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Radiation Survival Curves of Clostridium 
Botulinum Spores

E. W HEATON a n d  G. B. PRATT
Research and Development Department American Can Company Barrington, Illinois

( M a n u s c r ip t  re c e iv e d  M a y  10, 1961)

SU M M A R Y
S u rv iv a l cu rv e s  w e re  o b ta in e d  f o r  m ass iv e  c o n c e n tra t io n s  o f  s p o re s  o f  

C lo str id iu m  b o tu lin u in  s t r a in  1 2 8 8 5 A , w h e n  s u b je c te d  to  a  w id e  r a n g e  o f  
g a m m a  r a d ia t io n  d o ses  u n d e r  v a r io u s  c o n d i t io n s . T h e  s p o re  c o n c e n tra t io n s  
r a n g e d  f r o m  3 7 ,0 0 0  to  6 4 ,8 0 0 ,0 0 0 ,0 0 0  p e r  a m p o u le ,  w ith  n o  re c o v e ry  a t  5  
M ra d  o r  m o re . O n ly  a t  lo w e r d o ses  w ere  o b se rv e d  s u rv iv a l c o u n ts  c o m p a tib le  
w ith  c la s s ic a l h i t  th e o ry . M o re  th a n  o n e  h i t  is a p p a r e n t ly  re q u ir e d  to  in a c tiv a te  
th e  Cl. b o tu lin u m  s p o re  b y  g a m m a  ra d ia t io n .  T h e  n u m b e r  o f  h i ts  r e q u ir e d  
f o r  in a c tiv a tio n  is  e s tim a te d  a t  s o m e w h e re  n e a r  1 3 . F re e z e -d r ie d  s p o re s  e x 
h ib ite d  le ss  ra d io re s is ta n c e  in  th e  d ry  s ta te  th a n  w h e n  re s u s p e n d e d  in  n e u t r a l  
p h o s p h a te  b u f fe r .  S p o re  s u s p e n s io n s  in  n e u t r a l  p h o s p h a te  b u f fe r  e x h ib ite d  less 
ra d io re s is ta n c e  w h e n  i r r a d ia te d  u n d e r  a i r  th a n  w h e n  i r r a d ia te d  u n d e r  n i t r o g e n . 
S p o re s  e x h ib ite d  less  ra d io r e s is ta n c e  s u s p e n d e d  in  p h o s p h a te  b u f fe r  th a n  in  a 
n u t r i e n t  m e d iu m  (p o rk -p e a  in f u s i o n ) .  C h a n g e s  in  c o n c e n tra t io n  o f  s p o re s  o v e r  
a  r a n g e  o f  3 7  X 1 0 s to  5 3  X 1 0 ” d id  n o t  s ig n if ic a n tly  a f fe c t th e  p e rc e n t  su rv iv a l 
f o r  a g iv en  d o se  e x c e p t  in  th e  ta il  a r e a .  R e g a rd le s s  o f  s p o re  c o n c e n t ra t io n , a 
so -c a lled  “ ta i l in g  o f f”  o f  s u rv iv in g  s p o re s  w as o b s e rv e d  a t  th e  h ig h e r  d o se  le v e ls  ^ 
e m p lo y e d  f o r  v a ry in g  s p o re  c o n c e n tra t io n s .  T h e  “ ta i l in g  o f f”  p h e n o m e n o n  
d id  n o t  a p p e a r  to  fo llo w  th e  c la ss ic a l h i t  th e o ry .

The survival or destruction of spores of 
Clostridium botulinum subjected to gamma 
radiation is of particular importance in de
termining the radiation dose required to 
sterilize foods ( Proctor and Goldblith, 1951 ; 
Hannan, 1956; U. S. Army, Q. M. Corps,
1957). This project was planned in co
operation with the Quartermaster Food and 
Container Institute to parallel the classical 
work of Esty and Meyer (1922) in de
termining the heat treatment required for 
destruction of massive concentrations of Cl.

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  co 
o p e ra t io 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 r m 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  2122 in  th e  se 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  c o n ta in e d  in  th is  r e p o r t  a r e  th o s e  of 
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 iew s  o r  in d o r s e m e n t  of 
th e  D e p a r tm e n t  o f D e fen se .

botulinum (up to 60 X 109 spores per dose 
level ).

In addition to finding the point of com
plete destruction, the entire survival curve 
was experimentally determined under vari
ous environmental conditions. Hypotheses 
explaining the shape of these curves were 
tested.

Marked differences have been observed 
in radioresistance of various strains of Cl. 
botulinum (Schmidt and Nank, 1960; and 
Wheaton et al., 1961). The most radio
resistant toxic strain from previous work, 
12885A, was selected for this project. It 
also readily forms both spores and toxin.

E X P E R I M E N T A L  P R O C E D U R E
S p o re  p ro d u c tio n .  S p o re s  w e re  p ro d u c e d  in  th e  

t ry p t ic a s e  m e d iu m  o f S c h m id t  a n d  N a n k  (1 9 6 0 ) . 
A  1 6 -L  lo t  o f  th e  m e d iu m  ( p H  7 .0 ) w a s  p re p a re d  
a n d  d iv id e d  in to  3 - L  f la sk s  a n d  b o tt le s . A  sm a ll 
v o lu m e  o f a  s p o re  s u sp e n s io n  w a s  h e a te d  13 m in  
a t  1 7 6 °F , a n d  200 m l o f th e  b o tt le d  m e d iu m  w a s

[ 327]
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seeded . A f te r  18 h r  a t  9 8 ° F  th e s e  b o tt le s  w e re  
u se d  to  in o c u la te  th e  3 -L  f la sk s , w h ic h , in  tu r n  
w e re  in c u b a te d  72 h r  a t  85 ° F . T h e s e  fla sk s  w e re  
a g i ta te d  3 t im e s  d a ily  d u r in g  th e  7 2 -h r  in c u b a tio n  
p e rio d .

T h e  s p o re  c ro p  w a s  h a rv e s te d  b y  c e n tr i fu g a tio n  
a n d  th e  s p o re s  c o lle c te d  in  on e  b o ttle ,-  d is ti l le d  
w a te r  w a s  a d d e d , a n d  th e  m a te r ia l  w a s  a e r a te d  
20 m in . T h e  s p o re s  w e re  a g a in  c e n tr i fu g e d  a n d  
th e  l iq u o r  d isc a rd e d , w i th  th e  se d im e n t b e in g  
t r a n s f e r r e d  to  a  b o tt le  c o n ta in in g  g la s s  b ead s . 
D is t i l le d  w a te r  w a s  a g a in  a d d e d , th e  b o tt le  s h a k e n  
a n d  c e n tr ifu g e d , w i th  th e  s u p e rn a ta n t  l iq u id  b e in g  
d e c a n te d  a n d  th e  w a s h in g  r e p e a te d  o n ce  a g a in . 
A f te r  th e  re m o v a l o f th is  la s t  w a s h  w a te r ,  n e w  
w a te r  w a s  ad d e d , b u t  o n ly  in  a n  a m o u n t  su ffic ien t 
to  fa c i l i ta te  p ip e tt in g . T h is  s to c k  s u sp e n s io n  w a s  
th e n  r e f r ig e r a te d  a t  4 0 -4 4 °  F ,  a f t e r  a  c o u n t  w a s  
m a d e  to  a s c e r ta in  th e  q u a n t i ty  o f s p o re s  a v a ila b le . 
U s in g  p o rk -p e a  a g a r  a s  a  c o u n t in g  m ed iu m , th e

s p o re  p o p u la t io n  w a s  c a lc u la te d  to  b e  a p p ro x  
15 X 1010 p e r  m l, b a sed  o n  h e a t in g  13 m in  a t  
1 7 6 °F . T h e  s p o re s  w e re  p ro d u c e d  o n  tw o  s e p a ra te  
d a te s , b u t  w ith  th e  sam e  g e n e ra l  p ro c e d u re .

P r e p a r a t io n  o f  sa m p le s . F o u r  s e p a ra te  i r r a d i a 
t io n  e x p e r im e n ts  w e re  c o n d u c te d . I n  th e  f irs t,  
th e  s p o re s  w e re  su sp e n d e d  in  p o rk -p e a  in fu s io n  
(p F [ 6 .5 ) .  P h o s p h a te  b u ffe r  ( p H  7 .0 ) p re p a re d  

b y  n e u t r a l iz in g  .2 0 3 /  K H 2P O 1 w i th  .2 0 3 /  N a O H  
w a s  u se d  a s  th e  su sp e n d in g  m e d iu m  in  E x p e r im e n t
2. In  th e  t h i r d  e x p e r im e n t, th e  s p o re s  w e re  
f re e z e - d r ie d  in  a  film  o n  th e  in s id e  o f  th e  v ia ls  
f o r  i r r a d ia t io n  u n d e r  th r e e  d if f e r e n t  e n v i ro n m e n ta l  
c o n d i t io n s :  1 ) d r y ;  2 )  re s u s p e n d e d  in  p h o s p h a te -  
b u ffe r  ; a n d  3 )  re s u s p e n d e d  in  p h o s p h a te -b u f fe r  
in  e s s e n tia l  a b sen ce  o f o x y g e n . T h e  s p o re -c o n ta in 
in g  m e n s tru a  f o r  e a c h  o f th e  a b o v e  t h r e e  e x p e r i 
m e n ts  w e re  p re p a re d  a s  f o l lo w s :

Experiment 1; pork-pea infusion. P o r k - p e a  i n 
fu s io n  w a s  in o c u la te d  w ith  su ffic ien t s p o re s  to  y ie ld
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a p p ro x  60  X 10” s p o re s  p e r  6 m l o f in fu s io n . T h is  
w a s  h e a te d  13 m in  a t  1 7 6 ° F  a n d  co o led , a n d  th e n  
6  m l w a s  a d d e d  to  p o ly s ty re n e  v ia ls . T h e  v ia ls  
w e re  th e n  s h a k e n  a n d  a g i ta te d  w h ile  f re e z in g  in  
d r y  ice  a n d  a lc o h o l. E a c h  v ia l  w a s  p lac ed  in  a  
p o ly s ty re n e  h o ld e r  to  c e n te r  i t  in  a  202  X 214 m e ta l  
c an , w h ic h  w a s  th e n  c lo se d  in  a ir .  T h e  sam p le s  
w e re  h e ld  a t  — 20° F  u n ti l  i r r a d ia te d .  D u p lic a te  
v ia ls  w e re  r u n  f o r  e ach  d o se  leve l, a n d  co d ed  
“ A ” s e r ie s  a n d  “ B ” se r ie s .

Experiment 2; phosphate buffer. A  lo w e r  c o n 
c e n t r a t io n  o f s p o re s  (3 7  x  10”) p e r  v ia l  w a s  u se d  
in  th is  e x p e r im e n t.  T h e  in o c u la te d  b u ffe r  w a s  
f i r s t  s h a k e n  S m in  o n  a  p a in t  m ix e r ,  a n d  p o ly 
s ty re n e  v ia ls  w e re  filled  w ith  6 m l o f th e  s u s p e n 
s io n  w i th o u t  p re h e a t in g  th e  sp o re s . O n ly  o n e  
v ia l  p e r  i r r a d ia t io n  d o se  w a s  u se d , a n d  th e  v ia ls  
w e re  f ro z e n  a n d  p la c e d  in  h o ld e rs  in  m e ta l  c an s , 
a s  b e fo re .

Experiment 3; dry atmosphere, phosphate-air, 
and phosphate-nitrogen. A  d if fe re n t  a p p ro a c h  to  
th e  p ro b le m  w a s  u se d  in  th is  se r ie s . A p p r o x  1 X 10° 
s p o re s  p e r  v ia l  w a s  em p lo y ed . S e ru m -b o tt le  ru b b e r  
s to p p e rs  w e re  s u b s ti tu te d  f o r  th e  c o tto n  p lu g s  b e fo re  
i r r a d ia t io n .  W i th o u t  a n y  in i t ia l  h e a t in g  7  m l o f 
th e  s p o re  s u sp e n s io n  w a s  m ix e d  w ith  6.S m l o f 
d is ti l le d  w a te r ,  a n d  0 .2  m l o f th e  m ix tu r e  w a s  
a d d e d  to  th e  p o ly s ty re n e  v ia ls . T h e  v ia ls  w e re  
th e n  sp u n  a n d  a  th in  film  f ro z e n  on  th e  w a lls  o f

th e  v ia ls . T h e  v ia ls  w e re  p lac ed  in  a  c e n tr i fu g e  
b o tt le  w h ic h  w a s  th e n  a t ta c h e d  to  a  v a c u u m  
m a n ifo ld , a n d  th e  m a te r ia l  w a s  d r ie d  a p p r o x  2 
h r  a t  a  lo w  te m p e ra tu re  (0  to  —1 0 ° F )  u n d e r  a  
h ig h  v a cu u m . A ll  v ia ls  w e re  h e ld  a t  —20° F  p e n d 
in g  th e  n e x t  s te p  o f  p re p a ra t io n .  O n e  s e t  o f  v ia ls  
w a s  i r r a d ia te d  w i th o u t  a n y  f u r th e r  p re p a ra t io n .  
T o  a  sec o n d  se t  o f v ia ls  w a s  a d d e d  S m l of 
p h o s p h a te  b u ffe r . T h e  v ia ls  w e re  th e n  s h a k e n  a n d  
q u ic k ly  f ro z e n  in  d ry  ice  a n d  a lc o h o l.

I n  th e  th i r d  se t, th e  v ia ls  w e re  v a c u u m iz e d  a n d  
f lu sh e d  3 m in  w ith  p re p u r if ie d  n itro g e n . T o  th e s e  
v ia ls  w a s  th e n  a d d e d  s te r i le  b u ffe r  t h a t  h a d  b een  
d e a e ra te d .  A f te r  th is  th e  v ia ls  w e re  i n te r m it te n t ly  
v a c u u m iz e d  a n d  flu sh ed  w ith  n i t ro g e n  f o r  S m in . 
T h e  o x y g e n  c o n te n t  o f h e a d s p a c e  g a s  in  th e  sam p le  
v ia ls  r a n g e d  f ro m  3 to  6%  a f te r  th e  a b o v e  t r e a t 
m en t.

T h r e e  v ia ls , on e  e ac h  f o r  th e  a b o v e  th r e e  c o n 
d itio n s  ( d r y - a i r ,  p h o s p h a te -a ir ,  a n d  p h o s p h a te -  
n i t r o g e n ) ,  w e re  p la c e d  in  a  p o ly s ty re n e  h o ld e r  
in  w h ic h  3  h o le s  h a d  b e en  d r i l le d  a ro u n d  th e  
p e r im e te r  o f  th e  h o ld e r . T h e  filled  h o ld e r  w a s  
p la c e d  in  a  202 X 214  m e ta l  c a n  a n d  th e  c a n  w a s  
th e n  v a c u u m iz e d , f lu sh e d  w i th  n i tro g e n , sea led , 
a n d  h e ld  a t  —20° F  u n ti l  i r r a d ia te d .

Experiment 4; phosphate-air. A  n e w  c ro p  of 
s p o re s  w a s  u s e d  in  th is  e x p e r im e n t,  a n d  th e  e n ti re  
i r r a d ia t io n  e x p o s u re  sch ed u le  w a s  t h e  s a m e  a s

Pe rcent Survival

Dose in Mrads
Fig. 2. Survival of Clostridium botulinum subjected to gamma irradiation.
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T a b le  1. P h o s p h a te - i r r a d ia te d  sp o re  s u rv iv a l  c o u n ts .

Code Dose(Mrads)
Irrad.time(min.)

Count per : Log of counts1 ml 6 ml
O H 0 0 6,200,000,000 37,200,000,000 10.57
S.25 0.25 15.3 4,000,000,000 24 ,000,000,000 10.38
S .50 0.50 27.3 240,000 ,000 1,440,000,000 9.16
S.7S 0.75 35.9 8,000,000 48,000,000 7.68
T 1 .0 0 1.00 53.8 90 0] 6.75
S1.00 1.00 53.8 940,000 ( 940,900
S1.2S 1.00 74.0 11,800 70,800 4.85
SI.SO 1.50 83.3 2,100 12,600 4.10
S I . 75 1.75 83.3 398 2,388 3.38
T 2 .0 0 2.00 93.5 611S 2.00 2.00 93.5 7 8 1 433 2.63
U 2.00 2.00 93.5 37jI
S2.2S 2.25 58.7 56 1.74
S2.50 2.50 57.2 9 ) 1.67
U 2.S0 2.50 57.2 21 47
S2.7S 2.75 73.3 8 48 1.68
T 3 .00 3.00 80 611
S3.00 3.00 80 5 32 1.50
U3.0Û 3.00 80 lji
S3.2S 3.29 6 36 1.55
S3.S0 3.50 82 6 ]
U 3.S 0 3.50 82 If 31 1.49
S3.7S 3.75 85.8 6 36 1.55
T 4 .0 0 4.00 96.2 0 0
S 4.00 4.00 96.2 4 20 1.30
U 4 .00 4.00 96.2 0 0
S4.2S 4.25 102 0 0
S4.S0 4.48 105 0 0
U 4.S 0 4.48 105 0 0
S4.7S 4.73 104 0 0
S5.00 5.00 110 0 0
U S .00 5.00 110

U  =  l - m l  a liq u o ts  re m o v e d  f ro m  v ia l  fo r  c u l tu r in g  b e fo re  sh a k in g .
S  =  V ia l  s h a k e n  b e fo re  re m o v a l o f  sam p le  fo r  c u ltu r in g .
T  =  V ia l  to p  re m o v e d  a n d  r in s e d  w ith  w a te r  fo r  c u ltu r in g .

O H  =  H e a te d  s a m p le  to  d e s tro y  v e g e ta t iv e  ce lls  a n d  to  a c t iv a te  sp o res .

e m p lo y e d  p re v io u s ly  e x c e p t  t h a t  t h r e e  s p o re -p o p u 
la t io n  lev e ls  w e re  37 X 10s, 43 X 10°, a n d  S3 X KP 
p e r  v ia l  o f p h o s p h a te  p e r  do se . T h e  p r e p a r a t io n  o f 
th e  v ia ls  a n d  su b se q u e n t h a n d l in g  w a s  th e  sam e  
a s  u se d  in  E x p e r im e n t  3 f o r  th e  p h o s p h a te -a ir  
sam p le s .

I r r a d i a t io n .  A l l  i r r a d ia t io n  w a s  d o n e  a t  th e  
A rg o n n e  N a t io n a l  L a b o ra to ry ,  w i th  sp e c ia l d o s im 
e t r y  ( F r i c k e )  b e in g  c a r r i e d  o u t  on  th e  m o rn in g  
o f  a n y  g iv e n  p a ck , u s in g  p o ly s ty re n e  v ia ls  of th e  
sam e  g e o m e try  a s  th e  t e s t  sam p le s .

A ll  t e s t  c a n s  w e re  p la c e d  in  a  s ty ro fo a m  sh e a th , 
w h ich , in  tu rn ,  w a s  s e a te d  in  th e  r a d ia t io n  u rn ,  
w h ic h  r o ta te s  d u r in g  th e  i r r a d ia t io n  p e rio d . T o  
m a in ta in  th e  sam p le s  in  a  f ro z e n  s ta te ,  c an s  o f 
f ro z e n  w a te r  w e re  u s e d  to  fill t h e  s ty ro fo a m  
sh e a th , a n d  th is  a ls o  p ro v id e d  fo r  a  c o n s ta n t  lo c a 

t io n  of th e  t e s t  c an s . F ig .  1 i l lu s t r a te s  th e  m e c h a n 
ics o f  h a n d l in g  th e  sam p le s  f o r  E x p e r im e n ts  1 
a n d  2. A s  s ta te d  p re v io u s ly , E x p e r im e n ts  3 a n d  4 
v a r ie d  f ro m  th e  a b o v e  in  t h a t  ru b b e r  s to p p e rs  
w e re  u se d  fo r  th e  v ia ls  a n d  th e  p o ly s ty re n e  h o ld e r  
c a r r ie d  3 v ia ls  a ro u n d  th e  p e r im e te r  in s te a d  o f  1 
v ia l  in  th e  c e n te r .

