00156 0.00162

d i lu te d  to  0.00196 m g /m l  f o r  m e a s u re m e n t 0.00188 0.00192

p e n s io n  c o n ta in in g  9 7 .8 %  o f th e  d e c la re d  2 4 %  
/3 -ca ro ten e , o r  2 3 .5 %  /3 -ca ro ten e . I t  is e v id e n t  th a t  
th e re  is  n o  s ig n if ic a n t  e ffe c t  on  re c o v e ry  o f /3 -caro - 
te n e  t h a t  c a n  be  a t t r ib u te d  to  th e s e  tw o  s tep s .

T h e  a d e q u a c y  o f th e  s a p o n if ic a tio n  w a s  e s ta b 
lish e d  b y  e x t r a c t in g  V a le n c ia  ju ic e  a n d  e s t im a tin g  
c a ro te n e s  a f te r  s a p o n if ic a tio n  t r e a tm e n ts  o f in 
c re a s in g  se v e r i ty . R e s u l ts  in  te rm s  o f a b s o rb a n c e  
a t  427 m g, w h e re  a b s o rp tio n  w a s  m a x im u m , a r e  
g iv e n  in  T a b le  4. F r o m  th e s e  d a ta  i t  is  e v id e n t  
t h a t  10 m in  o f r e f lu x  is  a d e q u a te  f o r  co m p le te  
h y d ro ly s is  o f e s te r if ie d  c a ro te n o id s  a n d  t h a t  r e 
f lu x  te m p e ra tu re s  a t  a tm o s p h e r ic  p re s s u re  a r e  
re q u ire d . S in ce  th e  a m o u n t  fo u n d  a f te r  30 m in  
r e f lu x  is v i r tu a l ly  th e  sam e  as  a f te r  10 m in , 
th e r e  is n o  p ro b le m  o f d e g ra d a tio n .  T h e  re la t iv e ly  
sm a ll  lo ss  in d ic a te d  a f te r  60  m in  is  p ro b a b ly  
w ith in  th e  l im its  o f n o rm a l  v a r ia t io n .

S a m p le s  o f  V a le n c ia  a n d  n a v e l ju ic e , r e c o n s ti 
tu te d  f r o m  c o n c e n tra te s , w e re  c a r r ie d  th ro u g h  
th e  c o m p le te  a n a ly s is , a n d  th e  e x t r a c ts  w e re  e x -

T a b le  4. E f f e c t  o f s a p o n if ic a tio n  t r e a tm e n t  on  
s e p a ra t io n  o f c a ro te n e  f ro m  o ra n g e  ju ic e .

Saponificationtreatm ent
Volume of extract (ml) Absorbance a t 427 mß

1 m in  co ld n o  s e p a ra t io n  on  co lu m n
10 m in  co ld n o  s e p a ra t io n  on  co lu m n
10 m in  re f lu x 15 0.400
30 m in  re f lu x 15 0.397
60 m in  re f lu x 15 0.379

a m in e d  w ith  a  B e c k m a n  M o d e l D K 2  R e c o rd in g  
S p e c tro p h o to m e te r ,  g iv in g  th e  c u rv e s  in  F ig .  1. 
A s s u m in g  th e  m a jo r  c a ro te n e  c o m p o n e n ts  o f 
V a le n c ia  o ra n g e  ju ic e  to  be z e ta - , b e ta - , a n d  a lp h a -  
c a ro te n e  p lu s  th e  c o lo r le s s  c o m p o u n d  p h y to flu e n e , 
th e  v a r io u s  p e a k s  o f th e  c u rv e  fo r  V a le n c ia  c a r o 
te n e s  in  F ig .  1 p ro b a b ly  r e s u l t  f ro m  th e s e  c o m 
p o u n d s  a s  fo l lo w s  : 348 m g , p h y to flu e n e  ; 377 m g, 
p h y to flu e n e  a n d  z e ta -c a ro te n e  ; 402 m g , z e ta - c a r o 
te n e  ; 426 m g , z e ta - c a ro te n e  ; 450  m g , a lp h a -  a n d  
b e ta -c a ro te n e  ; 477 m g, a lp h a -  a n d  b e ta -c a ro te n e .  
U s in g  th e  d a ta  o f Z sc h e ile  a n d  P o r t e r  (1 9 4 7 ) ,  i t  
w o u ld  b e  p o ss ib le  to  c a lc u la te  th e  c o n c e n tr a t io n s  
o f e ac h  c o m p o n en t. F o r  a  s im p lified  m e th o d  su ch  
as  th is , h o w e v e r , i t  suffices to  e s t im a te  th e  c o n 
c e n tra t io n  b y  a p p ly in g  a n  a r b i t r a r y  a b s o rp t iv i ty  
o f 250 L /g - c m  to  th e  h ig h e s t  p e a k  o b s e rv e d  b e 
tw e e n  390 m g  a n d  490 m g . W h e n  d a ta  a r e  m a d e  
w ith  a  p ro p e r ly  c a l ib r a te d  s p e c tro p h o to m e te r ,  c a l 
c u la te  th e  c o n c e n tra t io n  o f c a ro te n e s  f ro m  th e  
fo r m u la  b e lo w :

A x  100
L 250 x L  x W  ’

w h e re  C  =  c o n c e n tra t io n  o f c a ro te n e s  a s  m g /1 0 0  
m l in  o r ig in a l  s a m p le ;  A  =  a b s o rb a n c e ;  L  =  cell 
le n g th  in  cm  ; a n d  W  =  m l o f o r ig in a l  s a m p le  p e r  
m l o f  th e  fina l d i lu tio n  m e a s u re d .

F r o m  a  q u a l i ta t iv e  s ta n d p o in t ,  F ig . 1 s h o w s  
t h a t  a n y  s ig n if ic a n t  a d d itio n  o f b e ta -c a ro te n e  to  
e i th e r  C a li fo rn ia  V a le n c ia  o r  n a v e l ju ic e  w o u ld  
g r e a t l y  c h a n g e  th e  c u rv e s  fo r  th e  c a ro te n e  f r a c 
t io n  a t  450 m g  a n d  477 m g, m a k in g  th e  a d d i t io n  
v e ry  e v id en t.
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T a b le  5. R a t io  o f to ta l  c a ro te n o id s  to  c a ro te n e s  in  s e v e ra l  sam p le s  o f o ra n g e  ju ic e .

V ariety
Total Carotenes

RatioX max. m g/100 ml X max. mg/100 ml
V a le n c ia 425 1.31 425 0.092 14 :1

425 1.31 426 0.070 1 9 :1
442 0.87 427 0.062 1 4 :1

N a v e l 450 0.85 425 0.050 1 7 :1
427 0.644 426 0.024 2 7 :1

H a m lin 445 0.32 n il
M a n d a r in 440 3.46 427 0.258 1 3 :1

S a m p le s  o f o ra n g e  ju ic e  w e re  a n a ly z e d  f o r  to ta l  
c a ro te n o id s  a n d  c a ro te n e s  so  t h a t  th e  r a t i o  b e tw e e n  
th e  tw o  q u a n t it ie s  c o u ld  be  c a lc u la te d . T h e s e  d a ta  
a r e  s h o w n  in  T a b le  S.

F o r  th e  m e th o d  o f a n a ly s is  to  b e  o f  v a lu e  in  
r e g u la t in g  c o lo r in g  o f o ra n g e  ju ic e , i t  is  n e c e s s a ry  
to  sh o w  t h a t  a d d e d  /3 -ca ro ten e  c a n  b e  d e te c ted . 
B r ie f  te s ts  s h o w e d  th a t ,  to  p ro d u c e  a  s ig n if ic a n t  
in c re a se  in  c o lo r  o f s in g le - s t r e n g th  o ra n g e  ju ic e ,

M ILL IM IC R O H S
F ig . 1. A b s o rb a n c e  c u rv e s  fo r  to ta l  c a ro te n o id s  

a n d  c a ro te n e s  in  o ra n g e  ju ic e :  1 ) V a le n c ia , to ta l ,  
0.2 m l j u i c e / m l ;  2 )  N a v e l , to ta l  0 .2  m l j u ic e / m l ;  
3 )  V a le n c ia , c a ro te n e s ,  1.33 m l j u i c e / m l ;  4 )  N a v e l , 
c a ro te n e , 1.33 m l j u ic e /m l .  S o lv e n t  a n d  re fe re n c e  
1 + 9  v / v  a c e to n e -h e x a n e .

/3 -ca ro ten e  m u s t  b e  a d d e d  in  a n  a m o u n t  a p p r o x i 
m a te ly  e q u iv a le n t  to  th e  to ta l  c a ro te n o id s  n a tu r a l ly  
p re s e n t, o r  a b o u t  1 m g /1 0 0  m l. S o m e  o f  th e  
p re v io u s ly  m e n tio n e d  d is p e rs io n  o f  /3 -ca ro ten e  in  
c i t ru s  o il w a s  h o m o g e n iz e d  in to  a  w e ig h e d  q u a n 
t i ty  o f s in g le - s t r e n g th  o ra n g e  ju ic e  a n d  th e  ju ic e  
c o n c e n tra te d  to  a p p r o x  70° B r ix  to  re m o v e  th e  
o il. A n a ly s is  o f  th is  sam p le  fo l lo w in g  d ilu tio n  to  
s in g le  s t r e n g th  is  sh o w n  in  T a b le  6 . R e c o v e ry  of 
th e  a d d e d  /3 -ca ro ten e  w a s  v e r y  g o o d , a n d  th e  
p e rc e n ta g e  r e p o r te d  w o u ld  h a v e  b e en  e v en  b e t te r  
if th e  c o n tro l  sam p le  h a d  b een  c a lc u la te d  a t  4S4 m/i 
r a th e r  th a n  a t  425 m ^ . T h e  v e ry  m a rk e d  e ffec t 
o n  th e  r a t i o  o f  c a ro te n o id s  to  c a ro te n e s  s h o u ld  be 
n o te d .

DISCUSSION
There may be some question regarding 

the use of separate samples for total carote
noids and for carotenes. Using a single 
extraction, an aliquot of the hexane layer 
could be removed for measurement of total 
carotenoids. To do this, however, would 
require diluting the first extraction to known 
volume so an aliquot could be removed. For 
this the solution would either have to be 
dried or a solvent such as isopropyl alcohol 
added to achieve a single phase. The added 
manipulation and change in the sample size 
represented by the final solution measured 
would tend to make error more likely. Two 
samplings thus present a more simple ap
proach.

T a b le  6 . A n a ly s is  o f  n a v e l  o ra n g e  ju ic e  w i th  a d d e d  /3 -ca ro ten e .

0-caroteneadded
Total carotenoids Carotenes Recovery of added carotene 

(% )X max. mg/100 ml X max. mg/100 ml Ratio
N o  a d d itio n 450 0.70 425 0.029 2 4 :1
0.978 m g /1 0 0  m l 450 2.12 454 0.990 98.9 2 ,1:1
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The ioaming-solvent technique is prob
ably the most time-saving feature of the 
method. There was concern that the milky 
aqueous layer discarded after the initial 
extraction might contain some carotenoids. 
Additional extractions and centrifuging 
showed that this is not the case if enough 
time is allowed for separation of the phases. 
In this step, leakage of the hexane past the 
ground-glass stopper of the separatory fun
nel can cause losses. Isopropyl alcohol was 
used rather than ethyl alcohol because of the 
tax complexities concerning the latter.

No investigation was made of column 
material. The particular type of magnesia 
used has been employed in most of the work 
reported in the literature and is specified 
by the A.O.A.C. method, which suggests 
that not all magnesia is equally suitable. 
The extract applied to the column must be 
dry and alcohol-free, or oxygenated carot
enoids will come through with the carotenes, 
When the solvent is dry there is a very clean 
separation and no difficulty in ascertaining 
when all carotenes have been eluted.

Three or four hours are required to com
plete the analysis of one sample, but, in only 
slightly more time, several samples could 
be run simultaneously.

If many samples are to be run routinely 
and qualitative aspects of the carotene frac
tion ignored, a more simple instrument than 
the spectrophotometer can be used, provided 
that it is equipped with a suitable filter and 
is properly calibrated. One such instrument 
is the Klett-Summerson photoelectric color
imeter with a K.S.44 (410-480-m/<.) filter.

With this method the concentrations of 
carotene and total carotenoids in orange 
juice and orange beverages can be meas
ured quickly and reliably. This measure
ment is of interest in the regulation of /?- 
carotene added to orange juice and in the 
estimation of pro-vitamin A activity.
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Research Laboratories, Sw ift & Company, Chicago 

( M a n u s c r ip t  re c e iv e d  J u ly ,  1959)

SUMMARY
Staphylococci are destroyed during the heat processing o f both smoked 

and fully cooked ham s. Although these organisms are capable o f growth 
in  the presence o f sodium  chloride, sodium  nitrate, and sodium  nitrite in  
the concentrations used in cured m eats, they are readily destroyed in the  
presence, as well as the absence, o f these agents at a temperature o f 137 F. 
Twenty-two o f 53 strains o f Staphylococcus aureus were killed in excess of 
99%  after 10 m in exposure at this temperature. Thirty-one strains exhibited  
m ore resistance, but were destroyed in excess o f 99.9%  after 60 m in at 
137°F . The significance o f these results in terms o f previous studies is 
discussed.

Growth of staphylococci with attendant 
production of enterotoxin is virtually un
known in unprocessed meats, but cured 
meats, particularly ham, are frequently im
plicated in outbreaks of staphylococcus food 
poisoning.

In the production of hams, the uncured 
meat is pumped via the arterial system with 
a pickle that is a solution containing sodium 
chloride, sodium nitrate, sodium nitrite, 
sugar, and disodium phosphate. The pumped 
hams are maintained at 36-38°F and may 
be held for a while before being heat proc
essed. In the smoke house the temperature 
of the product is gradually raised to a mini
mum of 137°F for smoked hams and 148°F 
for fully cooked hams. After heat process
ing, the hams are chilled and held under re
frigeration until they leave the processing 
plant.

Lechowich et al. (1956) reported that 
food-poisoning staphylococci die rapidly in 
the presence of curing pickle. Further, those 
workers found that the organisms do not 
grow in pumped hams during the so-

* P r e s e n t  a d d r e s s : D e p t, o f  P a th o lo g y , S t .  J a m e s  
H o s p i ta l ,  C h ic a g o  H e ig h ts ,  111.

b P r e s e n t  a d d r e s s : B . H e l l e r  a n d  C o m p an y , C h i
cag o .

c P r e s e n t  a d d r e s s : D e p t, o f B io lo g ic a l  S c ien ces , 
C a rn e g ie  In s t i tu te  o f T e c h n o lo g y , P i t t s b u r g h ,  P e n n 
sy lv a n ia .

called curing period (36-38°F). Earlier 
findings of Gross and Vinton (1947) were 
similar.

Stritar (1941) reported that temperatures 
as high as 148° F are not sufficient to destroy 
enterotoxogenic staphylococci in ham. Gross 
and Vinton (1947), working with a heat- 
resistant staphylococcus (No. 184) obtained 
from Stritar, conducted extensive studies in 
broth as well as in cured and uncured meats. 
They found thermal death times of over 2 
hr at 139° F and over 5 hr at 136°F. These 
results suggest that the 137°F process given 
to smoked hams is insufficient for the de
struction of staphylococci. Gross and Vin
ton’s data indicated that 148°F is sufficient 
for staphylococcus destruction in 10-17 min. 
Lechowich et al. (1956) reported destruc
tion of staphylococci in the interior of hams 
at a temperature below that realized in the 
production of smoked hams (less than 
137°F). Dack (1946) has stated that hams, 
as they leave the packers, are safe; he 
would thus imply that the heat processing 
given to hams is sufficient to destroy 
staphylococci.

The present study was undertaken in an 
effort to reconcile these apparent incon
sistencies with regard to the fate of staphylo
cocci during the heat processing of hams.

E X P E R I M E N T A L
B a c te r io lo g ic a l  m e th o d s . T h e  d e te rm in a t io n  o f 

s ta p h y lo c o c c i  in  h a m s  w a s  a c c o m p lis h e d  by  s u r f a c e
50
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p la t in g  o n  t e l lu r i te  g ly c in e  a g a r  ( D i f c o ) .  T h e  
p o ta s s iu m  te l lu r i te  s o lu tio n  w a s  s te r i l iz e d  b y  S e itz  
f i l t r a t io n  a n d  a d d e d  to  th e  m e l te d  a g a r  im m e d ia te ly  
b e fo re  th e  p la te s  w e re  p o u re d . Q u a n t i ta t iv e  s u r f a c e  
p la t in g  w a s  d o n e  a c c o rd in g  to  th e  m e th o d  o u tl in e d  
by  S n y d e r  (1 9 4 7 ) .  P la te s  w e re  in c u b a te d  2 4  h r  
a t  9 8 .6 °F .

I n  e x p e r im e n ts  in v o lv in g  in o c u la t io n  o f  s te r i l iz e d  
c u ltu re  m e d ia  w i th  p u re  a n d  m ix e d  c u ltu re s  of 
s ta p h y lo co cc i, c o n v e n tio n a l  to ta l  p la te  c o u n ts  w e re  
d e te rm in e d  u s in g  t r y p to n e  g lu c o s e  y e a s t  e x t r a c t  
a g a r  ( D i f c o ) ,  w i th  in c u b a tio n  f o r  24  h r  a t  9 8 .6 °F .

T h e  s ta p h y lo c o c c i u se d  w e re  a ll  c o a g u la s e -  
p o s it iv e  s t r a in s  is o la te d  f ro m  c lin ic a l m a te r ia ls  a n d  
fo o d s  im p lic a te d  in  fo o d  p o iso n in g .

S u r v iv a l  o f  s ta p h y lo c o c c i  d u r in g  n o rm a l  p ro c e s s 
in g  o f  h a m s. H a m  p u m p in g  p ic k le  c o n ta in in g  c o n 
v e n tio n a l  q u a n t i t ie s  o f  so d iu m  n i t r i te ,  s o d iu m  n i 
t r a te ,  b ro w n  s u g a r ,  a n d  s o d iu m  c h lo r id e  w a s  in o c u 
la te d  w ith  a  m ix tu r e  o f e ig h t  d i f fe re n t  s tr a in s  o f  
s ta p h y lo co cc i, e a c h  is o la te d  f ro m  h a m  im p lic a te d  
in  fo o d  p o iso n in g . F o u r  o f th e  c u ltu re s  h a d  b een  
a u th e n t ic a te d  b y  m o n k e y  fe e d in g  te s ts  f o r  a b il i ty  
to  p ro d u c e  e n te ro to x in .  T h e  p ick le  w a s  m a d e  u p  
in  w a te r  a t  1 4 0 -1 5 0 ° F , a n d  a f te r  a l l  in g re d ie n ts  
w e re  in  s o lu tio n , d iso d iu m  p h o s p h a te  w a s  a d d e d . 
T h e  s ta p h y lo c o c c i w e re  a d d e d  a f t e r  th e  p ick le  
h a d  b e en  co o led  b e lo w  1 0 0 °F . B a c te r io lo g ic a l  a n 
a ly se s  o f  th e  p ic k le  w e re  d o n e  b e fo re  a n d  a f te r  
p u m p in g . H a m s  in  th e  1 4 -1 6 - lb  w e ig h t  r a n g e  w e re  
p u m p ed  w ith  th e  p ic k le  to  11 2%  o f  th e i r  o r ig in a l  
w e ig h t.

T o  e s ta b lis h  th e  in it ia l  lev e l o f s ta p h y lo co cc i, 
d u p lic a te  w h o le  h a m s  w e re  s a m p le d  im m e d ia te ly  
a f te r  p u m p in g . A t  v a r io u s  s ta g e s  o f p ro c e s s in g , 
d u p lic a te  w h o le  h a m s  w e re  sam p le d , i.e., e a c h  h a m  
w a s  ta k e n  f ro m  th e  sm o k e  h o u se , a n d  th e  m e a t  
w a s  t r im m e d  f ro m  th e  b o n e  a n d  p la c e d  in  a  p o ly 
e th y le n e  b a g . S in ce  th e  h a m s  co u ld  n o t  b e  a n 
a ly z e d  im m e d ia te ly , th e  b a g s  w e re  p lac ed  in  a n  ice  
b a th  fo r  a p p ro x  1 h r  a n d  th e n  p la c e d  in  a  — 1 0 ° F  
fre e z e r . W h e n  th e  e n t i r e  se t  o f  sam p le s  h a d  b een  
a c c u m u la te d , th e y  w e re  p a r t i a l ly  th a w e d  a n d  th e  
e n ti re  m e a t  m a s s  w a s  g r o u n d  a s e p t ic a l ly  a n d  s u b 
je c te d  to  b a c te r io lo g ic a l  a n a ly s is . T h is  m e th o d  o f 
sa m p lin g  w a s  c h o se n  s in ce  i t  w a s  f e l t  to  y ie ld  a  
m o re  r e p re s e n ta t iv e  s a m p le  th a n  co u ld  b e  o b ta in e d  
b y  th e  m o re  c o n v e n tio n a l  c o re -s a m p lin g  p ro c e d u re . 
A n  8 - 1 0 ° F  d if f e r e n tia l  is  n o rm a l  b e tw e e n  th e  c e n te r  
a n d  a  p o in t  m id w a y  b e tw e e n  th e  c e n te r  a n d  th e  
su rfa c e  o f 1 4 -1 6 - lb  h a m s  (S c h a c k , 1 9 6 1 ). T h u s ,  
w h e n  th e  m in im u m  in te r n a l  te m p e r a tu r e  re a c h e s  
1 0 0 °F , a  m a jo r  p o r t io n  o f  th e  h a m  is  s ti ll  in  a  
te m p e ra tu re  r a n g e  t h a t  a llo w s  g r o w th  o f s ta p h y 
loco cc i. H a m s  w e re  sam p le d  w h e n  th e  m in im u m  
in te rn a l  te m p e r a tu r e  r e a c h e d  1 0 0 ° F  (o p tim u m  
g ro w th  te m p e r a tu r e  fo r  s ta p h y lo c o c c i) ,  1 I 3 ° F  
(m in im u m  te m p e r a tu r e  a t  w h ic h  smoked hams a r e

re m o v e d  f r o m  p ro c e s s in g ) ,  a n d  1 4 8 ° F  (m in im u m  
te m p e r a tu r e  f o r  fully cooked h a m s ) .

M in im u m  in te rn a l  t e m p e ra tu re s  o f  th e  h a m s  
w e re  o b ta in e d  w ith  a n  a u to m a t ic  r e c o rd in g  p o 
te n t io m e te r .  E x p e r im e n ts  w e re  p e r fo r m e d  u s in g  
v a r io u s  lev e ls  o f s ta p h y lo co cc i.

H e a t  p ro c e s s in g  w a s  c a r r ie d  o u t  in  a  J u l ia n  
o v en . T h e  o v en  te m p e r a tu r e  in c re a s e d  f ro m  a p p ro x  
130 to  1 6 0 ° F  d u r in g  22 h r ,  b y  w h ic h  t im e  th e  
m in im u m  in te rn a l  te m p e r a tu r e  o f  th e  h a m s  h a d  
r e a c h e d  1 4 8 °F .

S im u la te d  p ro c e s s in g . S tu d ie s  w e re  c o n d u c te d  in  
a  m e d iu m  c o n s is t in g  o f  n u t r i e n t  b ro th  ( D i f c o )  
c o n ta in in g  0 .4 0 5 %  b ro w n  s u g a r .  T h is  m e d iu m  
w a s  te s te d  a t  v a r io u s  s a l t  lev e ls  (0 , 2.5, 5.0, an d  
1 0 .0 % ) , in  b o th  th e  p re s e n c e  a n d  th e  a b s e n c e  o f  
s o d iu m  n i t r a t e  a n d  s o d iu m  n i t r i te .  A  S e itz - f i l te r e d  
so lu tio n  o f s o d iu m  n i t r i te  a n d  s o d iu m  n i t r a t e  w a s  
a d d e d  to  a u to c la v e d  n u tr i e n t  b r o th  so  a s  to  g iv e  
fin a l c o n c e n tra t io n s  o f 0 .0 1 3 5 %  a n d  0 .0 0 7 5 %  r e 
sp e c tiv e ly . T h e s e  s tu d ie s  w e re  c a r r i e d  o u t  a t  p H
7.0 a n d  p H  6.0, th e  a c id ity  b e in g  a d ju s te d  w ith  
la c tic  a c id . T h e  m e d iu m  w a s  d is p e n s e d  in  100-m l 
a m o u n ts  in  b o tt le s  f o r  u se . T h e  in o c u lu m  c o n s is te d  
o f  a  m ix tu r e  o f th e  sam e  e ig h t  s t r a in s  o f  c o a g u la s e -  
p o s it iv e  s ta p h y lo c o c c i  u se d  in  th e  h a m  in o c u la t io n  
e x p e r im e n ts  d e s c r ib e d  a b o v e . T h e  o rg a n is m s  w e re  
g ro w n  s e p a ra te ly  in  t r y p t ic a s e  so y  b ro th  ( B .B .L .)  
in c u b a te d  18 h r  a t  9 8 .6 °F . A f te r  in c u b a tio n , e q u a l 
v o lu m e s  o f  e ac h  o f th e  c u ltu re s  w e re  m ix e d , a n d  
a  1 :1000 w a te r  d i lu tio n  p re p a re d .  E a c h  t e s t  b o tt le  
w a s  th e n  in o c u la te d  w i th  1 m l o f  th e  d i lu te d  
m ix tu r e  so  a s  to  re c e iv e  a p p ro x  1 ,000,000 s ta p h y 
loco cc i.

T h e  m e d iu m  w a s  a t  a  t e m p e r a tu r e  o f  4 0 ° F  a t  
th e  t im e  o f  in o c u la t io n . T h e  t e s t  b o tt le s  w e re  
p lac ed  in  a  9 8 .6 ° F  in c u b a to r  a n d  h e ld  60  h r .  I t  
r e q u i r e d  4  h r  fo r  th e  m e d iu m  to  r e a c h  th e  t e m p e r 
a tu r e  o f th e  in c u b a to r .  A t  th e  en d  o f  th e  in c u b a tio n  
p e rio d , th e  b o tt le s  w e re  p la c e d  in  a  w a te r  b a th  
w ith  a n  in i t ia l  t e m p e ra tu re  o f  1 0 6 °F . D u r in g  a  
4 .5 -h r  p e rio d , th e  w a te r - b a th  t e m p e r a tu r e  w a s  
g r a d u a l ly  ra is e d  to  1 3 9 ° F  a n d  th e  te m p e r a tu r e  o f 
th e  m e d iu m  to  1 3 7 °F  (s e e  T a b le  2  f o r  in te rm e d ia te  
t e m p e r a tu r e s ) .  W h e n  th e  b o tt le s  h a d  re a c h e d  
1 3 7 ° F  th e y  w e re  h e ld  fo r  5 m in , sh a k e n , a n d  th e n  
h e ld  f o r  a n  a d d i t io n a l  5 m in . T h e  b o tt le s  w e re  
th e n  c o o led  in  ice  w a te r .  T o ta l  b a c te r ia  c o u n ts  
w e re  d e te rm in e d  o n  th e  b r o th  a f te r  in o c u la t io n , 
a f te r  in c u b a tio n , a n d  a f t e r  r a is in g  th e  t e m p e r a tu r e  
to  13 7 °F .

D e s tr u c t io n  o f v a r io u s  s t r a in s  o f  S ta p h y lo c o c c i  
a t  1 3 7 °F . P u r e  c u ltu re s  o f  e a c h  o f  th e  53 s tr a in s  
w e re  g ro w n  in  t ry p t ic a s e  so y  b ro th  a n d  in c u b a te d  
24 h r  a t  9 8 .6 °F . F o r  s u rv iv a l  s tu d ie s , 0.1 m l o f 
th e  in c u b a te d  c u l tu re  w a s  in o c u la te d  in to  10 m l o f 
t ry p t ic a s e  s o y  b ro th .  T h e  in o c u la te d  tu b e s  w e re  
th e n  c o m p le te ly  im m e rs e d  in  a  w a te r  b a th  se t  a t
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1 3 7 °F . A f te r  th e  tu b e s  h a d  r e a c h e d  th e  te m p e ra tu re  
o f th e  b a th , th e y  w e re  h e ld  f o r  a  p e r io d  a s  in 
d ic a te d , a n d  th e n  im m e rs e d  in  a n  ice  b a th . T h e  
c h il le d  tu b e s  w e re  a n a ly z e d  im m e d ia te ly  f o r  s u r 
v iv in g  o rg a n is m s  b y  th e  m e th o d s  d e s c r ib e d  u n d e r  
B a c te r io lo g ic a l  M e th o d s .

R E S U L T S
S u r v iv a l  o f  s ta p h y lo c o c c i  d u r in g  n o rm a l  p ro c e s s 

in g  o f  h a m s . T a b le  1 s u m m a r iz e s  th e  r e s u l t s  of 
th r e e  s e p a ra te  e x p e r im e n ts  w h e re in  h a m  p u m p in g  
p ic k le  w a s  in o c u la te d  w ith  v a r io u s  lev e ls  o f  s ta p h y 
lo co cc i b e fo re  in je c t io n . I n  E x p e r im e n ts  1 a n d  2 
th e r e  is  in d ic a tio n  o f a  s l ig h t  in c re a s e  in  n u m b e rs  of 
s ta p h y lo c o c c i  d u r in g  th e  6  h r  re q u i r e d  f o r  th e  
m in im u m  in te rn a l  te m p e r a tu r e  o f th e  h a m s  to  
r e a c h  1 0 0 °F . S u c h  a n  in c re a s e  is  n o t  a p p a re n t  in  
th e  th i r d  e x p e r im e n t,  in  w h ic h  a  la r g e r  n u m b e r  o f 
o rg a n is m s  w a s  in o c u la te d  in to  th e  p ick le . I n  a ll  
th r e e  e x p e r im e n ts  th e re  w a s  a  r e d u c tio n  in  th e  
n u m b e r  o f o rg a n is m s  b y  th e  t im e  th e  p ro d u c t  
r e a c h e d  1 1 3 °F . T h is  is  o f  in te r e s t  s in ce  c o a g u la se -  
p o s it iv e  s ta p h y lo c o c c i  a r e  k n o w n  to  b e  c a p a b le  o f 
g r o w th  a t  t e m p e ra tu re s  a s  h ig h  a s  1 1 3 ° F  ( E v a n s  
a n d  N iv e n , 1 9 S 0 ). T h e  in o c u la te d  o rg a n is m s  w e re  
n o t  re c o v e re d  f ro m  th e  p ro d u c t  b y  th e  t im e  i t  
r e a c h e d  1 3 7 °F , a n d  lik e w ise , th e  a n a ly s e s  o f h a m s  
t h a t  h a d  r e a c h e d  1 4 8 °F  y ie ld e d  n e g a tiv e  re s u lts .

S im u la te d  p ro c e s s in g . T a b le  2  p re s e n ts  a  c o m 
p ila t io n  o f  r e s u lt s  o b ta in e d  in  e x p e r im e n ts  d e 
s ig n e d  to  s im u la te  in  a  c u ltu re  m e d iu m  a  h a m 
p ro c e s s in g  sch ed u le . T h e  in o c u la te d  s ta p h y lo c o c c i 
w e re  a b le  to  g ro w  in  a l l  c ase s . M in o r  d iffe re n c e s  
w e re  o b s e rv e d  in  th e  fin a l n u m b e rs  o f  o rg a n is m s , 
w i th  th e  le a s t  g r o w th  o c c u r r in g  in  b o tt le s  c o n 
ta in in g  1 0 %  s o d iu m  c h lo r id e . N o  e x p la n a t io n  is 
a p p a r e n t  f o r  th e  s m a ll n u m b e r  o f s ta p h y lo c o c c i 
re c o v e re d  f ro m  th e  p H  7 .0  v a r ia b le  c o n ta in in g  
s o d iu m  n i t r a te ,  s o d iu m  n i t r i te ,  a n d  5 %  so d iu m  
c h lo rid e . W h e n  th e  in d iv id u a l  c u ltu re s  w e re  h e a te d  
to  1 3 7 °F , a  9 9 + %  re d u c tio n  in  v ia b le  s ta p h y lo c o c c i 
o c c u r re d  in  a l l  v a r ia b le s .

D e s tr u c t io n  o f  v a r io u s  s t r a in s  o f  s ta p h y lo c o c c u s  
a u re u s  i n  b r o th s  a t  1 3 7 °F . T a b le  3 sh o w s t h a t  22  
o f  th e  S3 s t r a in s  te s te d  w e re  m o re  th a n  9 9 %  d e 

s t ro y e d  d u r in g  10 m in  a t  1 3 7 °F . T h e  re m a in in g  
s t r a in s  s h o w e d  g r e a te r  th a n  1 %  s u rv iv a l  a f t e r  
th is  h e a t  t r e a tm e n t ,  a n d  th e s e  a r e  r e f e r r e d  to  a s  
“ r e s i s t a n t”  s tr a in s .  T a b le  4  s u m m a r iz e s  th e  d a ta  
in  T a b le  3.

T h e  r e s i s t a n t  s t r a in s  w e re  f u r th e r  te s te d  b y  
60 m in  a t  137° F .  U n d e r  th e s e  c o n d itio n s , a l l  31 
s t r a in s  e x h ib ite d  g r e a te r  th a n  9 9 .9 %  re d u c t io n  in  
n u m b e rs . O n e  o f  th e  t e s t  o rg a n is m s , Staphylococcus 
aureus N o . 184, o b ta in e d  f ro m  th e  A m e r ic a n  M e a t  
I n s t i tu te  F o u n d a tio n ,  h a d  o r ig in a lly  b e en  o b ta in e d  
f ro m  D r .  G. M . D a c k , w h o  h a d  fo u n d  i t  t o  b e  
th e  m o s t  h e a t - r e s i s t a n t  o f 16 e n te ro to x in -p ro d u c in g  
s t r a in s  in  h is  co lle c tio n . I t  w a s  s u b s e q u e n tly  u se d  
b y  S t r i t a r  (1 9 4 1 ) a n d  b y  G ro ss  a n d  V in to n  (1 9 4 7 ) 
in  w o r k  o n  h e a t  re s is ta n c e .  I n  o u r  s tu d ie s , th is  
o rg a n is m  fe ll  in to  th e  r e s i s t a n t  g ro u p , s h o w in g  
o n ly  9 0 %  re d u c tio n  in  n u m b e rs  a f te r  10 m in  a t  
1 3 7 °F . A f t e r  60  m in  a t  1 3 7 °F , h o w e v e r ,  th e  
b r o th  c u l tu re  sh o w ed  le ss  th a n  1 o rg a n is m  p e r  m l, 
th e  lev e l b e fo re  h e a t  t r e a tm e n t  b e in g  11,000,000 
p e r  m l.

DISCUSSION
The present results provide additional 

evidence that food-poisoning staphylococci 
do not survive the processing temperatures 
used in the production of either smoked or 
fully cooked hams. These results confirm 
those of Lechowich et al. (1956), who found 
that inoculated hams showed a progressive 
decrease in numbers of staphylococci during 
48 hr at 120°F, even though the maximum 
internal temperature of the product reached 
only 118°F.

The previously cited work of Stritar 
(1941) and of Gross and Vinton (1947) 
would suggest the necessity for much higher 
temperatures than are employed in ham proc
essing, particularly smoked hams. The pres
ent studies are not, however, completely at 
variance with either of these groups. In 
those earlier studies, complete destruction 
of large numbers of staphylococci rather

T a b le  1. S u r v iv a l  o f  m ix e d  c u ltu re s  o f s ta p h y lo c o c c i  in  h a m s  d u r in g  c u r in g  a n d  h e a t  p ro c e s s in g .