W h e r e  lo n g  e x p o s u re  tim e s  a n d  e x tre m e ly  h o t  
fu e l so u rc e s  w e re  in v o lv e d , th e  c a n s  w e re  re m o v e d  
f ro m  th e  u rn s  a n d  p la c e d  in  a lc o h o l a n d  d ry  ice  
b e fo re  b e in g  r e tu r n e d  to  th e  u r n  f o r  a d d i t io n a l  
t r e a tm e n t.

I n  E x p e r im e n t  4, w h e n  th e  i r r a d ia t io n  d o se  w a s  
th e  sam e  f o r  a l l  s p o re  lev e ls  th e  th r e e  h o le s  in  
th e  p o ly s ty re n e  h o ld e r  w e re  u se d . I f ,  f o r  a n y  do se , 
o n e  o r  m o re  o f th e  h o le s  in  th e  h o ld e r  w e re  n o t  
u sed , a  v ia l  o f  f ro z e n  w a te r  w a s  in s e r te d .  A
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Percent

Dose in Mrads
F ig .  3. S u r v iv a l  o f Clostridium botulinum s u b je c te d  to  g a m m a  i r r a d ia t io n .

Percent
S u r v iv a l

Dose in  M ra ds
Fig. 4. Survival of Clostridium botulinum subjected to gamma irradiation.



3 3 2 SURVIVAL OF IRRADIATED CLOSTRIDIUM B O TU L IN U M

th e rm o c o u p le  w a s  u se d  to  m e a s u re  th e  c h a n g e  in  
t e m p e r a tu r e  d u r in g  i r r a d ia t i o n ;  a s  o n  p re v io u s  
ru n s ,  v is u a l  e x a m in a tio n  w a s  m a d e  o f th e  v ia l ’s 
c o n te n ts  to  o b s e rv e  th a w in g .

A f te r  th e  i r r a d ia t io n  h a d  b e en  c o m p le ted , a ll  
v ia ls  w e re  m a in ta in e d  f ro z e n  a t  — 20° F  u n t i l  e x 
a m in e d  f o r  r e c o v e ry  o f v ia b le  sp o re s .

S u rv iv a l  c o u n ts . V ia ls  w e re  p re p a re d  f o r  e x 
a m in a tio n  b y  th a w in g  10—15 m in  a t  140° F .  I n  E x 
p e r im e n ts  1 a n d  4  th e  v ia ls  w e re  s h a k e n  a n d  sp e c i
fied v o lu m e s  o f m a te r ia l  re m o v e d  f o r  e i th e r  d i 
re c t  c u l tu r in g  o r  th e  p re p a r a t io n  o f s e r ia l  d ilu tio n s  
to  r e s u l t  in  c o u n ta b le  n u m b e rs  o f  s p o re s . I n  E x 
p e r im e n t  2 th e  p ro c e d u re  w a s  v a r ie d  s l ig h tly  in  
t h a t  v ia ls  s u b je c te d  to  1 M r a d  a n d  a b o v e  h a d  th e  
v ia l  to p  re m o v e d  a n d  p la c e d  o n  a n  e m p ty  s te r i le  
v ia l ,  w h o se  to p  in  t u r n  w a s  p la c e d  o n  th e  i r r a d i 
a te d  v ia l. O n e -m l p o r t io n s  o f  s te r i le  w a te r  w e re  
a d d e d  to  th e  e m p ty  v ia l  w i th  th e  i r r a d ia te d  to p , 
a n d  th e  to p  w a s  r in s e d  a n d  th e  r in s e  w a te r  c u l
tu re d .  A ls o  in  th is  e x p e r im e n t,  1 -m l p o r t io n s  o f 
th e  i r r a d ia te d  s a m p le  w e re  re m o v e d  w i th o u t  s h a k 
in g , b u t  m e re ly  a g i t a t e d  s l ig h tly  w ith  a  p ip e tte . 
T h is  w a s  d o n e  to  d e te rm in e  th e  e x te n t  to  w h ic h  
s p o re s  h a d  b een  e n tra p p e d  in  fo a m  fo rm e d  on  
th e  s id e  w a lls  o f  th e  v ia ls  a t  th e  t im e  o f  s h a k in g  
fo r  th e  f re e z in g . A f t e r  re m o v a l o f  th is  1 -m l p o r 
t io n  th e  v ia l  w a s  s h a k e n  a n d  th e  c o n te n ts  c u ltu re d  
in  th e  ro u tin e  fa s h io n . T h e  r e s u lt s  a r e  in  T a b le  1.

F o r  th e  th i r d  e x p e r im e n t,  5 m l o f  s te r i le  b u ffe r  
w a s  a d d e d  to  th e  v ia ls  c o n ta in in g  th e  s p o re s  in  
th e  d r y  s ta te . T h e  v ia ls  w e re  s h a k e n  a n d  th e  
s ta n d a r d  c u l tu r in g  p ro c e d u r e  e m p lo y ed . W ith  
th e  o th e r  2  se ts  ( a i r ,  p h o s p h a te -n i t ro g e n )  th e  v ia ls  
w e re  s h a k e n  a n d  th e  r e g u l a r  o rd e r  o f c u ltu r in g  
fo llo w ed .

P o r k - p e a  in fu s io n  a g a r  w a s  u s e d  f o r  a ll  p h ase s  
o f  th is  w o rk ,  w i th  th e  c u ltu re s  b e in g  in c u b a te d  a t  
85 ° F  fo r  a  p e r io d  u p  to  2  w e ek s . P o s i t iv e  c u ltu re s  
in  th e  h ig h e r  d o se  b ra c k e ts  t h a t  sh o w ed  o n ly  a  
l im ite d  n u m b e r  o f v ia b le  s p o re s  w e re  c h e c k e d  fo r  
to x in  fo rm a tio n ,  b y  in t r a p e r i to n e a l  in je c t io n  of 
m ice.

A N A L Y S I S  O F  D A T A
T h e  h i t  th e o r y  f o r  th e  in a c tiv a tio n  o f m ic ro 

o rg a n is m s  b y  r a d ia t io n  (L e a ,  1956) h a s  b een  
w id e ly  u se d  in  i n te r p r e t in g  r a d ia t io n  s u rv iv a l  
c u rv e s  (A tw o o d  a n d  N o r m a n , 19 4 9 ; O re ,  1957; 
a n d  W ijs m a n ,  1 9 5 6 ).

A  g e n e ra l  fo r m u la  t h a t  c an  b e  u s e d  to  d e sc rib e  
s u rv iv a l  c u rv e s  w h e re  m o re  th a n  on e  h i t  m a y  
b e  r e q u i r e d  f o r  in a c tiv a tio n  i s : 

n
S u r v iv in g  f r a c t io n  =  —  =  1 — (1  — e-K*) N 

n„
w h e re  n  =  n u m b e r  o f  s u rv iv in g  o rg a n is m s  
n„ =  in it ia l  c o u n t b e fo re  i r r a d ia t io n  
e = 2 .7 1 8 3

x  =  d o se  in  M ra d
N  =  n u m b e r  of h i ts  to  in a c tiv a te  th e  o rg a n is m  
K  =  c o n s ta n t  ( M r a d -1) fo r  d e s c r ib in g  r a d io 

re s is ta n c e
T h is  th e o re t ic a l - c u rv e  fo r m u la  w a s  f i t te d  t o  e x 

p e r im e n ta l  d a ta  b y  a  m e th o d  o f  le a s t  s q u a re s  
( P r a t t ,  1960) u s in g  a  d ig i ta l  c o m p u te r . P o in t s  
in  th e  ta i l  a r e a s  o f  th e  c u rv e  w e re  n o t  u se d .

T e s t s  f o r  d i f fe re n c e  in  ra d io re s is ta n c e  w e re  m a d e  
b y  a n a ly s is  o f  v a r ia n c e  f o r  ra n d o m iz e d  b lo c k  e x 
p e r im e n ts  (S n e d e c o r ,  1956) u s in g  lo g a r i th m s  o f 
p e rc e n t  su rv iv a l .

RESULTS
E x p e r im e n ts  1 a n d  2. P e r c e n t  s u rv iv a l  o f  a p 

p r o x  60 X 109 s p o re s  p e r  a m p o u le  i r r a d ia te d  in  
p o rk -p e a  b r o th  in  E x p e r im e n t  1 is  c o m p a re d  w i th  
p e rc e n t  s u rv iv a l  o f  a p p ro x  37 x 10° s p o re s  p e r  
a m p o u le  i r r a d ia te d  in  p h o s p h a te  b u f fe r  in  E x p e r i 
m e n t 2. T h e s e  e x p e r im e n ta l  p o in ts  a r e  p lo t te d  
in  F ig .  2, to g e th e r  w i th  th e o re t ic a l  m u l t i -h i t  c u rv e s .

N o  s u rv iv a l  o c c u r re d  in  p o rk -p e a  s u sp e n s io n  
r e c e iv in g  5 M r a d  o r  m o re . N o  s u rv iv a l  o c c u r re d  
in  p h o s p h a te  su sp e n s io n  re c e iv in g  4.25 M r a d  o r  
m o re .

A l l  d o se  lev e ls  f ro m  2.1 M ra d  s h o w in g  g ro w th  
r e s u lte d  in  r e c o v e ry  o f  to x ic  c u ltu re s .

A s  p re v io u s ly  r e p o r te d  ( M o r g a n  a n d  R e e d , 19 5 4 ; 
D e n n y  et al., 1 9 5 9 ), s p o re s  e x h ib ite d  less  r a d io 
r e s is ta n c e  in  p h o s p h a te  b u f fe r  th a n  in  p o rk -p e a  
b ro th .

Experiment 3. P e r c e n t  s u rv iv a l  o f  a p p ro x  
1 X 109 s p o re s  p e r  a m p o u le  i r r a d ia te d  d r y  in  a i r  
a r e  p lo t te d  in  F ig .  4. P e r c e n t  s u rv iv a l  o f s p o re s  
i r r a d ia te d  in  p h o s p h a te  b u f fe r  u n d e r  a i r  is  p lo t 
te d  in  F ig .  3 w ith  a  0 ,  a n d  p e rc e n t  s u rv iv a l  of 
s p o re s  i r r a d ia te d  in  p h o s p h a te  u n d e r  n i t r o g e n  is  
p lo t te d  in  F ig .  5.

T h e o re t ic a l  m u l t ih i t  c u rv e s  in  F ig s .  3, 4, a n d  5 
w e re  f i t te d  to  th e  c o rre s p o n d in g  d a ta  p o in ts .

C o m p a r is o n  o f  d a ta  in  th e  b o d y  o f  s u rv iv o r  
c u rv e s  in d ic a te d  t h a t  th e  f re e z e - d r ie d  s p o re s  ( F i g .  
4 )  w e re  less  r a d io r e s i s ta n t  ( a t  th e  5 %  s ig n if i
c an c e  le v e l)  th a n  s im ila r  s p o re s  re s u s p e n d e d  in  
p h o s p h a te  b u f fe r  ( in d ic a te d  b y  0  in  F ig . 3 i .  D r y  
s p o re s  o f  B. subtilis h a v e  b e en  r e p o r te d  le ss  
r a d io r e s is ta n t  th a n  m o is t  s p o re s  (H o u te r m a n s ,  
1 9 5 6 ).

S im i la r ly  th e  s p o re s  s u sp e n d e d  in  p h o s p h a te  
b u ffe r  a n d  i r r a d ia te d  in  a i r  ( F ig .  3 )  w e re  less  
r a d io r e s i s ta n t  ( a t  th e  1 %  s ig n if ic a n c e  le v e l)  th a n  
s p o re s  su sp e n d e d  in  p h o s p h a te  b u f fe r  a n d  i r r a d i 
a te d  u n d e r  n i tro g e n .

T o x ic i ty  te s ts  m a d e  o n  re c o v e ry  o rg a n is m s  
f ro m  1.75 M ra d s  a n d  h ig h e r  s h o w e d  a ll  to  b e  
to x ic .

E x p e r im e n t  4. T h e  p e rc e n t  s u rv iv a l  o f th e  th r e e  
s p o re  c o n c e n tra t io n s  53 X 10°, 43 X 10“, a n d
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P e r c e n t
S u r v iv a l  P h o s p h a te  a n d  N i t r o g e n

D o se  in  M ra d s
F ig .  S. S u r v iv a l  o f  Clostridium botulinum s u b je c te d  to  g a m m a  i r r a d ia t io n .

37  X 103 s p o re s  p e r  a m p o u le  i r r a d ia te d  in  p h o s p h a te  
b u ffe r  u n d e r  a i r  is p lo t te d  in  F ig . 3. T h e  p e rc e n t  
s u rv iv a l  o f d i f f e r e n t  c o n c e n tra t io n s  o f  s p o re s  i r r a 
d ia te d  u n d e r  th e  s a m e  c o n d itio n s  in  E x p e r im e n ts  
2 a n d  3 is  a ls o  p lo t te d  in  F ig .  3, w i th  th e  c o r r e 
sp o n d in g  th e o re t ic a l  m u l t ih i t  c u rv e .

S ta t is t ic a l  a n a ly s is  o f th e  d a ta  in  th e  b o d y  o f 
th e  c u rv e s  ( a t  lo w e r  d o s e s )  in d ic a te d  n o  s ig n if i
c a n t  d i f fe re n c e  in  s u rv iv a l  r a t e  fo r  th e  five  w id e ly  
v a r y in g  c o n c e n tra t io n s  o f s p o r e s : F o r  th e  53 X 
10“ s p o re  c o n c e n tra t io n ,  n o  s u rv iv o rs  w e re  re c o v 
e re d  a t  5 M r a d ;  f o r  th e  43 X 10° s p o re  c o n c e n tr a 
tio n , n o  s u rv iv o r s  w e re  re c o v e re d  a t  4  M r a d ; fo r  
th e  37 X 103 s p o re  c o n c e n tra t io n ,  n o  s u rv iv o rs  w e re  
re c o v e re d  a t  2.25 M ra d .

T o x ic i ty  te s ts  m a d e  o n  c o lo n y  iso la te s  f ro m  th e  
h ig h  s p o re  c o n c e n tra t io n  r e c e iv in g  3 -4 .5  M ra d , 
c o lo n y  iso la te s  f ro m  th e  in te rm e d ia te  s p o re  c o n 
c e n t r a t io n  re c e iv in g  2 .0 -3 .7 5  M ra d , a n d  c o lo n y  
iso la te s  f ro m  th e  lo w  s p o re  c o n c e n tra t io n  re c e iv in g  
1 .1 -2 .0  M r a d  in d ic a te d  t h a t  a l l  s u rv iv in g  c o lo n ie s  
te s te d  w e re  to x ic .

D IS C U S S IO N
No survival was observed in samples re

ceiving a 5-Mrad dose or more.
Each of the survival curves gives the 

appearance of being composed of two parts :
1) the body of the curve (at lower radiation 
doses), which is entirely consistent with hit 
theory ; and 2) the tail of the curve (at very

high radiation doses), which is not con
sistent with classical hit theory.

Considering first the body of the curves, 
all appear to be “humped” near the top 
rather than absolutely straight. The “hump
back” curve for this organism has been pre
viously reported by Morgan and Reed, 
1954 ; Denny et al., 1959; and P ra tt et al., 
1959. H it theory explains the hump as 
arising when more than one hit by a  unit 
of radiation is required to inactivate a single 
organism.

Although the evidence is very strong that 
more than one hit is required for inactiva
tion ( N > 1 ) ,  our numerical estimates of N 
are subject to experimental error. Based on 
data from every run, the least-squares esti
mate of the number of hits required for in
activation of spores was N =  13.

Let us consider next the tail areas, for 
without these sterility would be reached at 
much lower dose levels. The tail of the 
curves, of course, makes meaningless any 
extrapolation from data taken at low doses.

Thus, the tail area deserves careful atten
tion. Since phosphate control blanks and 
inoculated samples receiving the highest 
doses were negative, and since colonies were 
found to produce toxin on subculture, these
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recurrent tails are not easily dismissed as 
contamination. I t  first appeared that highly 
resistant spores in dried headspace foam 
might be responsible for the tail since: 1) 
survival counts were greater in the shaken 
vial (see Table 1) than when samples were 
drawn from the vial without shaking, and
2) appreciable counts were recovered from 
the cap. This explanation was discarded, 
however, when dry spores were found to be 
relatively radiosensitive.

Of course there can be no certainty that 
the spores were homogeneous with respect 
to their radioresistance. It is possible that 
even a very low percentage, e.g., 0.00001%, 
of very highly resistant spores could give 
rise to the data in Fig. 2. Similar reasoning 
would apply to all of the curves.

No study was made of whether survivors 
of high dose levels of irradiation would ac
tually grow in the medium in which they 
were irradiated.

The body of the survival curve of Cl. 
botulinum  in phosphate buffer did not seem 
to be affected by the concentration of spores 
used. The location of the tail of the curve, 
on the other hand, was a function of the 
concentration of spores. Fig. 3 demonstrates 
these phenomena for 5 concentrations of 
spores from Experiments 2, 3, and 4.

Thus, the survival of spores of Cl. botu
linum  at high dose levels (appearing as a 
tail on the survivor curves) remains an 
enigma that deserves further study.
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SUMMARY
Antibiotic activity in aged Liederkranz cheese was found to be produced by 

the aerobic microorganisms inhabiting its surface. Brevibacterium linens was 
the principal source o f the antim icrobial a g e n t(s ) . Yeast o f the Candida type 
and, when present, som e other m icroorganisms contributed m inor antim icrobial 
activity. The antim icrobial agen t(s) o f aged Liederkranz cheese had the follow 
ing properties: 1) dialyzable through cellulose casing, 2 ) absorbed on Norit A 
at acid pH, 3 ) stable in acid and alkaline solutions ranging from  pH 2.0 to 12.0  
at 2 -4 °  C, 4 )  destroyed within 20 hr in alkaline solution at pH 12 at room tem 
perature, 5 ) in aqueous solution stable to heating at 121° C for 10 m in at acid 
p H (p H < 5 .0 )  but decreased activity at pH 5.0 to 8 .5 , 6 )  in agar m edium  o f pH
6 .8 -7 .0  activity rem ained after heating at 121° C for 45 m in, 7 ) soluble in  
water, m ethanol, ethanol, and butanol, slightly soluble in acetone and insoluble 
in ethyl ether, carbon tetrachloride, chloroform  and ethyl acetate, 8 )  inhibited  
growth o f many gram-positive and gram-negative bacteria as well as several 
yeasts and m olds, and 9 )  related to antibiotic from  B. linens but distinct from  
nisin, an antibiotic com m only associated with dairy products. In a survey o f  
m arket sam ples o f cheeses to determ ine whether antibiotic activity was present, 
only surface-ripened cheeses with a brown smear made up o f bacteria were 
found to contain antibacterial activity. Other types o f cheeses which did not 
develop this brown smear did not possess this activity. It may be concluded that 
antibiotic activity is contained in the brown bacterial surface sm ear that de
velops during ripening.

INTRODUCTION
In a previous study (Grecz et a i, 1961) 

an antimicrobial agent in surface ripened *

* T h is  s tu d y  w a s  s u p p o r te d  in  p a r t  b y  a  g r a n t  
f ro m  th e  N a t io n a l  C h ee se  I n s t i tu te  a n d  in  p a r t  
by  a  g r a n t - in - a id  f ro m  th e  U n i te d  S ta te s  P u b lic  
H e a l th  S e rv ic e  ( R G  5 8 3 7 ).

b T h e  d a ta  re p o r te d  a re  f ro m  a P h .D . th e s is  by  
N . G re cz  a t  th e  I l l in o is  In s t i tu te  o f T e c h n o lo g y . 
T h is  p ro je c t  c o n s t i tu te d  a  c o o p e ra tiv e  p ro g ra m  
b e tw e en  th e  B io lo g y  D e p a r tm e n t  of th e  I l lin o is  
In s t i tu te  o f T e c h n o lo g y  a n d  th e  F o o d  R e s e a rc h  
I n s t i tu te  of th e  U n iv e r s i ty  o f C h icag o .