Sample Time in smoke house
Staphylococcus count per g

i I I I I I
P ic k le  (1 0 0 ° F ) 12,000 32,000 290,000
H a m , a f te r  p u m p 900 2,400 52 ,000
H a m , 1 0 0 ° F “ 6  h o u rs 3,800 5,700 16,000
H a m , 1 1 3 ° F 8  h o u rs 300 1,200 7,200
H a m , 1 3 7 °F 12 h o u rs < 1 0 0 < 1 0 0 < 1 0 0
H a m , 148° F 20 h o u rs < 1 0 0 < 1 0 0 < 1 0 0

* T e m p e r a tu r e s  s h e w n  r e f e r  to  m in im u m  in te rn a l  te m p e ra tu re .
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T a b le  2. T h e  e f fe c ts  o f  c u r in g  s a l ts  a n d  p H  oil th e  g r o w th  a n d  h e a t  re s is ta n c e  o f s ta p h y lo c o c c i.
Staphylococci per ml

A fter raising. A fter 98°F  temperatureExperim ental conditions incubation to 137°F % destruction
p H  7.0, N O a '- N O a  a b s e n t

% N a C l  0 100,000,000 11,000 9 9 .9 +
2.5 140,000,000 560,000 99.6
5.0 120,000,000 180,000 99.85

10.0 43,000,000 2 9 9 .9 +
p H  7.0, N O if -N O a "  p re s e n t

%  N a C l 0 280,000 ,000 0 9 9 .9 +
2.5 120,000,000 80 9 9 .9 +
5.0 70,000 0 9 9 .9 +

10.0 100,000,000 0 9 9 .9 +
p H  6.0, N O »  - N O a  a b s e n t

%  N a C l  0 600,000 ,000 11,000 9 9 .9 +
2.5 660,000 ,000 120,000 9 9 .9 +
5.0 470,000 ,000 44,000 9 9 .9 +

10.0 57,000,000 160,000 99.82
p H  6.0, N O a - N O a  p re s e n t

%  N a C l  0 400,000 ,000 50,000 9 9 .9 +
2.5 400,000,000 1,900,000 99.53
5.0 280,000 ,000 72 9 9 .9 +

10.0 18,000,000 28 9 9 .9 +
I n o c u lu m : 13,000 s ta p h y lo c o c c i  p e r  m l t r y p t ic a s e  so y  b ro th ,  c o n s is tin g  o f m ix tu r e  o f  e ig h t  

d i f f e r e n t  c u ltu re s  o f  Staphylococcus aureus.
T e m p e r a tu r e  s c h e d u le :  I n i t i a l  te m p e r a tu r e  o f  b r o th  —4 0 ° F . T e m p e r a tu r e  r a is e d  to  9 8 .6 ° F  in  

a i r  in c u b a to r  w i th in  4  h r .  H e ld  a d d i t io n a l  12 h r  a t  9 8 .6 ° F  b e fo re  “h e a t  p ro c e s s in g .”
P r o c e s s in g  s c h e d u le :

T im e B a th M e d iu m T im e B a th M e d iu m
0 1 0 6 °F 98 .6° F 3 h r 1 2 4 ° F 121° F
1 h r 1 1 2 °F 1 9 0 °F 4  h r 1 3 7 °F 1 3 4 ° F
2  h r 1 1 6 ° F 1 1 2 ° F 4 G  h r 1 3 9 ° F 1 3 7 ° F

N O r - N O , - :  F in a l  c o n c e n tra t io n s  in  m e d iu m  w h e re  in d ic a te d :  
N a N O s :  0 .0 1 3 5 %
N a N O a :  0 .00 75% _________________________________________________

than percent destruction in numbers was 
used as a criterion of heat lethality. On 
this basis, one surviving cell out of a billion 
would be interpreted as a positive result, 
although no information would be gained 
in terms of the efficiency of the heat process. 
Since ham pumping pickle does not support 
the growth of staphylococci (Lechowich et 
al., 1956) and since fresh meat seldom con
tains more than a few thousand staphylococci 
per g (Jay, 1961; Silliker, 1959), it is un
necessary to consider a heat process sufficient 
to kill millions of these organisms per g 
of meat.

The extensive experiments of Gross and 
Vinton (1947) indicate a thermal death 
time for staphylococcus No. 184 of between

1 and 10 min at 150°F. Those workers re
ported much higher orders of thermal re
sistance when the test organism had been 
allowed to grow in meat. They acknowledged 
the difficulty of determining staphylococci in 
a mixed environment. A critical analysis of 
their data suggests that the higher order of 
resistance reported for staphylococci that 
had grown in meat may be an artifact at
tributable to the growth of other organisms 
(micrococci and/or enterococci) in the in
oculated and incubated meat samples. Those 
organisms have a higher order of heat re
sistance than staphylococci, and yet they 
would have been determined as staphylococci 
with the analytical techniques used, i.e., 
counts on phenol red mannitol agar contain-



Ta
bl

e 
3. 

Th
e 

de
str

uc
tio

n 
of

 v
ar

io
us

 st
ra

in
s o

f s
tap

hy
lo

co
cc

i a
t 1

37
°F

.

Cu
ltu

re
nu

mb
er

Sta
ph

ylo
co

cci
 p

er
ml

 b
rot

h

Cu
ltu

re
nu

mb
er

Sta
ph

ylo
co

cci
 p

er
ml

 b
rot

h
10

-m
in

tre
atm

en
t

60
-m

in
tre

atm
en

t
10

-m
in 

tre
atm

en
t

60
-m

in
tre

atm
en

t
Be

for
e

Af
ter

Be
for

e
Af

ter
Be

for
e

Af
ter

Be
for

e
Af

ter
16

1 “
21

,00
0,0

00
16

,00
0 

(>
99

%
)

27
6“

27
,00

0,0
00

1,3
00

,00
0 

(9
7.

9%
)

8,4
00

,00
0

<
i

(>
99

%
)

26
4* 1

26
,00

0,0
00

11
,00

0 
(>

99
%

)
NB

-6
12

,00
0,0

00
1,0

00
,00

0 
( 9

1.7
%

)
21

,00
0,0

00
9

(>
99

%
)

26
9

29
,00

0,0
00

84
0 

(>
99

%
)

OB
-1

17
,00

0,0
00

24
2,0

00
 (

 93
.0%

)
12

,00
0,0

00
1

(>
99

%
)

K-
57

 “
22

,00
0,0

00
22

0 
(>

99
%

)
OB

-2
29

,00
0,0

00
1,1

00
,00

0 
( 9

6.2
%

)
2,1

00
,00

0
18

(>
99

%
)

S-
6"

20
,00

0,0
00

2,4
00

 (
>9

9%
)

O
B-

9
11

,00
0,0

00
35

0,0
00

 (
96

.8
%

)
23

,00
0,0

00
45

0
(>

99
%

)
NB

-1
33

,00
0,0

00
12

,00
0 

(>
99

%
)

OB
-1

1
15

,00
0,0

00
24

7,0
00

 (
 93

.9%
)

11
,00

0,0
00

<1
(>

99
%

)
NB

-4
13

,00
0,0

00
88

,00
0 

(>
99

%
)

OB
-2

3
26

,00
0,0

00
57

0,0
00

 (
98

.0
%

)
26

,00
0,0

00
<1

(>
99

%
)

2
25

,00
0,0

00
4,5

00
 (

>9
9%

)
9“

12
0,0

00
,00

0
2,2

00
,00

0 
( 9

8.2
%

)
2,1

00
,00

0
1

(>
99

%
)

4
32

,00
0,0

00
<1

 (
>9

9%
)

3A
17

,00
0,0

00
1,0

00
,00

0 
( 9

4.1
%

)
13

,00
0,0

00
<1

(>
99

%
)

29
9,2

00
,00

0
1,0

00
 (

>9
9%

)
6

11
,00

0,0
00

1,1
00

,00
0 

( 9
0.0

%
)

12
,00

0,0
00

<1
(>

99
%

)
52

A/
79

34
,00

0,0
00

2 
09

9%
)

54
14

,00
0,0

00
23

0,0
00

 (
98

.4
%

)
8,4

00
,00

0
<

09
9%

)
3B

10
,00

0
2 

(>
99

%
)

75
15

,00
0,0

00
65

0,0
00

 (
95

.7
%

)
24

,00
0,0

00
<1

(>
99

%
)

3C
19

,00
0,0

00
16

 (
>9

9%
)

VA
-4

5,0
00

,00
0

72
,00

0 
( 9

8.6
%

)
4,1

00
,00

0
<1

(>
99

%
)

55
11

,00
0,0

00
17

 (
>9

9%
)

21
0“

25
,00

0,0
00

2,9
00

,00
0 

(8
8.

5%
)

11
,00

0,0
00

6
(>

99
%

)
7

19
,00

0,0
00

1 
09

9%
)

24
7“

22
,00

0,0
00

4,0
00

,00
0 

( 8
1.8

%
)

13
,00

0,0
00

1
(>

99
%

)
42

 E
31

,00
0,0

00
5 

(>
99

%
)

26
0“

18
,00

0,0
00

12
,00

0,0
00

 (
33

.0
%

)
5,0

00
,00

0
1

(>
99

%
)

47
16

,00
0,0

00
77

,00
0 

(>
99

%
)

27
9a

19
,00

0,0
00

3,3
00

,00
0 

(8
2.

7%
)

13
,00

0,0
00

<1
(>

99
%

)
70

24
,00

0,0
00

84
,00

0 
(>

99
%

)
30

7“
17

,00
0,0

00
4,7

00
,00

0 
(7

2.
3%

)
7,4

00
,00

0
<1

09
9%

)
42

B
21

,00
0,0

00
95

,00
0 

(>
99

%
)

NB
-1

2
36

,00
0,0

00
30

,00
0,0

00
 (

16
.0

%
)

21
,00

0,0
00

<1
09

9%
)

42
 D

14
,00

0,0
00

14
,00

0 
(>

99
%

)
NB

-1
3

23
,00

0,0
00

4,8
00

,00
0 

( 7
9.1

%
)

26
,00

0,0
00

<1
09

9%
)

81
23

,00
0,0

00
11

6,0
00

 (
>9

9%
 )

OB
-8

24
,00

0,0
00

18
,00

0,0
00

 (
 75

.0%
)

4,8
00

,00
0

90
0

(>
99

%
)

80
19

,00
0,0

00
12

,00
0 

(>
99

%
)

OB
-1

9
27

,00
0,0

00
7,0

00
,00

0 
( 7

4.0
%

)
3,9

00
,00

0
<1

09
9%

)
18

4
18

,00
0,0

00
1,8

00
,00

0 
( 9

0%
)

11
,00

0,0
00

<
i

09
9%

)
11 

"
6,6

00
,00

0
1,0

00
,00

0 
( 8

4.9
%

)
11

,00
0,0

00
<1

(>
99

%
)

25
4“

19
,00

0,0
00

1,0
00

,00
0 

(9
4.

2%
)

12
, 0

00
,00

0
<

i
(>

99
%

)
16

“
17

,00
0,0

00
2,8

00
,00

0 
(8

3.
5%

)
5,6

00
,00

0
1

(>
99

%
)

25
8“

19
,00

0,0
00

65
0,0

00
 (

96
.6

%
)

15
,30

0,0
00

5
(>

99
%

)
21

 “
9,0

00
,00

0
84

0,0
00

 (
 90

.7%
)

22
,00

0,0
00

<1
09

9%
)

26
7“

25
,00

0,0
00

39
0,0

00
 (

98
.2

%
)

4,0
00

,00
0

<1
09

9%
)

53
7,5

00
,00

0
1,1

70
,00

0 
(8

4.
4%

)
15

0,0
00

<1
09

9%
)

27
3“

28
,00

0,0
00

1,9
00

,00
0 

(9
3.

2%
)

19
,00

0,0
00

<1
09

9%
)

” K
no

wn
 to

 b
e 

en
ter

ot
ox

in
-p

ro
du

cin
g 

Sta
ph

ylo
coc

cu
s.

So
ur

ce
 o

f 
co

ag
ul

as
e-

po
sit

iv
e 

sta
ph

ylo
co

cc
i :

1, 
2, 

3, 
4, 

9, 
11

, 1
6, 

21
 : 

Sw
ift

 &
 C

om
pa

ny
 s

tra
in

s 
iso

lat
ed

 f
ro

m
 fo

od
s 

im
pl

ica
ted

 in
 p

oi
so

ni
ng

.
16

1, 
18

4, 
21

0, 
30

7, 
K-

S7
, 

S-
6, 

NB
-1

3 
: A

m
er

ica
n 

M
ea

t 
In

sti
tu

te
 F

ou
nd

ati
on

 s
tra

in
s 

iso
lat

ed
 f

ro
m

 f
oo

ds
 im

pl
ica

ted
 in

 p
ois

on
ing

.
24

7, 
25

4, 
25

8, 
26

0, 
26

4, 
26

7, 
26

9, 
27

3, 
27

6, 
27

9, 
NB

-1
, 

NB
-2

, 
NB

-6
, 

NB
-1

2,
 O

B-
1, 

OB
-2

, 
OB

-8
, 

OB
-9

, 
OB

-1
1, 

OB
-1

9, 
OB

-2
3, 

O
B-

27
: 

Am
er

ica
n 

M
ea

t 
In

sti
tu

te
 F

ou
nd

ati
on

 s
tra

in
s 

iso
lat

ed
 f

ro
m

 c
lin

ica
l 

m
ate

ria
ls.

29
, 5

2, 
52

A,
 7

9, 
3A

, 3
B,

 3
C,

 5
5, 

6, 
7, 

42
E,

 4
7, 

53
, 5

4, 
70

, 7
3, 

75
, 7

7, 
42

D 
: S

tra
in

s 
us

ed
 in

 St
ap

hy
loc

occ
us 

ba
cte

rio
ph

ag
e 

ty
pi

ng
, s

up
pli

ed
 b

y 
Dr

. J
. F

.. 
Bl

air
.



SILLIKER, JA N S E N , VOEGELI, AND CHMURA 55
ing 7.5% salt. In their work, growth in 
heat-sterilized meat did not appear to in
crease the thermal resistance of staphylococci, 
whereas pasteurized and fresh meat samples 
appeared to promote a tenfold increase in 
resistance.

If the findings of Gross and Vinton (1947) 
on the heat resistance of staphylococci in 
meat is discounted (except for their data 
on sterilized cured meats), their reported 
resistances in a variety of systems do not 
appear to be inconsistent with the results of 
the present study. The inordinately high level 
of cells dealt with in thermal resistance 
studies, combined with the “all-or-nothing” 
analytical aspects of such a procedure, fre
quently lead to exaggerated concepts of heat 
resistance. Studies on the heat resistance of 
staphylococci in other foods suggest that 
these organisms are relatively heat sensitive.

Husseman and Tanner (1947) studied 
one strain of staphylococcus in pastry-cream 
fillings. Their study indicated an 83% de
struction within 8 min at 130°F in product 
containing an initial level of approx 1 X  108 
cells per ml. Destruction in excess of 99% 
takes place at 148°F in 4 min. Castellani et 
al. (1953), working with what they selected 
as heat-resistant staphylococci, showed that 
no strain was capable of surviving 149°F 
for 5 min, and that two heat-resistant strains 
could survive 140°F for 15 min but not 30 
min. These same workers demonstrated that 
inoculated turkey stuffing removed at 140°F 
during roasting showed destruction of staphy
lococci in excess of 99.9% . Angelotti et al.

(1961) conducted studies on the heat re
sistance of enterotoxigenic strains of Staphy
lococcus aureus in custards and chicken a 
la king. Their results indicated that 140° F 
for 40-59 min was sufficient for complete 
destruction of 10,000,000 organisms. Similar 
studies on ham salad gave lower end points 
of survival than were observed in either 
custard or chicken a la king. A computation 
of the exposure at 140°F necessary to effect 
a 90% reduction in the numbers of inoculated 
organisms indicated that the most heat- 
resistant staphylococcus was 90% destroyed 
in 7.68 min in custard and 5.17 min in 
chicken a la king.

The present results, combined with the 
others cited, indicate that the heat processing 
given to smoked and fully cooked hams is 
sufficient to eliminate any reasonable number 
of staphylococci. It becomes obvious that 
the most critical time for the introduction 
and multiplication of food-poisoning staphy
lococci in hams occurs after heat processing. 
Both retailer and consumer require thorough 
education on the handling of cured meat 
products. Because of the size of the product, 
the housewife may be inclined to store ham 
at room temperature either before or after 
preparation for the table. Dack (1946) 
states, s. food may be perfectly safe
when it leaves the processor, but if it is not 
kept under refrigeration, staphylococcus food 
poisoning may occur.”

Unfortunately, the average consumer re
gards this type of product as highly stable. 
This concept of stability is erroneous in the

T a b le  4. D e s tr u c t io n  o f  Staphylococcus aureus in  t ry p t ic a s e  so y  b r o th  a t  1 3 7 °F .
Staphylococci per ml broth

Before heating A fter heating % destruction
T est series Log av. Antilog Log av. Antilog Av. Range

S e n s it iv e  g ro u p  
1 0 -m in  e x p o s u re  
22  s ta in s  7.166 14,700,000 2.926 843 99.994 * 99 .4 97-1 00 .00 0

R e s is ta n t  g ro u p  
1 0 -m in  e x p o s u re  
31 s t r a in s  7.257 18,100,000 6.149 1,410,000 93.60 16.7 -  98.56

R e s is ta n t  g ro u p  
6 0 -m in  e x p o s u re  
31 s t r a in s  6.943 8,770,000 0.300 2.00 9 9 .9 9 9 +  b 99 .981-100 .000

a O n e  o f  tw e n ty - tw o  ( 1 /2 2 )  s t r a in s  s h o w e d  c o m p le te  d e s tru c t io n .  
b T w e n ty  o f th i r ty - o n e  ( 2 0 /3 1 )  s t r a in s  sh o w ed  c o m p le te  d e s tru c tio n .
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light of the milder cures becoming more pre
valent in the meat industry. Furthermore, 
a product that has been mishandled to the 
point of becoming toxic may not change in 
taste or appearance. The salt tolerance of 
staphylococci is well documented in the lit
erature (Evans and Niven, 1950). Because 
of this tolerance, handling of the product can 
be equivalent to the inoculation of staphylo
cocci into a selective medium. The most 
obvious solution for control of staphylococcus 
food poisoning is refrigeration at temper
atures that will inhibit rapid growth of 
staphylococci.
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SUMMARY
The finding that iron has a profound effect in increasing both the rate 

and extent o f Pseudomotias spoilage o f experim entally infected shell eggs was 
extended to other egg spoilage bacteria. All bacteria tested were so affected. 
These gram-negative bacteria included five strains o f Proteus, three o f Para- 
colobactrum, two o f Alcaligenes, two o f Aerobacter, two o f Achromobacter, 
and two o f Salmonella.

Iron salts have a striking effect on increas
ing the rate and extent of Pseudomonas 
spoilage in experimentally inoculated shell 
eggs (Garibaldi and Bayne, 1960). The 
ease of visual detection and demonstration 
v/ith ultraviolet light focused attention on 
fluorescent rots, but other types of bac
terial spoilage also have great economic sig
nificance. At least 16 different species of 
bacteria have been isolated from spoiled eggs 
(Florian and Trussell, 1957). The impor
tance of organisms other than Pseudomonas 
in shell egg spoilage was emphasized by the 
many studies reviewed by Romanoff and 
Romanoff (1949). Garibaldi (1960) showed 
that conalbumin is the most important anti
bacterial factor controlling the growth of 
gram-negative egg spoilage bacteria in egg 
white. That this inhibition of growth of 
various bacteria is reversed by iron is well 
known (Schade and Caroline, 1944; Feeney 
and Nagy, 1952). The present study was 
made to determine if iron also affects the 
extent of spoilage of shell eggs experimen
tally inoculated with egg spoilage bacteria 
other than Pseudomonas species.

MATERIALS AND METHODS
T h e  b a c te r ia  u s e d  w e re  m a in ly  th o s e  iso la te d  

f ro m  sp o iled  e g g s  ( F lo r i a n  a n d  T r u s s e l l ,  1 9 5 7 ). 
T w o  s tr a in s  o f  Pseudomonas u s e d  in  th e  p re v io u s  
s tu d y  (G a r ib a ld i  a n d  B a y n e , 1960) w e re  in c lu d e d  
f o r  c o m p a r is o n . B e c a u s e  o f  th e  im p o r ta n c e  o f 
Salmonella in  e g g  p ro d u c ts ,  th e  e ffec t o f  i ro n  on

a A  l a b o r a to r y  o f  th e  W e s t e r n  U ti l iz a t io n  R e 
s e a rc h  a n d  D e v e lo p m e n t D iv is io n , A g r ic u l tu r a l  R e 
s e a rc h  S e rv ic e , U .S . D e p a r tm e n t  o f A g r ic u l tu re .

sp o ila g e  b y  tw o  sp ec ies  o f  th is  p a th o g e n  w a s  a lso  
d e te rm in e d .

T h e  e g g s  la id  b y  h e n s  9 -1 2  m o n th s  o ld  w e re  n e s t-  
c le a n  a n d  u n w a s h e d . T h e y  w e re  c o lle c te d  o n  d a y  o f 
la y  a n d  s u b je c te d  to  e x p e r im e n ta l  c o n ta m in a t io n  
a f te r  18 h r  a t  35 °C . T h e  e g g s  w e re  in o c u la te d  a s  
p re v io u s ly  d e s c r ib e d  (G a r ib a ld i  a n d  B a y n e , 1 9 6 0 ). 
B r ie f ly , o n e  d o ze n  w a r m  (35  ° C )  e g g s  w e re  im 
m e rs e d  fo r  15 m in  in  2 L  o f a  c o ld  ( 5 ° C )  su sp e n s io n  
c o n ta in in g  a p p r o x  107 b a c te r ia  p e r  m l. A c tu a l  
b a c te r ia l  n u m b e rs  w e re  d e te rm in e d  b y  p la t in g  a p 
p ro p r ia te  d i lu tio n s  o f th is  d is ti l le d  w a te r  su sp en s io n . 
E g g s  w e re  in o c u la te d  in  b o th  th e  p re s e n c e  a n d  a b 
s en ce  o f  i r o n ;  i ro n  w a s  a d d e d  to  th e  b a c te r ia l  
su sp en s io n , a s  F eS C L , im m e d ia te ly  b e fo re  im m e rs io n  
o f  th e  e g g s . C h a n g e s  in  th e  i ro n  c o n c e n tra t io n  of 
th e  in o c u la t in g  s u sp e n s io n  d u r in g  t r e a tm e n t  o f th e  
e g g s  w e re  d e te rm in e d  b y  th e  1 ,1 0 -p h e n a n th ro lin e  
m e th o d  ( S a n d e ll ,  1 9 5 9 ). C o n tro ls  w e re  s im ila r ly  
t r e a te d  in  s te r i le  w a te r  w i th  a n d  w i th o u t  a d d e d  iro n . 
E g g s  w e re  a i r  d r ie d  a t  ro o m  te m p e ra tu re ,  a n d  
s to re d  2 1 -2 5  d a y s  a t  2 0 °C .

B a c te r ia l  p o p u la t io n s  o f th e  e g g  m e a ts  w e re  d e 
te rm in e d  a s  f o l lo w s : T h e  e g g s  w e re  b ro k e n  u n d e r  
a se p t ic  c o n d itio n s  a n d  th e  e g g  m e a ts  d ro p p e d  in to  
a  s te r i le  b le n d e r  c o n ta in in g  120 m l o f s te r i le  0 .1 %  
t r y p to n e  s o lu tio n . A f t e r  h o m o g e n iz a t io n  o f th e  
m ix tu r e ,  0.1 m l o f  th e  a p p ro p r ia te  d i lu t io n  w a s  
s p re a d  o n to  t ry p t ic a s e  so y  a g a r  p la te s , a n d  in 
c u b a te d  1 o r  2 d a y s  a t  28° C . C o lo n ie s  w e re  th e n  
c o u n ted . P e n e t r a t io n  a n d  s p o ila g e  w e re  c o n s id e re d  
to  h a v e  o c c u r re d  o n ly  w h e n  c o u n ts  w e re  a t  le a s t  
s e v e ra l  h u n d re d  c e lls  p e r  m l o f e g g  m a te r ia l .  T h is  
m e th o d  e lim in a te d  p o s it iv e  r e s u lt s  f ro m  c h an ce  
c o n ta m in a t io n  o f  th e  e g g  c o n te n ts  b y  a  fe w  s u r v iv 
in g  ce lls  in  th e  s h e ll-m e m b ra n e  sy s tem .

RESULTS AND DISCUSSION
Iron in the bacterial inoculum increased 

the extent of spoilage of shell eggs by all
57
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T a b le  1. T h e  e ffe c t  o f so lu b le  i ro n  o n  th e  b a c te r ia l  
s p o ila g e  o f e x p e r im e n ta l ly  in o c u la te d  eg g s .

Bacterium  used to inoculate eggs

Eggs spoiled (of 12)a
W ithout W ith 10 added ppm iron iron

Proteus vulgaris (5  s t r a in s  ) 
Paracolobactrnm intermedium

0 12

( b )  (2  s t r a in s )
Achromobacter liquifaciens

0 12

(2  s t r a in s ) 0 9
Salmonella typhimuriunt T m -1 0 12
Salmonella pullorum 1431 0 10
Pseudomonas fluoresccns 7 6 12
Pseudomonas ovalis 1 6 12
Aerobacter cloacae 24a 4 12
Alcaligenes bookeri ( a )  29d 
Paracolobactrnm intermedium

6 11

( a )  56a 9 12
C o n tro ls 0 2

" E g g s  w e re  c la ss if ie d  a s  s p o iled  w h e n  th e  e g g  
m e a ts  c o n ta in e d  m o re  th a n  200 b a c te r ia  p e r  m l.

species tested (Table 1). In many instances, 
no eggs spoiled when inoculation was done 
without added iron. When inoculation in
cluded 10 ppm iron, at least 75% of the 
treated eggs spoiled. Immersion of control 
eggs in sterile water containing 10 ppm 
iron allowed the natural inoculum on these 
nest-clean eggs to penetrate and spoil two 
of the twelve eggs tested. The pattern of 
spoilage remains the same if 100,000 bac
teria per ml of egg meat is set as the spoil
age criterion. In all instances of spoilage 
following inoculation, the organism isolated 
on the plates was that used to inoculate the 
egg-The inoculating suspensions contained 
approx 107 bacteria per ml in the absence 
of iron. In its presence, however, the popu
lation dropped to 105 bacteria per ml. This 
drop in population is not surprising, since 
the toxicity of minute amounts of some 
metallic ions is well documented (Salle, 
1948).

Iron in sufficient quantities reverses the 
bacteriostatic action of raw egg white that is 
due to conalbumin (Schade and Caroline, 
1944). The amount of iron necessary for 
complete saturation of the conalbumin in 
the white of an average large egg is approx 
0.7 mg. The change in iron concentration 
in the bacterial suspension showed that less

than 0.06 mg of iron may enter the egg 
contents during inoculation. Therefore the 
iron effect observed in this study does not 
result from saturation of the conalbumin.

As reported earlier (Garibaldi and Bayne,
1960), iron may influence the spoilage of 
experimentally infected shell eggs in the fol
lowing manner. Both the infecting bac
teria and the iron are pulled through the 
shell to the egg membranes as the warm egg 
(35°C) contracts when immersed in the cold 
(5°C) suspension. The bacteria now find 
sufficient amounts of this essential nutrient 
to multiply readily at this site. As a conse
quence, the immediate environment may be 
altered by diffusable metabolic products so 
that bacterial growth in the egg white can 
occur. Among these metabolic products may 
be the iron-transport compounds (Garibaldi 
and Neilands, 1956) and/or acidic products, 
which would lower the pH of the surround
ing white. The excretion of either or both 
of these products would allow the bacteria to 
satisfy their iron requirements even in the 
presence of the large excess of conalbumin 
in egg white.

Some of the organisms used in this study 
have been characterized previously as either 
primary or secondary invaders of shell eggs 
(Florian and Trussell, 1957). Primary in
vaders are able to infect the egg contents 
when inoculated in pure culture in the air 
sac, whereas secondary invaders are not. 
Our observations, in the absence of added 
iron, agree with those of the above authors 
with one exception; they listed Aerobacter 
cloacae 24a as a secondary invader. Note 
that all the bacteria listed in our Table 1 
would be classified as primary invaders if 
they had been tested in the presence of 
added iron. Therefore, whether an organism 
is a primary or secondary invader depends 
greatly on the environmental conditions 
used in making the tests.

Comparing these results with those of a 
previous study (Garibaldi, 1960), we note 
that most bacteria able to spoil eggs in the 
absence of added iron, are also those able to 
grow in egg white whose pH has been ad
justed to 7.9 or whose conalbumin has been 
partially saturated by iron. To grow under 
these conditions of iron deprivation, these
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•organisms must have a very efficient mecha
nism to satisfy their requirement for iron.

The data emphasize the need to control 
iron contamination of shell eggs ; particular 
attention should be given to the elimination 
of iron in waters used to wash shell eggs.
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SUMMARY
The ability o f Tylosin to prevent the growth o f coagulase-positive staphylo

cocci was exam ined in  four food substrates. Staphylococcal developm ent was 
prevented during the organoleptically acceptable shelf life  o f ice cream m ix  
by 20 ppm  o f the antibiotic. Staphylococci were controlled in  processed cheddar 
cheese spread, ham , and dom estic sausage by 2 .5 , 3 .0 , and 5 ppm  Tylosin, 
respectively. The possible use o f Tylosin as a preventive o f staphylococcal

, food  poisoning in  foods is discussed.

The destruction of spore-forming bacteria 
by Tylosin has been reported by Denny 
et al. (1961) and by Greenberg and Silliker
(1961). Both papers suggest the possibility 
that the antibiotic could prove useful in re
ducing the thermal processing requirements 
of certain shelf-stable canned foods.

Coagulase-positive staphylococci were 
found to be highly susceptible to Tylosin 
in vitro (Greenberg, 1958; McGuire et al.,
1961). Foods that are heat processed but 
subject to subsequent handling (e.g., cus
tards and cream-filled pastries ; semiper
ishable meats ; fish, meat or egg salads ; 
sandwich fillers) are frequently implicated 
in food-poisoning outbreaks. Investigation 
by public authorities often reveals that foods 
were inadvertently contaminated with en
terotoxigenic staphylococci after prepara
tion, and mishandled sufficiently to permit 
toxin formation (Dack, 1956; Dewberry,
1959). This paper describes the effect of 
Tylosin on the microflora of four foods 
inoculated with enterotoxigenic staphylo
cocci and incubated at various temperatures.

MATERIALS AND METHODS
T y lo s in  w a s  s u p p lie d  b y  th e  m a n u fa c tu re r ,  E li  

L il ly  a n d  C o m p an y , In d ia n a p o l is ,  In d ia n a .  W a t e r  
so lu tio n s  o f  th e  a n tib io tic  w e re  p r e p a re d  f re s h , a s  
n eed ed , a n d  a d d e d  to  m e a t  e m u ls io n , h a m  p ick le , 
c h ee se  s a u c e  fo rm u la tio n ,  a n d  ice  c re a m  m ix  w i th 
o u t  s te r i l iz a t io n .  W h e n  u til iz e d  a s  a n  a d d i t iv e  in  
p u re -c u l tu re  d e te rm in a t io n s ,  T y lo s in  so lu tio n s  w e re  
f i l te re d  t h r o u g h  S e itz  f i l te rs  b e fo re  use .

F iv e  s t r a in s  o f c o a g u la s e -p o s itiv e  Staphylococcus 
aureus w e re  u se d . N o s . 247, 254, a n d  258, f ro m  
th e  A m e r ic a n  M e a t  I n s t i tu te ,  h a d  b e en  i s o la te d  
f ro m  e n te r i t i s  p a t ie n ts .  N o s . 9  a n d  16 w e re  is o 
la te d  f ro m  h a m  im p lic a te d  in  fo o d -p o is o n in g  c a se s . 
T r y p t ic a s e  s o y -b ro th  (B a l t im o r e  B io lo g ic a l  L a b 
o r a to r ie s )  c u ltu re s  w e re  in c u b a te d  24  h r  a t  9 8 ° F ,  
a f te r  w h ic h  e q u a l v o lu m e s  o f  th e  c u ltu re s  w e re  
p o o le d  a n d  a d d e d  to  th e  fo o d  s u b s tr a te  b y  a p p r o 
p r i a t e  m ea n s . S ta p h y lo c o c c u s  c o u n ts  w e re  m a d e  
b y  s p re a d in g  m e a s u re d  a m o u n ts  o f  d i lu te d  s a m p le s  
o n  t e l lu r i te  g ly c in e  a g a r  p la te s  ( D i f c o )  w i th  a  
s te r i le  g la s s  ro d , in c u b a t in g  th e  p la te s  24  h r  a t  
98° F ,  a n d  c o u n t in g  th e  r e s u l t a n t  co lo n ie s .

P r o d u c t  fo r m u la tio n .  Ice cream mix. B u t t e r f a t ,  
1 2 % ;  n o n - fa t  m ilk  so lid s , 1 1 % ;  su c ro s e , 1 2 % ;  
c o rn  s y ru p  so lid s , 6 % ;  G e lo x  s ta b i liz e r ,  0 .4 %  ; a n d  
w a te r ,  5 8 .6 % . T h e  p ro d u c t  w a s  d iv id e d  in to  th r e e  
p o r tio n s ,  a n d  T y lo s in  w a s  a d d e d  a t  0, 5, a n d  20 
pp m . T h e  p ro d u c ts  w e re  p a s te u r iz e d  b y  s te a m  
in je c t io n  to  2 1 0 °F . H o ld in g  t im e  a t  2 1 0 ° F  w a s  
8  seco n d s . A f t e r  b e in g  c o o led  t h e  p ro d u c ts  w e re  
in o c u la te d  w i th  s ta p h y lo c o c c i, p la c e d  in  s te r i le  
s c re w -c a p  j a r s ,  a n d  in c u b a te d  a t  98  a n d  6 8 ° F . 
S a m p le s  w e re  re m o v e d  a t  v a r io u s  in te rv a ls  a n d  
p la te d  o n  t e l lu r i te  g ly c in e  a g a r .

Processed cheddar cheese spread. C h e d d a r  
ch eese , 2 1 % ;  sm o k e d  c h eese , 6 % ;  r e w o r k  o r  
c u rd , 2 3 % ;  w h e y  p o w d e r , 6 % ;  b u t te r ,  1 % ;  3 2 %  
c re a m , 1 0 % ;  sp ice s , 2 % ;  d is o d iu m  p h o s p h a te ,  
2 % ;  s o d iu m  c it r a te ,  1 % ;  s o d iu m  c h lo r id e , 0 .5 % ;  
la c tic  a c id , 1 % ;  sk im  m ilk  p o w d e r , 0 .3 % ;  s te a m  
c o n d e n sa te , 8 %  ; a n d  w a te r ,  1 8 .2 % . T h e  p ro d u c t  
w a s  h e a te d  to  1 7 5 ° F  in  a n  o p en  s te a m - ja c k e te d  
k e t t le  a n d  d iv id e d  in to  t h r e e  p o r tio n s ,  a n d  su ffi
c ie n t  T y lo s in  w a s  a d d e d  to  g iv e  a l iq u o ts  c o n 
ta in in g  0, 2.5, a n d  10 pp m . A f te r  b e in g  c o o led  to  
a b o u t  1 0 0 °F , th e  p ro d u c ts  w e re  in o c u la te d  w ith

60
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th e  s ta p h y lo c o c c u s  m ix tu r e  a n d  sp o o n e d  in to  s t e r 
i le  s c re w -c a p  j a r s .  S a m p le s  w e re  in c u b a te d  a t  
98 °F .

Ham. A  h a m  p ic k le  w a s  p re p a re d  c o n ta in in g  
11%  s o d iu m  c h lo rid e , 2 %  su c ro se , a n d  0 .1 5 %  
s o d iu m  n i t r i te .  T y lo s in  w a s  a d d e d  to  p o r t io n s  
o f  th e  p ick le  so  a s  to  g iv e  fin a l c o n c e n tra t io n s  o f 
0, 5, a n d  2 0  p p m  o f th e  a n tib io tic . H a m s  w e re  
p u m p ed  w i th  su ffic ien t a m o u n ts  o f th e s e  c u r in g  
s o lu tio n s  to  r e s u l t  in  0, 0.75, a n d  3.0 p p m  T y lo s in  
in  th e  t is su e . T h e  h a m s  w e re  p ro c e sse d  a t  148° F , 
sp ra y e d  w ith  a  m ix tu r e  o f  s ta p h y lo c o c c i, a n d  
in c u b a te d  a t  70 a n d  98° F .

Domestic sausage. T y lo s in  in  c o n c e n tra t io n s  o f 
0, 5, a n d  20  p p m  w a s  a d d e d  to  a  d o m e s tic  sa u s a g e  
e m u ls io n  o f th e  fo l lo w in g  c o m p o s itio n  : p o rk , 4 6 %  ; 
beef, 3 0 % ;  w a te r ,  1 9 .2 % ; c o m m e rc ia l  c u r in g  m ix , 
0 .2 % ;  c o m m e rc ia l  b o lo g n a  f lav o r , 0 .4 % ;  so d iu m  
c h lo rid e , 3 .0 % ;  a n d  su c ro se , 1 .2 % . T h e  p ro d u c t  
w a s  b ro u g h t  to  a n  in te rn a l  te m p e r a tu r e  o f 155 ° F  
in  a  sm o k e  h o u se , s p ra y e d  w i th  th e  s ta p h y lo c o c c u s  
c u ltu re  m ix tu r e ,  a n d  in c u b a te d  a t  70 ° F .

Brain heart infusion broth. S u ffic ie n t T y lo s in  
w a s  a d d e d  to  s c re w -c a p  b o tt le s  c o n ta in in g  100 m l 
b ra in  h e a r t  in fu s io n  b ro th  to  g iv e  fina l c o n c e n 
t r a t io n s  o f 0, 5, a n d  20 p p m . E a c h  b o tt le  w a s  
in o c u la te d  w ith  0.1 m l o f a  m ix tu r e  o f th e  5 
s ta p h y lo c o c c u s  c u ltu re s  g ro w n  24  h r  in  b ra in  
h e a r t  in fu s io n  b ro th  ( D i f c o ) .  T h e  re a c tio n  b o tt le s  
w e re  in c u b a te d  a t  7 8 ° F , sa m p le d  p e r io d ic a lly , a n d  
p la te d  o n  t r y p to n e  y e a s t  e x t r a c t  a g a r  ( D i f c o ) .

RESULTS
T h e  d a ta  in  T a b le  1 d e m o n s t r a te  t h a t  n o  g ro w th  

o f  c o a g u la s e -p o s itiv e  s ta p h y lo c o c c i  o c c u r re d  d u r in g  
th e  s h e lf  l ife  o f ice  c re a m  m ix  c o n ta in in g  20  p p m  
T y lo s in . I n  th e  a b sen ce  o f T y lo s in , th e  s ta p h y lo -

T a b le  1. E f f e c t  o f T y lo s in  o n  s ta p h y lo c o c c i  in  ice  
c re a m  m ix .

Staphylococci per g
Daysat9 8°F

ppm Tylosin
0 5 20

0 4,600 10,000 11,000
i 130,000,000 8,400 5,000
2 50,000 10,000
3 7,200,000 20,000
4 10,000

Daysat68°F
0 4,600 10,000 11,000
2 20,000,000 20,000 5,500
4 » 30,000 2,000
7 920,000 3,400

a E x p e r im e n t  te rm in a te d ,  p ro d u c t  o rg a n o le p t ic a l ly  
u n ac ce p tab le .

c o ccu s  p o p u la t io n  in c re a s e d  f ro m  a n  in i t ia l  4,600 
p e r  g  to  130 m illio n  p e r  g  d u r in g  24  h r  a t  98 ° F . 
A p p ro x im a te ly  18 g e n e ra t io n s  o f  s ta p h y lo c o c c u s  
g r o w th  o c c u r re d  d u r in g  th e  f i r s t  d a y  a t  9 8 ° F , a n d  
a b o u t  15 g e n e ra t io n s  w e re  o b s e rv e d  w i th in  48  h r  
a t  6 8 ° F . T h e  p re s e n c e  o f 5 p p m  T y lo s in  d e la y e d , 
b u t  d id  n o t  p re v e n t , th e  d e v e lo p m e n t o f l a r g e  n u m 
b e rs  o f s ta p h y lo c o c c i  d u r in g  th e  p e r io d  in  w h ic h  
th e  p ro d u c t  w a s  a c c e p ta b le  o r g a n o le p t ic a l ly  a t  
98° F .

T h e  s ta p h y lo c o c c u s  p o p u la t io n  o f c h e d d a r  ch ee se  
sau ce  in c re a se d  a  th o u s a n d fo ld  d u r in g  th e  in it ia l  
24  h r  o f in c u b a tio n . I n  p ro d u c t  c o n ta in in g  2.5 a n d  
10 p p m  T y lo s in ,  n o  g r o w th  o f  s ta p h y lo c o c c i  w a s  
o b se rv e d . In d e e d , th e  d a ta  in  T a b le  2  s u g g e s t  
t h a t  d e s tru c t io n  o f th e  s ta p h y lo c o c c u s  in o c u lu m  
o c c u r re d  in  th e  T y lo s in - t r e a te d  sau ce  d u r in g  th e  
f i r s t  fe w  d a y s  o f in cu b a tio n .

H a m s  p u m p e d  w ith  p ic k le  c o n ta in in g  0 a n d  
5 p p m  T y lo s in  a n d  s p ra y e d  w i th  s ta p h y lo c o c c i  d e 
v e lo p e d  h ig h  s u r f a c e  s ta p h y lo c o c c u s  p o p u la t io n s  
w i th in  3 d a y s  a t  70 a n d  9 8 ° F  ( T a b le  3 ) .  H o w e v e r ,  
h a m s  p u m p ed  w ith  2 0  p p m  T y lo s in  p ic k le  ( c o n -

T a b le  2. E f fe c t  o f T y lo s in  o n  s ta p h y lo c o c c i  in  
p ro c e s s e d  c h e d d a r  ch ee se  sp re a d .

Staphylococci per g
Days ppm Tylosin
9 8°F n 2.5 10

0 2,700 4,500 1,200
i 2,600,000 < 1 0 0 1,700
4 55,000,000 < 1 0 0 < 1 0 0
6 < 1 0 0 < 1 0 0
8 < 1 0 0 < 1 0 0
10 < 1 0 0 < 1 0 0
14 < 1 0 0 < 1 0 0
18 < 1 0 0  a < 1 0 0

“ E x p e r im e n t  te rm in a te d ,  p ro d u c t  m o ld y .

T a b le  3. E f f e c t  o f T y lo s in  o n  s ta p h y lo c o c c i  in  h a m .
Staphylococci per g

Daysat98°F
ppm Tylosin

0 0.75 3.0
0 6,000 3,800 5,400
3 260,000 ,000 360,000,000 100
7 220,000 ,000 a

Daysat70°F
0 2,000 4,800 5,200
3 26,000,000 26,000,000 600
7 280,000 ,000 a

a P r o d u c t  o rg a n o le p t ic a l ly  u n a c c e p ta b le .
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t a in in g  a p p ro x im a te ly  3 p p m  in  th e  t is s u e )  sh o w ed  
a  d e c re a s e  in  s ta p h y lo c o c c u s  lev e l a f te r  3 d a y s  
a t  b o th  te m p e ra tu re s .  W i th in  7 d a y s , th e  c o a g u la s e -  
p o s it iv e  s ta p h y lo c o c c u s  c o u n ts  o f b o th  h a m s  w e re  
in  th e  h u n d re d s  o f m illio n s .

T a b le  4. E f fe c t  o f T y lo s in  o n  s ta p h y lo c o c c i  in  
d o m e s tic  s a u sa g e .

Staphylococci per g
Days ppm Tylosin
7 0 °F 0 5 20

0 100 < 1 0 0 100
i 10,000 100 < 1 0 0
2 100,000 2,000 1,000
7 600,000 2,000 a 1,000

a E x p e r im e n t  te rm in a te d ,  p ro d u c t  o rg a n o le p t ic a l ly  
u n a c c e p ta b le .

D a ta  s u m m a r iz e d  in  T a b le  4  sh o w  t h a t  d o m e s tic  
s a u s a g e  c o n ta in in g  5 a n d  20  p p m  o f T y lo s in  r e 
s is te d  th e  d e v e lo p m e n t o f s ta p h y lo c o c c i  d u r in g  th e  
sh e lf  l ife  o f  th e  p ro d u c t  a t  70° F .  C o n tro l  p ro d u c t  
c o n ta in in g  n o  T y lo s in  e x p e r ie n c e d  a  h u n d re d fo ld  
in c re a se  o f s ta p h y lo c o c c i d u r in g  th e  in i t ia l  24  h r  
o f  in c u b a tio n . B y  th e  seco n d  d a y , th e  c o n tro l  
p ro d u c t  c o n ta in e d  100,000 s ta p h y lo c o c c i  p e r  g . 
A t  th e  t im e  th e  p ro d u c t  b e ca m e  o rg a n o le p t ic a l ly  
u n a c c e p ta b le  (7  d a y s )  th e  c o n tro l  p ro d u c t  c o n 
ta in e d  600 ,000  s ta p h y lo co cc i p e r  g  w h e re a s  p r o d 
u c t  fo r t i f ie d  w ith  S a n d  20  p p m  T y lo s in  c o n ta in e d
2,000  a n d  1,000 s ta p h y lo c o c c i  p e r  g , re s p e c tiv e ly .

T a b le  5 l is ts  r e s u lt s  o b ta in e d  in  th e  e x p e r im e n t  
w i th  b r a in  h e a r t  in fu s io n  b ro th .  T h e  p o p u la t io n s  
o f b o th  o f th e  T y lo s in  c u ltu re s  d e c lin e d  d u r 
in g  th e  in i t ia l  4.5 h r  o f in c u b a tio n . A t  th is  p o in t, 
th e  c o n tro l  c u ltu re  a p p a re n t ly  b e g a n  e x p o n e n tia l  
g ro w th . T h e  5 p p m  c u l tu re  p o p u la t io n  re m a in e d  
a p p ro x im a te ly  th e  sa m e  f ro m  th e  4 .5 -h r  s a m p lin g  
th r o u g h  72 h r ,  w h e re a s  th e  20 p p m  c u ltu re  c o n 
ta in e d  fe w e r  th a n  10 o rg a n is m s  p e r  m l a t  72 h r .

T a b le  5. E f f e c t  o f  T y lo s in  o n  s ta p h y lo c o c c i  in  b ra in  
h e a r t  in fu s io n  b ro th .

Staphylococci per ml
H oursat78°F

ppm Tylosin
0 S 20

0 760,000 1,010,000 240,000
2.5 850,000 334,000 201,000
4.5 1,240,000 185,000 109,000
5.5 2,600,000 199,000 42,550
6.5 3,125,000 144,000 41,000
7.25 5,630,000 131,000 24,500

72 280,000,000 150,000 < 1 0

DISCUSSION
Staphylococcus food poisoning is a major 

public health problem. Coagulase-positive 
staphylococci grow best in foods in which 
competing microogranisms are present in 
low numbers or absent (cooked foods) or 
inhibited by some ingredient (sodium chlo
ride). Lack of a reliable easy method for 
detecting staphylococcus enterotoxin has 
slowed research on the mechanism of toxino- 
genesis in foods. However, it is generally 
accepted that susceptible foods, inoculated 
with virulent staphylococci and held at 50- 
110°F for 4 or more hr, are potentially 
hazardous (Dack, 1956). As Dewberry
(1959) pointed out, “The prevention and 
control of staphylococcal food poisoning are 
fraught with considerable difficulty owing 
to the abundance and widespread nature of 
various staphylococcus strains and to the 
fact that the infected or intoxicated food is 
not altered in appearance, taste or smell. 
Consequently, there are no physical signs to 
indicate whether or not the food is contam
inated.” Control of staphylococcal growth 
would be highly desirable in mishandled or 
accidentally inoculated product until such 
time that it becomes organoleptically repul
sive.

Our results show that Tylosin is particu
larly suitable as an anti-staphylococcal agent 
in foods. It is essential that a material used 
for this purpose possess as narrow an anti
bacterial spectrum as possible, so that it 
cannot be substituted for good sanitation. 
Also, if put into general use as a food addi
tive, it must not have an effect on the normal 
intestinal flora of man. Tylosin is ineffective 
at concentrations of at least 100 ppm against 
organisms such as Aerobacter aerogenes, 
Escherichia coli, Proteus vulgaris, Pseudo
monas aeruginosa, and various yeasts and 
molds (McGuire et al, 1961).

Tylosin at 20 ppm prevented the prolifer
ation of staphylococci in ice cream mix 
through the time at which the product be
came organoleptically unacceptable (4 days 
at 98°F, 7 days at 68°F). Processed cheddar 
cheese spread containing 2.5 ppm Tylosin 
and 10 ppm Tylosin developed visible mold 
in 18 days at 98°F. No development of 
staphylococci was observed during the 18- 
day incubation period, although the staphylo
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coccus population of control product in
creased from its original 2700 per g to
2,600,000 per g within 24 hr. Hams con
taining 3.0 ppm Tylosin resisted the develop
ment of staphylococci for at least 3 days at 
70 and 98° F. Domestic sausage containing 
5 and 20 ppm Tylosin became organolepti
cally unacceptable within 7 days at 70° F. 
Fewer than 4 generations of staphylococcus 
growth occurred during the incubation pe
riod, although a six-thousand-fold increase 
was observed in control product.

Previously reported work with spore
forming bacteria (Greenberg and Silliker,
1961) showed no evidence that germination 
was inhibited in Tylosin-f ortified brain heart 
infusion broth. Spore germination occurred 
at the same rate both in the presence and 
in the absence of Tylosin. Once heat resist
ance was lost, the cells either followed a 
typical growth curve (Tylosin-free controls) 
or, in the presence of Tylosin, were de
stroyed exponentially. The data in Table 5 
(and in portions of Tables 1 and 4) suggest 
that .moderate levels of the antibiotic may 
be bacteriostatic rather than truly bacteri
cidal for enterotoxigenic staphylococci in 
certain substrates.

The results suggest that Tylosin may be 
useful in delaying or preventing staphylo
coccal enterotoxin formation in a variety of 
food products. It is apparent from the food 
substrate data that the concentration of 
Tylosin required will differ from product 
to product. For example, 2.5 ppm effectively 
controlled the staphylococci in cheddar 
cheese sauce, whereas 5 ppm delayed staphy
lococcus development only temporarily in 
ice cream mix. These results can be ex
plained, at least in part, on the basis that

the rate of Tylosin deterioration in one food 
environment is unlike that in another. The 
beneficial effects of Tylosin can thus be 
assessed only in terms of specific systems. 
It would be improper to generalize as to 
what constitutes a safe or effective level of 
the antibiotic in foods on the basis of experi
ence with a few products. Other studies, 
specifically designed to test the effectiveness 
of Tylosin as a food additive in widely 
differing food categories, have clearly shown 
that the anti-spore-former activity of the 
material varies greatly from one environ
ment to another (Greenberg and Silliker,
1960).

Regardless of these limitations, the fact 
remains that, with economically practical 
levels of Tylosin, control over the growth of 
staphylococci has been demonstrated during 
the normal shelf-life of 4 perishable food 
products.
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SUMMARY
Tylosin at levels up to 100 ppm  did not inhibit the germ ination o f spores 

o f Bacillus cereus and Clostridium species PA 3 679  in  brain heart in fusion  
broth. Death o f B. cereus in  the presence o f Tylosin was correlated chrono
logically with the start o f exponential growth in  Tylosin-free control cultures. 
W ith PA 3679 , the stage m ost susceptible to Tylosin occurred after germ ina
tion but prior to exponential growth.

The possibility of using antibiotics to ex
tend the shelf life of perishable foods or as 
an adjunct to heat processing in shelf-stable 
products has long intrigued the food scien
tist. Although chlortetracycline was ap
proved in 1955 for use in and on uncooked 
poultry in the United States, no antibiotic 
has been applied on a commercial basis to 
canned foods. Lack of heat stability and of 
specific activity against spore-forming bac
teria eliminates most antibiotics from con
sideration as additives to heat-processed 
foods.

Nisin and Tylosin have recently been 
given attention as potential additives in 
canned foods. Tylosin has been observed 
as the more effective of the two against a 
variety of spore-forming bacteria (Green
berg and Silliker, 1958; Denny et al., 
1961b). Denny et al. indicated that their 
results with Tylosin are explicable on the 
basis of an acceleration in the rate of spore 
destruction by heat or, alternatively, an in
hibition of spore germination in the heat- 
treated growth menstruum. Subsequently, 
Denny et al. (1961a) demonstrated that 
Tylosin has no effect on spore destruction 
rates. This report presents evidence that 
Tylosin has no effect against spores per se, 
but, in the manner of most antibiotics, at
tacks cells at that stage of their life cycle 
when they are capable of outgrowth.

MATERIALS AND METHODS
T y lo s in ,  a s  T y lo s in  la c ta te , w a s  s u p p lie d  b y  th e  

m a n u fa c tu re r ,  E l i  L i l ly  a n d  C o m p an y , In d ia n 
a p o lis , In d ia n a .  E q u iv a le n t  a c t iv i ty :  1.1 g  T y lo s in  
l a c ta te  =  1 g  T y lo s in .  W a t e r  so lu tio n s  o f  th e

a n tib io tic  w e re  p r e p a r e d  f re s h ,  a s  n e ed ed , a n d  
s te r i l iz e d  b y  p a s s in g  t h r o u g h  S e itz  f i l te rs . A l i 
q u o ts  o f  th e s e  so lu tio n s  w e re  a d d e d  to  p re v io u s ly  
s te r i l iz e d  b r a in  h e a r t  in fu s io n  b r o th  ( D i f c o )  to  
g iv e  th e  d e s ire d  c o n c e n tra t io n  o f T y lo s in .

Bacillus cereus, ty p e  T ,  a n d  Clostridium  sp e c ie s  
P A  3679-29  w e re  u t i l iz e d  in  th e  s tu d y . S p o re  
s to c k s  o f B. cereus w e re  p r e p a r e d  f ro m  4 8 -h r  
s h a k e  c u ltu re s  in  a  m o d if ic a tio n  o f G  m e d iu m  
f i r s t  d e s c r ib e d  b y  S t e w a r t  a n d  H a lv o r s o n  (1 9 5 3 ) .  
S p o re s  w e re  h a rv e s te d  b y  c e n t r i fu g a t io n  a n d  s u s 
p e n d e d  in  0.002511/ p h o s p h a te  b u f fe r  ( p H  7 .2 ) .  
T h e  s p o re  s to c k s  w e re  h e a t- s h o c k e d  20 m in  a t  
1 7 6 ° F  b e fo re  in tro d u c tio n  in to  t e s t  m ed ia . V e g e 
ta t iv e  ce ll s u sp e n s io n s  w e re  o b ta in e d  b y  i n t r o 
d u c in g  s p o re s  in to  b r a in  h e a r t  in fu s io n  b r o th  a n d  
in c u b a t in g  w i th o u t  s h a k in g  f o r  th e  d e s ire d  t im e  
a t  98  °F .

S p o re  s to c k s  o f  P A  3679 w e re  p r e p a r e d  a c 
c o rd in g  to  th e  m e th o d  o f  Z o h a  a n d  S a d o f f  (1 9 5 8 ) ,  
w a s h e d  tw ic e  in  0 .0 0 2 5 3 / p h o s p h a te  b u ffe r , a n d  
s to re d  in  th e  r e f r ig e r a to r .  B e fo re  u se  th e y  w e re  
h e a t- s h o c k e d  10 m in  a t  2 1 0 °F .

T h e  r e a c tio n  v e sse ls  w e re  s c re w -c a p  b o tt le s  c o n 
ta in in g  100 o r  200 m l o f b ra in  h e a r t  in fu s io n  
b ro th .  A l l  o f  th e  w o r k  w a s  c a r r i e d  o u t  a t  
7 8 ± 2 ° F .  A f t e r  in o c u la t io n , e a c h  b o tt le  w a s  s a m 
p led  p e r io d ic a lly  a n d  d i lu t io n s  w e re  m a d e  in  
0 .0025M  p h o s p h a te  b u ffe r . I n  e x p e r im e n ts  w h e re  
b o th  s p o re  a n d  to ta l  v ia b le  ce ll c o n c e n tra t io n s  
w e re  d e te rm in e d , a  s in g le  sa m p le  w a s  w i th d r a w n  
f ro m  th e  re a c t io n  b o t t le  a n d  d ilu te d  in  b u f fe r  
f o r  s u b s e q u e n t h a n d lin g . S p o re s  w e re  d e fin e d  a s  
th o s e  o rg a n is m s  c a p a b le  o f  s u rv iv in g  2 0  m in  a t  
1 7 0 -1 7 2 ° F . P a s te u r iz a t io n  w a s  d o n e  b y  p la c in g  
in  a  1 7 3 ° F  w a te r  b a th  th e  d i lu t io n  b o tt le s  f ro m  
w h ic h  th e  c o r re s p o n d in g  to ta l  c o u n t sa m p le s  w e re  
ta k e n . A  s im ila r  b o tt le , f i t te d  w i th  a  th e rm o m e te r ,  
w a s  u se d  in  fo l lo w in g  th e  t e m p e r a tu r e  o f  th e s e  
su sp e n s io n s  d u r in g  h e a t in g .

B. cereus c o u n ts  w e re  m a d e  b y  p la t in g  o n  
t ry p to n e  d e x t ro s e  y e a s t  e x t r a c t  a g a r  ( D i f c o )  a n d
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in c u b a t in g  24  h r  a t  98  °F . P A  3679 w a s  q u a n tif ie d  
by 3 -tu b e  o r  S -tu b e  m o s t-p ro b a b le -n u m b e r  d e te r 
m in a tio n s  (H o s k in s ,  1934) in  b r a in  h e a r t  in fu s io n  
b ro th  in c u b a te d  72  h r  a t  9 8 ° F . D e v e lo p m e n t o f 
b o th  tu rb id i ty  a n d  p u tre fa c tio n  c o n s t i tu te d  a  p o s i
t iv e  re s u lt .  R e c o v e ry  tu b e s  c o n ta in e d  25 m l o f  
b ro th .

RESULTS
T o  e n s u re  t h a t  p la te  c o u n t d iffe re n c e s  c o u ld  n o t  

b e  a t t r ib u ta b le  to  c a r r y o v e r  o f in h ib ito ry  lev e ls  o f 
T v lo s in , a  te s t  w a s  c o n d u c te d  in  w h ic h  B. cereus 
s p o re s  w e re  p la te d  in  T Y  a g a r  c o n ta in in g  g ra d e d
lev e ls  of th e  a n tib io tic . T h e  r e s u l t s  ( T a b le  1)

T a b le 1. R e s tr ic t iv e lev e ls o f T y lo s in  f o r
Bacillus cereus a n d  P A 3679 in re c o v e ry  m ed ia .

B. cereus per ml ppm Tylosin in TY  a g a r8 ppm Tylosin P A  3679 per ml in B H I broth b
0 132.0 0 38
0.1 130.3 0.01 32
0.2 133.1 0.03 32
0.4 127.0 0.05 6.1
0.8 < 1 0.07 < 1 .8
1.2 < 1 0.09 < 1 .8
* M e a n  o f 10 re p lic a te  p la t in g s . 
b S -tu b e  m o s t  p ro b a b le  n u m b e r .

sh o w ed  t h a t  th e  o rg a n is m  c o u ld  b e  re c o v e re d  
q u a n t i ta t iv e ly  in  T Y  a g a r  c o n ta in in g  0 .4  p p m  
T v lo s in . A  l im it  o f 0.1 p p m  w a s  im p o se d  in  
re c o v e ry  m e d ia  f o r  B. cereus.

T y lo s in  a t  0.05 p p m  w a s  fo u n d  to  r e s t r i c t  r e 
c o v e ry  o f  P A  3679 s p o re s  in  b r a in  h e a r t  in fu s io n  
b ro th  ( T a b le  1 ) .  C o n se q u e n tly , b o tt le s  c o n ta in in g  
100 o r  200  m l o f  b ro th  w e re  u s e d  a s  re c o v e ry  
u n its  f o r  s a m p le s ' c o n ta in in g  re la t iv e ly  h ig h  c o n 
c e n tr a t io n s  o f  T y lo s in  so  t h a t  th e  a n tib io tic  w o u ld  
be d i lu te d  s u ff ic ie n tly  to  p e rm it  o u tg r o w th  o f 
v ia b le  b a c te r ia .

T a b le s  2  a n d  3 a n d  F ig .  1 sh o w  r e s u l t s  w i th  
B. cereus. I n  th e  f i r s t  o f th e s e  te s ts ,  B. cereus

s p o re s  w e re  s u sp e n d e d  in  b ra in  h e a r t  in fu s io n  
b ro th  c o n ta in in g  0, 10, a n d  100 p p m  T y lo s in . A t  
le a s t  9 9 .5 %  o f  th e  p o p u la t io n s  o f a ll  th r e e  te s t  
sy s te m s  w e re  in c a p a b le  o f  s u rv iv in g  p a s te u r iz a 
t io n  1.5 h r  a f t e r  th e  s t a r t  o f  in c u b a tio n , d e m o n 
s t r a t in g  t h a t  g e rm in a t io n  h a d  n o t  b een  r e ta r d e d  
b y  T y lo s in  a t  e i th e r  10 o r  100 pp m . C e ll v ia b il i ty  
in  th e  T y lo s in  s y s te m s  w a s  a p p a re n t ly  lo s t  a f te r  
g e rm in a t io n ,  b u t  th e  p a t t e r n  w a s  n o t  a l to g e th e r  
c le a r .

TIME IN HOURS
F ig .  1. E f f e c t  o f T y lo s in  o n  1 8 -h r  c u ltu re s  o f 

B. cereus in  b ra in  h e a r t  in fu s io n  b ro th .

T a b le  3 s h o w s  t h a t  d e a th  in  th e  p re s e n c e  o f 
T y lo s in  w a s  c o r r e la te d  c h ro n o lo g ic a lly  w i th  th e  
s t a r t  o f e x p o n e n tia l  g r o w th  in  T y lo s in - f r e e  c o n tro l  
c u ltu re s .  F o r ty - e ig h t - h o u r  v e g e ta t iv e  c e lls  w e re  
s u sp e n d e d  in  0, 10, a n d  100 p p m  T y lo s in  in  b ra in  
h e a r t  in fu s io n  b ro th .  T h e  v ia b le  p o p u la t io n  o f 
e ac h  s u sp e n s io n  re m a in e d  a p p ro x im a te ly  th e  sam e  
u n ti l  th e  p o p u la t io n  o f  th e  c o n tro l  b e g a n  to  in 
c re a s e  e x p o n e n tia l ly  (b e tw e e n  th e  4 th  a n d  6 th  
h r  o f  i n c u b a t io n ) .  A p p ro x im a te ly  5 g e n e ra t io n s  
o f  g r o w th  o c c u r re d  d u r in g  th e  9 0 -m in  p e r io d  b e 
tw e e n  th e  4 .5 th  a n d  6 th  h r  o f  in c u b a tio n . D u r in g  
th e  sa m e  in c u b a t io n  p e r io d , a p p ro x im a te ly  9 9 %  
o f  th e  ce lls  in  th e  T y lo s in -c o n ta in in g  c u ltu re s  
w e re  d e s tro y e d .

T a b le  2. E f f e c t  o f  T y lo s in  o n  s p o re s  o f Bacillus cereus in  b r a in  h e a r t  in fu s io n  b ro th .

ppm Tylosin

Log number viable bacteria per ml broth
H ours at 78°F

0 1.5 3.5 5.0 7.0 24
100 T o ta l 5.36 5.34 5.28 5.10 4.83 1.3

P a s te u r iz e d 5.39 < 3 .0 0 2.00 < 2 .0 0

10 T o ta l 5.61 4.78 4.62 4.92 4.40 1.76
P a s te u r iz e d 5.34 3.00 2.30 < 2 .0 0

0 T o ta l 5.38 5.15 5.60 6.01 6.89 7.30
P a s te u r iz e d 5.00 < 3 .0 0 2.00 2.00



6 6 T H E  ACTION OF TYLOSIN ON SPORE-FORMING BACTERIA

T a b le  3. E f fe c t  of T y lo s in  o n  v e g e ta t iv e  c e lls  o f  Bacillus cereus in  b r a in  h e a r t  in fu s io n  
b ro th .

Log number viable bacteria per ml broth

ppm Tylosin
H ours a t 78c'F

0 1 3 4.5 6 23
100 3.80 3.92 3.87 3.76 1.80 < 1 - 3

10 3.74 3.92 3.73 3.61 1.80 < 0 .3
0 3.79 3.80 3.88 4.48 6.00 7.38

F ig .  1 sh o w s  th e  k in e tic s  o f T y lo s in - in d u c e d  
d e a th  o f B. cereus o b ta in e d  in  o n e  e x p e r im e n t. 
Y o u n g  ( 1 6 - h r )  c e lls  w e re  s u sp e n d e d  in  b o tt le s  of 
b ra in  h e a r t  in fu s io n  b ro th  c o n ta in in g  0, 1, 10, an d  
100 p p m  T y lo s in . E x p o n e n t ia l  g r o w th  b e g a n  in  
th e  c o n tro l  b o tt le  a t  a p p r o x  3.5 h r .  T h e  p o p u la 
t io n s  o f th e  T y lo s in -c o n ta in in g  su sp e n s io n s  d e 
c re a s e d  d u r in g  th e  0 -3 .5 -h r  p e r io d  a t  a  r a te  d e 
p e n d e n t o n  T y lo s in  c o n c e n tra tio n . B e g in n in g  w ith  
th e  3 .5 -h r  sam p le s , h o w e v e r , e x p o n e n tia l  d e a th  
e n su e d  in  a ll  3 T y lo s in  c u ltu re s — a n d  a t  a  r a te  
in d e p e n d e n t o f T y lo s in  c o n c e n tra tio n .

A  p re l im in a ry  e x p e r im e n t  in  w h ic h  P A  3679 
s p o re s  w e re  su sp e n d e d  in  b r a in  h e a r t  in fu s io n  
b ro th  c o n ta in in g  0, 10, a n d  100 p p m  T y lo s in  an d  
sam p le d  p e r io d ic a lly , s u g g e s te d  t h a t  th e  g e rm in a 
t io n  o f m eso p h ilic  a n a e ro b ic  s p o re s  is  a lso  in d e 
p e n d e n t o f T y lo s in . T h e  d a ta  ( T a b le  4 )  c o n s is te d  
o f  3 - tu b e  m o s t-p ro b a b le -n u m b e r  d e te rm in a t io n s .  
T h e  h y p o th e s is  w a s  c o n firm e d  b y  a n  a d d i tio n a l  
5 - tu b e  M P N  te s t  ( T a b le  5 )  w i th  5 p p m  T y lo s in  
in  th e  te s t  sy s tem . A g a in ,  T y lo s in  h a d  n o  d e m o n 
s tr a b le  e ffec t o n  g e rm in a t io n .

S o m e  in s ig h t  in to  th e  ro le  of T y lo s in  in  k i ll in g  
P A  3679 w a s  o b ta in e d  b y  in c o rp o r a t in g  107c 
N a C l in to  b ra in  h e a r t  in fu s io n  b ro th  in  th e  p re s 
en ce  a n d  a b sen ce  o f T y lo s in . O u tg ro w th  of g e r 
m in a te d  P A  3679 sp o re s  w a s  p re v e n te d  by  th e  
107c N a C l. A s  can  be seen  in F ig .  2, a p p r o x  9 8 % 
o f th e  in it ia l  in o c u lu m  w a s  d e s tro y e d  d u r in g  th e  
f i r s t  2.5 h r  of in c u b a tio n  in  b ra in  h e a r t  in fu s io n

b ro th  c o n ta in in g  5 p p m  T y lo s in . D u r in g  th e  sam e  
p e r io d  th e  p o p u la t io n  of a  s im ila r  c u l tu re  c o n 
ta in in g  5 p p m  T y lo s in  p lu s  10% N a C l  w a s  r e 
d u ce d  a p p r o x  5070-

F ig .  2. E f fe c t  o f T y lo s in  o n  s p o re s  o f  P A  3679 
su sp e n d e d  in  b ra in  h e a r t  in fu s io n  b ro th .  ( U n p a s 
te u r iz e d  c o u n t)

T h e  r a te  o f d e a th  in  th e  T y lo s in  a n d  T y lo s in -  
N a C l  c u ltu re s  a p p e a r s  to  h a v e  b een  p a r a l le l  f ro m  
th e  2 .5 -h r  p o in t  th ro u g h o u t  th e  e x p e r im e n t  (5 2  h r ) .  
T h e  s u rv iv o r  lev e ls  a t  2.5 h r  w e re  c o n s id e ra b ly  
h ig h e r  in  th e  10% N a C l c u ltu re s , in  b o th  th e  
p re s e n c e  a n d  a b se n c e  of T y lo s in , th a n  in  th e  s a l t-  
f re e  T y lo s in  sy s tem . T h u s ,  b lo c k in g  o u tg r o w th ,

T a b le  4. E f f e c t  of T y lo s in  on  s p o re s  o f Clostridium  sp ec ies  P A  3679 in  b ra in  h e a r t  
in fu s io n  b ro th .

ppm Tylosin

Log most probable number cells per ml broth
H ours at 78°F

0 1.5 3.25 5 6.5 25
100 T o ta l 3.36 3.18 0.48 0.48 0.80 0 “

P a s te u r iz e d 3.63 1.48 1.48 1.71 1.48
10 T o ta l 3.45 2.48 1.81 1.64 1.56 0 “

P a s te u r iz e d 3.97 1.48 2.97 1.48 2.36
0 T o ta l 3.18 3.36 4.36 4.18 4.36 7.18

P a s te u r iz e d 3.36 1.96 2.36 2.36 1.96
F e w e r  th a n  3 ce lls  p e r  m l.
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T a b le  5. E f f e c t  o f T y lo s in  o n  s p o re s  o f  Clostridium  sp ec ies  P A  3679 in  b r a in  h e a r t  in fu s io n  

b ro th .
Log most probable number cells per nil broth 

Hours a t 78°F
ppm Tylosin M PN 0 a 0.5 1.0 4.0 5.5 ' 7.0 24 30

5 T o ta l 4.30 3.18 2.97 1.91 1.65 2.36 1.65 1.23
P a s te u r iz e d 4.30 3.14 1.30 1.89 2.36 2.23 < 1 .2 6 < 1 .2 6

0 T o ta l 4 .30 4.66 3.08 2.30 3.89 4.96 8.23
P a s te u r iz e d 4.30 3.60 3.08 1.65 2.69 2.67 < 1 .2 6

" I n i t ia l  c o n c e n tra t io n  o f  h e a t- s h o c k e d  s p o re s  c a l c u l a t e d : 0 .2  m l o f s to c k  s p o re  s u sp e n s io n  
c o n ta in in g  20,000,000 s p o re s  p e r  m l a d d e d  to  200 m l b r a in  h e a r t  in fu s io n  b ro th  =  2 0 ,0 0 0 /m l.

ev en  b y  a  s y s te m  s o m e w h a t to x ic  in  i ts  o w n  
r ig h t ,  in te r f e re d  w ith  T y lo s in ’s a n tib io tic  a c t iv i ty . 
T h e  d a ta  in  T a b le s  4 a n d  S a n d  in  F ig .  2  d e m o n 
s tr a te ,  h o w e v e r , th a t ,  u n lik e  B. cereus, P A  3679 
ce lls  w e re  a t ta c k e d  s u c c e ss fu lly  b e fo re  th e  t im e  
w h e n  e x p o n e n tia l  o u tg r o w th  o c c u r re d  in  T y lo s in -  
f re e  m ed ia .

DISCUSSION
The usefulness of any canned-foods anti

biotic must be measured by its ability to 
maintain a given container of product free 
of post-processing microbiological growth. 
Since bacterial spores are the surviving flora 
in canned foods receiving nonsterilizing ther
mal treatment, it is essential that the mode 
of anti-spore-former activity of the agent 
be understood clearly. Should single-event 
contact with a spore prevent germination, 
effective levels of the antibiotic need not re
main in the product after processing. If 
the antibiotic retards spore germination, it 
must persist in the product at effective levels 
throughout the expected shelf life of the 
product.

Our data support the hypothesis that 
spore germination is not affected by Tylosin 
in environments where germination and out
growth can take place. Tylosin seems to 
function in the manner of other antibiotics 
tested by various investigators as possible 
canned-food antibiotics. Wynne and ITarrell 
(1951) showed that penicillin had no effect 
on the germination of spores of Cl. botu- 
linum 62 A  or PA 3679. Wynne et al. (1952) 
demonstrated that streptomycin was incapa
ble of delaying germination of Cl. chauvei, 
Cl. perfringens, or PA 3679 in Brewer’s 
thioglycollate medium. Andersen (1952) 
found, in studies with Cl. botulinmn 62A, 
that subtilin was very effective in a medium

capable of supporting rapid germination, but 
was relatively ineffective under conditions 
where germination was delayed. Michener
(1955) concluded that subtilin affects B. 
subtilis spores only in an environment suit
able for germination. Campbell and Sniff
(1959) demonstrated that neither subtilin 
nor nisin prevented spore germination or 
reduced heat resistance of spores of B. 
coagulans.

As with the antibiotics listed above, Tylo
sin destroys cells after they have undergone 
the metabolic events that result in loss of 
thermal resistance. In the case of the aero
bic spore-forming organism tested in this 
study, Tylosin is of greatest effect at the 
point where exponential growth would begin 
in Tylosin’s absence. With PA 3679 cells, 
the stage most susceptible to Tylosin occurs 
after the loss of thermal resistance but be
fore exponential growth.