'■ 'Present a d d r e s s :  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 ,  1819 W . P e r s h in g  R o a d , C h i
c ag o  9. I l l in o is .

cheese was reported. Since the publication 
of that report three questions have arisen:
1) W hat is the source of the agent? 2) 
W hat are its properties ? 3) How prevalent 
is the agent in market cheeses? The pres
ent article is devoted to answering these 
questions.

MATERIALS AND METHODS
P u r e  c u ltu re s  o f m ic ro o rg a n is m s  w e re  iso la te d  

f ro m  th e  su rfa c e  flo ra  of ch ee se  by  s ta n d a rd  p l a t 
in g  p ro c e d u re s  o n  t r y p to n e  g lu c o se  e x t r a c t  a g a r  
( D i f c o ) .  F o r  th e  iso la tio n  of y e a s ts , 250 / /g /m l  
s tre p to m y c in , 250 ju g /m l p e n ic ill in , a n d  1 %  g lu 
cose  w e re  a d d e d ; fo r  th e  iso la tio n  o f Brevibac- 
tcrium linens a n d  o th e r  ch ee se  h a lo p h ile s , m ilk  
a n d  7 .5 %  N a C l w e re  a d d e d  to  th e  b a s ic  t ry p to n e  
g lu c o se  e x t r a c t  a g a r .

f m / W i w W
m i*v d»/ it <£.Jf 3? $ § g
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Isolates from aged Liederkranz cheese were 
grown for antibiotic production in the following 
broth (composition expressed as percentage) : 
corn-steep liquor (52% solids), 3; yeast extract, 
0.3; peptone, 0.5. The corn-steep liquor was dis
solved in distilled water, adjusted to pH 7 with 
5jY NaOH, and autoclaved 30 min at 15 lb steam 
pressure. A heavy precipitate that formed was 
removed by filtration through adsorbent cotton, 
and the solution was further clarified by addition 
of 0.2% N orit A and repeated filtration. After all 
precipitate was removed, peptone and yeast extract 
were added. The medium was once more adjusted 
to pH 7 and filtered when necessary. The clear 
broth, in 50- and 25-ml quantities, was transferred 
to 250- and 125-ml Erlenmeyer flasks and steri
lized by autoclaving 15 min at 121°C. This medium 
supported good growth of virtually all micro
organisms tested.

Isolates were washed from agar slants at the 
peak of their development, which was usually 
after 48 hr of incubation at 22-25 °C, and inocu
lated into the corn-steep liquor broth. The broth 
cultures were incubated at 22-25 °C on a shaker 
(125 rpm) in duplicate flasks. The clear centrifu
gates were tested for antibiotic production after 
3, 5, 7, and 10 days of incubation.

Aliquots of 0.25 ml of the culture centrifugates 
were dried on filter-paper discs [Carl Schleicher 
& Schuell Co., Keene, N. H., No. 740-E paper, 
)4 in. (6.35 mm) in diameter] with the aid of a 
special loading pipette, namely a  1-ml pipette, 
the tip of which was drawn out to a capillary and 
bent upward. W hen the loading pipette was filled 
with the desired amount of liquid, a paper disc 
was affixed at the capillary end. The paper disc 
was allowed to remain on the loading device until 
all the liquid was consumed and the discs were 
completely dry.

The paper discs were then placed on an agar 
sheet of uniform thickness seeded with spores 
of B a c i l l u s  c c r e i i s  800/58 (approx. 10* spores per 
ml of ag ar). The assay plates were incubated 
overnight at 22-25 °C in an atmosphere saturated 
with moisture. The size of the clear zone of 
growth inhibition around a paper disc was taken 
as an index of antimicrobial activity. The zones 
of growth inhibition were read wdth a modified 
Quebec colony counter (Grecz, 1961).

Survey of market cheese for antibiotic activity. 
Cheese samples were purchased from local stores 
and a clear extract was prepared as follow s: One 
weight of cheese (approx. 50 g) was triturated 
in a m ortar with one weight of distilled water. 
The suspension was poured into a Visking- dialy
sis b a g ; the ends of the bag were carefully tied 
in order to prevent leakage. The dialysis bag 
was then placed into a glass beaker and covered

with two weights of distilled water. The sample 
was allowed to equilibrate two days at 2-4° C. 
Antibiotic activity of clear dialysates was assayed 
by the method described above, using B .  c c r c u s  
800/58 as a test organism.

In determining the properties of the antimicro
bial agen t(s) of aged Liederkranz cheese, aqueous 
cheese extracts (Grecz c t  a h , 1961) were used.

RESULTS
Source of antimicrobial activity of aged Lie

derkranz cheese. In a series of preliminary ex
periments (see Figs. 1 and 2) sterile extract from 
fresh cheese was inoculated with the mixed sur
face flora of Liederkranz cheese in order to simu
late the natural process of microbiological aging 
of surface ripened cheese. The surface flora from 
fresh cheese was compared with that of aged 
cheese since the predominant microbial flora of 
Limburger-type cheese is known to vary in a 
definite sequence during the progress of ripening 
and aging (Kelly, 1937).

Incubation of the aqueous Liederkranz cheese 
extract inoculated with the mixed microbial sur
face flora of Liederkranz cheese (Figs. 1 and 2) 
resulted in antimicrobial activity. By contrast, 
the antimicrobial activity of the uninoculated con
trol sample, incubated under similar conditions, 
decreased appreciably. The samples incubated at 
22-25 °C without shaking yielded basically the 
same data as those incubated with shaking ex
cept that the antimicrobial activity formed more

C H E E S E  E X T R A C T  IN  A S S A Y  M ED IU M  ( % )

Fig. 1. Antimicrobial activity of extracts of 
Liederkranz cheese after shaking (125 rpm) for 
10 days at 22-25 °C. Sterile filtrate of fresh Lie
derkranz cheese : O ---- O at the start of the ex
periment, • ---- •  after incubation for 10 days.
Cheese extract inoculated with mixed surface
flora of Liederkranz cheese : □ ---- □  from 2-
week-old cheese, ■ ---- ■  from 6-week-old cheese.
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C H E E S E  E X T R A C T  IN A S S A Y  M EDIUM  (P E R  C E N T )
F ig .  2. A s s a y  o f  th e  a n tim ic ro b ia l  a c t iv i ty  o f e x t r a c ts  o f f r e s h  c h ee se  in o c u la te d  w ith  

th e  m ix e d  s u r f a c e  f lo ra  o f L ie d e rk ra n z  c h eese . T h e  f la s k s  w e re  in c u b a te d  f o r  6  w e e k s  w i th o u t
s h a k in g  a t  2 2 - 2 5 ° C ( A )  a n d  2 - 4 ° C ( B ) .  S te r i le  f i l t r a te  o f  f r e s h  L ie d e rk ra n z  c h e e s e :  O ------O
a t  th e  s t a r t  o f  th e  e x p e r im e n t,  • ----- •  a f t e r  in c u b a t io n  f o r  10 d a y s . C h ee se  e x t r a c t  in o c u la te d
w ith  m ix e d  s u r f a c e  f lo ra  o f  L ie d e rk ra n z  c h e e s e : □ ----- □  f ro m  2 -w e e k -o ld  ch eese , ■ -------■
f ro m  6 -w e e k -o ld  ch eese .

I N C U B A T I O N  T I M E
F ig . 3. p H  v a r ia t io n s  o f a q u e o u s  e x t r a c ts  o f L ie d e rk ra n z  ch eese . T h e  a b s c is s a  sca le  in  

days p e r ta in s  to  s h a k e  c u ltu re s ,  w h e re a s  t h a t  in  w e e k s  p e r ta in s  to  c u ltu re s  n o t  s h a k e n .
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r a p id ly  in  s h a k e n  c u ltu re s  (1 0  d a y s  a t  2 2 -2 5 ° C  
in  a  s h a k e n  c u ltu re  a s  o p p o se d  to  6  w e e k s  in  th e  
s ta t io n a r y  c u l t u r e ) .  T h e  p H  c h a n g e s  o f th e  s a m 
p le s  in d ic a te d  t h a t  a  r is e  in  p H  w a s  a lw a y s  c o m 
m e n s u ra te  w i th  a  r is e  in  a n tim ic ro b ia l  a c t iv i ty  
( F i g .  3 ) .

T h e  d a ta  p o in te d  to  a n  a e ro b ic  p ro c e s s  a s  th e  
s o u rc e  o f a n tim ic ro b ia l  a c t iv i ty  ( F ig .  4 )  s in ce  n o  
a c t iv i ty  w a s  p ro d u c e d  in  ch ee se  c u ltu re s  in c u b a te d  
w ith  s h a k in g  in  a n  a tm o s p h e re  o f n i tro g e n . I t  
is  in d ic a te d , o n  th e  b a s is  o f th e s e  m o d e l sy s tem  
e x p e r im e n ts ,  th a t  th e  a n tim ic ro b ia l  p r in c ip le ( s )  
o f L ie d e rk ra n z  ch ee se  w a s  p ro d u c e d  b y  a e ro b ic  
m ic ro o rg a n is m s  in  th e  s u rf a c e  f lo ra  o f th is  cheese.

Screening for antibiotic-producing microorgan
isms. S ix  v a r ie t ie s  o f ch eese  t h a t  h a d  d e v e lo p ed  
a  b ro w n  s u rf a c e  s m e a r  d u r in g  r ip e n in g  a n d  w h ic h  
sh o w ed  c o n s is te n t  a n tim ic ro b ia l  a c t iv i ty  w e re  se 
le c te d  f o r  s c re e n in g  o f  th e i r  s u rf a c e  m ic ro 
o rg a n is m s  fo r  a n tib io tic  p ro d u c tio n . T h e  ch eeses  
s tu d ie d  w e re  H a r z k a e s e  ( G e r m a n ) ,  L ie d e rk ra n z

( U S A ) ,  L im b u r g e r  ( U S A ) ,  S t. M a n g  ( G e r 
m a n ) ,  T i l s i t e r  ( G e r m a n )  a n d  T r a p p is t  ( U S A ) .

A  s t r ik in g  s im i la r i ty  in  th e  c o m p o s itio n  o f th e  
s u rf a c e  f lo ra  o f th e s e  s ix  v a r ie t ie s  of ch eese  w a s  
o b se rv ed . T h e  d if fe re n c e s  a p p e a re d  q u a n t i ta t iv e  
r a th e r  th a n  q u a l ita t iv e . T h e  a n tim ic ro b ia l  a c t iv i 
t ie s  o f th e  m a jo r  c o lo n ia l ty p e s  is o la te d  a r e  s u m 
m a r iz e d  in  T a b le  1. I t  w ill  be  n o te d  t h a t  o u t o f 
a  to ta l  o f 158 c u ltu re s  te s te d  95 p o sse sse d  d is 
c e rn ib le  a n tim ic ro b ia l  a c t iv i ty .  T h e  g ro u p s  o f 
m ic ro o rg a n is m s  w h ic h  d id  n o t  d e v e lo p  a n t im ic ro 
b ia l  a c t iv i ty  w e re  n o t  f u r th e r  id en tif ie d .

O ra n g e  c h ro m o g e n ic  c o lo n ie s  (g r o u p s  1 a n d  2 )  
( T a b le  1 ) w e re  id e n tif ie d  o n  th e  b a s is  o f  th e i r  
y e llo w  o ra n g e  p ig m e n ta tio n ,  s h o r t - r o d  m o r 
p h o lo g y , g ra m -p o s it iv e  s ta in in g , c a ta la s e  p ro d u c 
tio n , g ro w th  in  m ilk , an d , fin a lly , c h a r a c te r is t ic  
c o lo r  re a c tio n s  w i th  b a s e s  a n d  a c id s  a s  d e s c r ib e d  
b y  G re cz  a n d  D a c k  (1 9 6 1 ) .  T h e  co lo n ie s  w e re  
id en tif ie d  a s  ty p ic a l  B. linens e x c e p t  as n o te d  in  
T a b le  1.

T a b le  1. A n t im ic ro b ia l  a c t iv i ty  o f r e p re s e n ta t iv e  iso la te s  f ro m  s ix  v a r ie t ie s  of s u rf a c e -  
r ip e n e d  cheese.

Strains examined Clear zone inhibition of B .
of growth 
c e r e u s  800/58

_ Groups of microorganisms a Total Antibioticallyactive
Per cent antibiotically active Range(mm) Average 

(' mm )
1. O r a n g e  c h ro m o g e n s  

a )  C h a r a c te r is t ic  sm o o th  
B. linens type 35 3 4 “ 97 1.0-2 .5 1.6

b )  P a le ,  t r a n s lu c e n t  B. 
linens ty p e  w i th  to u g h , 
le a th e ry  s lim e 37 3 6 b 97 0 .25 -3 .5 1.2

c )  N o t  c h a r a c te r is t ic  B. 
linens ty p e  c 3 3 100 0 .5 -2 .5 1.5

d )  B r ig h t  o ra n g e , d ry , 
g r a n u la r  ty p e 5 d 0 0 0.0

2. O ra n g e -y e llo w , w r in k le d  
to u g h  c u ltu re s  w ith  
le a th e ry  s lim e 9 9 100 0 .5 -2 .6 1.7

3. Y e llo w  c h ro m o g e n s 9 1 11 0 .0-1 .5 0.15
4. R e d  c h ro m o g e n s 5 0 0 0.0
5. C r e a m - to - G ra y  co lo n ie s 23 6 26 0 .4 -0 .9 0.1
6. Y e a s ts  o f  th e  Candida 

ty p e  (m o s t ly  g ra y ,  
so m e  p in k ) 26 4 15 1 .5-2 .0 0.3

7. M o ld s 4 0 0 0.0
8. S tre p to m y c e te s 2 2 100 1 .1-1 .6 1.4

T o ta l 158 95 60.1 0 .0 -3 .5
* Only representative microorganisms were tested.
’’ The culture possessing no antimicrobial activity showed only weak growth in laboratory broth cultures.
c Three cultures with orange pigmentation that gave no characteristic red color with 

NaOH. These cultures had pigment components probably quantitatively different from those of 
typical B .  l i n e n s  organisms, but otherwise belonged to group la in this table.

‘‘ Many microorganisms belonging to this group were isolated, but not tested for anti
microbial activity.
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F ig .  4. E f f e c t  o f a i r  a n d  n i t ro g e n  a tm o s p h e re  
o n  th e  d e v e lo p m e n t o f a n tim ic ro b ia l  a c t iv i ty  in  e x 
t r a c t s  o f L ie d e r k r a n z  c h eese . A n a e ro b ic  c o n d itio n s  
w e re  e s ta b lis h e d  b y  b u b b lin g  n i t ro g e n  t h r o u g h  
f la s k s  f o r  3 0  m in  a n d  s e a lin g  w i th  ru b b e r  s to p p e rs  
a n d  p a ra f ilm .

* T h e  te r m  a n tim ic ro b ia l  a c t iv i ty  [ a ] w a s  d e - 
fined  a s  th e  sp ec ific  a n tib io tic  a c t iv i ty  o f th e
sam p le . ra l ^  ^  =  1 -------- — • w h e re  a w a s  th e36 h r  / S ’
c o lo n y  c o u n t in  th e  b io a s s a y  tu b e  c o n ta in in g  th e  
in d ic a te d  f r a c t io n ,  a n d  f) w a s  th e  c o u n t in  th e  
c o n tro l  tu b e  c o n ta in in g  th e  a s s a y  m e d iu m  a lo n e ; 
3 0 °C  a n d  36 h r  in d ic a te  t e m p e ra tu re  a n d  t im e  of 
in c u b a tio n .

A lm o s t  a ll  co lo n ie s  t h a t  w e re  s lim y  o ra n g e  
a n d  o ra n g e -y e l lo w  p o s se sse d  a n tim ic ro b ia l  a c t iv i ty  
( T a b le  1 ;  g ro u p s  l a ,  lb ,  l c  a n d  2 ) .  P o o r  g ro w th  
in  th e  t e s t  m e d iu m  a c c o u n te d  f o r  th e  e x c e p tio n s .

O ra n g e -c o lo re d  co lo n ie s  o f d ry ,  ro u g h , g r a n u la r  
a p p e a ra n c e  w e re  a n t ib io tic a l ly  in a c tiv e  ( T a b le  1, 
I d ) .  T h e s e  o rg a n is m s  w e re  c lo se ly  r e la te d  to  th e  
g e n e ra l  B. linens ty p e  e x c e p t  f o r  th e  ro u g h  a p 
p e a ra n c e  a n d  la c k  o f a n tim ic ro b ia l  a c t iv i ty .  In  
s e v e ra l  re s p e c ts  th e  ro u g h  c o lo n ie s  re se m b le d  
Brcvibacterium erythrogcnes. T h e y  w e re  so m e 
w h a t  lo n g e r  th a n  th e  r e g u la r  B. linens t y p e ; in  
m ilk  th e y  p ro d u c e  a  p r e c ip i ta te  o f c ase in , le a v in g  
a  c le a r  m ilk  se ru m . O n  r a r e  o c ca s io n s  th is  se ru m  
b e ca m e  b lo o d  re d , b u t  u s u a l ly  i t  r e m a in e d  c o lo r 
less. T h e  ty p ic a l  s m o o th  c o lo n ie s  o f B. linens 
p ro d u c e d  a  g e n e ra l  b ro w n in g  o f th e  m ilk  ( B re e d  
ct at., 1957) b u t n o  c o a g u la t io n . B o th  ty p e s  g a v e  
ty p ic a l c o lo r  re a c tio n s  w ith  s t r o n g  b a se s  a n d  a c id s  
(G re c z  a n d  D a c k , 1 9 6 1 ).

Yellow strains (group 3). A l th o u g h  o n e  y e llo w  
s tr a in  g a v e  a p p re c ia b le  a n tim ic ro b ia l  a c t iv i ty  in  
s e v e ra l  te s ts ,  8 9 %  of th e  y e llo w  s t r a in s  w e re  e n 
t ir e ly  in a c tiv e  ( T a b le  1, g ro u p  3 ) .  T h e  g ro u p  
w a s  c o m p o se d  of s h o r t  g ra m -p o s it iv e  ro d s .

Red colonies (group 4). T h e  m ic ro o rg a n is m s  
p ro d u c in g  re d  co lo n ie s  w e re  sm a ll g ra m -p o s it iv e  
c o c c i;  th e y  p o sse sse d  n o  a n tim ic ro b ia l  a c t iv i ty  
( T a b le  1, g ro u p  4 ) .

Gray-to-cream colonies (group 5). T w e n ty - s ix  
p e r  c e n t  o f th e  g ra y - to -c re a m  co lo n ie s  p o sse ssed  
lo w  to  m e d iu m -s tro n g  a n tim ic ro b ia l  a c t iv i ty  ( T a 
b le  1, g ro u p  5 ) .  S o m e  o f th e s e  s tr a in s  w e re  d e 
r iv e d  f ro m  c h a r a c te r is t ic  B. linens ty p e  c u ltu re s , 
w h ic h  h a d  lo s t  th e  a b il i ty  to  p ro d u c e  o ra n g e  p ig 
m e n ta t io n  a f te r  r e p e a te d  s u b c u ltu re s . T h e  c re a m - 
to - g r a y  co lo n ie s  w e re  e i th e r  s h o r t  g ra m -p o s it iv e  
ro d s  (11 s tr a in s ,  in c lu d in g  th e  s ix  a n tib io tic a l ly  
a c t iv e  c u l tu re s )  o r  m in u te  g ra m -p o s i t iv e  cocci 
(1 2  s t r a i n s ) .  A l l  w e re  s a l t - to le r a n t  a n d  c a ta la s e 
p o s it iv e . T h e  a n tib io tic a l ly  a c t iv e  c u ltu re s  a p 
p e a re d  to  b e  p u re  s tr a in s .