If Tylosin is to be used as a canning anti
biotic, levels of the material in a container 
must be effective at all times when germina
tion can take place. The use of Tylosin may 
make it possible to reduce materially the 
thermal processing requirements of canned- 
food products in which the antibiotic re
mains effective for long periods or in which 
spore germination occurs readily.
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S U M M A R Y
Anserine (/3-alanyl-L-l-methyIhistidine) is cleaved hydrolytically by a had

dock m uscle enzym e. The inclusion o f Chlortetracycline and Oxytetracycline 
in  ice preserving eviscerated haddock increases the free /3-alanine and L-1- 
m ethylhistidine recoverable from  the m uscle during chill storage. This results 
from  their lower utilization by the microfloras selected by tetracyclines. 
Technological im plications are discussed briefly.

Recent evidence (de Silva and Hughes,
1960) has indicated that proteolysis in the 
flesh of iced herring (Clupea harengus) pro
ceeds independently of bacterial action. The 
pattern of amino acid accumulation in the 
chill stored fish is governed by rates of 
utilization that vary with the type of micro
flora that develops. Since herring are sub
ject, in commercial practice, to the activities 
of the gut enzymes (Baalsrud, 1951), and 
since dark flesh usually possesses a higher 
inherent proteolytic activity (Jones, 1961), 
the conclusions of de Silva and Hughes are 
not readily applicable to considerations of 
the deterioration of eviscerated “white” fish.

During an investigation into biochemical 
changes in the flesh of iced haddock, ma
terial that had been stored in the presence 
of antibiotics was made available to us 
through the kindness of Dr. J. M. Shewan. 
The flesh of the species contains an enzyme, 
anserinase, that cleaves anserine (/3-alanyl- 
L-l-methylhistidine) hydrolytically at the 
peptide bond. This gave us an opportunity 
to provide an illustration of the effects of 
modifications of the microflora on its inter
relations with a fairly simple and well-char
acterized autolytic system.

The anserinase of haddock muscle closely 
resembles that of the related species cod 
(Gadus callarias) (Jones, 1955, 1956a). In 
life it forms part of a simple cycle in which

* B r i t is h  C o u n c il S c h o la r .  P r e s e n t  a d d r e s s : 
F a c u l ta d  d e  V e te r in a r i a ,  U n iv e r s id a d  d e  Z a ra g o z a ,  
S p a in .

the liberated /3-alanine reacts enzymically 
with adenosine 5'-triphosphate to form 
/3-alanyladenylate (Jones, 1960). A combi
nation of this compound with L-l-methyl- 
histidine completes the cycle to anserine. A 
rapid fall in adenosine 5'-triphosphate con
centration after the death of the fish (Jones 
and Sanz Perez, unpublished data) allows 
the accumulation of the free amino acids in 
the stored fish.

EXPERIMENTAL
M a te r ia ls

H a d d o c k  w e re  c a u g h t  b y  c o m m e rc ia l  t r a w le r  45 
m iles  S - E  o f  A b e rd e e n  in  O c to b e r , 1959. T h e y  
w e re  e v is c e ra te d , p a c k e d  in  ic e  a n d  la n d e d  w ith in  
a  d a y  o f d e a th . D L -l-M e th y lh is tid in e  w a s  p re p a re d  
f ro m  a n s e r in e  iso la te d  f ro m  p ik e  (Esox Indus) 
( J o n e s ,  1 9 5 5 ). T h e  a m in o  a c id  w a s  s e p a ra te d  on  
a  D o w e x  1 ( O H - ) c o lu m n  a n d  c ry s ta l l iz e d  a s  th e  
m o n o h y d ra te ,  m .p . 251.5 ° C  ( J o n e s ,  1 9 5 9 a ) . /3 -A la 
n in e  w a s  p u rc h a s e d  ( L ig h t  a n d  C o ., C o ln b ro o k , 
B u c k s , E n g l a n d ) .  C h lo r te tr a c y c l in e  (A c ro n iz e  B 1 : 
A m e r ic a n  C y a n im id  C o., N e w  Y o r k , N .Y .)  w a s  
k in d ly  d o n a te d  b y  th e  m a k e r .  O x y te tr a c y c l in e  
( B io s t a t :  P f iz e r  L td .,  F o lk e s to n e , E n g la n d )  w a s  
k in d ly  d o n a te d  b y  th e  m a k e r .

T h e s e  a n tib io tic  p re p a ra t io n s  c o n ta in e d  d is p e r s 
in g  a g e n t.

M e th o d s
C h ill s to ra g e .  T h e  fish  w e re  d iv id e d  in to  3 

g ro u p s  a sh o re . T h e y  w e re  p a c k e d  in  a lu m in u m  
b o x e s  c o n ta in in g  a )  c o m m e rc ia l  ice  ( C l ) ,  b )  ice  
c o n ta in in g  5 X  K T‘ %  ( w / w )  c h lo r te tra c y c l in e  
( C I C ) ,  c )  ice  c o n ta in in g  S X  10“4%  ( w / w )  o x y 
te t r a c y c l in e  ( C I O ) .  T h e  r e f r ig e r a te d  t e m p e ra tu re  
w a s  2.5 °C , s im u la tin g  t h a t  in  a  t r a w l e r ’s ho ld . 
F is h  w e re  re m o v e d  p e r io d ic a lly , a n d  f ille ts  w e re  
p r e p a re d  f o r  a n a ly s is .

v i t M i j j n  n î J j Q r a n h u t a j  1
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A n a ly s e s  f o r  L - l - m e th y lh is t id in e  a n d  /3 -a lan in e .
M u s c le  (2 0  g )  f ro m  th e  a n te r io - d o r s a l  p o r t io n  o f 
fille t  w a s  e x tr a c te d  in i t ia l ly  in to  e th a n o l  (5 4  m l)  
a n d  th e n  r e p e a te d ly  w i th  7 5 %  ( v / v )  e th a n o l -w a te r  
to  a  to ta l  250 m l o f e x t r a c t .  A l iq u o ts  (2 5  m l)  f ro m  
th e  c o m b in ed  e x t r a c ts  o f  6  fish  w e re  s h a k e n  w ith  
c h lo ro fo rm  (75  m l ) .  O f  th e  u p p e r , a q u e o u s  la y e r  
t h a t  s e p a ra te d ,  c o n ta in in g  th e  f re e  a m in o  a c id  f r a c 
t io n  ( A w a p a r a ,  1 9 4 8 ), 4 m l w e re  ly o p h il iz e d  a n d  
s to re d  a t  —2 ° C  to  a w a i t  a n a ly s is .

W a t e r  (4 0 0  ¿d) w a s  a d d e d , a n d  a liq u o ts  c o n 
ta in in g  3 -1 2  fig o f  /3 -a lan in e  o r  L - l - m e th y lh is t id in e  
( a s  p re d e te rm in e d  by  r o u g h  e x p e r im e n t)  w e re  
c h ro m a to g ra p h e d  2 -d im e n s io n a lly  on  8 - in .-s q  W h a t 
m a n  N o . 1 p a p e r  in  p h e n o l-a m m o n ia  a n d  co llid in e -  
lu tid in e  ( D a t t a  et al,, 19 5 0 ; D e n t, 1 9 4 8 ). T h e  
p a p e rs  w e re  d r ie d  in  a i r  a n d  s p ra y e d  on  b o th  sid es  
w i th  1 %  ( w / v )  n in h y d r in  in  b u ta n - l - o l .  C o lo r  
w a s  d e v e lo p ed  a t  20° f o r  48 h r  in  d a rk n e s s .  S p o ts  
in  th e  p o s it io n s  o f /3 -a lan in e  a n d  L - l- m e th y lh is t id in e  
w e re  e lu te d  q u a n t i ta t iv e ly  in to  5 0 %  ( v / v )  a c e to n e -  
w a te r  a n d  e v a lu a te d  a g a in s t  re fe re n c e  s ta n d a rd s  a t  
570 m ^ . T h e  a c c u ra c y  o f th e  a n a ly s e s  w a s  o f  th e  
o r d e r  o f  ± 5 % .

R E S U L T S
F ig . 1 in d ic a te s  th a t ,  a f te r  a n  in i t ia l  la g  p e rio d  

d u r in g  th e  f irs t  d a y  o f  s to ra g e ,  c o n c e n tra t io n s  of 
L - l -m e th y lh is t id in e  ro s e  ra p id ly ,  w i th  r e la tiv e ly  
l i t t le  d if fe re n c e  b e tw e e n  th e  g ro u p s  a t  3 d a y s ’ s to r 
a g e . T h e r e a f te r ,  lev e ls  w e re  h ig h e r  in  C IO  fish  
th a n  in  C IC  fish  a n d  C l  fish . A f t e r  7 d a y s , c o n 
c e n t r a t io n s  in  C l  fish  fe ll  ra p id ly . A  less  r a p id  
fa ll  w a s  fo u n d  in  th e  C I C  fish  a f te r  10 d ay s .

F ig .  2  i l lu s t r a te s  c h a n g e s  in  c o n c e n tra t io n s  o f 
/3 -alan in e. A f te r  in it ia l  la g s  s im ila r  to  th o s e  fo u n d

Days in Ice
F ig .  1. L - l - M e th y lh i s t id in e  c o n te n t  o f e v is c e r 

a te d  h a d d o c k  s to re d  in  ice  O i  ' ce  c o n ta in in g  C h lo r
te t ra c y c lin e  A ,  a n d  O x y te tra c y c lin e  □ _ ( P o in t s  
r e p re s e n t  a v e r a g e  v a lu e s  f o r  6  fish. E x t r a c t s  o f 
in d iv id u a l  fish  o f  a  g ro u p  w e re  c o m b in ed  fo r  
a m in o  a c id  a n a ly s is . A n a ly s e s  w e re  p e r fo r m e d  in  
t r ip l ic a te ,  a n d  a v e r a g e d .)

fo r  L - l -m e th y lh is t id in e ,  th e  lev e ls  in c re a s e d  r a p 
id ly  b e tw e e n  1 a n d  3 d a y s ’ s to ra g e .  T h e r e a f te r ,  
lev e ls  w e re  c o n s is te n tly  h ig h e r  in  th e  p re s e n c e  of 
th e  te t ra c y c lin e s  th a n  in  th e i r  a b sen ce

Days in Ice
F ig .  2. /3 -A lan in e  c o n te n t  o f  e v is c e ra te d  h a d d o c k  

s to re d  in  ice  0 >  ice  c o n ta in in g  c h lo r te tra c y c l in e  
A ,  a n d  o x y te tr a c y c lin e  ( P o in t s ,  m e a n  v a lu e s  
a s  in  F ig . 1.)

D IS C U S S IO N
Neither ¿8-alanine nor L-l-methylhistidine 

occur to any appreciable extent in fish 
muscle proteins (Connell and Howgate,
1959). The appearance of L-l-methylhisti
dine in the flesh presumably derives solely 
from the hydrolysis of anserine since it pre
cedes bacterial invasion of the tissue (see 
below) and it has not been implicated in the 
intermediary imidazole metabolism of mi
croorganisms. ¿8-Alanine must also derive 
predominantly from anserine during the 
early stages of chill storage. Alternative 
direct sources of the amino acid, such as 
pantothenate, are present in relatively very 
small concentration. A small proportion 
( ~  4% ) may possibly derive from the pres
ence of carnosine (¿8-alanyl-L-histidine) in 
the tissue. Although most workers have 
failed to detect this compound in gadoid 
muscle (Yudaev, 1950 ; Shewan et al., 1952;
N. R. Jones, unpublished data), Lukton and 
Olcott (1958) found 4.5 mg/100 g in the 
closely related species cod (Gadus call-arias) 
using a refined ion-exchange chromato
graphic technique. Haddock contains some 
132-170 mg of anserine per 100 g of fresh 
muscle (N. R. Jones, unpublished data).

With the development of a spoilage micro
flora on the fish an alternative pathway to 
¿8-alanine may be postulated. Aspartate 
could conceivably be subject to bacterial



PEREZ AND JONES 71
decarboxylation (e.g., David and Lichstein,
1950). The concentration of aspartate re
mained below 2 m g/100 g throughout the 
course of these experiments but this in itself 
would not preclude this substance as a pre
cursor of /3-alanine. It could be an inter
mediary with a very high rate of turnover 
in the spoiling tissue. The possible pre
cursors of aspartate itself include active 
proteolysis, the animation of fumarate pro
duced by the operation of the citric acid 
cycle and transamination reactions involving 
oxaloacetic acid produced in the cycle. Data 
collected in this laboratory indicate that 
these would not be seriously operative until 
towards the end of the experiment on Cl 
fish. Therefore, de-carboxylation of aspar
tate was not an important consideration 
during most of the experiment but it could 
account, perhaps, for the terminal rise ob
servable in /3-alanine concentration.

It is commonly accepted that a spoilage 
microflora does not invade the muscle of 
gadoids from the epidermal layers during 
approximately the first 6 days of chill stor
age (Stewart, 1932; J. M. Shewan, personal 
communication). Therefore, a marked lack 
of stoichiometry [calculated L-l-methylhis- 
tidine: /3-alanine, 1:1 (moles); observed 
1.6:1] in the concentrations of the amino 
acids after 3 days probably reflects a partial 
removal of /3-alanine along an unknown 
pathway of muscle catabolism. In this re
spect our results differ from those in earlier 
experiments (Jones, 1955; Shewan and 
Jones, 1957) on cod in which stoichiometry 
was good and there was no observable lag 
phase in the disappearance of anserine. 
Antibiotics did not interfere with the action 
of the muscle enzymes, apparently, for the 
3 groups of haddock behaved similarly dur
ing the preliminary autolytic phase.

The evidence indicates, then, that we have 
measured in these studies the combined 
effects of (a) muscle anserinase, (b) the 
probable partial removal of one of the prod
ucts of anserinase action by other catabolic 
systems, (c) the utilization of the products 
of anserinase action by the spoilage micro
flora, coupled, perhaps, with the effects of 
bacterial dipeptidases on anserine and late 
bacterial synthesis of /3-alanine via aspartate,

(d) the effects of tetracycline antibiotics on
(c). The information presently available 
on the comparative bacteriology of fish chill- 
stored in the presence and absence of anti
biotics, and on the biochemistry of the spe
cies selected by such treatments, does not 
permit the precise evaluation of these fac
tors. But we do have evidence from earlier 
experiments (Shewan and Jones, 1957) that 
the Pseudomonad group of the spoilage 
microflora can utilize /3-alanine rapidly. The 
higher levels of /3-alanine in tetracycline- 
treated fish after a period of chill storage 
may well reflect the effects of retarding the 
development of such highly active spoilage 
species (G. Hobbs, personal communica
tion).

No data are available on the fate of 
L-l-methylhistidine in comparable model 
systems. From Fig. 1 it seems likely that 
there is a considerable utilization of the 
amino acid by the spoilage microflora under 
conventional conditions of chill storage. It 
appears that the type and intensity of the 
microflora selected by the presence of oxy- 
tetracycline in the preservative ice results in 
a lower requirement for the amino acid than 
that selected by chlortetracycline.

These experiments provide an illustration 
of interaction between an essentially auto
lytic activity and bacterial agencies in a 
stored foodstuff. They also indicate that 
the introduction of antibiotic practices can 
modify the chemical composition of flesh 
foodstuffs in a manner that may be signifi
cant technologically. L-l-Methylhistidine is 
known to have a high capacity for both 
sugar-activated (Jones 1959b) and sponta
neous (Jones, 1956b) non-enzymic “brown
ing” reactions. /3-Alanine is also one of 
the more “browning” reactive amino acids 
(Jones, 1959b).
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SUMMARY
The protein, oil, ash, m oisture, sodium , and potassium  content o f samples 

of butterfish, flounder, pollock, and hake was determ ined. In addition, length, 
weight, and fillet yield have been recorded. F illet yield differed m arkedly  
both with species and with the size o f the fish. Analysis showed a wide varia
tion in the percentage o f oil, not only in butterfish (considered an oily fish) 
but also in lean fish such as silver hake and flounder. Protein content proved 
to be consistently higher in  pollock than in  the other fish. Mineral and oil 
com ponents showed a m uch higher percentage in offal than in corresponding  
fillets. Analysis o f variance indicated that significant differences in results were 
related to the season in which the fish were caught.

IN T R O D U C T IO N
Because existing information on the com

position of many species of fish in New 
England waters is inadequate in many re
spects, representative data are being col
lected at this laboratory. Factors under 
consideration in relation to composition 
include species and size, and season and 
area in which caught.

This report is concerned with quantitative 
differences in the components of the fillets 
and offal of butterfish, flounder, pollock, and 
hake. (Offal is the entire body of the fish, 
less the fillet. It includes head, bone, skin, 
and viscera. The offal of many species is 
used in animal feeds after being frozen, 
canned, or converted to meal.) The sodium 
and potassium content is aso under consider
ation. Thurston (1958) reported that the 
sodium content of the flesh of most Pacific 
ocean fish he has studied was less than 
100 mg per 100 g. The importance of this 
element in certain special diets is well 
known, and its concentration in any major 
food is of significance. The sodium-potas
sium balance is also of interest from the 
standpoint of its influence on human metab
olism.

E X P E R I M E N T A L
C o lle c tio n  o f  s a m p le s . T h e  fish  s tu d ie d  w e re  

se le c te d  f ro m  b o a ts  o f th e  in - s h o re  f ish in g  flee t. 
T h e y  h a d  b e en  c a re fu l ly  ic e d  a f t e r  c a tc h in g  a n d  
w e re  n e v e r  m o re  th a n  48  h r  o ld  w h e n  re c e iv e d  a t  
th e  la b o ra to ry .  W i th  th e  e x c e p tio n  o f  b u tte r f is h ,  
w h ic h  w e re  c a u g h t  s o u th  o f C a p e  C o d  (o f f  B lo c k  
I s l a n d ) ,  a l l  th e  fish  w e re  ta k e n  in  a r e a s  n o r th  of 
C a p e  C o d  ( in  th e  G u lf  o f  M a in e ) .

P r e p a r a t io n  o f  sa m p le s . Im m e d ia te ly  on  a r r iv a l  
a t  th e  la b o ra to ry ,  th e  fish  w e re  in d iv id u a lly  m e a s 
u r e d  fo r  w e ig h t  a n d  le n g th , a n d  th e  fi lle t  w a s  
re m o v e d  f ro m  e a c h  s id e  o f  th e  fish . T h e  tw o  
f ille ts  f ro m  e ac h  fish  w e re  w e ig h e d  a n d  b le n d e d  
in to  a  h o m o g e n e o u s  m a ss  fo r  a n a ly s is .  T h e  o ffa l 
o f  e a c h  fish  w a s  w e ig h e d  s e p a ra te ly ,  g ro u n d  in  a  
m e a t  c h o p p e r , a n d  f in a lly  h o m o g e n iz e d  in  a  
b le n d e r .

M e th o d s  o f  a n a ly s is .  T h e  a n a ly t ic a l  m e th o d s  
a r e  d e s c r ib e d  b y  S o h n  et al. ( 1 9 6 1 ) .  S o d iu m  a n d  
p o ta s s iu m  a n a ly s e s  w e re  m a d e  o n  a c id if ie d  s o lu 
t io n s  o f  th e  a s h  f ro m  a liq u o ts  o f th e  h o m o g e n iz e d  
fille ts . T h e  d e te rm in a t io n s  w e re  c a r r i e d  o u t  u s in g  
th e  f lam e  a t ta c h m e n t  to  th e  B e c k m a n  m o d e l D K  
s p e c tro p h o to m e te r .  A ll  a n a ly s e s  w e re  c a r r i e d  o u t  
in  d u p lica te .

R E S U L T S  A N D  D IS C U S S IO N
Table 1 shows the physical data for but

terfish, flounder, pollock, and hake. The 
data for pollock indicate that the fillet yield,
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T a b le  2. C o m p o s itio n  d a ta  fo r  f ille ts  o f  b u tte r f is h ,  f lo u n d e r , p o llo ck , a n d  h a k e .

Description Seasoncaught No. P ro te in
(% )

Oil
< % )

Ash
(% )

M oisture(%) Sodium (m g/100 g) Potassium (m g/100 g)
B u tte r f is h F a l l 1 2 “ 1 8 .1 + 0 .5 5 .0 6 + 1 .5 1 .3 + .0 5 76 .3 ± 1 .9 9 6 ± 1 3 411 ± 2 1

S p r in g 1 2 “ 1 6 .7 + 0 .5 8 .9 2 + 4 .1 1 .2 + .0 6 7 4 .0 ± 4 .9 8 1 ± 1 5 3 3 8 ± 3 0
F lo u n d e r

G re y b a c k F a l l 9 1 6 .2 ±  1.2 0.05 ± .0 3 1.1 ± .0 6 8 2 .2 ±  .8 9 7 ± 2 4
Y e llo w ta il F a l l 7 17.5=1=1.0 0 .1 3 ± .0 7 1.3 ± .1 0 8 0 .8 ±  .8 7 9 ± 1 9
B la c k b a c k F a l l 7 1 8 .8 ±  1.5 0 .1 5 + .0 9 1 .3 ± .1 4 7 9 .9 ± 1 .5
D a b s F a l l 1 2 “ 17.6=1= .5 0 .2 3 + .0 1 1 .2 ± .0 9 8 0 .6 ±  .7 8 3 ± 1 7 3 3 3 ± 3 5
D a b s S p r in g 1 2 “ 1 8 .1 +  .8 0 .1 2 + .0 6 1 .2 ± .0 5 7 9 .6 ± 1 .3 9 8 ± 1 3 325 ± 3 9

P o l lo c k
L a rg e F a l l 6 “ 1 8 .9 +  .3 0 .3 8 + .2 0 1 .4 ± .0 6 7 7 .4 ±  .3 1 0 0 ± 4 3 3 6 0 ± 7 2
S m a ll F a l l 6 " 1 9 .2 +  .4 0 .2 7 ± .0 4 1 .3 ± .1 6 7 8 .0 ±  1.1 7 2 ± 1 6 3 1 2 ± 3 1
M e d iu m S p r in g 1 2 “ 1 8 .6 +  .5 0 .3 3 + .1 7 1 .4 ± .0 6 77.7 ±  .9 86 ± 2 0 3 7 1 ± 4 8

H a k e
S q u ir r e l F a l l 6 1 6 .7 +  .4 0 .5 6 ± .1 6 1.2 ± .0 5 82 .0  ±  .9 9 2 ± 3 2
S ilv e r F a l l 6 1 5 .2 +  .9 0 .4 3 + .0 6 1. 2 ±  .10 8 2 .4 ± 1 .5 1 0 4 ± 1 1
S ilv e r F a l l 1 2 “ 1 6 .9 +  .5 2.01 =1= .61 1 .2 ± .0 9 7 9 .3 ± 1 .5 7 7 ±  18 341 ± 3 6
S ilv e r S p r in g 1 2 “ 1 6 .4 +  .4 1 .9 9 + .8 0 1.1 =±.07 80.1 ± 1 .1 1 0 5 ± 2 7 2 S 7 ± 3 2

“ T h e s e  g ro u p s  w e re  u s e d  to  d e te rm in e  th e  s ig n if ic a n c e  o f se a s o n a l  v a r ia t io n  in  c o m p o s i
tio n . S e e  T a b le  4.

expressed as percent of the entire pollock, 
is greater from large and medium fish than 
from small ones.

The findings are quite different for the 
two species of hake. Silver hake (200- 
400 g) provide fillet yields of about 33%. 
Much larger squirrel hake (ca. 2700 g) 
provide fillet yields of about 25%.

The data for flounder suggest that black- 
backs and dabs have a significantly higher 
fillet yield than do greybacks and yellow- 
tails. If this relation holds true in further 
studies on fish caught in widely different 
areas, it will be of considerable importance 
to fish processors and fishermen.

Table 2 presents values for the protein 
(nitrogen X 6.25), oil, ash, sodium, potas
sium, and moisture content of the fillets. 
The seasons in which the fish were caught, 
and the number of samples subsequently 
used for analyses of variance are also shown.

Butterfish, which is considered to be an 
oily fish, shows a wide variation in oil con
tent. The lean fish, however, such as dabs 
and particularly silver hake, exhibit remark
ably large variations in oil content on a 
percentage basis. The protein content of 
pollock appears unaffected by size but is 
consistently higher than in butterfish, floun

der, or hake. This higher content of protein 
is reflected in the moisture content of pol
lock fillets, which is lower than that of the 
other lean fish.

Except with hake and large pollock, the 
mean values of sodium and potassium fall 
below 100 mg/100 g. Pollock is of par
ticular interest in that the sodium percent
age increases with the size of the fish.

Table 3 lists the values for the proximate 
components of the offal. The difference in 
composition between fillets and offal is im
mediately apparent in all the species. The 
skeletal structure and scales are responsible 
for the high ash and the liver contributes 
greatly to the oil content. The high ash 
and oil contents appear to affect moisture 
more than protein—a fact that is of impor
tance to manufacturers who utilize flounder 
and pollock offal in the preparation of fish 
meal. The value of this product is largely 
determined by its protein content. Its manu
facturing cost is largely determined by the 
cost of water removal.

Table 4 shows the levels of significance 
of the variation with season of the proxi
mate components of the fillets and offal of 
butterfish, dabs (flounder), pollock, and sil
ver hake. Two series of analyses were se-
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T a b le  3. C o m p o s itio n d a ta  fo r o ffa l  o f  b u tte r f is h ,  flo u n d e r , p o llo ck , a n d h a k e .

Description Seasoncaught Protein ( %) Oil ( %) Ash (% ) M oisture ( %)
B u tte r f is h F a l l 1 2 s 15.4=1=0.6 8 .4 + 3 .0 3 .1 + 0 .3 7 1 .9 + 2 .8

S p r in g 1 2 a 14.7=1=0.4 1 3 .0 + 3 .5 3 .1 + 0 .4 6 8 .7 ± 3 .6
F lo u n d e r

G re y b a c k F a l l 9 14.1 ± 0 .3 1 .2 ± 0 .3 3 .8 + 0 .1 8 0 .9 = 0 .6 2
Y e llo w ta i l F a l l 7 1 6 .2 ± 0 .2 0 .8 + 0 .2 5 .8 + 0 .6 7 5 .3 = 2 .2
B la c k b a c k F a l l 7 1 6 .9 + 1 .6 3 .2 ± 1 ,2 5 .1 + 0 .1 7 4 .2 = 1 .8
D a b s F a ll 12* 1 7 .2 + 0 .7 2 .2 + 0 .6 5 .5 + 1 .5 7 4 .7 = 1 .7
D a b s S p r in g 1 2 a 1 5 .7 ± 0 .9 2 .8 + 1 .2 4 .7 + 0 .4 7 6 .3 + 1 .8

P o l lo c k
L a r g e F a l l 6* 1 7 .0 + 1 .4 6 .6 + 1 .4 3 .4 + 0 .4 7 1 .3 + 1 .3
S m a ll F a l l 6* 1 6 .1 + 0 .7 9 .Ö + 2 .6 4 .0 + 0 .3 7 0 .1 + 1 .0
M e d iu m S p r in g 1 2 “ 1 6 .5 ± 1 .1 8.1 =1=2.5 3 .7 + 0 .5 7 0 .7 + 1 .7

H a k e
S q u ir r e l F a l l 6 1 4 .1 + 0 .6 5 .3 + 0 .5 3 .0 + 0 .7 7 1 .6 + 6 .0
S i lv e r F a l l 6 1 3 .3 + 0 .6 0 .3 + 0 .0 5 .9 + 1 .0 7 9 .7 + 1 .3
S i lv e r F a l l 1 2 “ 1 5 .5 + 0 .7 4 .7 + 1 .7 3 .6 + 0 .6 7 5 .4 + 1 .6
S i lv e r S p r in g 1 2 “ 1 4 .8 + 0 .4 3 .2 + 1 .4 3 .5 + 0 .4 7 8 .0 + 1 .3

* T h e s e  g ro u p s  w e re  u s e d  to  d e te rm in e  th e  s ig n if ic a n c e  o f  se a so n a l  v a r ia t io n  in  c o m p o s i
t io n . S e e  T a b le  4.

lected so that data from fish caught in the 
fall of 1960 could be compared with those 
from fish caught in the spring of 1961. 
Analysis of variance (F-test) was used to 
determine the relation of the variation to 
season.

In those cases where variation in compo
sition is related to the season, the compo
nents showing variation usually exhibit an 
increase in the fall. Exceptions to this a re : 
the oil of the fillets and offal of butterfish, 
protein of the fillets and moisture of the offal 
of dabs, oil and ash of the fillets and moisture 
of the offal of pollock, and moisture of the 
offal of hake. These components are present

in higher concentration in the spring than in 
the fall.

A C K N O W L E D G M E N T
T h e  a u th o r s  g r a te f u l ly  a c k n o w le d g e  th e  c o n 

t r ib u t io n  o f M rs .  S u e  N e a l is ,  S ta t is t ic a l  A s s is ta n t  
o f th e  B u re a u  o f  C o m m e rc ia l  F is h e r ie s ,  C o lleg e  
P a r k ,  M a ry la n d , f o r  p e r fo r m in g  th e  a n a ly s e s  o f 
v a r ia n c e .
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F .  M a n g a n , J r .  1961. C o m p o s itio n  o f  c o m 
m e rc ia l ly  im p o r ta n t  fish  f r o m  N e w  E n g la n d  
w a te r s .  Comm. Fisheries Rev. 23, 2.

T h u r s to n ,  C la u d e  E . 1958. S o d iu m  a n d  p o ta s s iu m  
in  th e  e d ib le  p o r t io n s  o f 34  sp ec ies  o f fish. 
Comm. Fisheries Rev. 20, 1.

T a b le  4. S ig n if ic a n c e  o f  se a s o n a l  v a r ia t io n  in  th e  c o m p o s itio n  o f  f ille ts  a n d o ffa l.
Fillet Offal

Protein Oil Ash Moisture Protein Oil Ash M oisture
B u tte r f is h ** * ( - ) * *** *** ( - ) *
F lo u n d e r ( - ) * ( - ) * *** ( - ) ( - ) *
P o l lo c k * * *** *** ( - ) î)«:}55}5 ( - ) ***
S i lv e r  H a k e ** ( - ) * ( - ) ** * ( - ) ***

*** V a r ia t io n  r e la te d  to  th e  sea so n  a t  a  lev e l o f  s ig n if ic a n c e  higher t h a n  1 % .
** V a r ia t io n  r e la te d  to  th e  sea so n  a t  a  lev e l o f s ig n if ic a n c e  o f 1 % .
* V a r ia t io n  r e la te d  to  th e  sea so n  a t  a  lev e l o f  s ig n if ic a n c e  o f  5%.
a ( —) V a r ia t io n  n o t  r e la te d  to  sea so n .
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SUMMARY
The radiation resistance o f spores o f 6  strains o f Type E Clostridium botuli- 

num was determ ined in  a beef stew substrate. The results are evaluated in  terms 
o f the m inim um  dose showing no spoilage for a 2 billion total inoculum  level 
(2 0  cans each with 100 m illion spores per can) and in  terms o f a calculated 
radiation D value. The m ean radiation D value for 6 strains is 0 .132  megarad  
(range 0 .1 2 5 -0 .1 3 8 ). A com parison with results for 6  strains o f Type A 
and 5 strains o f Type B shows that Type E strains possess about 45-55%  
o f  the resistance to ionizing radiations o f Types A and B. It is concluded that 
any radiation dose for food sterilization based upon the m axim um  resistance o f  
Type A or B strains would provide am ple protection against Type E strains. 
The unswelled cans at the lowest radiation level showing no spoilage were 
free o f toxin and recoverable Type E spores.

IN T R O D U C T IO N
Since Morgan and Bohrer (1953) and 

Morgan and Reed (1954) first presented 
evidence that spores of Clostridium botu- 
linum possessed radiation resistance as high 
as or higher than spores of the usual types 
of nontoxic food-spoilage organisms, it has 
been evident that the minimum dose re
quirement for radiation sterilization of food 
must be based on the radiation resistance of 
Cl. botulinum. Data on the radiation resis
tance of spores of Cl. botulinum Types A and 
B in various substrates have been published 
by a number of workers: Kempe et al.

a P re s e n te d  a t  th e  T w e n t ie th  A n n u a l  M e e t in g  o f 
th e  I n s t i tu te  o f  F o o d  T e c h n o lo g is ts ,  M a y  18, 1960.

b T h is  p a p e r  r e p o r t s  r e s e a rc h  u n d e r ta k e n  in  c o 
o p e ra tio n  w i th  th e  Q u a r te r m a s te r  F o o d  a n d  C o n 
ta in e r  I n s t i tu te  f o r  th e  A rm e d  F o r c e s ,  Q M  R e 
s e a rc h  a n d  E n g in e e r in g  C o m m a n d , U . S . A rm y , 
a n d  h a s  b e e n  a s s ig n e d  n u m b e r  2144  in  th e  s e r ie s  
o f p a p e rs  a p p ro v e d  fo r  p u b lic a t io n . T h e  v ie w s  o r  
c o n c lu s io n s  a r e  th o s e  o f  th e  a u th o r  ( s ) .  T h e y  a r e  
n o t  to  be  c o n s tru e d  a s  n e c e s s a r i ly  re f le c t in g  th e  
v ie w s  o r  in d o r s e m e n t  o f  th e  D e p a r tm e n t  o f D e 
fense.

(1954), Kempe (1955), Wagenaar and 
Dack (1956), Denny et al. (1959), Pratt 
et al. (1959), Ingram et al. (1959), Schmidt 
and Nank (1960). Only the spores of Types 
A and B Cl. botulinum are considered to 
have significant thermal resistance in rela
tion to the thermal processing of food prod
ucts. However, since there appears to be 
no essential relation between thermal and 
radiation resistance of bacterial spores 
(Morgan and Reed, 1954), it was deemed 
necessary to study the radiation resistance 
of spores of Types A, B, C, and E of Cl. 
botulinum under comparable conditions. In 
1958 a program was initiated to study the 
comparative radiation resistance of spores 
of 6 strains each of Types A, B, C, and E 
Cl. botulinum in a single stubstrate using 
procedures of evaluation previously devel
oped in this laboratory (Schmidt and Nank,
1960). The data on the resistance of Types 
A and B spores will be reported by Schmidt 
et al. (1961), and data on Type C spores 
will be reported later. This paper presents 
and discusses data on the radiation resis
tance of spores of 6 strains of Type E Cl. 
botulinum.
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E X P E R I M E N T A L  M E T H O D S
S u b s t r a te .  T h e  s u b s tr a te  u se d  w a s  a  Q u a r t e r 

m a s te r  F o o d  a n d  C o n ta in e r  I n s t i tu te  sp e c ific a tio n  
b e e f  s tew , m o d ified  b y  r e p la c in g  c a r r o ts  w i th  p eas . 
T h e  p ro d u c t  c o n s is te d  o f  p a rb o ile d  b e e f  ( 3 3 % ) ,  
b la n c h e d  w h ite  p o ta to e s  ( 2 1 % ) ,  b la n c h e d  p e as  
( 1 2 % ) ,  a n d  g r a v y  ( 3 3 % ) .  T h e  m e a t  w a s  p a r 
b o iled  in  a  m in im u m  q u a n t i ty  o f w a te r ,  a n d  th e  b ro th  
f ro m  th is  o p e ra t io n  u s e d  in  p r e p a r in g  th e  g ra v y . 
T h e  g r a v y  w a s  p re p a re d  b y  m ix in g  a  p a s te  o f  3 lb  
o f  w h e a t  f lo u r  a n d  6  lb  o f w a te r  w i th  a p p r o x  41 
lb  o f b ro th .  T h e  m e a t  w a s  c u t  in to  a p p r o x  J^ - in . 
cu b es , a n d  th e  p o ta to e s  w e re  c u t  to  %-in. cu b es  
to  p ro v id e  m o re  u n ifo rm  d is t r ib u t io n  w h e n  th e  
p ro d u c t  w a s  re p a c k e d  in  202 X 202 c an s . T h e  p r o d 
u c t  w a s  p re p a re d  c o m m e rc ia lly  u n d e r  su p e rv is io n  
o f  Q u a r te r m a s te r  F o o d  a n d  C o n ta in e r  In s t i tu te  
p e rs o n n e l , p a c k e d  in  N o . 10 c an s , a n d  f ro z e n  
w i th o u t  h e a t  p ro c e ss in g .

P r e p a r a t io n  a n d  s ta n d a r d iz a t io n  o f  su sp e n s io n s .
T h e  fo l lo w in g  c u ltu re s  w e re  u s e d : s t r a in s  V H ,  
B e lu g a , 8 E  a n d  1 3 0 4 E  re c e iv e d  f ro m  th e  W e s te r n  
L a b o r a to r y  o f th e  N a t io n a l  C a n n e rs  A s s o c ia tio n , 
B e rk e le y , C a lifo rn ia , a n d  s tr a in s  I w a n a i  a n d  
A la s k a  re c e iv e d  f ro m  D r .  C . E . D o lm a n , U n iv e r 
s ity  o f  B r i t is h  C o lu m b ia , V a n c o u v e r ,  B . C .c S to c k  
c u ltu re s  o f a ll  s t r a in s  w e re  c a r r i e d  in  P E 2  m ed iu m  
( F o l in a z z o  a n d  T ro y ,  1 9 5 4 ), in  w h ic h  s p o ru la t io n  
w a s  m o d e ra te ly  g o o d . T h e  t ry p t ic a s e -p e p to n e  
m e d iu m  u se d  fo r  th e  p r e p a r a t io n  of s p o re  s u s p e n 
s io n s  o f  T y p e s  A  a n d  B  Cl. botulinum ( S c h m id t  a n d  
N a n k , 19 60 ; S c h m id t  ct al., 19 61 ; S c h m id t, 1961) 
y ie ld e d  o n ly  s l ig h t  g r o w th  a n d  p o o r  s p o ru la t io n  
w ith  th e  T y p e  E  s tr a in s .  T h is  w a s  n o t  u n e x p e c te d , 
h o w e v e r , s in ce  th e  T y p e  E  s t r a in s  a r e  p re d o m i
n a n t ly  s a c c h a ro ly tic  w h e re a s  th e  T y p e  A  a n d  B 
s t r a in s  a r e  p ro te o ly tic . T h e  a d d i t io n  o f 0 .4 %  
g lu c o se  to  th e  t ry p t ic a s e -p e p to n e  m e d iu m  p ro v id e d  
a  q u ite  s a t is f a c to r y  g ro w th  a n d  s p o ru la t io n  m e d iu m  
fo r  a ll  s tr a in s  u sed .

T h e  m e d iu m  ( 5 %  t ry p t ic a s e ,  0 .5 %  p e p to n e  a d 
ju s te d  to  p H  7 .0 ) w a s  d is t r ib u te d  in  150-m l 
q u a n t i t ie s  in  8 -o z  s c re w -c a p  b o tt le s  o r  in  10-m l 
q u a n t i t ie s  in  16 X 12 5 -m m  s c re w  c a p  tu b e s  a n d  
s te r i l iz e d  15 m in  a t  250° F .  S te r i le  c o n c e n tra te d  
s o d iu m  th io g ly c o lla te  ( 1 0 % )  a n d  g lu c o se  ( 2 0 % )  
s o lu tio n s  w e re  a d d e d  to  th e  m e d iu m  ju s t  p r io r  to  
in o c u la t io n , g iv in g  re s p e c tiv e  fin a l c o n c e n tra t io n s  
o f 0 .2  a n d  0 .4 % . F o r  th e  p re p a r a t io n  o f s p o re

c T h e  s t r a in s  re c e iv e d  f ro m  th e  N a tio n a l  C a n n e rs  
A s s o c ia t io n  w e re  o r ig in a lly  s e n t  th e m  b y  D r .  C. E . 
D o lm a n . T h e  V H ,  B e lu g a , a n d  A la s k a  s tr a in s  
w e re  iso la te d  b y  D r .  D o lm a n , 8 E  is  o n e  o f th e  
p ro to ty p e  s t r a in s  o f G u n n iso n  el al. ( 1 9 3 6 ) ,  an d  
s t r a in s  I w a n a i  a n d  1 3 04E  w e re  s e n t  to  D r .  D o lm a n  
b y  D r .  I id a  o f th e  H o k k a id o  I n s t i tu te  o f P u b lic  
H e a l th ,  H o k k a id o , J a p a n .

su sp en s io n s , tu b e s  o f th e  t ry p t ic a s e -p e p to n e -g lu c o s e  
m e d iu m  w e re  in o c u la te d  f ro m  P E 2  s to c k  c u l tu re s ,  
h e a t- s h o c k e d  13 m in  a t  140° F ,  a n d  in c u b a te d  a t  
85 ° F  f o r  4 0 -4 8  h r ,  a t  w h ic h  t im e  m a x im u m  s p o r u 
la t io n  h a d  o c c u rre d . T h e  tu b e s  w e re  h e a t  sh o c k e d  
fo r  13 m in  a t  1 4 0 °F , a n d  1 -m l q u a n t i t ie s  w e r e  
in o c u la te d  in to  8 -o z  s c re w -c a p  b o tt le s  c o n ta in in g  
150 m l o f th e  sam e  m ed iu m . T h e  b o tt le s  w e re  
in c u b a te d  a t  8 5 ° F  a n d  m ix e d  b y  in v e rs io n  o n  an  
8 - a n d  1 6 -h r  sch ed u le  a s  d e s c r ib e d  b y  S c h m id t  
(1 9 6 1 ) f o r  th e  p ro d u c tio n  o f  T y p e s  A  a n d  B 
s p o re  c ro p s . G ro w th  a n d  s p o ru la t io n  w a s  fo l lo w e d  
a t  16, 24, 40, a n d  48 h r  b y  d i r e c t  c o u n ts  w i th  a  
P e t r o f f - H a u s e r  c o u n t in g  c h a m b e r  a n d  d a r k - p h a s e  
m ic ro sc o p y . T h e  in c u b a tio n  t im e  a t  w h ic h  th e  
r e f r a c t i l e  s p o re  p o p u la t io n  w a s  a t  p e a k  d e p e n d e d  
o n  th e  lev e l o f th e  in o c u lu m  a n d  th e  p e c u lia r i t ie s  
o f th e  s tr a in .  I n  g e n e ra l ,  th e  p e a k  r e f r a c t i le  s p o re  
c o u n t o c c u r re d  a f te r  2 4 -4 0  h r  o f in c u b a t io n . 
S h o r t ly  th e r e a f te r  m a n y  s p o re s  g e rm in a te  a n d  b e 
co m e  n o n re f r a c ti le .  T h e r e fo re ,  th e  c u ltu re s  w e re  
c e n tr i fu g e d  a t  th e  t im e  i t  w a s  e s t im a te d  t h a t  th e  
p e a k  r e f r a c t i l e  s p o re  p o p u la t io n  w a s  re a c h e d , o r  
th e  c u ltu re s  w e re  r e f r ig e r a te d  fo r  n o t  lo n g e r  th a n  
24  h r  b e fo re  c e n tr i fu g in g . A f te r  c e n t r i fu g a t io n  f o r  
o n e  h o u r  a t  2000 rp m  in  2 5 0 -m l b o tt le s , th e  s u p e r 
n a ta n t  w a s  s ip h o n ed  o ff a n d  th e  s p o re  s e d im e n t 
re s u s p e n d e d  in  a  q u a n t i ty  of s te r i le  w a te r  to  g iv e  
th e  d e s ire d  s to c k  c o n c e n tra t io n  a n d  h e ld  in  r e f r i g 
e r a te d  s to ra g e .  U s u a lly  8  b o tt le s  w e re  u s e d  fo r  th e  
p ro d u c tio n  o f  e ac h  s p o re  c ro p . A t  th e  t im e  o f 
c e n tr i fu g in g , a  to ta l  c o u n t o f r e f r a c t i le  s p o re s  w a s  
m a d e  o n  e ac h  o f  4  b o tt le s . T h e  m e a n  c o u n t o f th e  
4  b o tt le s  w a s  u se d  to  c a lc u la te  th e  to ta l  v o lu m e  
o f  s te r i le  w a te r  to  be  a d d e d  to  r e s u s p e n d  th e  s p o re s  
to  a  fina l c o n c e n tra t io n  o f a p p r o x  1 X 10" p e r  m l.

P r e p a r a t io n  a n d  s t a n d a r d iz a t io n  o f  d i lu te  s u s 
p e n s io n s  f o r  in o c u la t io n .  D i lu t io n  o f  t h e  s to c k  s u s 
p e n s io n  to  c o n ta in  100 m illio n  v ia b le  s p o re s  p e r  
m l w a s  b a sed  o n  p re v io u s  s ta n d a rd iz a t io n  o f th e  
s to c k  su sp e n s io n s . B o th  a  to ta l  r e f r a c t i l e  a n d  
v ia b le  s p o re  c o u n t w e re  m a d e  u p o n  th e  d i lu tio n . 
W i th  to ta l  c o u n t u se d  a s  a  g u id e  to  th e  p ro p e r  
d i lu tio n , v ia b le  c o u n ts  w e re  m a d e  o n  a l iq u o ts  o f  a  
d i lu tio n  u s in g  l iv e r  in fu s io n  a g a r  p lu s  0 .1 4 %  s o d iu m  
b ic a rb o n a te  in  16 X 15 0-m m  s c re w -c a p  tu b e s . S in c e  
g a s s in g  w a s  e x c e s s iv e  a t  85 ° F , th e  v ia b le  sp o re  
c o u n ts  w e re  c o n d u c te d  a t  a n  in c u b a t io n  te m p e r a tu r e  
o f  7 0 ° F . U s u a l ly  th e  m a x im u m  c o lo n y  c o u n t  a p 
p e a re d  a f te r  40 h r  o f in c u b a tio n , w i th  e x c e s s iv e  
g a s s in g  o c c u r r in g  b y  48  h r  o f  in c u b a tio n . S in c e  
p re h e a t in g  ev en  a s  m ild ly  as  13 m in  a t  1 4 0 ° F  
m a rk e d ly  re d u c e d  th e  s p o re  c o u n t, th e  in o c u lu m  
w a s  b a se d  u p o n  a n  u n h e a te d  s p o re  c o u n t in  o rd e r  
to  m e a s u re  th e  re s is ta n c e  o f th e  m a x im u m  p o r t io n  
o f th e  p o p u la t io n .

P a c k in g  a n d  in o c u la t io n . T h e  b e e f  s te w  s u b 
s t r a t e  in  N o . 10 c a n s  w a s  th a w e d  a n d  filled  in to
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202 X 202 c an s  to  g iv e  a  f ill- in  w e ig h t  o f 75 g ra m s . 
S in ce  th e  p ro d u c t  c o n ta in e d  l i t t l e  f r e e  liq u id , 10 m l 
o f s te r i le  w a te r  w a s  a d d e d . T h e  c an s  w e re  in o c u 
la te d  w ith  1 m l o f s u sp e n s io n  c o n ta in in g  100 m illio n  
sp o re s  a n d  v a c u u m -c lo s e d  a s  d e s c r ib e d  b y  S c h m id t 
a n d  N a n k  (1 9 6 0 ) .  T h e  c lo se d  c a n s  w e re  im m e d i
a te ly  c h ille d  in  c ra c k e d  ice  a n d  h e ld  a t  3 8 ° F  o r  
lo w e r  u n ti l  s h o r t ly  b e fo re  i r r a d ia t io n .

I r r a d i a t io n .  T h e  c an s  w e re  i r r a d ia te d  a t  a m b ie n t  
te m p e ra tu re s  in  th e  g a m m a  ra d ia t io n  fa c i l i ty  o f 
th e  A rg o n n e  N a tio n a l  L a b o r a to r y  b y  p ro c e d u re s  
d e sc rib e d  b y  S c h m id t  a n d  N a n k  (1 9 6 0 ) .  T h e  i r r a 
d ia te d  c an s  w e re  h e ld  a t  ro o m  te m p e r a tu r e  f o r  n o t  
lo n g e r  th a n  1 -2  d a y s , a n d  r e tu r n e d  to  th e  la b o ra to ry  
fo r  in c u b a tio n  a t  85 °F .

I n c u b a t io n  a n d  o b s e rv a t io n  f o r  sw e lls . T h e  in 
o c u la te d  i r r a d ia te d  c an s  w e re  in c u b a te d  a t  8 5 ° F  
a n d  o b se rv e d  f o r  sw e lls  e v e ry  3 o r  4  d a y s  ( M o n 
d a y  a n d  F r id a y  o f e ac h  w e e k )  f o r  a t  le a s t  6 m o n th s . 
T h e n  th e  lo w e s t  r a d ia t io n  lev e l sh o w in g  n o  sp o il
a g e  w a s  e x a m in e d  f o r  to x in  a n d  re c o v e ra b le  v ia b le  
sp o res .

T o x in  a s s a y  o f  sw e lled  c an s . T h e  sw e lled  c a n s  
w e re  c h ille d  in  th e  r e f r ig e r a to r  a n d  o p en e d  a se p -  
t ic a l ly , a n d  th e  c o n te n ts  o f  e a c h  c an  w e re  t r a n s 
f e r r e d  to  a  s te r i le  a lu m in u m  W a r in g  b le n d e r  w ith  
a  th re a d e d  s c re w  cap . A n  e q u a l  v o lu m e  o f s te r i le  
w a te r  w a s  a d d e d , g iv in g  a  1 :2  d i lu tio n . A f te r  
b e in g  b len d ed , a  2 0 -m l re ta in e d  s a m p le  w a s  t r a n s 
f e r r e d  to  a  20  X 15 0-m m  s c re w -c a p  tu b e  a n d  s to re d  
a t  38° F  o r  b e lo w . O n e  m l o f th e  b le n d  w a s  t r a n s 
fe r r e d  to  a  16 X 12 5 -m m  s c re w -c a p  tu b e  a n d  m ix e d  
w ith  1 m l o f  a  2 %  so lu tio n  o f  t r y p s in  (D ifc o  1 -2 50) 
in  M /1 5  p h o s p h a te  b u f fe r  a t  p H  6.2. T ry p s in  d ig e s 
t io n  w a s  c a r r ie d  o u t f o r  1 h r  a t  9 8 ° F . F o r  th e  
to x in  a ssa y , e i th e r  0.5 m l o f  th e  d ig e s t  o r  0.5 m l 
o f d i lu tio n s  o f  th e  d ig e s t  in  g e la tin e -p h o s p h a te  
b u ffe r  (D u f f  et al., 1956) w a s  in je c te d  in t r a p e r i -  
to n e a l ly  in to  1 5 -2 0 -g  S w is s  W e b s te r  m ic e  w i th  a n d  
w i th o u t  T y p e  E  a n t i to x in  p ro te c t io n .  T h e  a n t i to x in  
u se d  w a s  a  lo t  o f  P o r to n  a n t i s e r u m  re c e iv e d  f ro m  
D r .  G a il D a c k , U n iv e r s i ty  o f C h ic ag o , o r  M r . M . A . 
C a rd e lla ,  F o r t  D e tr ic k ,  M a ry la n d . T r y p s in  d ig e s 
t io n  w a s  u s e d  to  a s s u re  d e te c t io n  o f  a n y  to x in  
in  th e  p r o to to x in  fo rm  ( D u f f  et al., 19 5 6 ; D o lm a n , 
19 57 ; N a k a m u ra  et al., 1 9 5 6 ), a n d  in  so m e  c ase s  
d i lu tio n  w a s  n e c e s s a ry  to  p re v e n t  o v e rw h e lm in g  o f 
th e  a n ti to x in .

T o x in  a s s a y  on  u n sw e lle d  c an s . A f t e r  a t  l e a s t  6 
m o n th s  o f in c u b a tio n  th e  20  c a n s  r e p r e s e n t in g  th e  
lo w e s t  r a d ia t io n  lev e l s h o w in g  n o  sw e lls  w e re  e x 
a m in e d  f o r  d e te c ta b le  to x in .  T h e  c o n te n ts  o f e ac h  
c an  w e re  b le n d e d  a s  d e s c r ib e d  a b o v e , a n d  to x in  
w a s  a s s a y e d  a f te r  t r y p s in  d ig e s tio n .

S p o re  re c o v e ry  o n  u n sw e lle d  c an s . T h e  20  can s  
a t  th e  lo w e s t  r a d ia t io n  lev e l s h o w in g  n o  sw e lls  
w e re  a ls o  e x a m in e d  f o r  d o rm a n t  T y p e  E  sp o re s .

I n  th e  f i r s t  p ro c e d u re , 20 m l o f  th e  b len d ed  
sam p le  w a s  t r a n s f e r r e d  to  each  o f th r e e  1 X 8-in . 
s c r e w -c a p  tu b e s , a n d  s u b c u l tu r in g  w a s  c o n d u c ted  
b y  p o u r in g  in to  e a c h  tu b e  a p p ro x  40 m l o f  sem i
so lid  l iv e r  in fu s io n  a g a r  c o n ta in in g  0 .1 4 %  so d iu m  
b ic a rb o n a te  a n d  0 .1 %  s o d iu m  th io g ly c o lla te  a d d e d  
f ro m  c o n c e n tra te d  s te r i le  s o lu tio n s . S in c e  o n ly  
a  sm a ll  h e a d s p a c e  w a s  le f t  in  th e  tu b e s , a  v a s p a r  
sea l w a s  o m itte d . T h e  tu b e s  w e re  in c u b a te d  f o r  a t  
le a s t  4 w e e k s  a t  85 ° F  fo r  th e  d e te c tio n  o f s u rv iv o rs .  
T h is  p ro c e d u re  d id  re c o v e r  s u rv iv o rs ,  b u t  th e  se m i
so lid  a g a r  g a v e  r is e  to  p ro b le m s  in  d e te rm in in g  th e  
to x ic i ty  o f th e  o u tg r o w th  b e ca u se  o f th e  r e s t r ic te d  
n a tu r e  o f th e  g r o w th  in  th is  m ed iu m .

F u r th e r  re c o v e ry  te s ts  w e re  th e r e f o r e  c o n d u c te d  
b y  s u b c u l tu r in g  th e  2 0 -m l q u a n t i t ie s  o f b len d  in  
l iv e r  in fu s io n  b ro th  w i th  0 .1 4 %  s o d iu m  b ic a rb o n 
a te  a n d  0 .1 %  s o d iu m  th io g ly c o lla te  a n d  u s in g  a  
v a s p a r  sea l. A ll r e c o v e ry  c u ltu re s  w e re  te s te d  fo r  
T y p e  E  to x in  a f te r  t r y p s in  d ig e s tio n  a s  p re v io u s ly  
d e sc rib e d .

C a lc u la t io n  o f  r e s u lts .  I n  a d d i t io n  to  r e c o rd in g  
th e  r e s u l t s  a s  s u rv iv a l  a n d  d e s tru c t io n  d o se  fo r  
th e  100 m illio n  in it ia l  p o p u la t io n  p e r  c an , th e  p a r 
t ia l  s p o ila g e  d a ta  w e re  e v a lu a te d  in  te rm s  o f  a  
r a d ia t io n  D  v a lu e  as  s u g g e s te d  b y  S c h m id t  a n d  
N a n k  (1 9 6 0 ) .  A s s u m in g  a n  a p p ro x im a te ly  lo g a 
r i th m ic  r a te  o f d e s tru c t io n  o v e r  th e  m a jo r  p o r t io n  
o f  th e  9 -1 0 - lo g  cy c le  re d u c tio n  w h ic h  o c c u rs  to  
re d u c e  th e  in o c u lu m  to  th e  leve l o f p a r t i a l  sp o ilag e , 
th e  r a d ia t io n  D  v a lu e  (d o s e  fo r  9 0 %  d e s tru c t io n )  
w a s  c a lc u la te d  a s  fo l lo w s  :

^  r a d ia t io n  d o se  ( m e g a r a d s )  
lo g  M  — lo g  S

w h e re  M  =  th e  to ta l  in o c u lu m , i.e., th e  s p o re s  p e r  
c o n ta in e r  t im e s  th e  n u m b e r  o f c o n ta in 
e rs  ; a n d  S =  th e  n u m b e r  o f  sw e lled  c o n 
ta in e r s ,  a s s u m in g  o n e  s u rv iv o r  p e r  c o n 
ta in e r

R E S U L T S  A N D  D IS C U S S IO N
Table 1 summarizes the average spore 

yields for the 6 strains of Type E Cl. botu- 
linum. The degree of sporulation was some
what higher than would be calculated from 
these figures since only the count of refrac- 
tile spores is indicated in this table. The 
different cultures contained different per
centages of nonrefractile or germinated 
spores. The data show that the procedure 
suggested for the preparation of spore crops 
of Type E strains appears to give satisfac
tory yields of refractile spores when reason-

Two procedures have been used for the spore re
covery tests.
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T a b le  1. S p o re  y ie ld s  o f  T y p e  E  Cl. botulinum 
c u ltu re s  o b ta in e d  in  th e  p r e p a r a t io n  o f su sp en s io n s .

S train
Incubationtime(hr)

Population(millions/ml)
Total Spores a

V H 24 185 54
B e lu g a 72 172 88
8 24 165 129
1304 24 165 110
Iw a n a i 24 89 66
A la s k a 24 198 61

* R e tr a c t i le  sp o re s .

ably large quantities of suspension are 
desired.

Table 2 shows the refractile and viable 
spore counts on dilutions of some stock 
suspensions. Preheating, when used, was 
carried out in dilute aqueous suspension for 
13 min at 140°F. It is apparent that only 
a fraction, about half, of the refractile spores 
appear to be viable under the conditions of 
the counting procedure even without pre
heating. However, the short incubation 
period (40 hr) imposed by the excessive 
gassing that takes place a few hours later 
may result in a lower count than would be 
obtained if a longer incubation period were 
possible. Preheating reduced spore viability 
markedly in 3 of the suspensions, and re
duced it moderately in the fourth. Evidence 
was obtained with some of the suspensions 
that survival of preheating is better in liver 
infusion agar than in dilute aqueous suspen
sion. However, other strains showed no 
difference due to the suspending medium.

Tables 3 and 4 show the complete data 
on spoilage and toxicity for each of the 6 
strains. To verify toxicity, when 10 or 
more cans of 20 swelled, at least 10 cans 
were assayed, and when fewer than 10 cans

T a b le  2. T o ta l  a n d  v ia b le  s p o re  c o u n t  o f  s u s p e n 
s io n s  o f  T y p e  E  Clostridium botulinum.

Totalcount(m illions/ml)

Viable count (m illions/m l)

Strain Nopreheat ï  reheat % 11
V H 137 65 47 8 6
B e lu g a 119 54 45 18 12
8 E 226 155 68 112 50
1 3 04E 166 66 40 18 11

1 P e r c e n t  o f  to ta l  s p o re  co u n t.

swelled all of the swelled cans were assayed. 
In most instances Type E  toxin was demon
strated in the swells. Iiowever, 2 cans of 
putrefactive nontoxic spoilage were encoun
tered, and in 3 instances putrefactive spoilage 
yielding Type A toxin was found. The sig
nificance of these findings is discussed later 
herein. In calculations of the D values at 
each spoilage level for each strain, the total 
spoilage at that level was corrected for the 
presence of either Type A or nontoxic spoil
age. In general, the D values calculated from 
2  or more partial spoilage levels for any 
given strain are in very good agreement. 
In 5 of the 6 strains, two successive dose 
levels following the highest level showing 
spoilage show no spoilage, which demon
strates the absence of “skips.” In the other 
strain, only one dose level showing no spoil
age was obtained.

Table 5 summarizes the radiation resis
tance of the 6 strains in terms of the spoilage- 
no spoilage end point and the mean radiation 
D value for each strain. The range of varia
tion in radiation resistance, whether judged 
by the no-spoilage end point or the D value, 
is surprisingly narrow. The maximum 
difiference between the D values of strains 
8 E and Iwanai is about 10%, and the over
all maximum variation of strains from the 
mean value is ± 5% . The fact that the 8E 
and Alaska strains are indistinguishable in 
either end point or D value is especially 
interesting since, according to Dolman
(1960) , 8E is one of the prototype strains 
sent by the Russian workers to Dr. K. F. 
Meyer in 1935, whereas the Alaska strain 
was isolated by Dr. Dolman a few months 
before being sent to us.

Table 6 shows the comparative radiation 
resistance in terms of D values for the 6 
Type E strains, 6 Type A strains, and 5 
Type B strains. The data for the Type A 
and B strains are taken from Schmidt et al.
(1961) . It is evident that in respect to 
the range of D values, the Type E strains 
represent a much more homogeneous group 
than do either the Type A or B strains. In 
terms of the ratio of either the mean D 
values or the highest D value of each type, 
the Type E  strains have approx 45-55% of 
the resistance of the Type A and B strains. 
The most important conclusion to be de-
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T a b le  3. S p o ila g e  a n d  to x ic i ty  in  202 X 202  c a n s  o f b e e f  s te w  in o c u la te d  w i th  s p o re s  of 

s tr a in s  V H , B e lu g a , a n d  8 E  o f  T y p e  E  Cl. botulinum a n d  i r r a d ia te d  to  v a r io u s  d o se  lev e ls .
Toxicity of swelled cans

Strain Dose(mega rad) Swells a D value (megarad) Type E Type A Nontoxic
V H 0.90 2 0 /2 0

1.00 1 4 /2 0 0.122 9 0 l
1.10 1 0 /2 0 0.133 10 0 0
1.20 0 /2 0
1.30 0 /2 0

B e lu g a 1.00 1 0 /1 0
1.10 1 1 /2 0 0.133 10 0 0
1.20 2 /1 0 0.138 2 0 0
1.20 1 /2 0 0.129 1 0 0
1.30 2 /2 0 0.144 2 0 0
1.40 0 /2 0

8 E 1.00 1 0 /1 0
1.10 1 4 /2 0 0.135 10 0 0
1.20 8 /2 0 0.142 7 1 0
1.20 3 /2 0 0.136 3 0 0
1.30 0 /2 0
1.40 0 /2 0

a N u m b e r  s w e lle d /n u m b e r  in c u b a te d .

T a b le  4. S p o ila g e  a n d  to x ic i ty  in  202 X 202 c a n s  o f  b e e f  s te w  in o c u la te d  w i th  s p o re s  o f 
s t r a in s  13 4 0 E , Iw a n a i ,  a n d  A la s k a  o f  T y p e  E  Cl. botulism  a n d  i r r a d ia te d  t o  v a r io u s  d o s e  lev e ls .

S train Dose(mega rad) Swells a D value (m egarad)

Toxicity of swelled cans
Non-Type E  Type A toxic

13 04E 1.00 1 5 /2 0 0.123 10 0 0
1.10 1 0 /2 0 0.133 10 0 0
1.20 3 /2 0 0.136 3 0 0
1.30 0 /2 0
1.40 0 /2 0

Iw a n a i 1.00 1 4 /2 0 0.122 9 1 0
1.10 6 /2 0 0.128 5 1 0
1.20 1 /2 0 0 0 1
1.30 0 /2 0
1.40 0 /2 0

A la s k a 1.00 2 0 /2 0
1.10 1 2 /2 0 0.134 12 0 0
1.20 5 /2 0 0.140 5 0 0
1.30 0 /2 0
1.40 0 /2 0

a N u m b e r  s w e lle d /n u m b e r  in c u b a te d .
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T a b le  5. S u m m a ry  o f  r a d ia t io n  re s is ta n c e  of 
s ix  s t r a in s  o f T y p e  E  Cl. botulinum in  b e e f  s te w .

Strain
Radiation dose (megarad) 
Spoilage No spoilage

Mean radiation D value (megarad)
V H 1.10 1.20 0.128
B e lu g a 1.30 1.40 0.136
8 E 1.20 1.30 0.138
13 04E 1.20 1.30 0.131
Iw a n a i 1.10 1.20 0.12S
A la s k a 1.20 1.30 0.137
M e a n  (6  s t r a in s ) 0.132

T a b le  6. C o m p a ra t iv e  r a d ia t io n r e s is ta n c e  o f
s t r a in s  o f Cl. botulinum T y p e s  A , B , a n d  E  in
b e e f  s te w .

Radiation D value (megarad)
Type of strains Range Mean

E 6 0 .12 5-0 .13 8 0.132
A 6 0 .25 1 -0 .3 0 8 0.279
B S 0 .18 0 -0 .2 8 4 0.238

rived from this data is that, with the limita
tion of the representativeness of the number 
of strains tested, there is no evidence that 
the radiation resistance of Type E  strains 
could exceed that of Type A and B strains. 
Therefore, any radiation dose for the sterili
zation of food based upon the maximum 
resistance of Types A and B strains should 
provide ample protection against the survival 
of Type E spores.

Table 7 shows the toxin assay and spore 
recovery on 20 cans of each strain at the 
lowest radiation dose level showing no 
swells. Toxin assays were conducted on

blended samples with trypsin digestion. The 
dilution level tested varied in the different 
experiments, being gradually reduced as 
completely negative results were obtained. 
As may be seen, there was no evidence of 
toxin in cans at the lowest radiation level 
showing no spoilage. As mentioned in the 
procedure, 3 samples of 20 ml each of the 
1 :2  blend were subcultured from each can. 
This corresponds to the subculture of approx 
33% of the contents of each can. The first 
three strains were subcultured into a semi
solid liver agar. Where growth occurred, 
it was restricted to one or more colonies 
that were difficult to assay for toxin or to 
subculture further from the agar medium. 
Therefore, the last 3 strains were subcul
tured in liver broth with a vaspar seal. With 
one exception, the recovery cultures were 
not toxic. One recovery culture from the 
series inoculated with the Iwanai strain 
produced Type A toxin. This was the same 
inoculum that yielded 2 swelled cans of 
putrefactive spoilage containing Type A 
toxin. Three nontoxic putrefactive clostridia 
were found in the subcultures; the remain
ing positive subcultures were either cocci or 
non-spore-forming rods. No culture exami
nation was made of the agar subcultures of 
the first three strains, since the restricted 
growth was removed and digested with 
trypsin for toxin assay. The restricted 
nature of the growth in agar, however, sug
gests that these cultures were not clostridia 
but rather non-spore-forming types. When 
the nontoxic cultures in liver broth were 
digested with an equal volume of 2% tryp
sin, and 0.5 ml of digest was inoculated into

T a b le  7. T o x in  a s s a y  a n d  s p o re  re c o v e ry  f r o m  20 c a n s  o f e ac h  s t r a in  a t  th e  lo w e s t  
r a d ia t io n  lev e l s h o w in g  n o  sp o ilag e .

S train Radiation dose (megarad)

Toxin assay Type of culture

Clostridia
Non- spore - formingResult Dilutiontested positive subcultures a

V H 1.20 N T 1 -8 0 0 3 , . . . c

B e lu g a 1.40 N T 1 -8 0 8
8 E 1.30 N T 1 -8 0 ' 4
13 04E 1.30 N T 1 -1 6 7 l 6
Iw a n a i 1.30 N T 1 -3 2 10 2 b 8
A la s k a 1.30 N T 1 -8 4 1 3

“ N u m b e r  o f  p o s it iv e  s u b c u l tu re s  in  60  (3  s u b c u l tu re s  f ro m  e a c h  o f 20 c a n s ) .  
b O n e  to x ic ,  T y p e  A . 
c C u ltu re s  n o t  c h a ra c te r iz e d .
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mice, a nonspecific toxicity was encountered. 
Tests were conducted with trypsin-digested 
sterile medium, and then with the trypsin 
solution in pH 6.2 phosphate buffer. It was 
found that the injection of 0.5 ml of a 1% 
or 1 ml of a 0.5% trypsin solution was 
lethal to mice in most cases. No deaths 
resulted from the injection of 0.5 ml of
0.5% trypsin. Also it was found that 0.5 
ml of the blended stew digested with an 
equal volume of 2% trypsin was not toxic. 
Therefore, when using trypsin to release 
Type E toxin, it seems necessary to deter
mine that the conditions of trypsin diges
tion used in the toxin assay do not result 
in nonspecific toxicity.

An attempt was made to determine the 
source of the Type A spoilage encountered 
on 3 occasions in the examination of swells 
for Type E  toxin. The Type A contamina
tion either could be a natural contamination 
of the product, or could have occurred dur
ing the packing operation despite efforts to 
decontaminate all equipment thoroughly be
tween experiments. Using equipment in 
another area of the laboratory where spores 
of Cl. botulinum had not been used, 500 cans 
of stew were packed and closed in the regular 
manner without inoculation. The 500 cans 
were irradiated in the usual manner with 
a dose of one megarad, and incubated at 
85°F. A total of 112 cans swelled during 
incubation. All spoilage was toxin-assayed, 
but no toxic samples were found. Twenty- 
five retained samples selected as representa
tive were subcultured into PE2 medium, 
and all yielded cultures of putrefactive Clos
tridia, which were not toxic. This result 
appears to exclude naturally occurring con
tamination as the source of the Type A 
spoilage encountered. The demonstration of 
natural contamination with clostridial spores 
at a level sufficient to produce 20% spoilage 
at a dose level of one megarad would seem 
to explain the occurrence of one can of putre
factive nontoxic spoilage at one megarad 
with the VH strain and at 1.2 megarad with 
the Iwanai strain. These results, however, 
would emphasize the necessity for the veri
fication both of the presence of toxin and 
its type when experimental work is con
ducted in one laboratory using different 
toxin types of Cl. botulinum and when the

substrate may contain a normal nontoxic 
and potentially resistant flora.
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SUMMARY
Spores o f three strains o f Clostridium botulinum Type E were inoculated  

into 202 x  202 cans o f beef stew and irradiated to permit the survival o f a 
sm all num ber (5 0 -2 5 0 )  o f spores per container. The cans containing survivors 
were incubated at 43  and 49°F  to determ ine whether germ ination and out
growth o f surviving spores could take place. W ith all three strains at least 
som e o f the survivors were capable o f developing to the point o f producing  
swell spoilage and toxin  at both temperatures. The significance o f these results 
in  relation to extension o f the refrigerated storage life  o f food  by radiation  
“pasteurization” is discussed.

IN T R O D U C T IO N
Low doses of radiation for extending the 

refrigerated storage life of many food prod
ucts has received considerable attention in 
recent years (Proctor et al, 1955 ; Hannan, 
1957; Niven, 1958; Coleby, 1959; Ingram, 
1959a,b; Eukel and Huber, 1960). The 
preceding references are only representative 
since it is not our purpose to review the 
literature on this subject. Although many 
reports have appeared suggesting that the 
refrigerated storage life of a number of food 
products can be extended very considerably, 
different laboratories have varied consider
ably in the temperature range selected as 
representative of “refrigerated” storage. A 
large amount of the work has been con
ducted at storage temperatures between 35 
and 41 °F. In other cases, temperatures 
closer to 32°F have been used, while in

a P re s e n te d  a t  th e  2 0 th  A n n u a l  M e e t in g  o f  th e  
In s t i tu te  o f F o o d  T e c h n o lo g is ts ,  M a y  18, 1960.

b T h is  p a p e r  r e p o r ts  r e s e a rc h  u n d e r ta k e n  in  
c o o p e ra tio n  w ith  th e  Q u a r te r m a s te r  F o o d  a n d  C o n 
ta in e r  In s t i tu te  f o r  th e  A rm e d  F o rc e s ,  Q M  R e 
s e a rc h  a n d  E n g in e e r in g  C o m m a n d , U . S . A rm y , 
a n d  h a s  b een  a s s ig n e d  n u m b e r  214S in  th e  se r ie s  
o f p a p e rs  a p p ro v e d  fo r  p u b lic a t io n . T h e  v ie w s  o r  
c o n c lu s io n s  a r e  th o s e  o f th e  a u th o r  ( s ) ,  a n d  a re  
n o t  to  be  c o n s tru e d  a s  n e c e s s a r i ly  re f le c t in g  th e  
v iew s  o r  in d o r s e m e n t  o f th e  D e p a r tm e n t  o f D e 
fense.

some cases “refrigerated” storage has been 
conducted at temperatures somewhat higher 
than 41 °F. Until recently the work in this 
area of investigation has proceeded with no 
consideration of the knowledge that spores 
of Type E Clostridium botulinum can germi
nate and develop over extended periods at 
temperatures that are within or closely 
border the temperature range that might be 
expected to prevail at times during the re
frigerated storage and distribution of food 
products. Dolman et al. (1950) reported 
growth and toxin production by the VH 
strain at 43 °F in herring. Ohye and Scott
(1957), using a cooked meat medium, found 
growth initiation from spore inocula of four 
strains in 3M weeks at 41 °F, with toxin 
detectable after 8 weeks of incubation. Six 
other strains showed growth, but the cul
tures did not kill mice though some appeared 
to produce transient symptoms. However, 
since that work was clone before the recog
nition of the potentiation of Type E toxin 
by trypsin (Duff et al., 1956), the complete 
absence of toxin in any of these cultures is 
uncertain.

Since spore suspensions of a number of 
Type E strains were available upon which 
radiation resistance had been determined 
(Schmidt et al.. 1961), the present experi
ments were carried out to determine whether 
a few spores permitted to survive irradiation
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would be able to initiate growth at low 
incubation temperatures.