Yeasts (group 6). S e v e ra l  y e a s ts  (1 5 %  o f th e  
to ta l  n u m b e r  te s te d )  p ro d u c e d  a p p re c ia b le  a c t iv i ty  
th a t  c o u ld  b e  c o n firm e d  in  re p e a te d  te s ts .  T h e  
m a jo r i ty  o f y e a s ts , h o w e v e r , w e re  a n tim ic ro b ia l ly  
in a c tiv e  ( T a b le  1, g ro u p  6 ) .  T h e  y e a s t  iso la te s  
w e re  m a d e  u p  o f s in g le  o v a l b u d d in g  ce lls  (5 
s t r a i n s ) ,  d o u b le  a n d  s in g le  f is s io n -ty p e  ce lls  (8  
s t r a in s )  a n d  m y c e lia l  b u d d in g  fo rm s  o f  th e  g e n 
e r a l  Candida ty p e  (1 3  s t r a i n s ) .  T h e  fo u r  a n tib i 
o t ic a l ly  a c t iv e  c u ltu re s  b e lo n g e d  to  th e  m y c e lia l 
ty p e . A l l  s t r a in s  w e re  s a l t - to le r a n t  film  y e a s ts  
a n d  g a v e  a n  a c id  r e a c tio n  in  l i tm u s  a f t e r  4 -5  d ay s . 
In  s te r i le  m ilk , a  v isco u s  c le a r  f lu id  w a s  fo rm e d  
in  7 -1 5  d a y s , w h ic h  w a s  e i th e r  c le a r  o r  p a le  ro se  
in  c o lo r . O n  t ry p to n e  g lu c o se  e x t r a c t  a g a r  th e  
co lo n ie s  w e re  g ra y ,  d ry , a n d  w r in k le d ,  e x c e p t  fo r  
o n e  c u ltu re  o f o v a l b u d d in g  y e a s ts , w h ic h  fo rm e d  
a  s lim y , p a le - ro s e  co lo n y . T h e  p ro d u c tio n  o f a n t i 
b io tic  b y  y e a s ts  iso la te d  f ro m  ch ee se  is o f in te re s t ,  
s in ce  i t  h a s  b een  r e c e n t ly  r e p o r te d  th a t  m an y  
Candida y e a s ts  a r e  a n tib io tic a l ly  a c t iv e  ( E m -  
m a n o u i lid o u -A rs e n i  a n d  S o u lta n i,  1 9 6 0 ).

Molds and streptomycetes (groups 7 and 8). 
M o ld s  a n d  s tre p to m y c e te s  w e re  r a r e ly  f o u n d ; th e  
fe w  iso la te s  m a y  be  a c c id e n ta l  c o n ta m in a n ts  o f 
th e  ch eese . S e le c tiv e  p la te s  f ro m  w h ic h  b a c te r ia  
w e re  e x c lu d e d  b y  a d d i t io n  o f p e n ic i ll in  a n d  
s tr e p to m y c in  d e v e lo p ed  y e a s ts  b u t  n o t  m o ld s  o r  
s tr e p to m y c e te s . T h e  m o ld s  ( T a b le  1, g ro u p  7 ) 
p ro d u c e d  n o  d is c e rn ib le  in vitro  a c t iv i ty ,  a n d  
th e re fo r e  w e re  ru le d  o u t  a s  p o ss ib le  c a u sa l  a g e n ts  
o f th e  a n tim ic ro b ia l  a c t iv i ty . O n  th e  o th e r  h a n d , 
th e  tw o  s tre p to m y c e te s  ( T a b le  1, g ro u p  8 )  p o s 
sessed  m o d e ra te  a n tib io tic  a c t iv i ty .  S in c e  th e y  
w e re  r a r e ly  fo u n d  ( less  th a n  0 .4 %  o f 500 iso la te s , 
in c lu d in g  th o s e  n o t  te s te d  fo r  a n tim ic ro b ia l  a c 
t iv i ty ) .  th e y  a ls o  m ay  be d ism isse d  a s  c o n tr ib u tin g  
to  th e  n a tu r a l  a n tim ic ro b ia l  a c t iv i ty  of a g ed  s u r 
fa c e -r ip e n e d  cheese.

In  su m m a ry , i t  m ay  be c o n c lu d ed  th a t  th e  
m a jo r  p a r t  o f th e  a n tim ic ro b ia l  a c t iv i ty  of aged
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L ie d e rk ra n z -  a n d  L im b u rg e r - ty p e  ch ee se  w a s  du e  
to  m ic ro o rg a n is m s  o f  B. linens ty p e  in  t h e  su rfa c e  
flo ra . F u r th e r  a n tib io tic  a c t iv i ty  m ay  c o m e  f ro m  
o th e r  o rg a n is m s , p a r t ic u la r ly  y e a s ts  o f  th e  Can
dida ty p e  a n d  o th e r  o rg a n is m s  w h ic h  a r e  u n a b le  
to  p re d o m in a te  in  th e  n a tu r a l  f lo ra  o f a g e d  
ch eese . A l th o u g h  so m e  y e a s ts  h a v e  p ro d u c e d  a p 
p re c ia b le  a n tib io tic  a c t iv i ty  in  b ro th  c u ltu re s , th e i r  
ro le  in  th e  n a tu r a l  a n tib io s is  o f a g e d  ch ee se  w a s  
q u e s tio n e d  b e ca u se  th e  a n tib io tic  in  ch eese  a p p e a rs  
d u r in g  th e  la te  r ip e n in g  s ta g e s  w h e n  y e a s ts  a r e  
k n o w n  to  d is a p p e a r  f ro m  th e  ch eese  flo ra .

T h e  g ro w th  of n a tu r a l  y e a s ts  o c c u r r in g  p r e 
d o m in a n t ly  on  f re s h  L im b u rg e r - ty p e  ch ee se  (K e lly ,  
1937) m a y  be  la te r  in h ib ite d  b y  th e  s u b s ta n c e s  
p ro d u c e d  by b a c te r ia  p re d o m in a tin g  in  a g e d  
ch eese . T h e r e fo re ,  15 ty p ic a l  iso la te s  o f m y ce lia l 
b u d d in g  a n d  fiss io n  f i lm -fo rm in g  y e a s ts  f ro m  L im - 
b u rg e r  ch eese  w e re  te s te d  a g a in s t  th e  e x t r a c t  f ro m  
a g e d  L ie d e rk ra n z  ch eese . I n c o rp o ra t io n  o f 50 -1 0 0  
m g /m l  o f th e  ly o p h il iz e d  e x t r a c t  in to  th e  c u ltu re  
m ed iu m  c o m p le te ly  e lim in a te d  y e a s t  g ro w th , 
12 .5 -25.0  m g /m l  r e ta rd e d  th e  g ro w th  a p p re c ia b ly , 
w h e re a s  6 .2 -1 2 .5  m g /m l  e x e r te d  a  n o tic e a b le  
s t im u la to ry  e ffec t.

Properties of the antimicrobial agent(s) of 
aged Liederkranz cheese. T h e  a n tim ic ro b ia l  
a g e n t ( s )  w a s  d ia ly z a b le  th ro u g h  V is k in g  ce llu lo se  
c a s in g . I t  w a s  a d s o rb e d  o n  N o r i t  A  a t  p H
5.8—6.3 b u t n o t a t  p H  9.5. T h e  a n tib io tic  a g e n t ( s )  
c o u ld  be e lu ted  f ro m  N o r i t  A  w ith  4 0 %  e th a n o l, 
y ie ld in g  a  2 .4 -fo ld  p u r if ic a tio n  o f  th e  in it ia l  
a q u e o u s  e x tr a c t .

D u r in g  h e a t in g  a t  1 2 1 °C  f o r  10 m in  in  a q u e o u s  
s o lu tio n s  th e  a n tim ic ro b ia l  a g e n t  w a s  m o s t  s ta b le  
in  th e  a c id  p H  r a n g e  ( p H  <  5 .0 ) ,  b u t  sh o w ed  a  
d e c re a se  in  a c t iv i ty  a t  p H  5.0—8.5. W h e n  h e a te d  
in  beef in fu s io n  a g a r  (6 .8—7.0 ) th e  p re p a ra t io n  
re m a in e d  in h ib ito ry  to  th e  g ro w th  o f Clostridium 
botulinum a f te r  45 m in  a t  121°C .

T r e a tm e n t  w i th  h y d ro c h lo r ic  a c id  a n d  so d iu m  
h y d ro x id e , a t  p H  2 .0  to  12.0 fo r  20 h r  h a d  n o  
a p p a re n t  e ffec t o n  th e  a c t iv i ty  o f th e  a n tim ic ro b ia l  
a g e n t ( s )  a t  2 - 4 ° C, a l th o u g h  a t  ro o m  te m p e ra tu re  
20 h r  a t  p H  12.0 c a u se d  a  co m p le te  lo ss  o f a c t iv i ty .

T h e  a n tim ic ro b ia l  a g e n t  w a s  so lu b le  in  w a te r ,  
e th a n o l, m e th a n o l, a n d  b u ta n o l, s l ig h tly  so lu b le  
in  a c e to n e  a n d  in so lu b le  in  e th y l  e th e r  ( p H  2 .0 ) , 
c a rb o n  te t r a c h lo r id e ,  e th y l  a c e ta te  a n d  c h lo ro 
fo rm . A c e to n e  e x tr a c t io n  o f d e h y d ra te d  p r e p a r a 
tio n s  o f a g e d  L ie d e rk ra n z  ch ee se  y ie ld e d  a p p r o x i 
m a te ly  3 .6%  o f h ig h ly  in h ib ito ry  e x t r a c t  (se e  
F ig . 5 ) .

B io lo g ic a l  a c t iv i ty .  T h e  b io lo g ica l a c t iv i ty  o f 
c ru d e  ly o p h iliz ed  p re p a ra t io n s  w a s  e s ta b lis h e d  by  
th e  a g a r  s la n t  d i lu tio n  m e th o d . O n e  a n tib io tic  u n it  
w a s  d e fin ed  a s  th e  a m o u n t  c a u s in g  co m p le te  in 
h ib itio n  o f g r o w th  o f Staphylococcus aureus 223

F ig .  5. S p ec ific  a n tim ic ro b ia l  a c t iv i ty  o f  f r a c 
t io n s  o b ta in e d  b y  a c e to n e  e x tr a c t io n  o f  ly o p h il iz e d  
L ie d e rk ra n z  ch eese  e x tr a c t .

[ a ]  w a s  d e fin ed  a s  th e  spec ific  a n tib io tic  a c -
. . 3 0 °C  at iv i ty  o f th e  sam p le , f a i  =  1 — -------  ;20 h r  /3

w h e re  a w a s  th e  c o lo n y  c o u n t in  th e  b io a s s a y  tu b e  
c o n ta in in g  th e  in d ic a te d  f r a c t io n  a n d  (3 w a s  th e  
c o u n t in  th e  c o n tro l  tu b e  c o n ta in in g  th e  a s s a y  
m e d iu m  a lo n e  ; 3 0 °C  a n d  20 h r  in d ic a te  te m p e r a 
tu r e  a n d  t im e  o f in c u b a tio n .

fo r  24  h r  a t  3 0 °C . T h e  a c tu a l  a n tib io tic  p o te n c y  
o f c ru d e  ly o p h iliz e d  p o w d e rs  v a r ie d  s o m e w h a t  
f ro m  p re p a ra t io n  to  p r e p a r a t io n ; o n e  u n i t  w a s  
e q u a l to  12 .5 -50 .0  m g  o f  p o w d e r  p e r  m l o f  a g a r  
m e d ia  a t  p H  7.

T h e  in vitro  b io lo g ica l a c t iv i ty  o f c ru d e  a n t i 
b io tic  p r e p a ra t io n s  o f  a g e d  L ie d e rk ra n z  ch eese  
(e x p re s s e d  in  u n it s  p e r  m l o f a s s a y  m e d iu m ) 
c a u s in g  c o m p le te  g ro w th  in h ib it io n  o f th e  re -

T a b le  2. p H  d e p e n d e n c e  o f th e  a c t iv i ty  o f th e  
a n tim ic ro b ia l  a g e n t ( s )  o f a g e d  L ie d e rk ra n z  cheese.

pH

Growth of the test oragnism *
B. cereus 800/58 Candida albicans 10231
Noantibioticadded

Antibiotic added b Noantibioticadded Antibiotic added b
5.0 — c — + + + + —
5.5 + — + + + + —
6.0 + + + — + + + + + + +
6.5 + + + + + + + + + + + +
7.0 + + + + + +  4—b + + + +
7.5 + + + + + +  +  +  + + +
8.0 + + + + — + 4 - + + —
8.5 + + + + — 4-4 -4 -+ —

“ R e s u l ts  w e re  s im ila r  w ith  Staphylococcus aureus 223, Saccharomyces cerevisiae Y 977, a n d  a  
y e a s t  iso la te  o f th e  Candida ty p e  f ro m  L ie d e rk ra n z  
cheese.

b T h e s e  tu b e s  re c e iv e d  25 m g /m l  o f ly o p h il iz e d  
a q u e o u s  e x t r a c t  o f a g e d  L ie d e rk ra n z  ch eese .

c G ro w th  e s t im a te d  a s  +  +  +  +  a b u n d a n t, + 4 -  +  
g o o d , -)—[- r e ta rd e d , +  fa in t ,  a n d  — n o  g ro w th .
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sp e c tiv e  m ic ro o rg a n is m s  w a s  a s  f o l lo w s : Bacillus 
cereus, 0 .5 ;  Escherichia coli, 2 ;  Clostridium botu- 
linnm, 1 ;  Salmonella typh im urium , S. typhi, S. 
pullorum, 1 -2 ; Mycobacterium avium, M. tuber
culosis, M. smegmatis, 0 .5 -1 ;  Staphylococcus 
aureus ( 6  s tr a in s  o th e r  th a n  s t r a in  2 2 3 ) ,  2 ;  Neu- 
rospora crassa, 1 ;  PeniciUmm roquejortii, 4 ;  P. 
italicmn, 2 ;  Rhisopus nigricans, 2 ;  Saccharomyces 
cerevisiae, 2 ;  Candida albicans, 2 ;  Hansenula 
anomala, H . saturnus, PI. capsulata, 2 ;  Torulopsis 
holniii, 2 ;  Streptomyccs lavendulae, 0.5.

p H  e ffe c t.  T h e  a n tim ic ro b ia l  a g e n t  ( s )  o f a g e d  
L ie d e rk ra n z  ch ee se  w a s  m o s t  a c t iv e  a t  p H  5 .0 -6 .0  
a n d  p H  7.5—8.5 ( T a b le  2 ) .  A t  th e  n e u t r a l  p H  
ra n g e  ( p H  6 .5 -7 .0 )  th e  a c t iv i ty  o f  th e  a n tib io tic  
w a s  a p p re c ia b ly  re d u c ed .

R e la t io n  to  a n t i b io t i c  f ro m  B r e v ib a c te r iu m  
lin e n s . T h e  fo llo w in g  p ro p e r t ie s  o f th e  a n tib io tic  
o f  B. linens w e re  fo u n d  to  be  th e  sam e  a s  th o se  
o f th e  a n tib io tic  a g e n t ( s )  e x tr a c te d  f ro m  a g ed  
L ie d e rk ra n z  c h e e s e : d ia ly s is  t h r o u g h  V is k in g
ce llu lo se  c a s in g , a d s o rp tio n  o n  N o r i t  A , s o lu b ility  
in  so lv e n ts , s ta b i l i ty  to  h e a t in g ,  s ta b i l i ty  to  p H , 
a n d  th e  a n tim ic ro b ia l  sp e c tru m .

T h e s e  s im ila r i t ie s  s u g g e s te d  a  c lo se  r e la t io n 
sh ip  b e tw e e n  th e  a n tib io tic  f ro m  a g e d  ch eese  a n d

th a t  p ro d u c e d  b y  B. linens. H o w e v e r ,  th e  fina l 
p ro o f  f o r  th e  id e n ti ty  o f th e  tw o  a c tiv e  a g e n ts  
can  be  e s ta b lis h e d  o n ly  a f te r  c h em ica l c h a r a c te r 
iz a tio n  o f th e  co m p o u n d s  in v o lv ed .

R e la t io n  to  a n t ib io t i c  n is in .  S in c e  n is in  is c o m 
m o n ly  a s s o c ia te d  w ith  d a ir y  p ro d u c ts , n is in  w a s  
c o m p a re d  w ith  th e  a n tib io tic  o f a g e d  L ie d e rk ra n z  
cheese.

A n t ib io tic  a s s a y s  re v e a le d  th a t  100,000 u n i t s /m l  
o f n is in  ( P ro d u c e r s  C r e a m e ry  Co.. S p r in g f ie ld , 
M o . ) f a ile d  to  in h ib it  th e  g r o w th  o f s e v e ra l  y e a s ts , 
m o ld s , a n d  g ra m -n e g a tiv e  b a c te r ia , viz., Candida 
albicans 10231, Saccharomyces cerevisiae Y 977, 
Torulopsis holniii Y 1507, Penicillium expansum, 
Aerohactcr aerogencs, a n d  Escherichia coli. O n  
th e  o th e r  h a n d , o n ly  1,000 u n i t s /m l  of n is in  w a s  
re q u i r e d  to  a r r e s t  th e  g ro w th  o f  tw o  g r a m 
p o s it iv e  b a c te r ia ,  viz., Bacillus cereus 8 0 0 /5 8  a n d  
Clostridium botulinum 62 A . T h e s e  d a ta  in d ic a te  
th a t  n is in  a n d  th e  a n tib io tic  o f a g e d  L ie d e rk ra n z  
ch ee se  p o sse sse d  c o m p le te ly  d if fe re n t  a n tim ic ro b ia l  
sp e c tra .

S u rv e y  o f  m a r k e t  cheese  f o r  a n t im ic r o b ia l  a c 
t iv i ty .  R e s u l ts  o f a  ty p ic a l  a s s a y  o f th e  a n tib io tic  
a c t iv i ty  o f  c le a r  d ia ly s a te s  o f m a r k e t  sam p le s  of 
ch eese  a r e  g iv e n  in  F ig .  6.

F ig .  6. A n t im ic ro b ia l  a c t iv i ty  o f m a rk e t  sam p le s  o f ch eese . E a c h  p a p e r  d isc  c o n ta in e d  
0.25 m l o f th e  d ia ly s a te  f ro m  th e  in d ic a te d  b r a n d  o f cheese.

P la te  A . 1) S t. M a n g  L im b u rg e r ,  w e ll r ip e n e d , s u r f a c e ;  2 )  S t. M a n g  L im b u rg e r ,  w e ll 
r ip e n e d , i n te r io r ;  3 )  M o z z a r e l la ;  4 )  P r o v o lo n e ;  5 )  P o r t  S a lu t ,  f re s h , s liced , s u r f a c e ;  6 )  P o r t  
S a lu t ,  f r e s h ,  s liced , i n te r io r ;  7 )  T ra p p is t ,  w e ll  r ip en ed , s u r f a c e ;  8 )  T r a p p is t ,  w e ll r ip en ed , 
in te r io r  ; 9 )  C h e d d a r  ; 10) S w iss .