E X P E R I M E N T A L  M E T H O D S
S p o re  s u s p e n s io n s . T h e  s p o re  s u sp e n s io n s  u se d  

a s  in o c u la  w e re  p r e p a r e d  a n d  s ta n d a rd iz e d  b y  p r o 
c e d u re s  to  b e  d e s c r ib e d  ( S c h m id t  ct al., 1 9 6 1 ). 
T h e  in o c u lu m  lev e ls  u s e d  w e re  100 m illio n  o r  25 
th o u s a n d  p e r  c an . S in c e  th e  1 0 0 -m illio n  lev e l r e 
q u ire d  a  d o se  lev e l o f 0 .7 -1 .0  m e g a ra d  f o r  s p o re  
re d u c tio n , th e  2 5 -th o u s a n d  lev e l, r e q u i r in g  0 .2 5 -  
0 .40 m e g a ra d ,  w a s  a ls o  u se d  in  o r d e r  to  b r in g  th e  
r a d ia t io n  t r e a tm e n t  c lo s e r  to  th e  p ra c t ic a l  r a d ia 
t io n  p a s te u r iz a t io n  d o se -le v e l ra n g e .

S u b s t r a te  a n d  p a c k in g  p ro c e d u re . T h e  s u b s tr a te  
u s e d  w a s  a  m o d if ic a tio n  o f  a  Q u a r te r m a s te r  F o o d  
a n d  C o n ta in e r  I n s t i t u t e  sp e c if ic a tio n  b e e f s te w  
d e s c r ib e d  b y  S c h m id t  et al. (1 9 6 1 ) .  T h e  p ro d u c t  
w a s  p r e p a re d  c o m m e rc ia lly  u n d e r  Q u a r te r m a s te r  
F o o d  a n d  C o n ta in e r  I n s t i tu te  su p e rv is io n , p a c k e d  
in  N o . 10 can s , a n d  f ro z e n . F o r  th e s e  e x p e r im e n ts  
th e  p ro d u c t  w a s  th a w e d  a n d  r e p a c k e d  in  202  X 2C2 
c an s . A  n e t  f i ll- in  w e ig h t  o f 75 g  w a s  u sed , t o 
g e th e r  w i th  10 m l o f s te r i le  w a te r  s in ce  th e  p ro d 
u c t  c o n ta in e d  l i t t l e  f r e e  liq u id . T h e  c a n s  w e re  
in o c u la te d  w i th  1 m l o f s u sp e n s io n , v a c u u m -c lo se d , 
a n d  c h il le d  in  c r a c k e d  ice  a c c o rd in g  to  p ro c e d u re s  
d e s c r ib e d  b y  S c h m id t  a n d  N a n k  (1 9 6 0 ) .

I r r a d i a t i o n  a n d  s to ra g e .  A t  th e  g a m m a  r a d ia 
t io n  fa c i l i ty  o f th e  A rg o n n e  N a t io n a l  L a b o ra to ry ,  
th e  in o c u la te d  c an s  w e re  i r r a d ia te d  b y  th e  p r o 
c e d u re s  d e s c r ib e d  b y  S c h m id t  a n d  N a n k  (1 9 6 0 ) . 
T h e  r a d ia t io n  d o se s  a p p lie d  w e re  d e s ig n e d  to  r e 
d u ce  th e  o r ig in a l  in o c u lu m  lev e l to  5 0 -2 5 0  s p o re s  
p e r  c an , b a se d  o n  th e  in i t ia l  s p o re  lo a d  p e r  c o n 
ta in e r  a n d  a  r a d ia t io n  D  v a lu e  o f 0 .1 3 -0 .1 4  
( S c h m id t  et al., 1961) f o r  th e  d if f e r e n t  s u s p e n 
sio n s . T h e  i r r a d ia te d  c an s  w e re  h e ld  b e lo w  38° F  
fo r  2 4 -4 8  h r  a n d  th e n  p lac ed  in in c u b a to rs  o p e r a t 
in g  a t  4 3 ± 1 ° F  o r  4 9 ± 1 ° F .  T h e  c a n s  w e re  o b 
s e rv e d  r e g u la r ly  fo r  th e  a p p e a ra n c e  o f  sw e lls , 
w i th  th e  lo n g e s t  t im e  b e tw e e n  o b s e rv a t io n s  b e in g  
less  th a n  72 h r .

T o x in  a s s a y .  F o r  to x in  a s s a y  th e  c o n te n ts  o f 
s w e lle d  c a n s  w e re  b le n d e d  in  a  W a r in g  b le n d e r  
w i th  a n  e q u a l v o lu m e  o f s te r i le  w a te r .  O n e -m l 
sam p le s  o f th e  b len d  w e re  m ix e d  w i th  o n e  m l o f 
2%  t r y p s in  (D ifc o  1 -2 50) in  M /IS  p h o s p h a te  
b u ffe r , p H  6.2, a n d  in c u b a te d  1 h r  a t  98° F .  A f te r  
d ig e s tio n , 0 .5 -m l p o r t io n s  o f e i th e r  th e  d ig e s t  o r  
f u r th e r  d i lu tio n s  o f th e  d ig e s t  w e re  in je c te d  in t r a -  
p e r i to n e a lly  in to  w h i te  m ice  w e ig h in g  15-20 g. 
C o n tro l  wrh i te  m ice  p ro te c te d  w dth T y p e  E  a n t i 
s e ru m  w e re  a ls o  in je c te d  to  d e m o n s t r a te  th e  p re s 
en ce  o f  sp ec ific  T y p e  E  to x in .  A l l  m ic e  w e re  o b 
s e rv e d  f o r  a t  l e a s t  4  d a y s  a n d  in  m o s t  in s ta n c e s  
7 d a y s . U n d e r  th e  c o n d itio n s  u se d  m o s t  d e a th s  
o f m ice  o c c u r re d  w ith in  24 h r .

E x p e r im e n ts  w i th  h e a t-s h o c k e d  s p o re s . A s  a
p re l im in a ry  in v e s tig a t io n ,  m ild ly  h e a t - s h o c k e d  
s p o re s  (1 3  m in  a t  1 4 0 ° F )  w e re  in o c u la te d  in to  
tu b e s  o f e i th e r  P E 2  m e d iu m  (F o l in a z z o  a n d  T r o y ,  
19 54) o r  tu b e s  o f  h e a t - s te r i l iz e d  b e e f  s te w . T h e  
c o n te n ts  o f  th e  tu b e s  w e re  la y e re d  w i th  v a s p a r ,  
c h ille d , a n d  in c u b a te d  a t  e i th e r  4 3 ± 1 ° F  o r  4 9 ±  
1 ° F . O u tg r o w th  w a s  ju d g e d  b y  g a s  p ro d u c tio n .  
T o x in  a s s a y s  w e re  c o n d u c te d  e i th e r  o n  th e  l iq u id  
o f  th e  P E 2  m e d iu m  o r  a  1 :2  b le n d  o f th e  s te w . 
T h e s e  e x p e r im e n ts  w e re  c o n d u c te d  to  p ro v id e  a s 
s u ra n c e  t h a t  a t  le a s t  so m e  o f th e  s p o re s  in  th e  
s u sp e n s io n s  to  b e  u se d  w e re  c a p a b le  o f o u tg r o w th  
a n d  to x in  p ro d u c tio n  a t  th e  in c u b a t io n  te m p e r a 
tu r e s  p ro p o s e d  in  th e  r a d ia t io n  e x p e r im e n ts .

R E S U L T S
T h e  d a ta  in  T a b le  1 sh o w  t h a t  m ild ly  h e a t -  

s h o c k e d  s p o re s  o f th e s e  s t r a in s  a r e  a b le  to  i n i 
t ia te  o u tg r o w th  a t  43  a n d  4 9 ° F . O u tg r o w th  a t  
e ac h  te m p e ra tu re ,  a s  e v id en c e d  b y  g a s  p ro d u c tio n ,  
a p p e a rs  s o m e w h a t  m o re  s lo w ly  in  th e  b e e f  s te w  
m ed iu m . H o w e v e r ,  th e  m a x im u m  t im e  f o r  th e  
a p p e a ra n c e  o f o u tg r o w th  a t  4 3 ° F  in  b e e f  s te w  is 
n o t  lo n g e r  th a n  1 9 -2 2  d a y s . A l l  s a m p le s  s h o w in g  
g r o w th  c o n ta in e d  T y p e  E  to x in .

T a b le  1. O u tg r o w th  a t  lo w  t e m p e r a tu r e  f ro m  
m ild ly  h e a t - s h o c k e d “ s p o re s  o f CI. botulinum T y p e  
E .b

No. of days of incubation gas production for visible

PE2 medium Beef stew medium
Suspension 43°F 49°F 43°F 49°F
V H 16 5 19 12
B e lu g a 16 6 19 10
Iw a n a i 16 5 22 10

“ 13 m in  a t  1 4 0 °F .
In o c u lu m  6 -1 2  m illio n  s p o re s  p e r  tu b e .

T a b le  2  sh o w s th e  re s u lts  o f  e x p e r im e n ts  w i th  
th e  B e lu g a  a n d  V H  s tr a in s  w h e n  th e  in o c u la te d  
b ee f s te w  w a s  i r r a d ia te d  to  d o se  lev e ls  le a v in g  a  
sm a ll n u m b e r  o f  s u rv iv o r s  a n d  th e n  in c u b a te d  a t  
lo w  te m p e ra tu re s .  T h e  B e lu g a  s t r a in  g a v e  o n ly  
o n e  sw e lled  c an  a f te r  75 d a y s  a t  4 3 ° F . A t  4 9 ° F ,  
h o w e v e r , 5 sw e lled  c an s  a p p e a re d  a t  24  d a y s  o f 
in c u b a tio n . T h e  r e s u l t s  w i th  th e  V H  s t r a in  s u g 
g e s t  so m e  r e la t io n  b e tw e e n  th e  r a d ia t io n  d o se  lev e l 
u s e d  to  re d u c e  th e  sp o re  p o p u la t io n  a n d  th e  a b il i ty  
o f s u rv iv o rs  to  sh o w  o u tg r o w th  a t  lo w  te m p e ra tu re .  
A t  4 3 °F , 3 c an s  sw e lled  w h e n  a  d o se  lev e l o f 
0.70 m e g a ra d  w a s  u s e d  to  re d u c e  th e  1 0 0 -m illio n - 
s p o re  in o c u lu m  to  a  fe w  s u rv iv o rs ,  w h e re a s  16 
c an s  sw e lled  w h e n  a  d o se  lev e l o f  0.25 m e g a ra d
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T a b le  2. D e v e lo p m e n t o f s p o re s  o f 3 s t r a in s  o f Clostridium botulinum s u rv iv in g  i r r a d ia t io n  

d u r in g  s to ra g e  a t  43 a n d  49  °F .

Strain Inoculumlevel Radiation dose (M r) Incubation temp. (°F ) Swells a

Days for swells 

F irst Last

Toxicity te s tb 
N on-Toxic toxic

B e lu g a 1 x  10s 0.80 43 1 /2 0 75 75 l 0
1 x  10s 0.80 49 5 /2 0 24 24 5 0

V H 1 x  10s 0.70 43 3 /2 0 27 30 3 0
1 x  10s 0.70 49 6 /2 0 11 67 6 0

25 x  KT 0.25 43 1 6 /2 0 17 100 8 2
25 x  10 s 0.25 49 1 9 /2 0 10 11 10 0

Iw a n a i 1 x  10s 1.0 43 0 /2 0 N o n e 120
1 x  10s 1.0 49 0 /2 0 N o n e 120

25 x  KF 0.40 43 8 /2 4 28 44 6 2
25 X 10s 0.40 49 1 5 /2 4 18 31 8 7
25 x  10s 0.40 43 8 /2 0 21 30 1 7
25 X 1(F 0.40 49 1 1 /2 0 13 21 3 8

a N u m b e r  s w e l le d /n u m b e r  in c u b a te d .
b W h e n  fe w e r  t h a n  10 c a n s  sw e lled , a l l  c a n s  w e re  a s s a y e d . W h e n  m o re  th a n  10 c an s  

sw e lled , a t  l e a s t  10 c a n s  w e re  a ssa y e d .

w a s  u se d  to  re d u c e  a  2 5 - th o u s a n d -s p o re  in o c u lu m . 
A lso , th e  t im e  o f  a p p e a ra n c e  o f th e  f i r s t  sw e ll 
w a s  re d u c e d  f ro m  27  d a y s  to  17 d a y s  w ith  th e  
lo w e r - in o c u lu m  lo w e r -d o s e  leve l. A t  th e  49° F  
in c u b a tio n  te m p e ra tu re ,  th e  e f fe c t  o f  in o c u lu m - 
d o se  leve l is  a ls o  a p p a r e n t  in  th e  n u m b e r  o f  c an s  
s h o w in g  sw e lls , t h o u g h  th e  t im e  o f a p p e a ra n c e  of 
th e  f i r s t  sw e ll w a s  u n c h a n g e d . H o w e v e r ,  a n  
e ffec t o f  th e  h ig h e r  d o se  lev e l m a y  b e  n o te d  in  
th e  m u ch  e x te n d e d  t im e  r e q u ire d  f o r  th e  la s t  sw e ll 
to  a p p e a r .

T h e  r e s u lt s  o f  to x in  a s s a y  sh o w  th a t  m o s t, 
th o u g h  n o t  a ll, o f th e  sw e lls  w e re  to x ic  u n d e r  th e  
c o n d itio n s  o f a s s a y  u sed . I n  so m e  c a se s  to x in  
lev e ls  o f  8 0 0 -8 0 0 0  m ld /g  w e re  fo u n d , w h ic h  r e 
s u lte d  in  th e  o v e rw h e lm in g  o f  a n t i to x in  p ro te c t io n  
te s ts  w h e n  lo w  d i lu tio n s  o f  th e  d ig e s te d  b len d  
w e re  te s te d . F o r  th is  r e a s o n  d i lu tio n s  e q u iv a le n t  
to  800 m id  in  so m e  c a se s  w e re  th e  o n ly  lev e ls  
te s te d  f o r  to x ic i ty  a n d  m a y  h a v e  b e e n  th e  c au se  
o f n e g a tiv e  to x ic i ty  te s ts ,  b e c a u se  o f  th e  m u c h  
lo w e r  lev e l o f  to x in  p re s e n t  in  th e s e  sam p le s . 
A lso , i t  is  p o ss ib le  t h a t  m ix e d  g r o w th  o c c u rre d , 
r e s u l t in g  in  to x in  d e s tru c t io n ,  o r  t h a t  th e  r a d ia 
t io n  s u rv iv o rs  p ro d u c e d  n o n to x ic  g r o w th  s in ce  
n o n to x ic  v a r ia n t s  o f  T y p e  E  h a v e  b e en  re c o rd e d  
b y  D o lm a n  (1 9 5 7 a )  a n d  N a k a m u r a  et cil. ( 1 9 5 6 ) .

R e s u l ts  w i th  th e  Iw a n a i  s t r a in  a r e  a ls o  sh o w n  
in  T a b le  2. N o  s p o ila g e  r e s u lte d  a t  e i th e r  43 o r  
4 9 ° F  w h e n  a  1 0 0 -m illio n -sp o re  lo a d  w a s  re d u c e d  
w ith  a  1 .0 -m e g a ra d  d o se  lev e l. H o w e v e r ,  in  tw o  
s e p a ra te  e x p e r im e n ts  w h e n  a  s p o re  in o c u lu m  leve l 
o f 25 th o u s a n d  w a s  re d u c e d  w i th  a  0 .4 0 -m e g a ra d  
d o se  lev e l, o u tg r o w th  o c c u r re d  in  2 1 -2 8  d a y s  a t

4 3 ° F  a n d  1 3 -1 8  d a y s  a t  4 9 ° F . T h e  r e s u lt s  o f th e  
tw o  s e p a ra te  e x p e r im e n ts  a p p e a r  to  b e  in  r e a s o n 
a b ly  g o o d  a g re e m e n t  w i th  re s p e c t  to  p e rc e n t  sw e lls  
a n d  th e  t im e  f o r  th e  f i r s t  a n d  l a s t  sw e lls  to  o c cu r . 
T h e  f i r s t  e x p e r im e n t  sh o w s m o re  to x ic  sw e lls  
th a n  th e  secon d , w h ic h  m a y  b e  d u e  e i th e r  to  th e  
d i lu t io n  leve l s e lec ted  fo r  to x in  a s s a y  o r  to  th e  
o th e r  c a u se s  a s s ig n e d  fo r  th e  a b se n c e  o f  d e te c ta b le  
to x in  w i th  th e  V H  s tr a in .

T h e s e  r e s u lt s  sh o w  w i th o u t  d o u b t  t h a t  a  sm a ll 
n u m b e r  o f  s p o re s  s u rv iv in g  d o s e  lev e ls  in  th e  
r a d ia t io n  p a s te u r iz a t io n  r a n g e  a r e  c a p a b le  o f g e rm i
n a t in g  a n d  p ro d u c in g  to x ic  o u tg r o w th  a t  lo w  
te m p e ra tu re s  w ith in  s to ra g e  p e r io d s  n o t  e x c e s s iv e ly  
lo n g  in  re la t io n  to  so m e  e s t im a te s  o f  e x te n d e d  
r e f r ig e r a te d  s to ra g e  life . C o m p a r is o n  o f th e  r e 
s u lts  o f h ig h - in o c u lu m  h ig h -d o s e  lev e l a n d  lo w - 
in o c u lu m  lo w -d o s e  lev e l s u g g e s ts  t h a t  f u tu r e  w o r k  
in  th is  a r e a  s h o u ld  b e  b a se d  o n  lo w -in o c u lu m  lo w - 
d o se  e x p e r im e n ts  in  o r d e r  to  a v o id  th e  e f fe c ts  o f 
h ig h -d o s e  lev e ls  on  th e  o u tg r o w th  o f  s u rv iv in g  
s p o re s  a t  lo w  te m p e ra tu re .

D IS C U S S IO N
The ubiquity of spores of Cl. botuliniim 

Types A and B is quite generally accepted 
(Meyer, 1956; Dolman, 1957a), and re
ceives ample and adequate testimony each 
year in the number of cases of botulism 
arising in this country from home-processed 
foods. For several reasons the picture with 
regard to Type E spores is not quite so 
clear. Type E botulism has appeared pri
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marily as a clinical entity caused by non- 
thermally processed marine products (Naka
mura et al., 1956; Dolman, 1957a,b; Iida 
et al., 1958). However, two outbreaks from 
food products thermally processed commer
cially—mushroom sauce (Geiger, 1941) and 
German canned sprats (Hazen, 1937) — 
demonstrate that unprocessed marine prod
ucts are not the sole source of potential Type 
E botulism. Dolman and Kerr (1947) also 
found Type E toxin in underprocessed 
home-canned chicken.

The comparatively low thermal resistance 
of spores of Type E Cl. botulinum is the 
reason why they survive infrequently in 
thermally processed foods, even if grossly 
underprocessed, and is probably also the 
reason why it is so difficult to obtain any 
adequate estimate of their distribution in 
nature other than in marine products. How
ever, Dolman ( 1957b,c), Nakamura et al.
(1956), and Pederson (1955) have pre
sented evidence that Type E spores are 
present in alluvial soils, terreaqueous depos
its, and soil muds. Dolman and Kerr (1947) 
found Type E spores in the soil of a chicken 
run at Nainamo, B.C., where Type E botulo- 
genic home-canned salmon caused 3 deaths 
and Type E toxin was found in under
processed home-canned chicken. While some 
evidence suggests a special liability of marine 
life to serve as vehicles for the dissemina
tion of Type E Cl. botulinum to widely 
separated parts of the world. Dolman 
( 1957a,b) also argues strongly for the ter
restrial origin of Type E spores that find 
a favorable habitat in the aqueous milieu. 
Furthermore, Meyer (1956) states: “that 
potentially botulogenic spores are carried in 
organs and tissues of healthy food animals 
is irrefutable, and in all probability these 
spores are not infrequently the source of 
the poison in meat or meat products respon
sible for human botulism when the anaer
obes belong to Types A, B. and possibly E.” 
In light of the evidence reviewed the authors 
would hesitate to accept the position that 
under any given set of circumstances Type 
E Cl. botulinum spores will not be present 
in any product. Any food product designed 
for human consumption and of such nature 
that it is capable of supporting the growth

of Cl. botulinum. must be so processed and 
stored to assure public-health safety under 
the assumption that such contamination may
be present.

The susceptibility of a food product to 
spoilage by Type E Cl. botulinum will de
pend on the presence of the organism, the 
nature of the product, the packaging condi
tions, the temperature of storage and han
dling, and the presence of other organisms 
that may grow more rapidly and produce 
obvious organoleptic defects.

The experimental data presented here 
show unequivocally that the radiation resis
tance of spores of Type E Cl. botulinum 
is of such an order that radiation dose levels 
applied to extend refrigerated storage life are 
insufficient to destroy even moderate levels 
of Type E spore contamination. Further
more, it has been shown that small numbers 
of survivors of Type E spores can germi
nate and produce toxic outgrowth at 43 and 
49°F. The time required is well within 
even not too optimistic estimates of the re
frigerated storage life of some radiation- 
“pasteurized“ food products. It must also 
be realized that the data presented here are 
based on the time required for obvious 
swelling of cans. The problem of toxicity- 
prior to the appearance of a swell has not 
yet been investigated. This aspect of the 
problem may be of considerable importance 
since a particularly insidious type of spoil
age is produced by the Type E strains. At 
the time when copious amounts of gas have 
been produced there is no marked organo
leptic change in the product other than, oc
casionally, a mild sour odor. Gas formation, 
therefore, is the only major warning of a 
hazardous product.

It is probable that today the successful use 
of refrigeration in the limited prolongation 
of the storage life of perishable food products 
is primarily due to the fact that the normal 
indigenous flora, in great part psychrophilic 
in nature, produces very obvious organolep
tic defects long before a public-health hazard 
can occur. The destruction of this flora by 
radiation or any other method for the pur
pose of extending refrigerated storage life 
removes an active agency in the assurance 
of public-health safety and suggests the 
necessity for the application of much more
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stringent control of the temperatures of re
frigerated storage and distribution of such 
products than has hitherto been required. 
Ohye and Scott (1957) found no growth 
initiation of ten Type E strains incubated 
22 weeks at 36°F. However, it must be 
pointed out that these experiments consisted 
of duplicate tubes, each inoculated with 10 
thousand spores of the strain being studied. 
An intensive study of this problem should be 
conducted in the near future to determine 
the absolute minimum temperature that per
mits outgrowth of spores of Type E strains 
using high-spore-level inocula. Since our 
results have shown a general parallelism of 
behavior at low temperatures by mildly 
heat-shocked spores and irradiation sur
vivors, it should be possible to conduct the 
work first with heat-shocked spores to out
line the areas in which studies with irradia
tion survivors must be conducted. Also, the 
time relationship for the development of 
swells and the formation of toxin at mini
mum growth temperatures must be deter
mined. Such studies appear to be essential 
in establishing the necessary control of tem
perature and other variables that will be 
required to assure the public-health safety 
of foods receiving radiation “pasteurization” 
for the prolongation of refrigerated storage 
life.
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SUMMARY
Nona-2,6-dienal, non-2-enal, hex-2-enal, and three saturated aliphatic 

aldehydes were isolated from  cucumbers. Quantitative and qualitative aspects 
o f the flavor o f nona-2,6-dienaI and non-2-enal were exam ined.

The flavor of cucumbers was attributed 
by Takei and Ono (1939) to nona-2,6- 
dienol and nona-2,6-dienal. The alcohol was 
present in larger amounts, but they con
cluded that the aldehyde was the more 
important constituent of the flavor. The 
aldehyde was assigned the 2-trans,6-trans 
configuration since it was identical with 
nona-2,6-dienal prepared from natural leaf 
alcohol, which Takei and Ono considered to 
be the frawv-isomer of hex-3-enol. Since leaf 
alcohol is now known to be the cA-isomer 
(Crombie and Harper, 1950), the dienal iso
lated from cucumbers should be the 2-trans,
6-m-compound. Although it is now gener
ally agreed (Sondheimer, 1952; Jutz, 1959) 
that the nona-2,6-dienal isolated from violet- 
leaf is the 2-trans,6-cis-isomer, no further 
work on the aldehyde present in cucumbers 
has been reported.

During studies of oxidized flavor in dairy 
products (Forss, Dunstone and Stark,
1960), it was noticed that one compound, 
later identified as non-2-enal, had an odor 
reminiscent of cucumbers. The present work 
was undertaken to investigate the possibility 
that non-2-enal occurred in cucumbers and 
to check the identity and configuration of the 
nona-2,6-dienal reported by Takei and Ono. 
Non-2-enal, nona.-2-trans,6-trans-dienal and 
nona-2-(ro»r,6-cA-dienal were also exam
ined organoleptically to compare their fla
vors and threshold concentrations.

M A T E R I A L S  A N D  M E T H O D S
T h r e e  k n o w n  v a r ie t ie s  ( M a r k e te r ,  S u p e rm a rk e t ,  

a n d  A s h le y )  a n d  s e v e ra l  u n k n o w n  v a r ie t ie s  o f 
c u c u m b e rs  w e re  used .

S a m p le s  o f n o n -2 -e n a l  a n d  n o n a -2 ,6 -d ie n a l  w e re  
re s p e c tiv e ly  o b ta in e d  f ro m  L ig h t  a n d  C o. L td .,  
E n g la n d , a n d  f ro m  H a a r m a n n  a n d  R e itn e r , H o lz -  
rn in d en , W e s te r n  G e rm a n y . S y n th e t ic  n o n a -2 -  
trans ,6-trans-d ie n a l  a n d  n o n a -2 -in 7 » ,y ,6 -cu -d ie n a !  
w e re  o b ta in e d  f ro m  D r .  C. J u tz .

T h e  c u c u m b e rs  w e re  d iced , m a c e ra te d ,  a n d  d is 
t i l le d  a t  35 °C  u n d e r  a  p re s s u re  o f  20 m m  H g ,  a n d  
th e  d is t i l l a te  e x a m in e d  b y  tw o  d i f f e r e n t  m e th o d s . 
I n  on e, th e  d is t i l l a te  w a s  p a sse d  d i r e c t ly  in to  a  
s o lu tio n  o f  2 ,4 -d in it ro p h e n y lh y d ra z in e  in  5 0 %  s u l
p h u r ic  a c id , a n d  th e  2 ,4 -d in it ro p h e n y lh y d ra z o n e s  
so  fo rm e d  w e re  s e p a ra te d  b y  c o lu m n  c h r o m a to g 
r a p h y  w i th  th e  C e li te -n i tr o m e th a n e  s y s te m  d e 
s c r ib e d  b y  D a y  et al. ( 1 9 6 0 ) .  A l te rn a t iv e ly ,  th e  
f re e  c o m p o u n d s  p re s e n t  in  th e  d is t i l l a te  w e re  e x 
t r a c te d  in to  l ig h t  p e tro le u m  (b .p . <  4 0 ° C )  a n d  
f r a c t io n a te d  b y  g a s - l iq u id  c h ro m a to g ra p h y  u s in g  
2 0 %  s ilic o n e  o il o r  “ C a rb o w a x  400” c o lu m n s  w ith  
th e  t e m p e r a tu r e  p ro g ra m m e d  f ro m  50 to  115°C . 
F r a c t io n s  w e re  c o lle c te d  f o r  s p e c tra l  e x a m in a tio n  
b o th  a s  th e  f re e  c o m p o u n d s  a n d  a f te r  c o n v e rs io n  
to  th e  c o rre s p o n d in g  2 ,4 -d in it ro p h e n y lh y d ra z o n e s .  
I n  a d d i t io n  th e  2 ,4 -d in it ro p h e n y lh y d ra z o n e s  w e re  
c h a r a c te r iz e d  b y  p a p e r  c h ro m a to g ra p h y  (L y n n , 
S te e le  a n d  S ta p le , 1956) a n d  m e l t in g - p o in t  d e 
te rm in a t io n .

I n f r a r e d  s p e c t r a  w e re  o b ta in e d  w i th  a  B e c k 
m a n  I R  7.

U l t r a v io le t  a n d  v is ib le  s p e c tra  w e re  o b ta in e d  
w i th  a  F a r - u l t r a - v io l e t  B e c k m a n  D K  2.

M e lt in g  p o in ts  w e re  d e te rm in e d  w ith  a  K o f le r -  
R e ic h e r t  m ic ro fu s io n  a p p a ra tu s .

F o r  f la v o r  e v a lu a tio n , b y  a n  e x p e r ie n c e d  l a b 
o r a to r y  p a n e l, so lu tio n s  w e re  p r e p a re d  f ro m  g a s -  
l iq u id - c h r o m a to g r a p h ic a l ly  p u r if ie d  s y n th e tic  a ld e 
h y d es , a n d  d is ti l le d  w a te r .  T o  d e te rm in e  th re s h o ld  
c o n c e n tra tio n s , e ig h t  g r a d e r s  w e re  g iv e n  a  se r ie s  
o f so lu tio n s  a n d  a s k e d  to  se lec t th e  o n e  a t  w h ic h  
th e  f la v o r  w a s  j u s t  p e rc e p tib le . P a i r s  o f so lu tio n s  
w e re  c o m p a re d  u s in g  th e  t r ia n g le  te s t .  I n  a ll 
case s, g r a d e r s  w e re  a sk e d  to  c o m m e n t q u a l ita t iv e ly  
on  th e  flav o rs .

90
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Isolation and identification of aldehydes.
Substantial quantities of three unsaturated 
aldehydes were isolated from cucumbers and 
identified. The data used in the character
ization of the aldehydes are presented in 
Table 1. The identity of each was confirmed 
by comparison of its infrared spectrum with 
that of an authentic specimen. Although 
differences in variety and in ripeness had 
some effect on the quantities of aldehydes 
isolated, an average composition would b e : 
ethanal 10%, propanal 10%, w-hexanal 15%, 
hex-2-enal 15%, non-2-enal 20%, and nona-
2,6-dienal 30%. The yield of aldehydes was 
0.0002-0.002% of the weight of fresh cu
cumbers.

Infrared spectra of the unsaturated alde
hydes and their 2,4-dinitrophenylhydrazones 
respectively showed bands at 975 cm-1 and 
980 cm-1. These can be assigned to the 
C-H deformation of a friww-double bond 
conjugated to a carbonyl group (Bellamy,
1958). Thus all three unsaturated alde

R E S U L T S  A N D  D IS C U S S IO N hydes had the 2-iraMA-configuration. This is 
hardly surprising since no 2-cw-enals have 
been reported in the literature, although 
attempts have been made to synthesize such 
compounds (e.g., Gamboni and Schinz,
1958). In addition the spectrum of the iso
lated nona-2,6-dienal showed a band at 
718 cm-1 while that of its 2-4-dinitrophenyl- 
hydrazone showed no band at 965 cu r1. This 
is the behavior to be expected of a com
pound containing a nonconj ugated double 
bond with the cA-configuration (Bellamy,
1958). These facts, together with a com
parison of the properties of the isolated 
nona-2,6-dienal with those of the two syn
thetic isomers, proved that the isolated 
nonadienal had the 2-trans,6-cis-coniigura- 
tion. There was no evidence of the presence 
of nona.-2-trans,6-trans-dienal among the 
aldehydes isolated from cucumbers.

M olecular s tru c tu re  and flavor. The 
threshold concentrations of non-2-enal, nona-
2-trans,6-trans-dienal and nona-2-trans,6-cis- 
dienal in water were found to be 0.0005-

T a b le  1. Id e n t if ic a t io n  o f a ld e h y d e s  iso la te d  f ro m  c u cu m b ers .
Free compound 2,4-Dinitrophenv lhydrazone

Relative X max (mfi) retention (n-hexane) time in gas chromatography X max (m/t,) Relative Rf values Meltingpoint(°C)

Mixedmeltingpoint(°C)“ Carbowax” Silicone 400 EtO H- E tO H  NaOH chromatogram
E th a n a l iso la te d 334 432 0.33 159*

s y n th e tic 335 432 0.33 V a r io u s *

P ro p a n a l iso la te d 337 432 0.47 133-4*
s y n th e tic 356 433 0.48 155 *

« - H e x a n a l iso la te d 0.13 0.19 357 432 0.93 106 7 10 6-7sy n th e tic 0.12 0.18 357 432 0.93 105 7

H e x -2 - e n a l iso la te d 0.16 0.22 214 373 456 0.81 144-5 1 4 4 -6s y n th e tic 0.13 0.22 214 373 456 0.81 1 4 5 -6

N o n -2 -e n a l iso la te d 1.03 0.69 214 373 456 1.14 124-5 124-5s y n th e tic 1.03 0.70 214 373 456 1.12 12 4-5

N o n a -2 ,6 -d ie n a l iso la te d 1.01 1.10 214 373 456 0.93 114" 114N o n a -2 -  trails, 6- s y n th e tic 1.02 1.10 214 373 456 0.93 1 1 3 -4
rh - d ie n a l

N o n a -2 -fra )k f,6 - sy n th e tic 1.00 1.00 214 373 456 1.00 1 3 6 -7
fran .ç-d iena l

* S u b lim es .
b A  seco n d  c ry s ta l l in e  fo rm , m .p . 1 1 8 °C , w a s  a ls o  fo u n d .



92 FLAVOR OF CUCUMBERS

0.001 ppm for the first two, but slightly 
lower (0.0001 ppm) for the trans,cis-isomer. 
These figures agree reasonably well with 
the value of 0.006 ppm obtained for non-2- 
enal by Lea and Swoboda (1958). At dilu
tions close to the threshold concentration, 
graders used the general description “oily” 
or “tallowy” for the flavors of non-2-enal 
and nona-2-trans,6-trans-dienal, hut “green” 
or “like cucumbers” for that of the nona-2- 
frmi.c,6-cA-dienal. As the concentration of 
the test solution increased, more graders 
used the description “like cucumbers” for 
each compound. However, at any particular 
concentration, it was clear that the order of 
increasing resemblance to cucumbers was 
non-2-enal, nona-2-/ran.f,6-D'(m.s'-(li('iial and 
nona-2-frawj,6-cA-dienal.

In triangle tests at ten times the threshold 
concentration, most graders could differen
tiate easily between nona-2-/f«>u',6-m-dienal 
and either non-2-enal or nona-2-trans,6- 
trans-dienal, although not between the latter 
two. However, at 100 times the threshold 
concentration, graders were able to distin
guish between non-2-enal and nona-2-frcwu, 
6-frawi-dienal.

The flavor of non-2-enal is also character
istic of dec-2-enal although not o f  oct-2-enal. 
Thus, the “cucumber-like” flavor may be 
assigned to the molecular structure of a
2-fraMi-enal having a total chain length of 
9 or 10 carbon atoms. Further unsaturation 
and conjugation to a 2,4-dienal produces a 
flavor unlike that of cucumbers—more like 
that o f  cardboard or linoleum.

Although introduction of a frani-noncon- 
jugated double bond has little effect on the 
flavor, a nonconjugated rA-unsaturation in
creases the intensity of the flavor and adds 
a more pleasant, “green” note. Crombie and 
Shah (1955) found that the trans,trans- and 
trans,ds-isomers of deca-2,6-dienal had 
odors resembling those of the nona-2,6- 
dienals. We found that the odor of deca-2- 
trans,6-cA-dienal, regenerated by hydrolysis 
from its 2,4-dinitrophenylhvdrazone, was 
typically “green,” “plant-like,” and “like 
cucumbers.” Hoffmann (1961) found that 
the “green” reversion flavor of soybean oil 
was due to hex-3-cA-enal. Naves (1957) 
discussed the odors of several pairs of 
stereochemical isomers, and in most cases

the rA-isomer was responsible for a pleasant, 
“green” note. From this, it appears that the 
cA-nonconj ugated unsaturation is respon
sible for the production of a “green” or 
“plant-like” flavor.

Hex-2-enal has a strong odor of green 
leaves (Guenther and Althausen, 1949) 
whereas w-hexanal has a typically oily flavor. 
Therefore, in deciding the contribution each 
constituent makes to the flavor of cucumbers, 
it appears likely that the pleasant element 
is largely due to the nona-2-trans,6-cis- 
dienal, perhaps with some assistance from 
the hex-2-enal, and that the more unpleasant, 
astringent note is contributed by non-2-enal.
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SUMMARY
A highly significant correlation (r  =  -0 .9 7 )  exists between the am ount o f  

enzym atically developed pyruvic acid present in  the juice o f com m inuted onion  
and the olfactory threshold concentration o f the juice. The correlation indi
cates that determ ination o f pyruvic acid in  freshly prepared onion juice consti
tutes a fairly reliable, sim ple, and convenient m ethod o f estim ating at least one  
aspect o f  onion flavor.