P la te  B . 1 ) K r a f t  L im b u rg e r ,  m e d iu m  rip e n e d , s u r f a c e ;  2 )  K r a f t  L im b u rg e r ,  m ed iu m  
rip e n e d , i n te r io r ;  3 )  B r ic k ,  m e d iu m  rip e n e d , s u r f a c e ;  4 )  B r ic k ,  m e d iu m  rip e n e d , in te r io r ;  
5 )  T i l s i t e r ,  w e ll r ip e n e d , s u r f a c e ;  6 )  T i l s i t e r ,  w e ll  r ip e n e d , i n te r io r ;  7 )  B o rd e n  C a m e m b e r t ,  
f re sh , s u r f a c e ;  8 )  B o rd e n  C a m e m b e r t ,  f re s h ,  in te r io r ;  9 )  L ie d e rk ra n z ,  w e ll r ip e n e d , s u r f a c e ;  
10 ) L ie d e rk ra n z ,  w e ll r ip en ed , in te r io r .
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I n  a d d itio n  to  th e  sam p le s  l is te d  in  F ig .  6 th e  
fo l lo w in g  b ra n d s  o f m a r k e t  ch ee se  c o n ta in e d  
a n tim ic ro b ia l  a c t i v i t y : B e e rk a e s e , M u e n s te r ,
R o m a d o u r , H a rz k a e s e  ( s u r f a c e  o n l y ) ;  n o  a c t iv i ty  
w a s  d e te c te d  in  S k i Q u e en , H a r z  ( i n te r i o r )  ; c o t 
ta g e  cheese, a n d  c re a m  cheese.

F r o m  th e s e  r e s u lt s  i t  w a s  c o n c lu d ed  th a t  a n t i 
m ic ro b ia l  a c t iv i ty  w a s  p re s e n t  o n ly  in  th o s e  b ra n d s  
o f cheese  t h a t  d e v e lo p  a  b ro w n  b a c te r ia l  su rfa c e  
s m e a r  d u r in g  r ip e n in g . W e l l  r ip e n e d  ch eese  h a d  
a  h ig h e r  a c t iv i ty  th a n  f re s h  ch eese , a n d  th e  a c 
t iv i ty  w a s  c o n c e n tra te d  in  th e  s u rf a c e  p o r t io n  of 
th e  cak e , e sp e c ia lly  w h e n  a  r ic h - b ro w n  su rfa c e  
s m e a r  w a s  p re s e n t.

DISCUSSION
Antimicrobial agen t(s) in aged surface- 

ripened cheese appeared to be adsorbed on 
substances in the cheese (Grecz et al.,
1961). Such an adsorption may affect the 
apparent properties of the antibiotic activity, 
e.g., resistance to heating, rate of dialysis, 
extractibility by solvents. In turn, adsorp
tion may lead to a reduction of the antibiotic 
activity in the assay substrate.

The gradual accumulation of the antibi
otic agen t(s) in aged surface-ripened cheese 
suggests that natural antibiosis may play a 
role in the ripening process of these types 
of cheese. For example, the overgrowth of 
the surface flora of Limburger cheese by 
Brevibacterium linens-type organisms (K el
ly, 1937) may be conveniently explained as 
the antibiotic production by this organism. 
The exact mechanism by which B. linens is 
able to predominate in the flora on the sur
face of Limburger and related types of

cheese during the late stages of ripening 
has never been satisfactorily explained.

I t is of interest that Professor Victor C. 
Vaughan made the observation as long ago 
as 1884 that old foul-smelling cheeses such 
as Limburger and Schweizer, are alkaline 
in reaction and that poisoning never results 
from their use. The reason is only now 
becoming clear. The present investigation 
would suggest that an added safety factor 
in the prevention of food poisoning may be 
obtained by allowing surface-ripened cheeses 
which contain Brevibacterium linens to age 
before use.
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SUMMARY
Frozen meat-water extracts stored under lights exhibit a pattern o f m etm yo

globin form ation sim ilar to that in frozen steaks. The spectrophotom etric 
m ethod o f analysis was satisfactory for estim ating the percent m etm yoglobin  
in the solutions. Fluorescent lights significantly increased the form ation o f  
m etm yoglobin in the solutions, sim ilar to that reported for frozen steaks. 
Dialyzing the extract inhibited the increase o f m etm yoglobin in  the frozen  
solution when stored under light. Addition o f copper, m anganese, or calcium  
ions in the form  o f the chloride salts to the dialyzed solution did not increase 
rate o f m etm yoglobin form ation appreciably. The addition o f chloride salts 
of m agnesium  and iron contributed to an increase in the rate o f m etm yoglobin  
form ation. W hen the dialysate was concentrated and added to the dialyzed  
residue there was a significant increase in the rate o f m etm yoglobin form ation.

Desirable color, while not necessarily 
affecting palatability or nutritive value of 
meat, is one of the prim ary quality attributes 
demanded by the consumer. The oxidative 
states of myoglobin are directly associated 
with meat color. Reduced myoglobin is 
the dark red-purple color of freshly cut 
meat ; the oxygenated form, oxymyoglobin, 
is the bright desirable color ; and the oxi
dized form, metmyoglobin, is the undesir
able brownish color (Brooks, 1937 ; Grant,
1955).

The practice of merchandising frozen 
meat in transparent wrappers under display- 
case illumination has been accompanied by 
several technical problems (Townsend and 
Bratzler, 1958). Such things as storage 
temperature (Ramsbottom, 1947), rate of 
freezing (Robertson, 1950; Ramsbottom 
and Koonz, 1941), and display lights (N au- 
mann et al., 1957) may harm the quality 
of the meat product.

Townsend and Bratzler (1958) found 
that fluorescent lights caused an increase
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in the rate of metmyoglobin formation and 
that this was correlated with a deterioration 
in the lean meat color. Prim arily respon
sible for the color degradation was light 
between wavelengths of 560 m/x and 630 
m/x, in the yellow and orange portion of 
the visible spectrum. I t  was concluded that 
the increase in color degradation was due 
to a photodynamic phenomenon that ac
celerated the oxidation of the muscle pig
ment myoglobin to metmyoglobin.

This report is concerned with the adapta
tion of frozen muscle-water extracts to 
spectrophometric analysis of metmyoglobin. 
The effects on the frozen extracts of fluores
cent illumination, dialysis, addition of the 
concentrated dialysate, and the addition of 
various metal ions were studied in an a t
tempt to elucidate the mechanism of the 
light-catalyzed color degradation of fresh- 
frozen meat products.

EXPERIMENTAL PROCEDURE
Portions of beef rounds were frozen at —20°F 

prior to preparation of the extracts. Slices of 
the frozen round were removed, trimmed of all 
external fat, connective tissue, and the outside 
layer of iean. The samples wrere cut into small 
cubes, weighed to the nearest 0.1 g, and placed 
in a chilled W aring blender. Distilled water was

[ 343 ]
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a d d e d  8 :1  a n d  th e  m ix tu r e  b len d ed  2  m in . T h e  
s lu r r y  w a s  c e n tr i fu g e d  30 m in  a t  2500 rp m  a t  
3 2 °F , a n d  th e  s u p e rn a ta n t  d e c a n te d  th ro u g h  a b 
s o rb e n t  c o tto n  to  re m o v e  th e  a c c u m u la te d  fa t.  
T h e  c le a r  s o lu tio n  w a s  f il te re d  th ro u g h  N o . 42 
W h a tm a n  f i lte r  p a p e r  in  a  c h ille d  B u c h n e r  fu n n e l. 
T h is  f i l t r a t io n  w a s  th e  o n ly  s tep  in  th e  p re p a ra t io n  
th a t  w a s  p e r fo rm e d  a t  a  te m p e r a tu r e  a b o v e  34° F . 
T h e  f ilte re d  so lu tio n  w a s  f ro z e n  e i th e r  im m e d ia te ly  
o r  a f te r  th e  v a r io u s  t r e a tm e n ts  w e re  ap p lied .

T h e  s o lu tio n  w a s  d iv id ed  in to  3 5 -5 0 -m l p o r t io n s  
a n d  h e ld  4 -1 4  h r  a t  — 2 0 ° F  in  a  b la s t  f re e z e r , 
'f l ic  f ro z e n  sam p le s  w e re  th en  re m o v e d  f ro m  
th e i r  c o n ta in e rs , p lac ed  in  D o w  S a r a n  f re e z e r  
b a g s , a n d  sea le d  u n d e r  v a c u u m . T h e  e x tr a c ts  
w e re  s to re d  e i th e r  in  a  w a lk - in  f r e e z e r  u n d e r  
a p p ro x . 25 f t-c  o f  f lu o re s c e n t  l ig h t  o r  in  a  c y c lin g  
0 ° F  f ro z e n  m e a t  d is p la y  c a se  u n d e r  5 0 -6 0  f t - c  of 
f lu o re sc e n t  i llu m in a tio n .

T h e  e ffec ts  of l ig h t  o n  th e  so lu tio n s  w e re  ob 
s e rv e d  by  c o m p a r is o n  of f ro z e n  e x t r a c ts  s to re d  
u n d e r  50 f t - c  w ith  e x t r a c ts  re ta in e d  in  d a rk n e s s . 
T h e  e ffec t of d ia ly s is  w a s  s tu d ie d  b y  d ia ly z in g  
th e  e x t r a c ts  in  c e llu lo se  c a s in g s  a g a in s t  4  L  of 
d is ti l le d  d e io n iz e d  w a te r  fo r  th r e e  d a y s  w ith  tw o  
c h a n g e s  of w a te r  p e r  d a y . In  so m e  in s ta n c e s , 
th e  c h lo r id e  s a l ts  of m a g n e s iu m , m a n g a n e s e , iro n , 
c a lc iu m , a n d  c o p p e r  w e re  a d d e d  to  th e  d ia ly z e d  
s o lu tio n  in  th e  c o n c e n tra t io n s  re p o r te d  by  M itt le -  
d o r f  a n d  L a n d o n  (1 9 5 2 ) .  In  a n o th e r  t r ia l ,  the  
d ia ly s a te  w a s  b o iled  d o w n  a n d  a d d e d  b a ck  to  
th e  re s id u e  so lu tio n .

T h e  t r e a te d  sam p le s  a n d  c o n tro ls  w e re  re m o v e d  
a f te r  v a r y in g  s to ra g e  p e r io d s  a n d  th a w e d  a t  
98° F . T h e  e x t r a c ts  w e re  a g a in  c e n tr i fu g e d  a t  
2500 rp m  a t  3 2 °F , a n d  f i l te re d  a s  b e fo re . T h e  
p e rc e n t  m e tm y o g lo b in  w a s  d e te rm in e d  s p e c tro -  
p h o m e tr ic a l ly  a c c o rd in g  to  th e  m e th o d  d e s c r ib e d  
by  M a n g e l (1 9 5 1 ) a n d  T o w n s e n d  (1 9 5 8 ) .

RESULTS AND DISCUSSION
Effect of light on aqueous extracts.

Utilizing steaks to determine color changes 
is expensive and not easily adaptable to 
quantitative measurement. An aqueous meat 
extract provides homogeneneity that is more 
suitable for spectrophotometric analysis. 
Fig. 1 shows the behavior of frozen ex
tracts when stored under light in the same 
0°F  case as compared with frozen steak 
(Townsend, 1958). The increases in met
myoglobin formation are comparable, and the 
resultant curves do not fluctuate as greatly 
as when steaks are used.

Effects of dialysis and metal ions. The 
removal of all dialyzable material from the

F ig . 1. P e r c e n t  m e tm y o g lo b in  o f  f ro z e n  s te a k s  
a n d  m e a t so lu tio n s  s to re d  a t  0 ° F  u n d e r  f lu o re sc e n t  
l ig h t  ( f r o m  T o w n s e n d , 1 9 5 8 ).

solution markedly retarded the rate of 
metmyoglobin formation (Fig. 2 ) , but not 
completely. I t may be that some substance, 
or combination of substances, removed by 
dialysis causes a supplementary effect on

F ig . 2. E f fe c t  o f d ia ly s is  a n d  o f re c o n s ti tu t io n  
o f a  d ia ly z e d  s o lu tio n  on m e tm y o g lo b in  fo rm a tio n  
of f ro z e n  e x t r a c ts  s to re d  a t  0 ° F  in a  w a lk - in  
f re e z e r  u n d e r  30 ft-c .
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the light-catalyzed formation of metmyo
globin over and above the direct effect on 
the myoglobin molecule itself. Reconsti
tuting the dialyzed aqueous extract, freez
ing, and storing under light indicated that 
there is some constituent, or combination, 
actually removed during dialysis that con
tributes to the increase in the rate of metmy- 
oglobin formation in frozen extracts stored 
under light. Although the concentrated 
dialysate was added to the residue solution 
at a rate calculated to approximate the 
original concentration, the high percentage 
of metmyoglobin may have been due to 
differences in dialysate concentration in the 
reconstituted extract. The control curve 
shown is typical of those obtained when 
untreated frozen extracts were stored under 
fluorescent light. The presence of iron, 
bromine, phosphorus, magnesium, manga
nese, calcium, and copper was found by 
partial spectroscopic analysis of the concen
trated and ashed dialysate.

The metals selected for study were mag
nesium, manganese, iron, copper, and cal
cium. Fig. 3 presents the effects of these 
ions on the rate of metmyoglobin formation 
in extracts stored in a 0 °F  display case 
under 60 ft-c. The undialyzed control had 
the highest average percent metmyoglobin 
(35.2), and the solution with the added 
magnesium ions had the next highest (21.7 
% .) Both of these groups had statistically 
greater (P  < .0 5 ) amounts of metmyoglobin 
than the dialyzed control, which had the 
lowest average percent (10.5). The iron 
group had the third-highest average per
cent metmyoglobin (16.1), but was not 
statistically higher than the dialyzed con
trol. Calcium (10 .7% ), manganese (11.1 
% ), and copper (11,8% ) were not signifi
cantly higher in percent metmyoglobin than 
the dialyzed control. Another trial in which 
ions of manganese, magnesium, and iron 
in the ferrous and ferric form were added 
to the residue solution showed the same 
results with no difference due to the form 
of iron used. I t is possible that a combina
tion of ions, or others than those studied, 
may be responsible for the increased metmy
oglobin formation in frozen meat extracts 
stored under light.

Day* in Storage
F ig .  3. E f fe c t  o f m e ta l  io n s  o n  r a te  o f m e tm y o 

g lo b in  fo r m a tio n  o f d ia ly z e d  f ro z e n  m e a t  e x t r a c ts  
s to re d  u n d e r  60 ft-c .
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A Comparison of Two Colorimetric Methods for Determining 
Reduced Ascorbic Acid in Frozen Peas a,b
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( M a n u s c r ip t  re c e iv e d  S e p te m b e r  22, 1961)

SUMMARY
The sodium  2,6-dichlorobenzenoneindophenol m ethod (M ethod A) and the 

diazotized 4-m ethoxy-2-nitroaniline m ethod (M ethod B ) for m easuring re
duced ascorbic acid in frozen peas were compared. A randomized incom plete  
block design with 12 replications for each o f the two m ethods o f ascorbic 
acid analysis was used. Very highly significant differences in ascorbic acid 
values were obtained between Methods A and B, with Method A always the 
higher.

The retention of reduced ascorbic acid 
in fruits and vegetables has been one cri
terion of quality. A number of methods 
have been used to measure reduced ascorbic 
acid. Since no one method appeared to be 
entirely satisfactory for measuring reduced 
ascorbic acid, it seemed desirable to com
pare two methods considered applicable to 
a large number of routine laboratory 
analyses.

The sodium 2,6-dichlorobenzenoneindo- 
phenol method (Loeffler and Ponting, 1942) 
depends directly on an oxidation-reduction 
reaction, whereas Schmall et al. (1953) 
suggested that the diazotized 4-methoxy-2- 
nitroaniline method is highly specific for 
ascorbic acid, and depends somewhat on 
the enediol character of ascorbic acid rather 
than directlv on its reducing power. An 
apparent advantage of the diazotized 4- 
methoxy-2-nitroaniline method was the 
longer time allowance of 10 min for reading 
the Klett-Summerson photoelectric color
imeter after all reagents had been combined. 
W ith the sodium 2,6-dichlorobenzenoneindo-

“ C o n tr ib u tio n  N o . 239, D e p a r tm e n t  o f H o m e  
E c o n o m ic s , K a n s a s  A g r ic u l tu r a l  E x p e r im e n t  S t a 
tio n , K a n s a s  S ta te  U n iv e r s i ty ,  M a n h a tta n .

" P a r t  o f a n  M .S . th e s is  by  th e  s e n io r  a u th o r .
c P r e s e n t  a d d r e s s : D e p a r tm e n t  o f H o m e  E c o 

n o m ics , F o o d  a n d  N u t r i t io n  D iv is io n , U n iv e r s i ty  
of N e b ra s k a .  L in c o ln , N e b ra s k a .

phenol method, readings must be made 
within 15 sec after the dye and acid are 
combined.

The purpose of the present investigation 
w a s : 1) to compare values for reduced
ascorbic acid in individually frozen peas 
as determined by the sodium 2,6-dichloro- 
benzenoneindophenol and the diazotized 4- 
methoxy-2-nitroaniline methods, and 2) to 
determine any variations that exist in the 
quantity of reduced ascorbic acid within 
one lot of grade A frozen peas.

E X P E R I M E N T A L  P R O C E D U R E
A  ra n d o m iz e d  in c o m p le te  b lo c k  d e s ig n , w ith  

12 re p lic a t io n s  f o r  e ach  m e th o d  o f a s c o rb ic  a c id  
a n a ly s is  w a s  u sed . D a ta  w e re  a n a ly z e d  b y  a n a ly s is  
o f v a r ia n c e ;  F i s h e r ’s t e s t  ( F i s h e r ,  1949) f o r  le a s t  
s ig n if ic a n t  d iffe re n c e , w h e n  a p p r o p r i a t e ; th e  
t - t e s t ;  a n d  th e  B a r t le t t  t e s t  (S n e d e c o r ,  1 9 5 6 ).

S ix  2 - lb  p a c k a g e s  f ro m  o n e  lo t o f U . S . G ra d e  
A  fa n c y  in d iv id u a lly  f ro z e n  p e a s  w e re  p u r 
c h a se d  f ro m  a  lo ca l m a r k e t  in  m id s u m m e r . E a c h  
tw o -p o u n d  p a c k a g e  w a s  g e n t ly  ta p p e d  to  s e p a ra te  
th e  peas , a n d  th e  c o n te n ts  e m p tie d  in to  a  p la s t ic  
b o w l fo r  th o ro u g h  m ix in g . F r o m  th e  b o w l, 100-g  
sam p le s  o f  p e a s  w e re  w e ig h e d  in to  p o ly e th y le n e  
b a g s  m a rk e d  to  in d ic a te  th e  n u m b e r  o f th e  2 -lb  
p a c k a g e , n u m b e r  o f th e  sam p le , m e th o d  o f a n a ly s is , 
d a te  o f a n a ly s is , a n d  t im e  of a n a ly s is  (m o rn in g  
o r  a f te r n o o n ) .  W e ig h in g  w a s  d o n e  ra p id ly  to  
a v o id  th a w in g . A l l  s am p le s  f ro m  e a c h  2 -lb  p a c k 
a g e  w e re  c lo sed , t ie d  w ith  “ T w is t - e m ” c o v e re d  
w ire , a n d  s to re d  o n  on e  s h e lf  o f a  h o m e  f re e z e r .
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A  th e rm o s ta t ic a l ly  c o n tro lle d  g a s  b u rn e r  w a s  
u se d  to  co o k  th e  f ro z e n  peas . E a c h  sam p le  w a s  
d ro p p e d  in to  80  m l o f b o il in g  d is ti l le d  w a te r  
in  a  1 -q t a lu m in u m  s a u c e p a n  w ith  a  v e n te d  lid . 
W h e n  th e  w a te r  r e tu r n e d  to  a  bo il, th e  p eas  
w e re  co o k e d  f o r  1 m in  w ith  th e  te m p e ra tu re  
c o n tro l  a t  th e  h ig h e s t  p o in t. V ig o ro u s  b o ilin g  
w a s  re d u c e d  b y  a d ju s t in g  th e  t e m p e ra tu re  c o n tro l  
to  b e tw e e n  200 a n d  225 " F , a n d  th e  c o o k in g  c o n 
t in u e d  f o r  6 m in . Im m e d ia te ly  a f te r  c o o k in g , th e  
p e a s  a n d  r e m a in in g  c o o k in g  l iq u id  w e re  a n a ly z e d  
fo r  re d u c e d  a sc o rb ic  a c id  b y  tw o  m e th o d s . M e th o d  
A  w a s  a  m o d if ic a tio n  o f th e  s o d iu m  2 ,6 -d ic h lo ro -  
b e n z e n o n e in d o p h e n o l m e th o d  o f Loefifler a n d  P o n t-  
in g  (1 9 4 2 ) ,  a n d  M e th o d  B  w a s  th e  d ia z o tiz e d  4- 
m e th o x y -2 -n i tro a n i l in e  m e th o d  re p o r te d  b y  S c h m a ll  
ct al. (1 9 5 3 ) .

T h e  m o d if ic a tio n s  o f th e  m e th o d  of L oeffle r 
a n d  P o n t in g  (1 9 4 2 ) w e r e :  1 ) a n  in c re a se  in  th e  
size  o f  th e  sam p le  f ro m  25 to  50 g  to  100 g ;  2 ) 
th e  a d d i t io n  of 5 m l o f  d i lu te d  f i l t r a te  to  5 m l of 
d y e  in s te a d  o f a d d in g  9 m l of d y e  to  1 m l of 
f i l t r a t e ;  3 )  th e  s u b s ti tu t io n  o f a  K le t t-S u m m e rs o n  
p h o to e le c tr ic  c o lo r im e te r  fo r  th e  E v e ly n  p h o to 
e le c tr ic  c o lo r im e te r ; a n d  4 )  th e  u se  of th e  fo l
lo w in g  fo rm u la  fo r  c a lc u la t in g  th e  a s c o rb ic  ac id  
fa c to r .

a s c o rb ic  a c id  f a c to r
c o n c e n tra t io n  o f a s c o rb ic  a c id  in  d i lu tio n  

b la n k  r e a d in g  — a sc o rb ic  ac id  re a d in g

T h e  fa c to r ,  th e n , w a s  u se d  in  c a lc u la t in g  th e  
re d u c ed  a s c o rb ic  a c id  c o n c e n tra t io n  of th e  u n 
k n o w n  s o lu tio n  a s  f o l lo w s :

a sc o rb ic  a c id  f a c to r  X  c o r re c te d  u n k n o w n  re a d in g  
(b la n k  r e a d in g  —  u n k n o w n  re a d in g )

a liq u o t  p o r tio n  
X  d i lu tio n  =

m g  re d u c e d  a s c o rb ic  a c id /1 0 0  g  sam p le

R E S U L T S  A N D  D IS C U S S IO N
The investigation was completed within 

7 weeks after the peas were purchased and 
stored. The ascorbic acid values of the 
peas were subjected to analysis of variance 
(Table 1). W hen appropriate, least sig
nificant difference (Fisher, 1949) was cal
culated.

Differences among packages were non
significant (Table 1), whereas differences 
attributable to method of analysis and the 
interaction of packages X methods were 
respectively significant at the 0.1% and

T a b le  1. A n a ly s is  
c o rb ie  a c id  in  p eas  a s

o f v a r ia n c e  
d e te rm in e d

o f re d u c e d  a s -  
by  tw o  m e th o d s .

Source of variation D /F Ms and significance
P a c k a g e s 5 0.2704
M e th o d s i 221.2***
P a c k a g e s  X  m e th o d s 36 0.9921*
R e m a in d e r 36 0.1886

T o ta l 47

5.0% levels. The significant differences 
attributable to the interaction of packages 
X methods probably occurred in package
V (Table 2). The mean value for package
V analyzed by Method B was significantly 
higher than that for any other package 
analyzed by Method B ; whereas the mean 
value for package V analyzed by Method 
A was significantly lower than for either 
package I I I  or IV. The lowest mean value 
for all packages analyzed by Method A 
was obtained from package V.

All packages contained peas that varied 
widely in size from large m ature to small, 
less mature. Ascorbic acid values that oc
curred within and among packages, analyzed 
by a given method, are illustrated in Figs. 
1 and 2. According to the Bartlett test 
described by Snedecor (1956), the sampling 
variances within the same treatm ent and 
package were homogeneous. For individual 
samples analyzed by the sodium 2,6-dichlo- 
robenzenoneindophenol method ( Method A ), 
the ascorbic acid values ranged from 15.77 
m g/100 g peas to 17.35 m g/100 g. A range 
of 11.25 m g/100 g to 13.75 m g/100 g was 
found with the diazotized 4-methoxy-2-

T a b le  2. M e a n  a sc o rb ic  a c id  v a lu e s  o f m e th o d s  " 
w ith  th e  in te r a c t io n  o f p a c k a g e s  X  m e th o d s  a s  
th e  s o u rc e  o f v a r ia t io n .

Methods

Packages A(mg/100 g peas) B( mg /  100 g peas)
i 16.49 11.93

i i 16.76 12.34
h i 16.96 12.11
IV 17.09 12.21

V 16.17 13.18
V I 16.36 12.29

Isd* =  0.62
a A  =  s o d iu m  2 ,6 -d ic h lo ro b e n z e n o n e in d o p h e n o l 

m e th o d ; B  =  d ia z o tiz e d  4 -m e th o x y -2 -n i tr o a n il in e  
m e th o d ; lsd* =  le a s t  s ig n if ic a n t  d iffe re n c e  a t  th e  
5 .0 %  level.
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F ig . 1. A s c o rb ic  a c id  v a lu e s  o f 100-g  pea  
sam p le s  w ith in  a  p a c k a g e  a n a ly z e d  by  M e th o d  A  
(s o d iu m  2 ,6 -d ic h lo ro b e n z e n o n e in d o p h e n o l m e th o d ) .

sam p le s  w ith in  a  p a c k a g e  a n a ly z e d  b y  M e th o d  B 
(d ia z o t iz e d  4 -m e th o x y -2 -n i tr o a n il in e  m e th o d ) .

nitroaniline method (M ethod B ). The 
values found with Method A were closer 
than the values found with Method B to 
the average values reported by Burger ct al. 
(1956) for frozen green sweet peas (17.1 
m g/100 g) and by W att ct a!. (1950) 
and Bowes and Church (1956) for cooked 
peas (15 mg/100 g) and frozen peas (18 
mg/100 g ). Therefore, it appeared that 
Method A most nearly reflected the re
duced ascorbic acid concentration of the 
peas analyzed and would be the method rec
ommended for subsequent analyses. Table 
2 shows variations in mean ascorbic acid 
values for packages of one lot of U. S. 
Grade A Fancy peas analyzed by each 
method.

Although the differences in reduced ascor
bic acid among individual samples of peas 
seemed small (Figs. 1 and 2 ), some of 
the mean values (Table 2) were signifi
cantly ( P <  .05) different from each other. 
W ith Method A the mean ascorbic acid 
value was significantly greater for package 
IV  than for packages V and VI. Package

I II  also had significantly more ascorbic acid 
than package V. All other differences among 
packages analyzed by Method A were non
significant. The Method B analysis indi
cated that package V contained significantly 
more ascorbic acid than any other package 
and that differences among the other pack
ages were nonsignificant.

The interaction of packages X methods 
was significant; packages and methods were 
confounded with the time of analysis. There
fore, t-tests were made to determine if 
there were significant variations in ascorbic 
acid values. Consideration of each method 
separately resulted in no difference attribu
table to the time of analysis. W hen Method 
A was compared with Method B, and when 
the analyses done in the morning and the 
afternoon were considered separately, M eth
od A gave decidedly higher numerical values 
than Method B at each time of day.
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Effect of Various Sugars on Browning

Y. PO M ER A N Z, J. A. JO H N S O N , a n d  J. A. S H E L L E N B E R G E R
D e p a r t m e n t  o f  F l o u r  a n d  F e e d  M i l l i n g  I n d u s t r i e s ,  K a n s a s  S t a t e  U n i v e r s i t y ,  M a n h a t t a n  

( M a n u s c r ip t  re c e iv e d  D e c e m b e r  19, 1961)

s u m m a r y
The rate o f browning o f 20 sugars or sugar derivatives was followed by 

reflectance m easurem ents o f cookies and spectrophotom etric m easurements 
of browning o f dilute buffered solutions o f the sugars and glycine or lysine, 
heated at 1 14°C in an autoclave. Both in cookies and in solution, the order 
of decreasing reactivity for the pentoses was: ribose, xylose, and arabinose.
Among the hexoses, galactose was the most reactive and rhainnose the least. 
Because the conditions of pH and presence o f am ino acids were varied, no 
over-all order o f reactivity could be established for the other hexoses. D i
saccharides with reducing groups, except m elibiose, showed little reactivity. 
Sugars without reducing groups failed to exhibit browning.

The browning of food, products during 
processing is of considerable interest from 
both the theoretical and practical viewpoints. 
A number of excellent reviews are available 
(Stadtm an, 1948; Coulter et al., 1951; 
Danehy and Pigman, 1951; Hodge, 1953; 
Ellis, 1959; Heyns and Paulsen, 1960). 
The storage of cereal grains and the ac
ceptability of processed cereals are closely 
related to browning. The browning of baked 
products has received relatively little atten
tion, although such browning is generally 
understood to be predominantly of the Mail- 
lard type (Johnson and Miller, 1961). Most 
of the work reported oil the browning of 
baked products has been concerned with 
glucose, sucrose, or maltose. There is ac
cordingly a dearth of information on the 
effect of various other sugars on browning. 
Heyns and Paulsen (1960) have indicated 
that, in model systems, sugars react in the 
following order of decreasing activity: 
xylose, arabinose, galactose, mannose, glu
cose, lactose, and m altose; sucrose shews 
no tendency to brown. Several of the above 
sugars, including pentoses, occur naturally 
in cereals (M ontgomery and Smith, 1956), 
and may play an important role in browning.

This study was therefore undertaken to 
establish the reactivity of various sugars

a C o n tr ib u tio n  394, K a n s a s  A g r ic u l tu r a l  E x p e r i 
m e n t S ta t io n ,  M a n h a tta n .

in the browning of baked products. To 
clarify the mechanism of browning in 
cookies, experiments were also conducted 
on model systems employing various sugars 
in dilute solutions, in both the presence and 
absence of amino acids, and under various 
pH conditions.

M A T E R I A L S  A N D  M E T H O D S
T h e  f lo u r  u se d  w a s  a  c o m m e rc ia lly  m illed  

p a s t r y  f lo u r  h a v in g  a  m o is tu re  c o n te n t  o f 12 .4 %  
a n d  a  p ro te in  c o n te n t  o f 8 .9 % . T h e  s u g a r s  u se d  
w e re  a n a ly t ic a l ly  p u re . T h e  c o o k ie s  w e re  p re p a re d  
a c c o rd in g  to  th e  fo l lo w in g  b a s ic  f o r m u la : 100 g  
flo u r , 60 .0 g  su c ro se , 30.0 g  s h o r te n in g , 1.7S g  
s o d iu m  b ic a rb o n a te , 1.0 g  so d iu m  c h lo rid e , a n d  
40  g  w a te r .

T h e  te s t  s u g a r s  w e re  ad d e d , w h e re  a p p lic a b le , 
a t  e i th e r  3.0- o r  S.O-g lev e ls , a n d  th e  a m o u n t  of 
su c ro s e  u se d  w a s  re d u c e d  b y  a  c o rre s p o n d in g  
a m o u n t. T h e  f lo u r , s u g a r ,  s h o r te n in g , s o d iu m  
b ic a rb o n a te ,  a n d  s a l t  w e re  c re a m e d  a t  m ed iu m  
sp eed  w ith  a  H o b a r t  N -5 0  m ix e r ;  th e n  w a te r  
w a s  a d d e d  a n d  th e  d o u g h  m ix e d  u n ti l  h o m o 
gen eo u s. T h e  d o u g h  w a s  ro l le d  6 m m  th ic k  a n d  
c u t in to  p ieces  59 m m  in  d ia m e te r .  T h e  co o k ies  
w e re  b a k e d  12 m in  a t  425 ° F . A f t e r  th e  co o k ies  
w e re  coo l, e x te rn a l  c o lo r  w a s  d e te rm in e d  w ith  
a  P h o to v o l t  R e fle c to m e te r , M o d e l 610, eq u ip p e d  
w i th  a  g re e n  t r is t im u lu s  filte r . T h r e e  d e te r m in a 
t io n s  o f p e rc e n t  re f le c ta n c e  w e re  m ad e  o n  each  
o f th e  6 co o k ie s  p ro d u c e d  f ro m  each  b a tc h .

A ls o  s tu d ie d  w a s  th e  e ffe c t  o f v a r io u s  s u g a rs  
on  r a te  o f b ro w n in g  in  m o d e l sy s te m s  in  so lu tio n s  
w ith  g ly c in e  a n d  ly s in e . T h e s e  tw o  a m in o  a c id s

[ 350 ]



Y. POMERANZ, J .  A. JO H N SO N , AND J .  A. S H ELLE N B ERG ER 351
were chosen since glycine has been shown (Ellis, 
1959) to have a low reactivity and lysine a high 
reactivity in browning. Since the pH of various 
baked products ranges from 4.5 to 9.0 (Pyler, 
1952), a series of mixtures of the respective sugars 
and amino acids was prepared at 5 pH levels: 
4.6, 5.7, 6.6, 7.2, and 8.9.

Browning observations were made on solutions 
that were 0.05.1/ in both carbohydrates and amino 
acids, and 0.1 M  in phosphate buffer. Five-ml 
lots were pipetted into test tubes, covered with 
metallic caps, and heated 20 min at 114°C in an 
autoclave. Used as a measure of brown color 
formation was absorbance at 500 tn/j. in a Beck
man Model DU  spectrophotometer. Also followed 
with this instrument was absorbance in the uv 
(278 mg) as a measure of carbonyl compound 
development. The ultraviolet and browning data 
have been corrected for absorbance of the amino 
acids alone in the appropriate phosphate buffers, 
at the respective wavelengths.

RESULTS AND DISCUSSION
Table 1 shows the effects on cookie color 

of substituting various sugars for sucrose.
The pentoses exhibited the highest re

activity among the sugars employed. Under 
the conditions of the experiment, the extent 
of browning caused by pentoses decreased 
slightly in the following order: ribose, xy
lose, and arabinose. Among the hexoses 
tested, galactose was most reactive followed 
by levulose, mannose, sorbose, and glucose, 
all four essentially alike. The practically 
nil reactivity of sorbitol, the hexahydric 
straight-chain alcohol, is to be expected 
since the reduction of the keto-group of 
sorbose would prevent the Maillard reac
tions. The very low reactivity of rhamnose 
(6-deoxy-L-mannose) may be attributed to 
the change in the 6 position of L-mannose. 
Whereas this change probably would not 
affect the initial interaction between the 
amino acids and sugars, the data indicate 
that the entire sugar molecule is involved 
in formation of the brown condensation 
products. With a-D-glucose-pentaacetate, 
no browning occurred. The low reflectance 
recorded in Table 1 was due to a decided 
graying of the cookies. The pronounced 
browning of cookies containing D-glucose- 
amine-hydrochloride suggests that this sub
stitution at the 2 position may have resulted 
in a compound of reactive properties similar

Table 1. Effect on color of cookies of sub
stituting various sugars for sucrose.

Test
sugar

Level
added
(g)

Re Mec tance 
(% )

C ontrol 57.5

n i — ) arab inose 3 38.9

n( — ) ribose 3 38.4

D ( -(- ) xylose 3 38.6

n( -)- ) xylose 5 37.7

11 ( +  ) galactose 3 41.5

n (-)-) galactose 5 41.6

D ( +  ) glucose 3 46.1

d (-)-) glucose 5 44.1

D ( — ) levulose 3 44.7

d ( -)- ) m annose 3 45.0

i. ( —  ) sorbose 3 46.1

L ( —  (sorbo se 5 38.9

I. ( + (rham no se 3 55.6

sorbitol
a-D-glucose

3 57.1

pentaaceta te 
n-glucose am ine

5 36.5

hydroch loride 5 33.9

cellobiose 3 55.2

lactose 3 54.0

lactose 5 52.3

m altose 3 53.0

m altose 5 51.8

melibiose 3 44.3

melibiose 5 40.3

m elezitose 3 56.9

raffinose 3 57.1

trehalose 3 56.1

to the one formed in condensation of an 
amino acid and sugar. No browning was 
obtained with the nonreducing disaccharides, 
namely, sucrose and trehalose. Adding 
cellobiose, lactose, and maltose resulted in 
some slight browning. The low reactivity 
of 5% maltose, as compared to 3% glucose, 
points to the fact that the rate of reaction 
is controlled not only by the reducing group 
but by the entire sugar molecule. The effect 
of using melibiose with a 1,6-linkage seemed 
to demonstrate that under the conditions 
of the test, two reactive hexoses are pro
duced. One of the reactive hexoses is likely 
galactose. This could account for the higher 
reactivity of melibiose than of other disac
charides with a 1,4-linkage. The low re
activity of melezitose, raffinose, and tre-
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halose was expected from their structure.
The amount of color developed in the 

various synthetic reactions is recorded in 
Table 2 as absorbance at 500 m/x, and in 
Table 3 as absorbance at 278 m/t. These 
results confirm those found in the “dry 
state“ as exemplified by experiments with 
cookies. The pentoses were the most chro- 
mogenic, and the absence of sugars with 
free reducing groups eliminated browning 
completely or greatly reduced it. Among 
the pentoses, ribose was most active, fol
lowed by xylose and arabinose. Of the 
hexoses, galactose was the most reactive 
and rhamnose the least. The order of re
activity of the other sugars varied with pH 
and the amino acid present. In the absence 
of amino acids, the keto sugars (sorbose 
and levulose) were more reactive than the 
sugars with an aldehyde group. In the 
presence of amino acids, no consistent over
all trend was obtained. Here again, there 
was a very high absorbance of D-glucose 
amine hydrochloride. The reactivity of oligo
saccharides paralleled the order observed 
with the cookies. The high reactivity of 
melibiose was confirmed under all the 
tested conditions.

Raising the pH into the alkaline range 
enhanced browning with all the sugars 
tested. Lysine was more active in inducing 
browning than was glycine. Willits et al.
(1958) and Underwood et al. (1959) have 
shown that in solutions that are 0.125M 
or 0.1 A/ with respect to amino acids and 
0.0253/ or 0.1 M  in glucose, browning did 
not occur below pH 6, but above this point 
browning developed in increasing amounts 
as the alkalinity of the solution was raised. 
In this study employing solutions of 0.05A/ 
in both carbohydrates and amino acids, the 
use of sugars more reactive than glucose 
resulted in measurable browning at pH
4.6 with lysine, and at pH 5.7 with glycine.

The data from this study show that under 
the conditions of the test, browning products 
are produced from the highly reactive re
ducing sugars, at all pH levels, independent 
of the presence of amino acids. Even though 
the highly reactive sugars browned readily 
in the absence of amino acids, the rate of

browning was enhanced by the presence of 
amino acids. The presence of highly re
active pentoses in cereals, especially those 
containing high levels of wheat embryos or 
rye flours, might be responsible for their 
pronounced browning despite the low pH 
of such foods. With some products having a 
high pH, such as certain cakes and cookies, 
browning may take place in the absence of 
highly reactive sugars.
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SUMMARY
Sixteen com pounds in  the  volatile frac tio n  o f ap p le  wine were iso lated  an d  

iden tified . E thy l ch lo rid e  was p re fe rred  over p en tan e  o r  iso-pentane in  ex
trac tio n  o f th e  volatiles because it  gave h ig h e r yields an d  its low er boiling  
p o in t allowed alm ost so lven t-free ex tracts in  a very sh o rt tim e. Gas-liquid 
ch ro m atog rap hy  was used in  separa tio n  an d  p u rifica tio n  o f th e  volatiles. T he 
com pounds w ere iden tified  by com paring  re ten tio n  tim es, in fra re d  spectra , 
and m e ltin g  po in t o f derivatives w ith those o f know n com pounds.