It is becoming increasingly clear from re
cent investigations that much of the flavor 
and odor of onions arises as the result of 
conversion of S-substituted cysteine sulfox
ide derivatives (Carson and Wong, 1961; 
Virtanen and Matikkala, 1959a) to un
stable alkyl sulfenic acid intermediates by an 
alliinase-type enzyme present in onions 
(Schwimmer et al., 1960; Kupiecki and 
Virtanen, I960). It has been suggested that 
this unstable intermediate can then be con
verted to the more stable sulfur-containing 
products reported to be present in the vola
tile fraction of comminuted onions ( Schwim
mer et al., 1961). The reaction catalyzed by 
onion alliinase also results in the formation 
of ammonia and pyruvic acid as well as 
odoriferous sulfur volatiles (Carson and 
Wong, 1961; Schwimmer et al., 1960; Nie- 
gisch and Stahl, 1956).

In a previous publication (Schwimmer 
and Weston, 1961) it was demonstrated that 
pyruvic acid develops in onion homogenates 
prepared by comminution with an equal vol
ume of water. The amount of pyruvic acid 
produced from mature onion bulbs varied 
between 4 and 20 ^moles (0.35 to 1.16 mg) 
per gram of onion and appeared to depend on 
the pungency or strength of the onion, as 
evaluated informally and according to the 
generally accepted rating of the “lots” of 
commercial onion varieties used in that in
vestigation.

a A  L a b o r a to r y  o f th e  W e s te r n  U t i l iz a t io n  R e 
s e a rc h  a n d  D e v e lo p m e n t D iv is io n , A g r ic u l tu r a l  
R e s e a rc h  S e rv ic e , U . S . D e p a r tm e n t  of A g r ic u ltu re .

A more rigorous demonstration of a 
highly significant correlation of enzymati
cally produced pyruvic acid with one aspect 
of onion flavor, viz., olfactory threshold con
centration, constitutes the subject matter of 
the investigations reported herein. This cor
relation, together with further simplification 
of methods for preparation of onion juice for 
pyruvic acid analysis, offers a convenient, 
fairly reliable, and sensitive procedure for 
predicting the strength of onion odor.

M A T E R IA L S  A N D  M E T H O D S
P r e p a r a t i o n  o f  e x tr a c t .  T w e n ty - o n e  o f th( 

tw e n ty - tw o  lo ts  o f  o n io n  b u lb s  u s e d  in  th e  p re se n t  
s tu d y  w e re  g ro w n  a t  th e  G re e ley , Id a h o , e x p e r i 
m e n ta l  a c re a g e  o f  th e  P l a n t  I n d u s t r y  S ta t io n ,  U . S. 
D e p a r tm e n t  o f A g r ic u l tu re .  T a b le  1 s h o w s  the 
c o d e  n u m b e r , p e d ig re e , a n d  s o u rc e  o f in b re d . T h e  
o th e r  lo t, N u m b e r  100, c o n s is te d  o f  S o u th p o r t  
W h i te  G lo b e  ( s t r a in  “ S u n s p ic e ” ) o n io n s  su p p lied  
b y  th e  E a s ic  V e g e ta b le  P r o d u c ts  C o m p an y , V a c a 
v ille , C a lifo rn ia .

S ix  to  tw e lv e  o n io n s , w e ig h in g  6 0 0 -9 0 0  g , w e re  
p e e le d  a n d  s liced  in to  w e d g e s  s m a ll e n o u g h  to  p a ss  
t h r o u g h  th e  h o p p e r  ( 2 X 1 .2 5  in .)  o f  a  f r u i t  a n d  
v e g e ta b le  ju ic e r  (A c m e  S u p re m e  M o d e l 5001, 
A c m e  M a n u f a c tu r in g  C o m p an y , S i e r r a  M a d re ,  
C a l i f o r n ia ) .  (M e n t io n  o f c o m m e rc ia l  in s t ru m e n ts  
a n d  th e i r  m a n u fa c tu re r s  is  fo r  in fo rm a tio n  on ly , 
a n d  d o es  n o t  im p ly  e n d o rs e m e n t o r  r e c o m m e n d a 
t io n  o v e r  o th e r  in s tru m e n ts  t h a t  m a y  b e  a v a i la b le .)  
A  s t r ip  o f W h a tm a n  N o . 1 f i l te r  p a p e r  c o v e re d  th e  
p e r fo r a t io n s  in  th e  s id e  o f  th e  c y lin d r ic a l  b a sk e t. 
T h is  a p p a ra tu s  m a d e  i t  p o ss ib le  to  o b ta in  200  m l 
o f  c le a r  o n io n  ju ic e  w ith in  3 m in . A f t e r  30  m in  a t  
ro o m  te m p e ra tu re ,  tw o  1 -m l p o r t io n s  o f th is  ju ic e  
w e re  re m o v e d  f o r  th e  d e te rm in a t io n  o f p y ru v ic  
ac id , a n d  a  d ro p  w a s  u se d  f o r  th e  d e te rm in a t io n  of

94
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T a b le  1. G e n e tic  b a c k g ro u n d  o f  o n io n s .
Greeley lot no. Pedigree Source of inbred a

569 B  40 38  A  C h a r 
t r e u s e

( E Y G  X Y G D )

607 B  9166 A E b e n e z e r
609 B  12132 A Y S S
613 C o lo  6  A Y S S
621 S t  G  36  A S to c k to n  G lo b e
627 B  1288 A S W G
631 R e d  G lo b e  A S R G
787 p 52 -474  A Y S S
819 R B W 1 0 1 - A 3 B r o n z e  G lo b e
854 B  2247 C B Y G
858 B  3954 C ( E Y G  X Y G D )
867 B  12115-2 C Y S S
873 p  5 3 -364 -2  C Y S S
877 p  53 -416  C Y S S
880 p  7 4 -9 -3 2  C Y S S
918 B  2215 C B Y G

1132 B  7-165 B  ( B  1288 
B  X L 3 0 3 B )
Fa i ic c r r

( S W G  x  E c l ip s e )

1136 B  7-165 B  (B  1288 
B X L 3 0 3 B )
F 3 i ic c r r

( S W G  x  E c l ip s e )

1137 B  7-165 B  ( B  1288 
B  X L 3 0 3  B )
F 3 i ic c r r

( S W G  X E c l ip s e )

1138 B  7-165 B  (B  1288 
B  X L 3 0 3 B )
F 3 i ic c r r

( S W G  X E c l ip s e )

1563 ( W h  C re o le  X W h i te  C re o le  X
p  5 4 -3 0 6 ) A Y S S

" E Y G , E a r l y  Y e llo w  G lo b e ;  B Y G , B r ig h a m  
Y e llo w  G lo b e ;  Y S S ,  Y e llo w  S w e e t  S p a n is h ;  W P ,  
W h i te  P o r t u g a l ; S W G , S o u th p o r t  W h i te  G lo b e ; 
S R G , S o u th p o r t  R e d  G lo b e ;  Y G D , Y ellow 1 G lo b e  
D a n v e rs .

so lu b le  so lid s  (° B r ix )  w i th  a  B a u s c h  a n d  L o m b  
re f r a c to m e te r .  T e n - m l p o r t io n s  o f th e  ju ic e  w e re  
d is tr ib u te d  a m o n g  s e v e ra l  v ia ls  a n d  p la c e d  a t  
— 3 0 ° F  u n ti l  u se d  f o r  r e d e te rm in a tio n  o f p y ru v ic  
a c id  a n d  f o r  o rg a n o le p t ic  e v a lu a tio n s .

D e te rm in a t io n  o f  p y ru v ic  a c id .  F o r  a n a ly s is  of 
p y ru v ic  ac id  c o n te n t , 1 -m l sam p le s  w e re  d i lu te d  to  
200 m l. A  2 -m l sam p le  o f th e  d i lu te d  ju ic e  w a s  
a d d e d  to  1 m l o f 0 .0 1 2 5 %  o f  3 ,4 -d in it ro p h e n y lh y d ra -  
z ine  in  2N  H C 1 . A f te r  10 m in  a t  37 °C , 5 m l o f 
O.biV N a O H  w a s  a d d e d  a n a  th e  a b s o rb a n c e  o f th e  
s o lu tio n  m e a s u re d  w ith  a n  E v e ly n  C o lo r im e te r  (42 0  
mg, f i lte r ,  s e t  a t  z e ro  a b s o rb a n c e  w i th  r e a g e n t  
b la n k ) .  T h e  m e th o d  w a s  c a l ib r a te d  w i th  so d iu m  
p y ru v a te  a s  s ta n d a rd ,  a n d  th e  r e s u lt s  a r e  e x 
p re s s e d  a s  /¿m oles of p y ru v ic  a c id  p e r  m l o f ju ic e  
(S c h w im m e r  a n d  W e s to n , 19611.

C o n tro l  o n io n  sam p le s  w e re  t r e a te d  a s  ab o v e  
e x c e p t  t h a t  th e  o n io n s  w 'e re  f i r s t  h e a te d  5 m in  in  
a n  e le c tro n ic  o v en  (R a d a r a n g e ,  R a y th e o n  C o rp .)  
to  d e s t ro y  e n zy m e  a c t iv i ty  b y  r a d io  fre q u e n c y  
e n e rg y  ( \  =  12 c m ) ,  th e n  e x tr a c te d  a s  p re v io u s ly  
d e sc rib e d . T h e r e  w a s  n o  s ig n if ic a n t  c h a n g e  in  th e  
p y ru v ic  a c id  c o n te n t  a f te r  s to ra g e  o f th e  e x tr a c t  
fo r  5 m o n th s  a t  — 3 0 ° F . T h e  v a r ia t io n  f ro m  th e  
m e a n  v a lu e  o f 4  re p lic a te s  w a s  ±  0.2  g o le s  p e r  
m l ju ic e .

T h e  d if fe re n c e  b e tw e e n  th e  p y ru v ic  a c id  c o n te n ts  
o f  th e  ju ic e  f ro m  u n h e a te d  ( P t )  a n d  h e a te d  o n io n  
( P c )  is  d e fin ed  a s  /¿m oles o f  e n z y m a tic a l ly  p r o 
d u ce d  p y ru v ic  a c id  ( P E) p e r  m l o f  ju ic e .

O rg a n o le p t ic  e v a lu a tio n .  B e c a u s e  o f  th e  o v e r 
p o w e r in g  o d o r  o f  u n d ilu te d  o n io n  ju ic e , th e  b e s t  
m e th o d  o f a s s e s s in g  th e  r e la t iv e  o d o r  in te n s i ty  of 
d i f fe re n t  sam p le s  is  b y  d e te rm in in g  th e  th re s h o ld  
c o n c e n tra t io n .  E a c h  sam p le  o f f ro z e n  ju ic e  w a s  
th a w e d  ra p id ly  a n d  d i lu te d  w i th  o d o r - f r e e  ta p  
w a te r  to  the. a p p ro x im a te  th re s h o ld  r a n g e  (1 - 3 0  
p p m  o f o n io n  j u ice  in  w a t e r ) .  A t  le a s t  th r e e  c o n 
c e n tr a t io n s  o f e ac h  o n io n  ju ic e  sam p le  w e re  d i
re c t ly  c o m p a re d  fo r  o d o r  w i th  th e  w a te r  u se d  in  
p r e p a r in g  th e  d i lu te d  sam p le s . T e n - m l sam p le s  o f 
w a te r  o r  d i lu te d  o n io n  ju ic e  w e re  p lac ed  in  d a r k  
2 -o z  g la s s e s  f itted  w ith  p la te - g la s s  c o v e rs . T h e

T a b le  2. O rg a n o le p t ic  a n d  a n a ly t ic a l  d a ta  on  
o n io n  ju ic e .1*
Code no. ppm P e P t Pc 0 Brix

607 3 18.6 22.3 3.7 11.5
1137 3 18.2 21.4 3.2 12.3

627 5 17.5 21.4 3.9 11.8

o o 5 16.1 19.6 3.5 12.9
918 5 15.7 20 .2 4.5 7.0

1563 6 15.2 19.4 4.2 10.5
1132 7 13.2 16.3 3.1 10.7
1136 8 13.8 16.9 3.1 11.9
1138 9 13.0 16.8 3.8 12.6

854 10 13.0 17.4 4.4 11.0
569 10 13.3 18.6 5.3 6.9
858 10 13.5 18.1 4.6 10.1
819 10 13.6 18.3 4.7 12.6
8 77 12 12.0 16.5 4.5 7.7
613 12 11.8 15.2 3.4 6.3
631 13 8.9 12.2 3.3 9.1
621 14 8.2 12.6 4.4 7.0
787 15 10.0 12.8 2.8 10.3
880 16 8.1 12.1 4.0 8.1
867 16 9.1 12.5 3.4 8.7
609 22 5.5 10.8 5.3 7.0
873 23 5.3 9.9 4.6 8.2
“ pp m , s e n s o ry  th re s h o ld  c o n c e n t r a t io n ; P e , e n 

z y m a tic a l ly  p ro d u c e d  p y ru v ic  a c id  in  /¿ m o le s /m l;  
P T, to ta l  p y ru v ic  a c i d ; P c , p y ru v ic  a c id  o f h e a te d  
c o n tro ls .
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F ig .  1. P e r c e n t  c o r r e c t  re s p o n se  vs. s e n s o ry  
th re s h o ld  c o n c e n tra t io n  (p p m )  o f d i lu te d  o n io n  
ju ic e  f ro m  re p re s e n ta t iv e  sam p le s  o f s t r o n g  (6 2 7 ) ,  
m e d iu m  (8 7 7 ) ,  a n d  w e a k  (8 7 3 ) o n io n s . T h e  n u m 
b e rs  r e f e r  to  th e  c o d e  n u m b e rs  of T a b le  1. D u p li 
c a te  te s ts  f o r  sam p le  877 in d ic a te  re p ro d u c ib i l i ty  
o f m e th o d . In te r s e c t io n  of d o tte d  lin e  w ith  each  
c u rv e  in d ic a te s  th re s h o ld  c o n c e n tra t io n  f o r  th a t  
sam p le .

sam p le s  w e re  e v a lu a te d  b y  a  t r a in e d  a n d  se lec ted  
p a n e l  of 12 ju d g e s , in  th e  fo rm  o f a  d u o - t r io  te s t  
( P e r y a m  a n d  S w a r tz ,  1 9 5 0 ). E v a lu a t io n s  w e re  
c o n d u c te d  in  in d iv id u a l  b o o th s  m a in ta in e d  a t  7 0 °F , 
a n d  th e  o rd e r  o f p re s e n ta t io n  to  th e  ju d g e s  w a s  
ra n d o m iz e d . E a c h  c o n c e n tra tio n  of o n io n  ju ic e  w a s  
re p lic a te d  th re e  t im e s , g iv in g  a  to ta l  o f 36 j u d g 
m en ts .

T h e  p e rc e n ta g e  of c o r r e c t  re s p o n se  w a s  p lo tte d  
a g a in s t  o n io n  ju ic e  c o n c e n tra tio n  in  ppm . T y p ic a l  
e x a m p le s  o f th e se  p lo ts  a r e  s h o w n  in  F ig .  1. T h e  
th re s h o ld  c o n c e n tra t io n  is d e fin ed  a s  th e  m in im u m  
c o n c e n tra t io n  (p p m )  o f o n io n  ju ic e  in  w a te r  th a t  
c a n  b e  d e te c te d  b y  7 0 %  o f th e  ju d g e s . E x a m in a 
t io n  o f th e  re s u lts  f ro m  a ll  o n io n  sam p le s  in d ic a te d  
t h a t  th is  d e g re e  o f o c c u rre n c e  g a v e  th e  m o s t  r e 
p ro d u c ib le  re s u lts .  F o r  th e  n u m b e r  o f re p lic a t io n s  
a n d  p a n e l s iz e  u sed , 7 0 %  c o r re c t  re sp o n se s  c o r 
re s p o n d s  to  a  p ro b a b il i ty  leve l of a b o u t .01 a c c o rd 
in g  to  T a b le s  of th e  B in o m ia l  P ro b a b i l i ty  D i s t r i 
b u tio n  ( N a t io n a l  B u re a u  o f S ta n d a rd s ,  1 9 5 0 ). R e 
p e a te d  te s ts  o n  a  g iv e n  o n io n  sam p le  sh o w e d  th a t  
th re s h o ld  c o n c e n tra t io n  co u ld  be e s t im a te d  w ith in  
±  1.5 p p m  fo r  th e  ju ic e  f ro m  e ith e r  s t r o n g  o r  
w e a k  o n io n s  ( s e e  F ig . 1 ) .

R E S U L T S  A N D  D IS C U S S IO N
Table 2 shows the onion lots in order of 

increasing olfactory threshold concentration, 
with the corresponding amounts of enzy
matically produced pyruvic acid, total pyru
vic acid, pyruvic acid content of heated con
trols, and solids content. In general, the re
sults substantiate previous findings that the 
amount of enzymatically produced pyruvic 
acid of comminuted onions varies between 
5 and 20 /unoles per g (or ml). Also, note

that strains considered mild, e.g., Yellow 
Sweet Spanish, produce less pyruvic acid 
than those generally considered strong, e.g., 
Ebenezer, Southport White Globe (Ma- 
gruder et al., 1941). The threshold concen
tration of the various juices ranged from 
3 to 23 ppm.

Fig. 2 shows the relation between ppm 
of onion juice in water and P E in /¿moles/ml 
for all 22 samples. The correlation coeffi
cient (r =  — 0.97) and computed standard 
error of estimate (s =  1.38) indicate a highly 
significant correlation between threshold 
concentration and pyruvic acid production. 
Total pyruvic acid (P T) plotted against ppm 
also gives a highly significant correlation 
(r =  —0.94, s= 1 .9 6 ). Since the correla
tion coefficients are very similar and it is 
more convenient to perform PT instead of 
PE, it would probably be advantageous to 
use PT as a measure of onion odor.

The results also indicate some relation 
between solids and odor, but the correlation 
coefficient (r =  0.57) is much lower than 
that obtained for PE or P T vs ppm. Platenius 
and Knott (1941) reported that total solids 
content reflects pungency to some extent.

The results tend to support the theory that 
the enzyme or enzyme system that produces 
volatile odor components when the cells of

F ig .  2. R e la tio n s h ip  o f s e n s o ry  th re s h o ld  c o n 
c e n tr a t io n s  of d i lu te d  o n io n  ju ic e  (p p m )  a n d  e n 
z y m a tic a l ly  p ro d u c e d  p y ru v ic  ac id  ( P E) .  D o t te d  
lin e s  in d ic a te  c o m p u te d  s ta n d a rd  e r r o r  o f e s t im a te , 
S =  1.38.
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onion tissue are disrupted also gives rise to 
pyruvic acid (Schwimmer et al., 1961). 
However, the amount of pyruvic acid pro
duced is in excess of the preliminary esti
mates of the amount of the S-methylcysteine 
and S-propyl cysteine sulfoxides, the only 
two known substrates of onion alliinase so 
far detected in onion. This discrepancy can 
be eliminated if one assumes that a pre
cursor to cycloalliin (Virtanen and Matik- 
kala, 1959b) and the glutamyl peptides pres
ent in onion (Virtanen and Matikkala, 1960) 
can give rise by some yet unknown mecha
nism to both odoriferous volatile products 
and pyruvic acid.
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SUMMARY
Using the interaction o f carrageenan (Seakem  type 5 ) with cetylpyridinium  

chloride as the type exam ple, investigation was made o f optim um  conditions 
for the precipitation o f carrageenan and its fractions by quaternary am m onium  
detergents. Found to be very critical factors for quantitative precipitation
were the tem perature and pH of the 
am ount o f detergent cation bound by 
dicative o f its degree o f  sulfation.

Carrageenan is a strongly charged anionic 
polyelectrolyte that is extensively used in 
the food and pharmaceutical industries as an 
emulsifier and stabilizer. Its isolation and 
quantitative determination, especially in the 
presence of other food gums, is important 
from both the practical and theoretical view
points. Several qualitative tests for carragee
nan are available. These are based largely 
on the reaction of the polyanionic electrolyte 
with methylene blue, a reaction that has been 
placed on a quantitative basis (Graham,
I960), and on reaction with Millon’s re
agent, ferric chloride, or thorium nitrate 
(Smith and Montgomery, 1959). Hansen 
and Whitney (1960) developed an ester 
sulfate method for the determination of car
rageenan in milk, but rapid micro-methods 
for the quantitative separation and estima
tion of carrageenan are still sorely lacking.

Quaternary ammonium detergents have 
been used for the precipitation and purifica
tion of acidic polysaccharides, and, in con
junction with salt solutions of high molarity 
have been employed for the separation of 
certain neutral polysaccharides (Smith and 
Montgomery, 1959). However, they have 
not been extensively applied to the sulfated 
plant hydrocolloids. Slack (1958), while 
investigating the stimulation of connective 
tissue by carrageenan, observed that through 
the use of 1.2M  KC1 and an excess of cetyl-

reaction m edium . Comparatively, the 
a particular sulfated hydrocolloid is in-

pyridinium chloride, this anionic polyelec
trolyte could be selectively precipitated from 
mixtures containing other less sulfated mu
copolysaccharides. Springer et al. (1957) 
noted that fucoidan, a polymer of L-fucose 
monosulfate, was precipitated and inac
tivated by cetyldimethylbenzylammonium 
chloride. The stringy or flocculent precipi
tate formed by Irish Moss (carrageenan) on 
reaction with alkyldimethylbenzylammonium 
chloride (Rodalon) is used as a test for 
detection and identification of the hydrocol
loid (Smith and Montgomery, 1959). The 
interaction of sulfated plant polysaccharides 
in general, and of carrageenan in particular, 
thus becomes a matter of interest and im
portance.

Recently, the precipitation of sulfated mu
copolysaccharides by cationic detergents has 
received much attention. Korn (1959a) de
scribed the quantitative isolation of heparin, 
a sulfated mucopolysaccharide, as the cetyl- 
trimethylammonium complex, precipitated 
from 1M  NaCl, and has used this procedure 
in studies on the synthesis of heparin by 
slices of mouse mast cell tumor. Cifonelli 
and Dorfman (1960) used cetylpyridinium 
chloride to precipitate heparin monosulfate 
in order to study its properties. Schiller 
et al. (1961) separated microquantities of 
hyaluronic acid, chondroitin sulfuric acids,
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and heparin through the differential solubil
ity of their cetylpyridinium chloride com
plexes. Urinary mucopolysaccharides have 
been purified and characterized through 
complexing with cetyltrimethylammonium 
bromide (Di Ferrante and Rich, 1956).

Much interest has been exhibited in the 
role of carrageenan in the stimulation of the 
synthesis of connective tissue (Slack, 1958; 
Williams, 1957). In addition, the mecha
nism of its interaction with proteins and 
other biological entities has not yet been 
fully explained. In view of the differential 
solubilities in simple salt solutions of de
tergent-polysaccharide complexes, it was 
.deemed worthwhile to make a comprehensive 
study of the quantitative nature of the pre
cipitation of carrageenan by quaternary am
monium detergents. If conditions for the 
quantitative precipitation of this hydrocol
loid are known, then its isolation, purifica
tion, and assay from heterogeneous mixtures 
can be readily accomplished. Moreover, 
since there is a possibility that each deter
gent complex may display specific salt-solu
bility characteristics, information on the 
quantitative nature of the interaction of 
carrageenan with cationic detergents could 
greatly facilitate studies on the mechanism 
of reactions of this versatile phytocolloid 
with other compounds of biological interest.

Carrageenan can be precipitated in the 
presence of an excess of quaternary am
monium detergents for which rapid, simple 
colorimetric methods of determination are 
available. By determining the excess quater
nary ammonium detergent in the super
natant, quantitative relationships for the 
interaction can be established. Alternately, 
cetylpyridinium chloride absorbs strongly in 
the ultraviolet region. Therefore, direct de
termination of the excess quaternary am
monium detergent in the supernatant can 
be made.

This study was undertaken to determine 
the effect of pH and temperature on the 
binding of detergent cations, the time re
quired for maximum binding, the influence 
of buffer normality, and the amount of de
tergent that must be present for complete 
precipitation of a given quantity of hydro

colloid. Since several other sulfated hydro
colloids are gaining importance in the food 
industries, some of these were included in 
the studies.

E X P E R I M E N T A L
R e a g e n ts .  C a r ra g e e n a n  ( S e a k e m  ty p e s  3, 4, 

5 , 7, a n d  4 0 2 ) ,  la m b d a  a n d  k a p p a  f r a c t io n s  o f 
c a r r a g e e n a n ,  G e lc a rin , a n d  V is c a r in ,  a l l  f ro m  
M a r in e  C o llo id s  In c .,  N e w  Y o r k ;  a g a r ,  f r o m  
M e e r  C o rp o ra t io n ,  N e w  Y o r k ;  fu r c e l la r a n ,  f ro m  
D u c h é  U n i-G u m  C o rp o ra t io n ,  N e w  Y o r k ;  i r id o -  
p h y ca n , f ro m  D r .  W .  Z . H a s s id ,  U n iv e r s i ty  o f 
C a li fo r n ia  ; h y p n e a n , s e a w e e d  f r o m  D r .  H a r o ld  
H u m m , D u k e  U n iv e r s i ty .  S to c k  s o lu tio n s  o f 0 .2 5 -  
1 %  (d r y - w e ig h t  b a s is )  w e re  p r e p a r e d  a s  p r e v i 
o u s ly  d e s c r ib e d  (G ra h a m , 1 9 6 0 ).

C e ty lp y r id in iu m  c h lo r id e , f ro m  W m . S . M e r re l l  
C o m p an y , C in c in n a ti ,  O h io  ; c e ty ld im e th y lb e n z y l-  
a m m o n iu m  b ro m id e , f ro m  F in e  O rg a n ic s ,  In c .,  N e w  
Y o r k ;  0.1 M  H 3P 0 4 ; 0.1 M  ( N H O J H P C b ;  0 .1M 
N H 4O H . T h e s e  w e re  p r e p a r e d  a s  p re v io u s ly  d e 
s c r ib e d  ( G ra h a m , 1 9 6 0 ).

I s o p ro p y l  a lc o h o l, F i s h e r  C e r t if ie d  R e a g e n t,  
F i s h e r  S c ie n tif ic  C o m p a n y ;  S o d iu m  C a rb o n a te , 
F i s h e r  S c ie n tif ic  C o m p a n y  ; d o u b le -d is t il le d  w a te r ,  
tw ic e  d is t i l le d  f ro m  g la s s  ; b ro m p h e n o l b lu e , F is h e r  
S c ie n tif ic  C o m p a n y ;  to lu e n e , F i s h e r  C e r t if ie d  R e 
a g e n t,  F i s h e r  S c ie n tif ic  C o m p a n y  ; e th y le n e  d i
c h lo r id e , p u rif ied , F i s h e r  S c ie n tif ic  C o m p a n y ;  d ia ly 
s is  m e m b ra n e , 2 7 /3 2 , V is k in g  C o m p an y , C h icag o , 
I l l in o is .

E q u ip m e n t .  V o lu m e tr ic  p ip e tte s , C o le m a n  M o d e l 
D U  s p e c tro p h o to m e te r ,  4 0 -m l g ro u n d -g la s s - s to p -  
p e re d  t e s t  tu b e s , 15 -m l c e n t r i fu g e  tu b e s , B e c k m a n  
p H  m e te r , M o d e l G ;  B u r r e l l  w r is t - a c t io n  s h a k e r .

P r e c ip i t a t i o n  s tu d ie s .  Z e ro  to  100 m g  o f  th e  
p a r t i c u la r  h y d ro c o l lo id  w e re  a d d e d  t o  a  100-m l 
g la s s - s to p p e re d  v o lu m e tr ic  f la sk . F iv e  m l o f  O .litf  
( N H O s H P O i - N H i O H  b u f fe r  o f p H  9 .0  w a s  a d d e d  
to  e ac h  fla sk , a n d  th e  v o lu m e  w a s  m a d e  u p  to  
4 0  m l w i th  d is ti l le d  w a te r .  F in a l ly ,  10 m l o f th e  
d e te r g e n t  s o lu t io n  w a s  a d d e d  to  g iv e  a  f in a l d e te r 
g e n t  c o n c e n tra t io n  o f  20/iM/ml. T h e  f la sk s  w e re  
p la c e d  o n  a  B u r r e l l  w r is t - a c t io n  s h a k e r  a n d  in c u 
b a te d  12 h r  a t  2 7 ° C. T h e n  th e  v o lu m e  w a s  m a d e  
u p  to  100 m l w i th  d is t i l le d  w a te r  a n d  th e  f la sk s  
s h a k e n  w e ll. A f t e r  s ta n d in g  fo r  a  s h o r t  w h ile , 
1 m l o f  th e  s u p e rn a ta n t  w a s  re m o v e d  a n d  a d d e d  
to  a  g la s s - s to p p e re d  c e n tr i fu g e  tu b e  c o n ta in in g  
9  m l o f  iso p ro p y l  a lc o h o l. T h e  m ix tu r e  w a s  c e n 
t r i fu g e d  101 m in  a t  2500  rp m , a n d  1 m l o f th e  
s u p e r n a ta n t  w a s  a d d e d  to  9 m l o f  d is t i l le d  w a te r .  
S u i ta b le  a liq u o ts  o f th is  la s t  m ix tu r e  w e re  u s e d  
to  d e te rm in e  th e  a m o u n t  o f f re e  q u a te r n a r y  a m 
m o n iu m  d e te rg e n t  in  th e  m ix tu r e .  T h e  a m o u n t  o f 
th e  q u a te r n a r y  a m m o n iu m  d e te rg e n t  b o u n d  b y  th e  
p a r t i c u la r  h y d ro c o l lo id  w a s  c a lc u la te d  a s  th e
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amount added minus the amount left in the system. 
In every case, duplicate controls containing all the 
ingredients except the hydrocolloids were included 
to account for any adsorption by the glass or losses 
occurring during manipulation.

Equilibrium  dialysis. These experiments were 
carried out by placing into the dialysis sacks 20 ml 
containing amounts of the hydrocolloid ranging 
from 10 to 100 mg. The sacks were fashioned 
in the shape of U-tubes, both ends tied, and placed 
in 125-ml Erlenmeyer flasks. The ends of the 
sacks were tied to  the outside of the neck of the 
flask by rubber bands. Five ml of the buffer solu
tion and 10 ml of the particular detergent solution 
were added to the outside of the flask, and the 
final volume made up to SO ml with distilled water. 
The flasks were stoppered with hard rubber stop
pers and incubated, with shaking, for 72 hr at 
27° C. Controls in duplicate were run by dialyzing 
the hydrocolloids against buffer only, and by 
including a system containing the dialysis sacks, 
buffer, and detergent only. Adsorption of the de
tergent by the dialysis sack was generally absent 
or negligible. A t the end of the equilibration period, 
the amount of free detergent was determined both 
inside and outside of the dialysis sack.

Calculation bf the amount of quaternary am 
monium detergent bound at equilibrium was based 
on the difference between the amount added and 
the total amount found “free” in the solution on 
the outside of the sack and that on the inside. 
Both outside and inside solutions were made up 
to a volume of 100 ml with distilled water before 
final analyses were done. Experiments conducted 
by immersing the sacks completely in the detergent 
solution gave results that, within the range of 
experimental error, were the identical to those 
obtained by fashioning the sacks as U-tubes.

Methods used for determination of quaternary 
ammonium detergents. C olorim e tric . The method 
used was the colorimetric method of Auerbach 
(1943), using a 9:1 m ixture of toluene and ethyl
ene dichloride. The intensity of the color devel
oped was measured with a Beckman model DU 
spectrophotometer.

D ire c t sp e c tro p h o to m e try . Since cetylpyridinium 
chloride absorbs strongly in the ultraviolet region, 
direct determinations on gum-free supernatants 
were done in many instances. Thus it was possible 
to check the results based on the colorimetric 
method. In all instances agreement was good 
between the precipitation approach and the equilib
rium dialysis approach (Table 2).

Influence of variables on the interaction. The 
influence of several factors on the completion of 
precipitation was studied at 27° C with SO mg 
carrageenan (Seakem type S). Variation of pH, 
interaction time, buffer molarity, or the amount of

Table 1. Influence of variables on the binding
of cetylpyridinium by
5) at 27° C.

carrageenan (Seakem type

Cetylpyridinium cation bound per mg pH of medium of carrageenan (fiM)
1.2 2.89
3.0 3.84
S.2 3.98
6.9 4.00
9.0 4.09

10.1 4.05
Buffer strength ( M )

0.01 4.08
0.05 4.07
0.10 4.08
0.20 3.99
0.50 4.00
1.00 3.89

Reaction time (h r)
0.5 3.68
1.0 3.98
2.0 4.07
4.0 4.01
8.0 4.08

16.0 4.05
24.0 4.01
48.0 4.06

Detergent concentration
( g if//m l) 
1.0 1.64
2.0 2.89
5.0 3.42

10.0 4.07
15.0 4.08
20.0 4.09

detergent present provided data for the establish
ment of optimum conditions.

In the dialysis experiments, equilibrium time at 
27°C was determined by dialyzing 50 mg of carra
geenan (Seakem type 5) against a constant con
centration of cetylpyridinium chloride in 0.014/ 
buffer of pH  9.0 for periods of 4-96 hours. The

Table 2. Comparison of binding of cetylpyri
dinium cation by carrageenan at 27 °C by the dye 
method and by the ultraviolet absorption method.

Cetylpyridinium cation bound of carrageenan
(mg) Dye method UV method
10 4.06 4.02
20 3.98 4.06
40 4.09 4.01
50 4.07 4.01
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amount of cetylpyridinium chloride necessary to 
precipitate a given amount of the hydrocolloid 
completely was ascertained by dialyzing it for 
72 hr against varying concentrations of the deter
gen t

The influence of pH was assessed by allowing 
SO mg (dry-weight basis) of the hydrocolloid and 
an excess of cetylpyridinium chloride to react at 
27°C at varying pH levels of 0.013/ N H 4H P O 4-  
NH-iOH buffer. The amount of detergent cation- 
bound was determined by the general procedure. 
The final pH of each system was checked with a 
Beckman model G pH  meter.

The concentration of detergent that m ust' be 
present in order to allow maximum uptake of the 
detergent cation per milligram of the hydrocolloid 
was assessed at pH 9.0 in 0.01 M buffer at 27° C 
by a procedure similar to that outlined above 
except that the amount of detergent added was 
varied as shown in Table 1

F o r  b u f f e r in g ,  N a .H P O .- N a H s P O , o r 
N H iH P O j-N H jO H  mixtures may be used. The 
ammonium phosphate buffer was selected since 
it offered less interference when alcohol was used 
in preparation of the supernatant. However, the 
ammonium ion can precipitate carrageenan (Sto- 
loff, 1954). To assess any influence of such 
possible precipitation on the binding of the deter
gent cation, the influence of varying molarities of 
the (N H O sH PC h-N H jO H  buffer at pH  9.0 was 
determined. For this, 50 mg (dry-weight basis) 
of carrageenan (Seakem type 5), and an excess of 
cetylpyridinium chloride were allowed to react with 
buffers of varying molarities at 27° C, and the 
amount of cetylpyridinium cation bound determined 
according to the general procedure. The results 
are in Table 1.

The time necessary for maximum binding of the 
cetylpyridinium cation by carrageenan (Seakem 
type 5) at 27°C in 0.10.1/ ( N H ,) 2H P C fi-N H ,0H  
buffer was established in a similar manner and 
determining the amount of detergent cation bound 
over periods varying from 30 min to 72 hr.

Variations in the binding of the detergent cation 
by carrageenan (Seakem type 5) with tempera
ture were assessed at 27, 37, and 45 °C with a 
0.013/ buffer at pH 9.0 and a reaction time of 
12 hr. Furcellaran and agar were included. The 
results are in Fig. 1.

Release and recovery of bound detergent cation.
If the hydrocolloid-detergent complex can be dis
sociated, the amount of detergent cation released 
can be determined. If all experimental variables 
are adequately controlled, the amount of detergent 
cation released should be equivalent to that de
termined by the difference method in the binding 
studies. W ilson (1946) showed that cetylpyri

dinium chloride and other quaternary ammonium 
detergents were bound by orange juice, milk, and 
other food products. Such bound detergents could 
be released, almost quantitatively, by boiling the 
products in hydrochloric acid. Graham (1958) 
demonstrated that cetylpyridinium chloride bound 
to bacterial cells could be readily recovered by this 
procedure.

Table 3 summarizes the results of preliminary 
experiments conducted to establish the reported 
stability of cetylpyridinium chloride in acid.