The chemical composition of the volatile 
components of various food products has 
recently become the subject of many re
search projects. Interest in this matter has 
always been high, but many workers were 
discouraged by the arduous methods of 
separation that were necessary before the 
development of gas chromatography. The 
chief concern in the writers’ laboratory has 
been to define and differentiate flavors and 
off-flavors in apple wine. As the first step 
in elucidating this problem by chemical 
means, identification of the volatile organic 
materials in apple wine has been attempted. 
There is considerable precedent for this 
work since the volatile compounds of beer 
(Jenard, 1959; Van der Kloot et al., 1958), 
brandy (Bouthilet and Lowrey, 1959), 
grain spirits (Austin and Boruff, 1960), 
whiskey (Caroll and O’Brien, 1959), and 
other fermentation products (Baraud and 
Genevois, 1958) have been examined. Sev- 
veral compounds in apple juice have been 
identified by chemical methods (Williaman, 
1950) ; because of varietal and cultural dif
ferences as well as changes taking place 
during fermentation, however, it would not 
be of any significance to compare the results

" Contribution 97, Research Station, Research 
Branch, Canada Department of Agriculture, Sum
merland, B. C., Canada.

b National Research Council of Canada post
doctorate fellows, respectively 1958-60 and 1960- 
62.

of Willaman with those obtained in the 
present study.

EX PER IM EN TA L
Preparation of volatile m aterial from apple 

wine. Duchess apples ( lp )  tons) were ground 
in a Fitzmill and pressed, and the juice filtered 
through cheesecloth. Sugar was added to give 
a refractom eter reading of 15% total soluble 
solids. A 2% S 0 2 solution was added to the 
juice during pressing to give 100 ppm S 0 2 con
centration as determined by a modification of the 
Monier-W illiams method (Ruck, 1956).

Apple wine was made by the rapid method of 
Atkinson ci a!. (1959). The wine volatiles were 
concentrated approximately fivefold by stripping 
in a rising film evaporator and condensing in two 
heat exchangers arranged in series. The first 
stage was cooled with tap water, and the second 
with ice u'ater. The wine residue, after stripping, 
had almost no odor. The condensate was held 
at 0°C until required for extraction.

P reparation of extract. Pentane, iso-pentane, 
and ethyl chloride were examined for their suit
ability as extracting solvents. The evaporation of 
both pentane and iso-pentane from the extract 
required slight heating, with concomitant loss of 
flavor components. Ethyl chloride was chosen as 
the extracting solvent because of the ease with 
which it could be removed from the extract at 
room temperature, and the higher yields of low- 
boiling compounds obtained.

The method of extraction was as follows: To 
1000 ml of apple-wine condensate enough NaCl 
was added to saturate the solution. Samples of 
150 ml were extracted with 15 ml of ethyl chlo
ride in a separatory funnel, which was gently 
manipulated for 1 min every 5 min. A fter p) hr,

[ 355 ]
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the lower aqueous layer was discarded and the 
upper layer containing the ethyl chloride and 
volatile extract was placed in a small beaker. The 
extract in the beaker was decanted from the small 
remaining portion of the aqueous layer into a 
50-ml Erlenmeyer flask, which was then immersed 
in water at room temperature. After immersion 
the flask was immediately fitted with a glass tube 
leading to a second 50-ml Erlenmeyer flask in 
a dry-ice-and-alcohol bath. Most of the ethyl 
chloride was evaporated from the extract and 
condensed in the cold trap. The condensate con
taining ethyl chloride and a small amount of wine 
volatiles was reused in subsequent extractions.

Separation and identification of volatiles. The 
volatiles were separated into three main fractions 
with the aid of a Beckman GC-2 gas chromato
graph equipped with a 10-ft X iks-in. copper 
preparative column and a fraction collector. Many 
types of solid and stationary-phase materials 
were tested before it was found that 30% by 
weight Carbowax 400 (polyethylene glycol; Union 
Carbide Chemical Co.) on acid-washed 40-60- 
mesh firebrick C-2 2 (W ilkens Instrum ent and 
Research, Inc., W alnut Creek, Calif.) effected 
an efficient separation of the extract components.

After rough separation into three fractions using 
the 10-ft preparative column (Fig. 1) finer 
separations were made using a 6-ft X /4-in. stain
less-steel column. W hen enough material from 
each of the three major fractions had been col
lected, the components of each fraction were col
lected (Fig. 2, 3, 4 ). Each component was re-run 
and collected until 0.005 ml produced only one 
well-defined peak.

From  0.003 to 0.02 ml of the various com
ponents were recovered in what was thought to 
be the pure state.

The isolated components were identified by 
preparing derivatives, infrared analysis, and meas
urement of the retention times in a gas chromato
graph column.

Acetaldehyde and acetone were identified as de
rivatives of 2,4-dinitrophenyl hydrazone (Shriner 
and Fuson, 1946) by measuring the melting point 
of an admixture of the derivatives and authentic 
compounds. Further confirmation was obtained by 
subjecting the derivatives and authentic compounds 
to ascending paper chromatography according to 
a modified method of Meigh (1956) utilizing- 
petroleum ether and methanol 80 :20 on W hatman 
paper No. 1.

Two peaks with retention times of 8 and 14 
min (Fig. 3) could not be identified by infrared 
analysis, and therefore might be a mixture of 
two or more compounds. By using a Perkin 
Elmer model 154 vapor fractometer equipped with 
a flame ionization detector and a tq-in. X 1-meter

column, it was confirmed that the peak represent
ing ethanol and iso-propanol was, in fact, a 
mixture. By comparing- the retention times of 
the mixtures, using the flame ionization detector, 
with those of known compounds (Fig. 5), identi
fication of the mixed components was made and 
confirmed by comparing the infrared spectra of 
the sample m ixture and mixtures of known com
pounds. The 14-min peak in Fig. 3 could be 
separated into two distinct components (n-butyl 
acetate and iso-butyl propionate) by using Ucon 
HB 2000 or D EC S (10% on 60-80-mesh C-22) 
(Table 3). A slightly differentiated peak at 18 
min (Fig. 3) separated clearly on a Ucon LB 
550X (10% on 60-80-mesh C-22) column. Com
parison of retention times with those of known 
compounds (Fig. 5) and infrared spectra showed 
the m ixture to be iso-amyl acetate and iso-butanol.

In fra red  spectroscopy. Infrared spectra were 
determined on a Perkin Elmer model 21 spectrom
eter. W hen material was sufficient, the thin- 
film technique was used with the material layered 
between two NaCl discs. W hen sample size was 
seriously restricted, a micro-cavity cell was used 
to determine the spectra in spectro-grade CCL.

The following unsuccessful preliminary experi
ments were undertaken to determine the best 
method of separating the flavor components from 
the wine strippings:

1) Nitrogen was bubbled through calcium- 
chloride-saturated wine strippings, and the vapors 
were trapped by a dry-ice cold trap containing 
purified ethyl benzene. Recovery was poor, and 
the ethyl benzene broke down rapidly when ex
posed to light.

2) Instead of trapping the vapors in cold ethyl 
benzene, they were trapped in a series of cold 
traps submerged in dry ice and alcohol. A final 
trap set in liquid oxygen was used. A large 
percentage of the condensate from each trap con
sisted of water. Also, aerosol formation allowed 
a portion of the flavor components to pass through 
all the traps.

RESULTS AND DISCUSSION
Table 1 shows the 16 compounds isolated 

and positively identified. They are arranged 
in order of their elution from a Carbowax 
400 column as shown in Fig. 1. In three 
cases, the quantities of material recovered 
were too small to permit identification of 
compounds by other than retention times. 
Quantitative estimates of the components 
are rather difficult because the extraction 
solvent was chosen to eliminate ethanol and, 
by necessity, methanol. Aside from these 
two compounds, iso-pentanol, acetaldehyde,
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Fig. 3. Chromatogram of fraction 2 of apple-wine extract.

INSTRUMENT BECKMAN MODEL G C 2 GAS CHROMATOGRAPH
COLUMN 6' 30% CARBOWAX 400 ON FIREBRICK tC—22)
CARRIER GAS HELIUM
FLOW RATE KOml/mln
FILAMENT CURRENT 350 M
CHART SPEEO 0 5 in/min

TIME IN MINUTES
Fig. 4. Chromatogram of fraction 3 of apple-wine extract.
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and possibly iso-propanol are the major 
fractions. All apparent peaks in Fig. 1, 
except the one after w-hexanol, have been 
identified.

Fraction 1, run at 70°C, is shown in 
Fig. 2. Acetone and ethyl acetate are sepa
rated, but ethanol and iso-propanol are not. 
This fraction had an acrid, unpleasant odor, 
with no suggestion of fruitiness. It is pos
sible that components of the fraction (dis
counting ethanol) form the major volatile 
organics in apple wine, and that they were 
partially eliminated in the solvent extrac
tion process.

Fig. 3 illustrates the improved resolution 
of fraction 2 attained by increasing the 
relative concentration of the components 
and decreasing column temperature. There 
is some carryover of ethanol and iso-pro
panol from fraction 1. No explanation was 
found for the long plateau between n- 
butanol and iso-pentanol. Fractions 2 and

Table i. Volatile components found in apple wine.
Component Method of identification

Acetaldehyde
Acetone
Ethyl acetate
Ethanol
iso-Propanol
iso-Butyl acetate
»-Propyl propionate
«-Butyl acetate
iso-Butyl propionate
iso-Butanol
iso-Amyl acetate
«-Butanol
iso-Pentanol
iso-Amy 1-n-buty rate
n-Pentanol
«-Hexanol

Derivatives, retention times 
Derivatives, retention times 
Infrared, retention times 
Infrared, retention times 
Infrared, retention times 
Infrared, retention times 
Retention times 
Infrared, retention times 
Infrared, retention times 
Infrared, retention times 
Infrared, retention times 
Infrared, retention times 
Infrared, retention times 
Retention times 
Retention times 
Infrared, retention times 3

3 had an odor characteristic of apple wine.
Some iso-amyl acetate carries over from 

fraction 2 to fraction 3 (Fig. 4). On the

INSTRUMENT: PERKIN ELMER MODEL 154 
VAPOUR FRACTOMETER

DETECTOR' FLAME IONIZATION
COLUMN: ^inxlmeter UCON LB 550X
TEMPERATURE: 60°C IOO°C
PRESSURE: He I5psi

H2 lOpsi 
AIR 30psi

00c\jx
UJH<t-LÜOCO <

TIME IN MINUTES
Fig. 5. Chromatogram showing the separation of ethanol, iso-propanol, iso-butanol, and iso-amyl acetate.
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other hand, the bulk of the iso-pentanol is 
found in fraction 3, with a smaller amount 
in fraction 2. w-Butanol, although between 
iso-amyl acetate and iso-pentanol in fraction 
2, does not appear in fraction 3. Two un
known peaks at 2 and 16 min appear in 
Fig. 4. It is probable that many other 
minor flavor and odor compounds may exist 
beyond fraction 3 that are not volatile 
enough to be recovered in significant 
amounts by vapor stripping.

A finer separation of compounds with 
similar retention times is illustrated in Fig. 
5, using a flame ionization detector. Iso
propanol and ethanol are still very close. 
Comparison of retention times shows that 
the 18-min peak of Fig. 3 contains iso-amyl 
acetate rather than M-amyl acetate.

Table 3 tabulates the alcohols and esters, 
with their acidic components found in this 
investigation. Iso-propanol, n-pentanol, and 
n-hexanol were not esterified in detectable 
amounts. The number of esters formed 
from the three acidic components was in 
the order acetic >  propionic >  butyric. 
The major ester peak is iso-amyl acetate, 
and its alcoholic component is the major free 
alcohol. Whether iso-pentanol is formed 
from the hydrolysis of iso-amyl acetate or 
vice versa, remains to be seen. w-Propyl 
propionate is in the unique position of not 
having detectable amounts of its parent 
alcohol present.

Preliminary studies indicate the presence 
of several other volatile fatty acids not all 
of which form detectable esters. These

Table 3. 
acidic ester

Tabulation
components

of alcohols, esters, and 
found in apple wine.

Acid ester component
Alcohol Acetic Propionic Butyric

Ethanol + +
iso-Propanol +
«-Propanol +
iso-Butanol + + +
n-Butanol + +
iso-Pentanol + + +
u-Pentanol +
»-Flexanol +

acids are being further investigated. The 
interesting possibility will also be pursued 
of blending and comparing organoleptically

the synthetic homologs of the compounds 
identified here.

ADDENDUM
Since completion of this manuscript the 16-min 

peak of Fig. 4 has been identified, by infrared 
spectra and comparison of retention times, to be a 
m ixture of ethyl caprylate and «-butyl caproate. 
Retention times on a 10% Tergitol NP27 on fire
brick, ki-in. x  1-meter column at 100°C with 
helium as carrier gas and a flame ionization de
tector, are (in min) as follows :

M ajor peak 34.0
Ethyl caprylate 34.2
Minor peak 31.4
«-Butyl caproate 31.6

This brings to 18 the number of compounds 
identified.
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SUMMARY
Sm all concen tra tions o f linoieic an d  lino len ic  acids reduced  th e  solubility  

o f cod actom yosin  rap id ly . T he ex ten t o f in so lub ilization  depended  on the  
s tru c tu re  o f th e  fa tty  acid , on  its concen tra tio n , an d  on  th e  d u ra tio n  o f 
sto rage o f  th e  fatty -acid-treated  actom yosin  so lu tions. T he resu lts  su p p o rt 
th e  hypothesis th a t the  accum u lation  o f free  fa tty  acids in  fro zen  fish m uscle 
causes th e  actom yosin  o f th e  m uscle to becom e inex tractab le .

INTRODUCTION
The development of toughness is an im

portant factor in the storage life of frozen 
cod. Several laboratories have correlated 
sensory evaluation of toughness in frozen 
cod muscle with measurement of actomyosin 
extractability (Dyer et al., 1957; Love, 1960; 
Luijpen, 1957). Similar correlations have 
been found in other species of fish during 
frozen storage (Dyer, 1951 ; Dyer et al., 
1956; Dyer and Morton, 1956; Heen, 1954; 
Nikkila and Linko, 1954).

Although actomyosin denaturation may 
be measured by several methods (Connell, 
1960a; Partmann, 1957; Sawant and Magar,
1961), the criterion of denaturation that 
is best correlated with textural changes in 
fish muscle is loss of extractability. Meat, 
in contrast with fish, is less likely to toughen 
during commercial conditions of frozen stor
age. This difference in storage stability may 
be related to Connell’s (1961) observation 
that myosin extracted from cold-blooded ani
mals aggregates spontaneously at a faster rate 
than myosin from warm-blooded animals.

The mechanism by which actomyosin ag
gregates, loses much of its bound water 
(forming “drip” ), and becomes insoluble 
is a current subject of investigation in sev
eral laboratories. Connell (1958 and 1960b) 
has postulated that only a small part of 
the molecular surface of cod myosin is re
sponsible for its relative instability since 
the other properties of cod and rabbit acto
myosin are very similar. Other workers 
have indicated the possibility of a relation

ship between lipid hydrolysis and actomyo
sin denaturation in frozen muscle. Dyer 
and Fraser (1959) and Olley and Lovern
(1960) reported a correlation between in
crease in free fatty acid content and decrease 
in actomyosin extractability in frozen cod 
muscle. Dyer and Fraser (1959) postulated 
that either the stabilizing effect of intact 
lipids on actomyosin is destroyed by lipid 
hydrolysis or that fatty acids formed from 
lipid hydrolysis cause actomyosin inextracta- 
bility.

The present investigation is a study of 
the effect of added fatty acids on the solu- 
bilitv of extracted cod actomyosin.

EX PER IM EN TA L METHODS
M aterials. Gutted cod [G adits m o rh u a ;  also G adus  

ca llarias  (Cohen, 1959)] were obtained commer
cially. They were kept on ice until they had 
passed through rigor. After filleting, the mid
section of the anterior portion of their skeletal 
muscle was used.

Linoieic and linolenic acids were obtained from 
Nutritional Biochemicals Corp. (no endorsement 
implied) and used immediately after breaking the 
vial. All inorganic reagents were analytical rea
gent grade.

Buffer solutions having an ionic strength of 
0.05 and a pH of 7.5 were made from 0.00338M 
K H 2P04 plus 0.0155A7 Na2H P 0 4.

Buffer solutions were made of 0.5 fi by adding 
KC1 to the 0.05 phosphate buffer. In this paper, 
y. denotes ionic strength ; /j. =  0.5 X mz2 where m 
is the molality of each ion and z is its valence 
(Koch and Hanke, 1953). Final pH was 7.2. It 
was not changed after adding cod muscle, linoieic, 
and linolenic acids.

[ 363 ]
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All stock solutions were stored in a 4°C re
frigerated room.

Preparation of actomyosin solutions. This meth
od removed sarcoplasmic proteins by washing the 
sample of muscle tissue before dissolving its acto
myosin ( Connell, 1960b) instead of precipitating 
actomyosin from a total protein extract. All of 
the preparative operations were carried out in a 
4°C refrigerated room. An 80-g sample of cod 
muscle tissue blended with 800 ml of 0.05-/* buffer 
in a W aring blender whose jar had a Polytron 
model B EW  rotor-stator assembly. A baffle tech
nique (Dyer e t al., 19S0) was used to reduce 
foaming. The blender was operated at reduced 
speed about 7,000 rpm for 90 sec in nine 10-sec 
periods separated by 5-sec intervals to allow 
settling of undissolved material. The suspension 
was centrifuged 20 min at 10,000 X G in a Spinco 
model L preparative ultracentrifuge using a type- 
21 rotor. The sedimented material was rewashed 
and recentrifuged two more times. Then the 
sedimented material was taken up in 800 ml of 
0.5-fi buffer and left overnight. It was then cen
trifuged 20 min at 10,000 X G to remove muscle 
debris and other insoluble material. The con
centrated actomyosin supernatant was placed in 
a 4-L aspirator bottle and mixed slowly by a 
magnetic stirrer while it was diluted with 0.5-/j. 
buffer to a final concentration of about 0.45 mg 
total soluble protein nitrogen (T S P N ) per ml. 
Stirring was continued for 30 min and was main
tained while 350-ml samples of the solution were 
withdrawn through the bottom outlet of the 
bottle. These samples were used in the experi
ments only if they were uniform in protein con
tent (biuret test of Layne, 1957).

Addition of linoleic and linolenic acids to acto
myosin solutions. In each experiment, 3-4 different 
concentrations of linoleic and linolenic acids were 
dispersed into separate aliquots of soluble acto
myosin. The fatty acid was dispersed by blending 
in the modified W aring blender assembly (de
scribed above) for 30 sec in three 10-sec periods 
separated by 5-sec intervals. During the 5-sec 
intervals, the preparation was mixed gently with 
the baffle. In each experiment, control aliquots 
were treated identically except for the addition 
of fatty acid.

Although the concentrations of added linoleic 
and linolenic acids were measured volumetrically 
(usually 0.025, 0.05, 0.10, and 0.20 m l), they are 
expressed as weight ratios to the weight of T S P N  
in the controls after centrifugation, as recom
mended by Putnam (1948).

Determination of soluble actomyosin. Soluble 
protein determinations were made on the control 
and fatty-acid-treated actomyosin samples im
mediately after preparation or after storage for

1-4 days at 4°C. The supernatants of these samples, 
after centrifugation for 20 min at 10,000 X G, were 
analyzed for their T S P N  content by a biuret test 
(Layne, 1957).

RESULTS AND DISCUSSION
Five sets of actomyosin aliquots from 

five different cod were used. The results 
are combined in the figures. In the two 
experiments illustrated in Fig. 2, the TSPN 
content of the controls was essentially un
changed during storage at 4°C (std. dev. 
=  0.008 mg TSPN  per ml).