Following this, varying amounts of carrageenan 
(Seakem type 5) were allowed to react for 12 hr 
with cetylpyridinium chloride at pH 9.0 in 0.013/ 
(N H 4):H P O 4-N H 4O H  buffer at 27°C in 50-ml 
centrifuge tubes. The precipitates formed were 
centrifuged down and washed five times with dis
tilled water. Five ml of 0 .2%  bromphenol blue in 
absolute ethanol was added, and enough HC1 was 
added to each tube to give a final normality of 
0.5. Distilled water was added to make all final 
volumes up to 25 ml. A t the end of the heating- 
period I N  K O H  was added to neutralize the 
acid, the hydrolysates were made up to volume 
100 ml with 0 .01M  (N H 4H H PO 4-N H 4O H  buffer, 
and suitable aliquots were used for determination 
by the colorimetric method. Table 4 shows the 
amount of cetylpyridinium cation bound per milli
gram  of carrageenan (Seakem type 5) as deter
mined by the difference method and the hydrolysis 
procedure.

Quantitative binding of detergent cations by 
various sulfated hydrocolloids. After the optimum 
conditions for binding were established, using the 
carrageenan (Seakem type 5 (-cetylpyridinium 
chloride system as the example, determination was 
made of the uptake of the cetylpyridinium and 
cetyldimethylbenzylammonium cations by various 
sulfated hydrocolloids. Varying quantities of each 
hydrocolloid were mixed with an excess of each 
detergent, and after 12 hours the amount of the 
detergent cation bound determined according to 
the general procedure. The results are summarized 
in Table 5 and Fig. 2.

Fig. 1. Influence of tem perature on the binding 
of cetylpyridinium cation by carrageenan, furcel
laran, and agar.
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Table 3. Stability of cetylpyridinium chloride to acid and heat.
Cetylpyridinium chloride CfiM)

Normality of HC1 (min) Added Recovered % recovery
10 9.8 98.0

15.0 20 19.7 98.5
SO 47.9 95.8
10 9.8 98.0

0.1 30.0 20 19.8 99.0
SO 47.8 95.6
10 9.7 97.0

60 20 19.6 98.0
SO 47.6 95.2
10 9.6 96.0

IS 20 19.8 99.0
SO 47.9 9S.8
10 9.7 97.0

0.5 30 20 19.9 99.5
SO 47.8 95.6
10 9.6 96.0

60 20 19.6 98.0
50 47.8 95.6
10 9.6 96.0

IS 20 19.S 99.0
50 47.2 95.4
10 9.5 95.0

1.0 30 20 19.S 97.5
50 47.4 95.8
10 9.4 94.0

60 20 19.2 96.0
SO 46.2 92.4

RESULTS AND DISCUSSION
Table 1 records the influence of several 

variables on the detergent-hydrocolloid inter
action. Between pH  3.0 and 10.1, the 
amount of detergent bound per milligram of 
carrageenan (Seakem type 5) does not vary 
drastically. This is readily explained by the 
fact that ionization of the strongly acidic 
sulfate group is not suppressed extensively 
at low pH  levels and the polysaccharide is 
still highly charged at these low pH  levels 
(W histler, 1959). In addition, the poly
saccharide is considered to be fairly stable 
even at such low pH  levels (W histler, 1959; 
Hansen and W hitney, 1960). Although 
only carrageenan (Seakem type 5) was 
used, furcellaran and the other sulfated poly-

saccharides listed in Table 5 would be ex
pected to respond similarly. A t the ex
tremely low pH  of 1.2, the binding of the 
detergent cation by the hydrocolloid was ap
parently lowered. Although a suppression of 
ionization could have subscribed to this 
effect, some hydrolysis of the hydrocolloid 
cannot be neglected, in view of the incuba
tion period used.

W ithin the range investigated, buffer 
molarity had negligible effect on the binding 
of the detergent cation by the hydrocolloid. 
The ammonium ion is thus highly prefer
able to the sodium ion, which may interfere 
severely in the preparation of supernatants 
using alcohol as the precipitant.

The time necessary for completion of tire



G R A H A M  A N D  T H O M A S 103

reaction is relatively short. Although the 
incubation period used in the direct precipi
tation procedure was 12 hr, a period as short 
as 2 hr will suffice, where time is a limiting 
factor or where a large number of determi
nations have to be done. If the interaction 
is studied by the method of equilibrium di
alysis, a much longer incubation period is 
necessary and lower detergent concentra
tions must be employed to avoid complica
tions due to micelle formation (Ehrenpreis 
and Fishman, 1960).

Figure 2. Quantitative binding of cetylpyridin- 
ium cation by carrageenan and other hydrocolloids.

W hen a maximum of SO mg of carra
geenan was used, maximum binding of the 
detergent cation was observed in the pres
ence of a concentration of detergent of 
lOjuM/ml or more. A level of 20/Fkf/ml 
therefore assured an excess at all times.

From  Table 3 it is seen that cetylpyridin- 
ium chloride is highly stable to heat and acid. 
This factor permitted hydrolysis of the pre
cipitate and high recoveries of bound cetyl- 
pyridinium cation. Table 4 shows the 
amount of detergent cation bound as deter
mined by the direct method and the recovery 
method. The close agreement indicates that 
the hydrolysis procedure provides a reliable 
check on the precipitation method. W ith de
tergents (such as cetylpyridinium chloride), 
that absorb strongly in the ultraviolet range, 
binding data can be correlated by three 
different methods, as shown by compar
ing Tables 2 and 4. Although the ultra
violet spectrophotometric method is more 
rapid and sensitive than the dye method, the 
latter method, because of its specificity, is

Table 4. Recovery of cetylpyridinium cation 
after hydrolysis of precipitate.

Carrageenanadded(mg)

Cetylpyridinium cation bound (/¿M) / per mg of carrageenan
By difference method After hydrolysis of precipitate

20 4.07 3.98
40 4.09 4.01
60 4.06 3.89

less subject to interference from any precipi
tate that might have been carried over in the 
supernatant.

Fig. 1 shows the effect of temperature on 
the landing of the cetylpyridinium cation. 
Binding is much more pronounced at 37°C 
than at 27°C. However, the amount bound 
at 45 °C by the three hydrocolloids tested is 
approximately the same as that bound at 
37°C, indicating that ionization is complete 
at the latter temperature. Although low con
centrations (0.01% ) of agar were used, at 
27 °C possible errors due to gel formation of 
hydrocolloid cannot be overlooked. H ow 
ever, the results obtained at 45 °C lend cre
dence to the conclusion that its compara
tively low binding capacity is real and is due 
to its supposedly small content of sulfate 
(W histler, 1959).

The binding capacity of the hydrocolloids 
used reflects their degree of sulfation (Table

Table 5. Binding of detergent cations by car 
rageenan and other hydrocolloids at 27°C.

fiM  per mg of hydrocolloid

Hydrocolloid Cetylpyridinium
Cetyldi-methylbenzyl-ammonium

Lambda-carrageenan
Carrageenan

4.422 4.499
( Seakem type 5) 4.088 4.044

Kappa-carrageenan 3.814 3.820
Furcellaran 3.070 3.038
Agar 0.992 1.037
Hypnean 3.867 3.989
Iridophycan
Carrageenan

3.745 3.894

( Seakem type 3) 
Carrageenan

4.180 4.329

( Seakem type 402) 
Carrageenan

4.040 4.023
(Seakem type 7) 3.944 3.807

Viscarin 4.048 4.107
Gelcarin 4.010 4.092
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5). Lambda-carrageenan, which reportedly 
has a sulfate content of 24-33% (hydro
chloric acid digestion) or 44% (nitric acid 
digestion), bound more detergent cation per 
milligram than kappa-carrageenan, with a 
sulfate content of 23-28%  (hydrochloric 
acid digestion) or 33% (nitric acid diges
tion). Seakem type 5 showed an intermedi
ate binding capacity, and furcellaran, whose 
sulfate content is known to be much less, 
exhibited a correspondingly lower binding 
capacity. The other carrageenans tested 
gave results closely similar to those obtainedo Jwith Seakem type 5. Agar, a supposedly 
lightly sulfated polysaccharide, had the low
est binding capacity. Hypnean and irido- 
phycan bound less detergent cation than any 
of the carrageenans used. Little is known 
about the chemical structure of hypnean, but 
it is considered to be somewhat similar to 
carrageenan. Some support for this is had 
from its detergent-binding capacity, if bind
ing is conditioned mainly and perhaps ex
clusively by the sulfate content of the hydro
colloid. On a similar premise, the binding- 
data indicate that iridophycan resembles 
hypnean more closely than it does the car
rageenans. Close agreement in values was 
obtained with cetvldimethylbenzylammo- 
nium chloride.

These studies demonstrate that the pre
cipitation of sulfated plant hydrocolloids can 
be exploited for their quantitative determina
tion. Since the approach has been widely 
applied for their isolation (Scott, 1955; 
Springer ct a i. 1957 ; Korn, 1959a, 1959b, 
1959c; Palmstierna ct a i. 1957; Schiller 
et al., 1961), use of the techniques described 
affords simultaneous isolation and assay by 
simple, rapid, and reproducible means. 
Since the quaternary ammonium com
pounds can be readily assayed colorimetri- 
cally and cetylpyridinium chloride absorbs 
strongly in the ultraviolet region, two ap
proaches for assay are available, each provid
ing a ready check on the other.

The described procedure may find wide 
use in studying the interaction of carragee
nan or other sulfated hydrocolloids with 
various biochemical entities and may be of 
value in monitoring the solubility character
istics of the detergent-hvdrocolloid complex. 
These complexes have been widely studied

(Scott, 1955) with animal and microbial 
polysaccharides. However, the plant-sulfated 
polysaccharides have been seriously neg
lected. Recently, they have been receiving 
attention in this laboratory and will be re
ported on in another communication. D eter
gent precipitation has been successfully ap
plied to the isolation, purification, and quan
titative assay of proteins (Jacox, 1953, 1959; 
Greendyke and Jacox, 1958), and could be 
of invaluable aid in studies on plant-sulfated 
hydrocolloids that are being used or are of 
potential use in the food and pharmaceutical 
industries.
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SUMMARY
Some tasters were m ore repeatable than others in m aking chew counts, 

and were thereby able to discrim inate m ore between loins o f differing tender
ness. Mean chew counts by six  tasters for 36 loins ranged from  25 .3  to 47 .0 , 
with one exceptional value at 60 .0 . These showed a high correlation with 
m ean shear values based on 10 shears per loin . On average, an increase o f  
1 lb in  shear value corresponded to an increase o f 4  in the chew count in this 
experim ent. Mean chew counts and shear values both showed significant 
correlations with two measures o f marbling fat m ade on the 36 loins (visual 
scores and intramuscular fat contents), the less marbled loins being som e
what tougher. On average, an increase o f 1 % in  intram uscular fat corre
sponded to a decrease o f about 1.5 in chew count or 0 .4  lb in  shear value.

INTRODUCTION
Lowe (1949) suggested that, as far as 

the ordinary consumer is concerned, a major 
difference between tough and tender meat is 
the time and effort required to masticate a 
portion in the mouth. The number of chews 
needed to do this might, therefore, be a 
valuable way of measuring gross tenderness 
variations. Since this characteristic undoubt
edly varies a good deal from person to per
son, care must be taken to use the same 
panel throughout an experiment, to supply 
them with samples of standard size, and to 
specify precisely the end point of the chew
ing process.

Various workers have used different defi
nitions of this end point. Aldrich (1960) 
requires the sample to be “masticated so 
completely that nothing remains in the 
mouth,” the taster being allowed to cut his 
own portions for chewing (about J4-in. 
squares) from slices of beef. Cobb (1960) 
examined several different end points for

“ Journal Article 2846, Michigan AgriculturalExperiment Station, East Lansing.

1 X 1-in. samples from cold slices of beef 
roasts cut J/g in. thick, and prefers “chew
ing to the consistency at which the sample 
would normally be swallowed.” This is 
similar to the definition used in studies of 
veal by H anning et al. (1957) and in the 
present studies of pork.

The chew-count method is likely to be 
of value only if the meat under test contains 
no large deposits of tough connective tissue, 
which would render a sample impossible to 
chew to any of the above end points— a cri
terion that is usually satisfied by samples 
from the center of the Longissimus dorsi 
muscle of pigs, which were used in this 
study. However, it has also proved suc
cessful in an investigation of the effect of 
cold-storage and cooking methods on com
mercial-grade cow beef (Paul et al., 1956). 
As far as the authors are aware, the work 
of Hanning et al. (1957) and Paul et al. 
(1956), and Wisconsin studies reviewed by 
Kauffman (1960), are the only published 
investigations in which chew counts have 
been u sed ; in no case is detailed information

106
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given on within-judge repeatability of ten
derness evaluations by this method.

Tenderness of pork has received much 
less attention from meat research workers 
than has that of beef. However, it is likely 
to gain importance in view of the increasing 
emphasis placed on the leanness of pigs over 
the last few years. It is often stated that 
flesh quality may deteriorate as quantity is 
increased, for a decrease in subcutaneous 
fat usually brings with it a decrease in the 
intramuscular or “marbling” fat frequently 
associated with superior eating qualities 
( Kauffman, 1960 ).

The experiment to be described had two 
objectives: (a ) to study the “chew count” 
as a method of evaluating the tenderness of 
pork chops; and (b) to study the variation 
in tenderness among pork chops with various 
degrees of marbling.

METHODS
Repeatability trial. The main experiment was 

preceded by a  small-scale repeatability trial in
volving 9 tasters. Since repeatability cannot be 
measured by giving tasters the same sample twice, 
the next best thing is to ask them to make inde
pendent assessments on immediately adjacent sam
ples. This was achieved by taking 1-in. cores 
from cold pork chops, removing the browned 
surfaces and dividing the remainder into equal 
halves by cutting across the fibers. W hen this 
had been done for two chops, the four samples 
so produced were arranged on a plate in random 
positions. The panel member recorded his count 
on each sample, and his standard error was calcu
lated from differences between values given to the 
two halves of the same core. Each of the nine 
tasters was given four plates set up in this way.

Main experiment. T hirty-six loins were chosen 
at the time of cutting from pigs slaughtered in 
the Michigan State University M eat Laboratory; 
7 were from Yorkshires, 13 from Duroc X Hamp- 
shires, 9 from Chester W hite X Hampshires, and 
7 from second and third crosses of these breeds, 
representing a range in lean cut yield from 47.8 
to 58.4%. These were always chosen in pairs, 
or “blocks,” the two loins of a block being kept 
together and treated alike throughout the experi
ment. One loin of the block had relatively abun
dant marbling fat whereas the other was con
sidered deficient in this characteristic.

Seven chops 1% in. thick were cut from each 
loin, the first being anterior to the 10th rib cut 
and the others in succession down the loin poste

riorly. These were immediately wrapped and 
frozen at — 20° C. Three chops from each loin 
were used for tasting, two for shearing, and two 
for chemical analysis, always from the same 
positions.

A  subjective marbling assessment of a single 
chop from each loin was made on a  black and 
white Polaroid photograph taken when the chop 
was still frozen. The pictures, projected about 
twice full size, were scored by six judges on a 
5-point scale with the help of the photographic 
reference standards provided by Batcher and 
Dawson (1960). The values used here are the 
total scores of these six judges.

The chops for objective tenderness appraisal 
were thawed and cooked in the same way as those 
for tasting (see below). A fter being cooled to 
room temperature, five y 2- in. cores were removed 
from each chop and sheared on the W arner- 
Bratzler apparatus. The value for each loin is 
therefore the average of 10 shears.

The two chops for chemical analysis were par
tially thawed to allow the eye muscles to be sepa
rated and ground. Duplicate values of intram us
cular fat content (calculated on a fresh-weight 
basis) were obtained on each chop, so the values 
used here are the average of four determinations 
on each loin.

The three chops for tasting from each of the 
two loins of a block were thawed at room tempera
ture, allocated at random to the six positions in 
the fryer, and cooked in deep fat (a t 138° C) to 
an internal tem perature of 80° C. They were cooled 
overnight and tasted cold the following morning. 
Two 1-in. cores were taken from each chop (six 
from each loin) ; the six tasters were allocated 
core positions a t random for a particular com
parison. The tasting was carried out in six ses
sions, three blocks being compared at each session. 
For the first three sessions, the allocation of cores 
to plates was the same as for the small-scale re 
peatability trial described above, the two chops 
compared on a particular plate being in this case 
the pair of chops forming a particular block. It 
is possible that the judges could have been able 
to pair off the duplicates on a plate by eye, be
cause of slight differences in color and texture 
between the two loins. To test this possibility, 
the design was changed for the second three 
sessions of the experiment. A t these, only two 
plates were given to each taster, the first having- 
single samples from six different loins (from  3 
blocks), whereas their duplicates were on the 
second plate in a different random order (see 
Fig. 1).

Analysis. All correlations were calculated on 
a within-block basis; these have 17 degrees of
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M E T H O D  1 M E T H O D  2
A C A

D FB B 1 o o E C
A 1 D 1 B

PLATE 1 PLATE 2 PLATE 1

F'
C 1 B 1
A 1 D 1

E 1
PLATE 2

Fig. 1. Allocation of duplicate samples to plates 
according to Method 1, used for the first three 
sessions, and Method 2, used for the remaining 
sessions. A and B form the first block of two 
loins, and so on, three blocks being compared at 
each session.

freedom. Such correlations are not influenced by 
the effects of extraneous variations on the charac
teristics correlated, such as length of time kept 
in the frozen state, since the members of a block 
were kept together and treated alike from the 
time they were chosen. In the case of those corre
lations involving chew counts, the within-block 
correlations are not influenced by variations in 
the tasters’ standards from session to session.

RESULTS
V ariability of chew counts. The standard er

rors of repeated chew counts for the nine tasters 
in the small-scale preliminary study ranged from 
2.3 to 12.8 chews, each being on 8 degrees of 
freedom. However, standard errors for six tasters 
lay in the range 2.3 to 3.4, and these were chosen 
for the main experiment ; tasters with standard 
errors S.2, 6.3, and 12.8 were rejected.

Table 1 shows the standard errors of repeated 
chew counts found in the two stages of the main 
experiment, together with measures of judging 
discrimination. Several of the tasters tended to 
be less repeatable in the experiment than they had 
been in the trial ; in fact, the pooled standard 
error increased from 2.8 to 4.6. There was no 
evidence that repeatability was any better when 
the duplicate samples appeared on the same plate 
than when they appeared on different plates.

A taster could be repeatable in this sense merely 
by not allowing his scores to vary to any extent; 
if he did, his standard error would be small 
though discrimination between loins would be poor. 
It is for this reason that measures of each taster’s

discriminating ability (the F  ratio of mean squares 
“between" and “within" loins in the same block, 
and the intraclass correlation) have been included 
in Table 1. These show that, although taster E  
had a large standard error, he proved to be the 
most discriminating, with C, who had the smallest 
standard error, the next-most discriminating. The 
low values of A for discriminating ability suggest 
that his small standard error was to some extent 
achieved by conscious or unconscious equalization 
of the counts for the samples in a particular session.

Mean chew count ranged from 2S.3 to 47.0, 
with one exceptional loin having a value of 60.0; 
these are averages of duplicate assessments by 
the six judges. A standard error of 4 chews for 
a single observation shows that the standard error 
of the difference between two loin means in this 
experiment would be 1.6 chews (if there were no 
“taster X loin” interaction). Differences of less 
than 3r/2-4 chews between mean chew counts could 
therefore be regarded as showing no significant 
difference in tenderness.

V ariability in shear values. The standard error 
of repeated shears on the same loin was 1.33 lb, 
although some of this variation was due to differ
ences in tenderness between the 5 positions within 
the chops from which the cores were taken. The 
standard error of the difference between two loins 
was 0.S9 lb, since each loin mean was based on 
10 shear values; these means ranged from 5.1 to
9.1 lb, with the exceptionally tough loin having 
a shear value of 12.9 lb.

Shears from the more anterior of the two chops 
chosen for this objective measurement of tender
ness were significantly greater than those from the 
posterior chop (7.3 vs. 6.8 lb), though this differ
ence showed significant variation from loin to loin.

Table 1. Repeatability and discrimination in 
the main experiment."

Taster Method1 Method2 Overall F
Intraclasscorrelation

A 3.9 2.7 3.4 3.3 54
B 7.5 5.3 6.5 4.8 66
C 2.6 3.7 3.2 6.2 73
D 4.1 2.5 3.4 4.6 65
E 5.3 6.4 5.9 8.4 79
F 4.3 4.3 4.3 5.8 70

Pooled 4.9 4.4 4.6
‘ Standard errors of repeated chew counts when 

tasting was by methods 1 and 2 (each on 18 de
grees of freedom), and over the whole experiment 
(on 36), together with the F  value (ra tio  of mean 
squares “between” and “within loins in the same 
block” on 18 and 36 degrees of freedom ), and the intraclass correlation as a percentage.

PLATE 3
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Relation between objective and subjective tender
ness. Table 2 shows the results of calculating the 
regression of chew count on the objective measure 
of tenderness (using loin mean values in both 
cases) for each taster and for the mean counts 
of the whole panel. These are calculated within 
blocks of loins.

Table 2. Subjective and objective tenderness 
measurements.“

Taster

Regression coefficient ±  standard error (chews) Correlationcoefficient
A ' 2.6 ±  0.3 0.89***
B 5.0 ±  1.2 0.72***
C 3.0 ±  0.6 0.79***
D 2.5 ±  0.6 0.69**
E 7.4 ±  0.9 0.90***
F 4.2 ±  0.7 0.83***

Panel average 4.1 ±  0.4 0.92***
** 0.01 >  p >  0.001.*** 0.001 >  p.

“ The relation between mean chew counts and 
shear values for each taster and for the panel 
average. These have been calculated on a  within- 
block basis.

The two tenderness measures were highly re
lated, some 85% of the variation in chew counts 
averaged over the six tasters being explained by 
shear values. The correlations dropped to 0.85 
(72% of the variation explained) when the block 
containing the extremely tough loin was omitted 
from the analysis. On average, an increase of 
1 lb in shear value was equivalent to an increase 
of 4 in the chew count, although the regresión 
coefficient differed among the six tasters.

These results suggest that if increased toughness 
of pork results, at least as far as the average 
consumer is concerned, essentially in increasing 
the difficulty of chewing then the shearing ap
paratus gives a  reasonably good prediction of 
toughness over a wide range, even though it 
simulates only one particular feature of the 
chewing process. I t  may not, however, be suffi
ciently sensitive to detect small differences in the 
difficulty of chewing.

Measurement of m arbling fa t. The within-block 
correlation between chemically determined in tra
muscular fat and the total subjective scores for 
marbling fat by a panel of six was 0.85. The total 
score had an average of 17.9, ranging from 6 to 
27 for individual loins. Intram uscular fat averaged 
3.45% on fresh-weight basis, ranging from 1.1% 
to 7.4%.

Although the loin chosen in a  particular block 
as “marbled” always had a marbling score no

lower than the “deficient” loin, the difference in 
the score among the 18 blocks ranged from 0 to 
17. The mean difference between marbled and 
deficient loins was 7.4 on this 30-point scale. The 
mean difference in intramuscular fat was 2.83%, 
which was also highly significant.

Relation of tenderness to marbling. Shear val
ues showed a significant difference of 1.3 lb be
tween the two types of loin, the “marbled” loins 
being the more tender. Some 38% of the varia
tion in shear values was explained by the amount 
of intramuscular fat (r  =  — 0.62); an increase of 
1% in intramuscular fat caused, on average, an 
improvement of 0.42 lb in shear value. The corre
lation of shear value with marbling score was 
—0.61 within blocks.

Table 3 shows, for each taster, the mean chew 
counts for the loins classified as relatively well 
marbled and relatively poorly marbled. The anal
ysis showed that each taster was able to detect 
differences in tenderness between loins by this

Table 3. Differences between loins within 
blocks.“

Taster
Mean of well- marbled loins

Meanofpoorly-marbledloins Difference F
A 36.4 41.3 4.9 28.2***
B 40.6 43.8 3.2 < 1
C 34.5 38.1 3.6 4.3
D 20.8 24.8 4.0 7.2*
E 33.4 43.5 10.1 9.3**
F 36.0 42.0 6.0 8.7**
* 0.05 >  p >  0.01.

** 0.01 >  p >  0.001.
*** p <  0.001.
* The mean chew counts for the loins classified 

as relatively well marbled and relatively poorly 
marbled for each taster, together with the sig
nificance of the difference (F , based on 1 and 17 
degrees of freedom).

method, although the marbled loins were sig
nificantly more tender for only four of the six 
ta s te rs ; taster B failed to detect a significant 
difference on average between the two series. The 
extent of the difference varied from taster to 
taster and, of course, from block to block.

Table 4 shows how the chew counts were re
lated to two measures of marbling (regression of 
chew count on marbling score and intramuscular 
fat percent). Some 45% of the variation in the 
panel average chew count was explained by the 
marbling score (reduced to 35% when the extreme 
block was om itted), and some 33% by the per
centage of intramuscular fat (reduced to 22% ). 
M arbling score and intramuscular fat percentage
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Table 4. Subjective tenderness measurements in 
relation to marbling fat.a

Marbling score Intramuscular %

Taster

Regressioncoefficient(chews)
Correlationcoefficient

Regressioncoefficient(chews)
Correlationcoefficient

A -0.47 —0.71*** -1.53 —0.77***
B -0.56 -0.35 -1.06 -0.23
C -0.51 -0.59** -1.19 -0.46* ** ***
D -0.60 —0.74*** -1.31 -0.55*
E -1.19 -0.64** -3.31 -0.60**
F

Panel
-0.71 -0.64** -1.95 -0.58**

average -0.67 -0.67** -1.73 -0.57*
*0.05 > p >  0.01.

** 0.01 >  p >  0.001.
*** 0.001 >  p.“ The relation between mean chew counts and 

measures of marbling fat for each taster and for 
the panel average. These have been calculated on 
a within-block basis.

together explained 44% of the variation in the 
panel average chew count within blocks of loins. 
An increase of 1% in the intramuscular fat corre
sponded to a decrease in chew count of about 
1% on average. Taster B was again exceptional 
in showing no significant relation between chew 
counts and marbling.

These results give support to the contention that 
pork loins with low levels of intramuscular fat 
tend to be somewhat tougher on average, when 
prepared and eaten in this manner, than those 
with more intramuscular fat, although the relation 
was not sufficiently close to be used for predictive 
purposes. Selection programs aimed a t improving 
the lean meat content of pig carcasses should 
therefore keep a careful check on the changes 
that are occurring in the eating qualities of this 
lean meat as the level of fatness of the carcass is 
reduced. Shearing samples of cooked pork with

apparatus of the W arner-B ratzler type seems the 
most practical way of making regular evaluations 
of tenderness in pigs from progeny testing sta
tions, e tc .; periodic comparisons with chew-count 
evaluations by a small trained panel would be de
sirable, however, to ensure that the shearing 
method continues to reflect differences in the 
difficulty of chewing as selection alters the chem
ical and physical composition of the meat.
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Interior physical quality and bacterial pen
etration of shell eggs have been reported 
as functions of egg shell permeability 
(From m , 1960; K raft et al... 1958). Roman
off (1943), using small sections of pretreated 
egg shells, found that shell thickness was 
not a factor contributing to the rate of air 
flow through the shell. Since an objective 
tool for measuring egg shell permeability 
in vivo was reported only recently (From m ,
1959), the present study was conducted to 
employ the intact egg shell in its entirety 
to determine if a relationship exists between 
egg shell permeability and shell thickness.

The eggs used, which were obtained from 
a flock of Single Comb W hite Leghorns in 
their first year of production, were gathered 
3 times daily. They were visibly clean and 
weighed 59-64 g. Immediately after the 
eggs were gathered, shell thickness was de
termined by placing the eggs in various 
aqueous NaCl solutions of known concen
tration and determining the specific gravity 
of each egg by flotation. The principle in
volved is that the contents of the freshly 
laid egg are relatively constant, so that any 
variation in thickness of shell will affect the 
specific gravity of the egg (Baker and Cur
tiss, 1958; Olsson, 1934; Phillips and 
Williams, 1944).

The eggs were divided into 5 specific- 
gravity groups (1.076 or less, 1.080, 1.084, 
1.088, and 1.092 or m ore) and coded as 
groups 3 to 7. Respective mean shell thick
nesses (inches X 10~3) for the specific- 
gravity groups were 10.86, 11.84, 12.77, 
13.39, and 14.21, and statistical differences 
were detected between these means. The 
relation between shell thickness and permea
bility was determined by comparing the 
permeability of the various specific-gravity 
groups. Permeability was determined ac
cording to the method of Fromm (1959).

“ Published with the approval of the Director of 
Research as Paper No. 1229 of the Journal Series.

Twenty eggs in each of the 5 specific- 
gravity groups were analyzed for egg shell 
permeability (50 paired observations) on 
the day gathered. I t has been demonstrated 
that permeability of the shell increases with 
age of the egg (Almquist and Holst, 1931; 
Fromm, 1960; K raft et al., 1958 ; Romanoff, 
1943). To evaluate the relationship between 
shell thickness and permeability, 20 eggs 
within each of the 5 specific-gravity groups 
were analyzed at 3, 6, 9, and 12 days of 
age (held at 24°C and 55% R H ), and 
correlation analyses were calculated. This 
experiment was repeated.

I t  has been reported that a simple method 
to increase permeability of the egg shell is 
to wash the eggs in warm water and rub 
the eggs thoroughly with a nonabrasive ma
terial (From m , 1960; From m  and Monroe,
1960). To determine whether increased 
shell permeability of new-laid eggs affects 
the relation between shell thickness and shell 
permeability, the experiment described above 
was repeated except that eggs, on the day 
gathered, were held 3 min under agitation 
in 43.4°C water and thoroughly rubbed with 
cheesecloth. This experiment was repeated, 
and correlation analyses were made between 
shell thickness and permeability at the 5 
different age levels.

Table 1 shows the correlation coefficients 
for specific gravity (shell thickness) of eggs 
and egg shell permeability according to age 
groups, and the influence of washing and 
rubbing the eggs on this relationship. Sig
nificant correlations were found among con
trols in Trial 1 at 3 days, in Trials 1 and 2 
at 6 days, and in Trials 1 and 2 at 12 days 
of age. Among washed and rubbed groups, 
egg shell thickness and permeability were 
not related.

Among control trials, shell thickness and 
permeability were related in 5 of 10 age 
groups. A t this level of probability one can 
readily assume that the relation is due to

111
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Table 1. Correlation coefficients for specific gravity (shell thickness) and egg shell 
permeability according to age of eggs and shell treatm ent.“

Age (days) Over-all mean OD of shell extractions btreatment 0 3 6 9 12
Control

T rial 1 0.02 —0.36* -0.31** 0.22 -0.43* 0.37
T rial 2 0.12 -0.05 -0.32** -0.23 0.33** 0.34

W ashed and rubbed
T rial 1 0.11 0 0.23 0.16 0.02 0.70
T rial 2 0.26 -0.07 -0.05 0.22 0.17 0.66

* P =  <  0.05.
** P =  <  0.01.“ Each coefficient represents 50 paired observations (100 eggs). 
b Optical density is directly proportional to shell permeability.

chance. Evidence of this may be noted in 
that at 12 days of age a significant negative 
correlation existed in Trial 1 and a sig
nificant positive coefficient was calculated 
for Trial 2. This would indicate that thicker 
shells at 12 days of age were less permeable 
in Trial 1 and more permeable in Trial 2. 
Even with the highest correlation coefficient 
(controls, Trial 1), only 18% of the varia
tion in egg shell permeability could be at
tributed to shell thickness. The remainder 
of the variability is probably associated with 
individual differences in the density or quan
tity of the cuticular layer on the shell and 
in the pores of the egg. Among washed and 
rubbed eggs, the complete lack of correla
tion could possibly be attributed to elimina
tion of the cuticular layer or some other pro
tective substance, increasing the permeabil
ity of the shell (From m , 1960; Fromm and 
Monroe, 1960). This phenomenon is evi
denced in Table 1 by the higher level of 
permeability as shown by the greater mean 
optical density of shell extractions from 
washed and rubbed eggs than from control 
eggs. Standard errors between individual 
shell-permeability observations for control 
eggs and for washed-rubbed eggs were, re
spectively, 0.137 and 0.115, and the mean 
coefficients of variation were 38.59% and 
16.91%. The lesser values of variability a t
tributed to the washed and rubbed groups 
indicate that individual differences were neg
ated by this treatment. Thus, under the 
conditions of this study, the factor that in
hibited permeability of the egg shell was 
probably the cuticular layer on the shell and

in the pores of the shell, and shell thickness
was of minor importance.

R E F E R E N C E S
Almquist, H. J., and W. F. Holst. 1931. V ariabil

ity of shell porosity in the hen’s egg. H il -  
gard ia  6, 61-74.

Baker, R. C., and R. Curtiss. 1958. Strain differ-, 
ences in egg shell mottling, internal quality, 
shell thickness, specific gravity, and the inter
relationships between these factors. P o u ltr y  
S c i. 37, 1086-1090.

Fromm, D. 1959. A rapid method for the deter
mination of egg shell permeability. P o u ltr y  
S c i, 38, 171-173.

Fromm, D. 1960. Permeability of the egg shell 
as influenced by washing, ambient tem perature 
changes, and environmental tem perature and 
humidity. P o u ltr y  S c i, 39, 1490-1495.

Fromm, D., and R. J. Monroe. 1960. Interior 
physical quality and bacterial contamination 
of m arket eggs as influenced by egg shell 
permeability. F o o d  T ec h n o l, 14, 401-403.

Kraft, A. A., E. H. McNally, and A. W . Brant. 
1958. Shell quality and bacterial infection of 
shell eggs. P o u ltr y  S c i. 37, 638-643.

Olsson, N. 1934. Studies on the specific gravity 
of hen’s eggs. Otto Harrasow itz, Leipzig. 
Quoted by Romanoff and Romanoff in the 
A v ia n  E g g  (1949).

Phillips, R. E., and C. S. Williams. 1944. Rela
tionship of specific gravity and shell appear
ance to the hatchability of fertile turkey eggs. 
P o u ltr y  S c i. 23, 110-113.

Romanoff, A. L. 1943. Study of various factors 
affecting permeability of birds’ egg shell. F o o d  
R esea rch  8, 212-223.

Romanoff, A. L., and A. J. Romanoff. 1949. “The 
Avian Egg.” John W iley and Sons, Inc., New 
York.


	JOURNAL OF FOOD SCIENCE 1962 VOLUME 27 NO.1
	CONTENTS
	Predominance of Fructose Accumulation in Cold-Stored Immature Potato Tubers
	Amino Acid Composition of Normal and Degenerated Pig Muscle
	Spectral Examination of Cured-Meat Pigments During Frankfurter Processing
	Spectrophotometric Determination of Sorbic Acid in Apple Cider
	An Ion-Exchange Study of the Free Amino Acids in the Juices of Six Varieties of Citrus
	The Concentration of Myoglobin and Hemoglobin in Tuna Flesh
	Fractionation of the Component(s) Responsible for Sex Odor/Flavor in Pork
	Some Relations Between the Chemical and Physical Characteristics of Bovine Muscles
	A Simplified Method for Determination of Some Aspects of the Carotenoid Distribution in Natural and Carotene-Fortified Orange Juice
	Studies on the Fate of Staphylococci During the Processing of Hams
	Iron and the Bacterial Spoilage of Shell Eggs
	The Effect of Tylosin on Coagulase-Positive Staphylococci in Food Products
	The Action of Tylosin on Spore-Forming Bacteria
	Effects of Tetracycline Antibiotics on the Products of Anserinase Action in Chill Stored Haddock (Gadus aeglefinus) Muscle
	The Composition of Commercially Important Fish Taken From New England Waters. II. Proximate Analyses of Butterfish, Flounder, Pollock, and Hake, and Their Seasonal Variation
	Radiation Sterilization of Food. II. Some Aspects of the Growth, Sporulation, and Radiation Resistance of Spores of Clostridium Botulinum, Type E
	Radiation Resistance of Spores of Type E Clostridium As Related to Extension of the Refrigerated Storage Life of Foods
	The Flavor of Cucumbers
	Relation Between Olfactory Threshold Concentration and Pyruvic Acid Content of Onion Juice
	Quantitative Aspects of the Interaction of Carrageenan with Cationic Substances II. Precipitation with Long-Chain Quaternary Ammonium Detergents
	Chew Count as a Measure of Tenderness of Pork Loins with Various Degrees of Marbling
	Lack of Correlation Between Egg Shell Thickness and Shell Permeability of Market Eggs