The presence of linoleic and linolenic 
acids, in low concentrations, reduced the 
solubility of cod actomyosin rapidly (Fig. 
1). Further insolubilization took place if 
the fatty-acid-treated actomyosin solutions 
were stored 1-4 days at 4°C (Fig. 2). 
Although some of the details of the reaction 
between fatty acids and some water-soluble 
proteins are known (reviewed by Putnam,
1948), the mechanism of the reaction be
tween fatty acids and actomyosin is specu
lative. However, the end result of adding 
linoleic and linolenic acids to soluble acto
myosin was insolubilization of this protein 
at rates that depended on the structure of 
the fatty acid as well as its concentration 
and the time of storage.

These results give experimental support 
to Dyer and Fraser’s (1959) hypothesis 
that free fatty acids cause inextractabilitv 
of actomyosin in frozen cod muscle. The 
evidence that linoleic and linolenic acids 
insolubilized extracted actomyosin does not 
prove that the same reaction occurs in in
tact frozen cod muscle. However, the con
centrations of fatty acid that insolubilized 
actomyosin in our extracts are similar to 
the free fatty acid content of frozen stored 
cod muscle in which actomyosin has be
come totally inextractable. For example, 
Dyer and Fraser (1959), in a study of 
changes in frozen cod muscle stored at 
— 12°C, found that the actomyosin had be
come totally inextractable after 30 weeks 
of storage. They also found that the free 
fatty acid content increased in 30 weeks, 
from about 0.01 mg per mg TSPN  in 
their fresh cod, to about 0.1 mg (expressed 
as oleic) per mg of original TSPN. It 
is apparent from Fig. 2 that 0.1 mg linoleic
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CONTENT OF ADDED FATTY ACID ( M6M. FATTY ACID PER MOM. INITIALLY SOLUBLE PROTEIN NITROGEN)
Fig. 1. Soluble protein of actomyosin solutions immediately after adding linoleic ( • )  or 

linolenic ( Q ) acid. The results of three experiments have been combined.

CONTENT OF ADOËD FATTY ACID ( MGM FA T T Y  ACID PE R  MOM INITIALLY S O LU B LE  PROTEIN  N ITRO G EN  I

Fig. 2. Soluble protein of actomyosin solutions containing added linoleic and linolenic acids 
after storage at 4°C. The results of two experiments (not shown in Fig. 1) are combined. 
Key to symbols: Linoleic acid: not stored ( • ) ;  1-day storage (x ) ; 4-day storage (A ) .  
Linolenic acid: not stored (O )  ; 1-day storage (y) ; 4-day storage (A )-
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acid per mg TSPN  causes insolubilization 
of about one third of extracted fresh cod 
actomyosin after 4 days at 4°C.

Since linoleic and linolenic acids insolu- 
bilized actomyosin at different rates, the 
possibility is now being studied that species 
difference in actomyosin solubility or ex- 
tractability may be related to species dif
ference in fatty acid composition of muscle 
lipids.
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SUMMARY
M ethion ine co n ten t o f 24  o f th e  m ore  com m on foodstuffs used in  

S ou th  In d ia  is repo rted . Two in d ep en d en t m ethods were used, one based on 
the  M cCarthy an d  Sullivan co lor reac tion  and  th e  o th e r  on  filte r-p ap er disc 
ch rom atography .

INTRODUCTION
Best et al. (1936) discovered that the 

livers of animals on a choline-deficient diet 
containing sucrose accumulated less fat if 
a liberal ration of protein was included in 
the diet. Casein in adequate amounts could 
be substituted for choline as a lipotropic 
agent (Beeston et al., 1936). Investigations 
on the active constituents of casein revealed 
that cysteine exaggerated whereas both 
d- and L-methionine prevented the deposi
tion of lipid (Tucker and Eckstein, 1937). 
It was subsequently established that the 
lipotropic activity of a large number of 
proteins was directly proportional to the 
amount of methionine they contained ( Singal 
and Eckstein, 1939). The lipotropic action 
of methionine depends on its ability to pro
vide methyl groups for the formation of 
choline from ethanolamine (du Vigneaud 
et al., 1941). The biological lability of the 
methyl group, its reattachment to various 
methyl acceptors, and the biological re
versibility of several of these transfer re
actions form the essence of transmethylation.

Methionine is an indispensable amino 
acid for all animals investigated to date, 
although a large part of the dietary require
ment can be met by cysteine (Rose and 
Wixon, 1955; Rose et al., 1954). It is 
recognized that animals as well as micro
organisms and plants can synthesize the

* A contribution from the Department of Bio
chemistry, Christian Medical College, Vellore, 
South India.

b Present address : Division of Animal Nutrition, 
University of Illinois, Urbana, Illinois.

methyl group of methionine from simple 
one-carbon compounds. But this represents 
only a minor pathway of methionine forma
tion in animals, which normally ingest ade
quate amounts of this amino acid.

The choline and methionine in several 
foodstuffs commonly used in South India 
were investigated to establish the intake of 
lipotropic factors by different groups of 
population. The choline content of several 
foodstuffs has been reported (Dakshina- 
murti, 1955). Information on the methio
nine content of foodstuffs common in Indian 
diets is scanty, hence the necessity for esti
mation of methionine in foodstuffs widely 
used in South India.

EX PER IM EN TA L
Samples of food materials were collected by 

appropriate sampling procedures from the Vel
lore m arket at different times of the year. 
The powdered food material was dried free of 
moisture and stored until used. M oisture de
terminations were done on fresh samples.

The material to be analyzed was subjected to 
acid hydrolysis by refluxing 5 g with 25 ml 
20% hydrochloric acid over an oil bath maintained 
at 125°C for 6-8 hr. The hydrolysate was made 
up to 100 ml and filtered. Nitrogen determina
tions in the hydrolysate were done by the micro- 
Kjeldahl procedure.

Methionine estimation was done by two inde
pendent methods: 1) Chitre and Kini’s (1946) 
modification of the M cCarthy and Sullivan (1941) 
color reaction; and 2) a filter-paper-disc chro
matographic procedure (Rao and Wadhwani, 
1954) using normal butanol-water-acetic acid 
m ixture (40:14:5) as the developing solvent. Re
covery experiments were conducted by adding a 
known quantity of methionine to a sample and
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Table 1. Methionine content (S o )  of some South Indian foods.
Methionine

Moisture Nitrogen
McCarthy-Sullivanreaction

Filter-paperchromatography Literaturevalues
Cambu i P cn n isc tu m  

ty p h o id eu m ) 12.0 1.80 0.22 ± 0 .0 6 0.21 ± 0 .0 4
Cholam

(S o rg h u m  vu lg a re ) 10.8 1.20 0.14 ± 0 .05 0.13 ± 0 .0 6
Maize (Z c a  m a y s) 14.2 1.74 0.18 ± 0 .05 0.17 ± 0 .03
Ragi (E lc u s in e  coracana) 13.8 1.10 0.18 ± 0 .0 4 0.18 ± 0 .0 4 0.28“
Rice (O r y s a  sa liva ) 13.3 1.10 0.17 ± 0 .0 7 0.16 ± 0 .05 0.168b
W heat

(T r i t ic u m  vu lg a re ) 12.6 1.74 0.13 ± 0 .03 0.13 ± 0 .05 0.16“ 
0.138,J

Red gram
( C ajan u s Ind iens) 15.8 3.48 0.28 ± 0 .0 4 0.27 ± 0 .05

Bengal gram
( C iccr  a rie tim n n ) 11.5 3.50 0.19 ± 0 .0 3 0.18 ± 0 .0 2 0.13“

Green gram 
(P h a se o lu s  ra d ia tu s) 10.2 3.73 0.17 ± 0 .05 0.16 ± 0 .0 4 0.14“

Black gram
( P h a se o lu s  m u n g o ) 10.4 3.64 0.26 ± 0 .0 8 0.22 ± 0 .0 6 0.32 “

Peas (P ¡su m  sa tiv u m ) 14.3 3.00 0.22 ±0 .05 0.20 ± 0 .0 3
Beans

(D o lic h o s  lab lab) 9.0 3.80 0.29 ± 0 .0 4 0.27 ± 0 .05 0.31 “
Cow gram

(V ig n a  ca tian g ) 11.6 3.87 0.42 ± 0 .0 9 0.41 ± 0 .0 6
Horse gram

(D o lic h o s  b iflo n ts ) 12.4 3.40 0.43 ± 0 .1 2 0.42 ± 0 .0 9
Amaranth (A m a r a n th u s  

g an g c ticu s) 86.4 0.74 0.048 ±0.015 0.042 ±  0.020
Egg plant

(S o la n u m  m elog en a ) 91.8 0.20 0.017 ±  0.008 0.016 ±  0.005
Potato

(S o la n u m  tu b ero su m ) 75.6 0.22 0.023 ±  0.010 0.021 ±  0.007
Sweet potato 

( Ip o in oca  ba ta tas) 68.0 0.20 0.013 ±  0.003 0.013 ±  0.005
Colacasia ( C olacasia  

an tiq n o ru m ) 74.0 0.45 0.028 ±  0.005 0.022 ±  0.005
Tomato (L y c o p e rs ic u m  

cscu le n tu m ) 93.2 0.30 0.021 ±  0.002 0.019 ±  0.005
Yam (T y p h o n iu m  

tr ilo b a tu m ) 70.2 0.20 0.014 ±  0.005 0.012 ±  0.004
Banana (M u sa  

parad isciaca) 84.0 0.20 0.014 ±  0.002 0.012 ±  0.004
Spinach

(S p in a c ia  otcracea) 92.0 0.30 0.058 ±  0.007 0.050 ±  0.006
Onion (A l l iu m  ccpa) 85.2 0.20 0.014 ±  0.002 0.011 ±0.005

" Cliitre and Kini, 1946. 
b Balasubramaniam e t al., 1952.
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estimating the total methionine. Recoveries were 
95-103% bv both methods. Twenty estimations 
were made for each foodstuff.

RESULTS
The methionine content of foodstuffs common 

in South India are given in Table 1. The chem
ical method generally gave values slightly higher 
than those obtained with the chromatographic 
method. Vegetables are much inferior to cereals 
as source of methionine. Of the plant foods, the 
pulses are the richest in methionine.
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SUMMARY
A sim ple, d irec t co lorim etric  m ethod  req u ir in g  no d istilla tion  is described 

fo r  the  d e te rm in a tio n  o f po tassium  sorbate  in  d ried  fru its . T he m ethod  m akes 
use o f the  ox idation  o f sorbic acid to m a lonald ehyde , w hich reacts w ith th iobar- 
b itu ric  acid to  fo rm  a red  p igm en t th a t is m easu red  pho tom etrica lly .

Increased demands for high-moisture 
(28% and over) dried fruits, primarily 
prunes and figs, have resulted in a need for a 
safe, effective antimycotic agent for treat
ment of thousands of tons of these products. 
The effect of various antimycotic agents on 
high-moisture dried fruits has been re
ported by Nury et al. (1960). Potassium 
sorbate was the most effective agent 
studied; under the conditions described, it 
protected high-moisture prunes from molds 
and yeasts (Aspergillus glaucus and Sac- 
char omyces rouxii) commonly associated 
with prune spoilage. Another advantage of 
this additive was its residual effect, which 
protected open packages of high-moisture 
prunes, thus making it of particular value 
for the bulk high-moisture pack. Potassium 
sorbate is now being used by many prune 
processors and at least one fig processor.

An adequate and simple method is needed 
for determination of potassium sorbate in 
dried fruits, both for process control and 
for tests to assure that the sorbate content 
in fruit is not above its taste threshold (de
termined in this laboratory to be above 600 
ppm). An analytical method would be ade-

” Presented at the 14th Annual Meeting of the 
Institute of Food Technologists, Miami, Florida, 
June 10-14, 1962.

b W estern Utilization Research and Develop
ment Division, Agricultural Research Service,
U. S. Department of Agriculture.

0 Collaborator employed by the California Rais
in, California Fig, California Prune Advisory 
Boards, and Dried F ruit Association of California, 
with whom this work was conducted cooperatively.

quate if measurements could be made in 
the range of 0-800 ppm sorbate in the fruit. 
Antimycotic effect is obtained by 200-600 
ppm (as determined in this laboratory). 
The concentration required depends on the 
moisture content of the dried fruits.

Methods for determination of sorbic acid 
in food products include distillation and 
subsequent determination by ultraviolet ab
sorption and titration techniques ( Alderton 
and Lewis, 1958; Harrison, 1961; Spanyâr 
and Sândor, 1958). Distillation is time- 
consuming, and the ultraviolet absorption 
method is not adaptable for use by small 
processors, because they lack technical per
sonnel and equipment costs are high. The 
procedure reported here for dried fruits is 
a modification of the Schmidt (1960) 
method. It is based on the color reaction of 
malonaldehyde and thiobarbituric acid, 
which has been reported by several authors 
(Bernheim et al., 1947; Biggs and Bryant, 
1953 ; Dox and Plaisance, 1916 ; Jennings 
et al., 1955; Sinnhuber et al.. 1958) in 
studies on the rancidity of lipids. No dis
tillation is required, and a single analysis 
can be completed in 25 min or less.

M ATERIALS AND METHODS
Thiobarbituric acid. Dissolve 0.5 g of 2- 

thiobarbituric acid (T B A ) in 20 ml water and 
10 ml of IN  N aO H  in 100-ml volumetric flask. 
After dissolving, add 11 ml of IN  HC1 and make 
to volume. The 2-thiobarbituric acid must be 
made fresh daily. The reagent remains relatively 
unchanged for a 6-hr period, but after one day 
absorbance values are lower, resulting in errone
ous analytical results. The amount of loss is about

[ 370]
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40% after 14 days and 100% after 30 days at 
ambient temperature.

Potassium dichromate-sulfuric acid. M ix 0.01JV 
K-CrA): and 0.31V H 2SO< in 1:1 proportions.

Potassium sorbate. Dissolve 250 mg of potas
sium sorbate in water in a 250-ml volumetric 
flask and dilute to mark.

Standard curve. For determining the standard 
curve, use dried fruit that has not been treated 
with potassium sorbate. Blend 10 g of ground 
fruit for 2 min in 90 ml water in a blender. Add
10 g of slurry to each of five 250-ml volumetric 
flasks. Add 0, 0.25, 0.5, 0.75 and 1.0 ml of the 
standard sorbate solution (0.1% potassium sor
bate solution ) and make up to volume. In each 
case, filter and add 2 ml of the filtrate to a test 
tube containing 2 ml of potassium dichromate- 
sulfuric acid solution. H eat 5 min at 100°C in an
011 bath. Add 2 ml of thiobarbituric acid to the 
tube and allow it to remain in the bath for an 
additional 10 min. Remove and cool quickly in 
running tap water. Measure the absorbance at 
530 nijii in a spectrophotom eter; use water as a 
blank (for 100% transm ission). Plot absorbance 
vs. fig potassium sorbate. The colored solution, 
after cooling, is stable for at least one-half hour.

Sample preparation. Prepare samples to be 
anlayzed for potassium sorbate exactly as de
scribed above except that no potassium sorbate 
solution is added to the volumetric flasks.

Calculation. Refer optical absorbance to the 
standard curve for conversion to fig  potassium 
sorbate.

fj.g potassium sorbate X 125 =  ppm potassium 
sorbate in the fruit.

RESULTS AND DISCUSSION
The method is based on conversion of a 

sorbate to sorbic acid and its subsequent 
oxidation to malonaldehyde, which reacts 
with 2-thiobarbituric acid to form a colored 
compound ( Sinnhuber, 1958) as follows:

chs-ch=ch- :h=>:-cooh iqc.,0, Os'. 0°UX-CH rC +H sH OTHERPROD.

The absorption spectrum for potassium 
sorbate in figs and prunes is shown in 
Fig. 1. The recovery of potassium sorbate, 
by the colorimetric method, from samples 
is shown in Table 1. Table 2 shows com-

Fig. 1. Absorption spectra of the thiobarbituric acid-malonaldehyde pigment.

Table 1. Recovery of potassium sorbate that 
had been added to dried fruit samples.

Fruit
Potassiumsorbateadded(mg) Recovered(mg) Recovered(%)

Figs .25 .255 100
.25 .258 104
.50 .512 102
.50 .518 104

1.00 1.00 100
1.00 1.00 100

Prunes .25 .243 97
.25 .250 100
.50 .518 103
.50 .516 101

1.00 .906 91
1.00 .962 96

Table 2. Comparison of colorimetric method 
with ultraviolet absorption method for assay of 
potassium sorbate.

Fruit
Potassiumsorbateadded(mg)

Colorimetricmethod(ppm)
u. V.method(ppm)

Figs .25 255 200
.25 258 190
.50 512 500
.50 518 470

1.00 1000 770
1.00 1000 750

Prunes .50 518
.50 516 450

1.00 906 830
1.00 962 760
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parative analyses by ultraviolet absorption 
method (Alderton and Lewis, 1958) and 
the present technique.

Fig. 2 shows typical standard curves for 
prunes and figs. Variation in sugar con
tents of dried fruits did not affect the re
sult of the analyses. This was determined 
by adding fructose and glucose, principal 
components of figs and prunes, to samples. 
They did not in any way affect the results.

To test reproducibility, 20' analyses were 
run on a single prune sample. The coeffi
cient of variation was 3.14%.
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SUMMARY
T he data fro m  analyses o f six po ta to  varieties grow n at n in e  w idely d iffe r

en t locations over two years showed th a t varie tal com parisons fo r  ascorbic acid 
co n ten t a re  relatively  unaffected  by location . T hus, in  ascerta in ing  the  po ten tia l 
value o f po ta to  varieties as a source o f ascorbic acid , w idespread testing  app ears  
to  o ffer no ad vantage over th e  d e te rm in a tio n  o f varie tal differences fo r  this 
fac to r in  a m ore  confined  area .

Potatoes are known to be an important 
dietary source of ascorbic acid. The anti
scorbutic activity of potatoes is due to the 
content of reduced ascorbic acid and its 
conversion product, dehydroascorbic acid 
(Leichsenring et al., 1957). Some attempts 
have been made to determine whether the 
ascorbic acid level in potatoes is related to 
variety, location, and storage conditions. It 
has been well established that the ascorbic 
acid content of potatoes decreases during 
storage (Allison and Driver, 1952; Barker, 
1950; Karrika et al, 1944; Leichsenring 
ct al, 1957; Panalaks and Pelletier, 1960), 
the rate varying with storage temperature. 
Allison and Driver (1953) reported that 
variety, location, and storage all had highly 
significant effects on the ascorbic acid level 
in potatoes. Karrika et al. (1944) found 
that the varieties Katahdin and Houma 
were consistently high in ascorbic acid; 
Irish Cobbler, Warba, and Sebago were 
intermediate; Chippewa was low; and Ear- 
laine and Green Mountain were variable. 
In a recent literature review, Talburt and 
Smith (1959) reported that the effect of 
variety on ascorbic acid is still unsettled.

The availability of potato varieties grown 
at widely different locations in eight prov
inces of Canada, over a two-year period, 
made possible an intensive study of variety 
and location effects on the ascorbic acid 
content of potatoes after a short period of

" Contribution No. 27 from the Experimental 
Farm, Research Branch, Canada Department of 
Agriculture, Morden, Manitoba.

storage. Only the reduced ascorbic acid 
content was determined, since it is the im
portant source of antiscorbutic activity in 
the potato; the dehydroascorbic fraction is 
practically eliminated by cooking ( Leichsen
ring et al, 1957).

M ATERIALS AND METHODS
Six potato varieties were grown at nine differ

ent locations in eight provinces of Canada during 
1958 and 1959 as part of the national potato 
trials. The varieties w e re : F4834, F4932, F5025, 
F5080, F5216, and Norgleam. The numbered va
rieties were developed at the Canada Department 
of Agriculture Research Station at Fredericton, 
New Brunswick, a center for potato breeding in 
Canada. For comparisons, the standard varieties 
Green Mountain, Irish Cobbler, Katahdin, and 
W arba were grown at several of the nine locations 
and at the same locations for each variety in both 
years.

Fifteen-pound samples of the freshly harvested 
potato varieties were shipped to the Morden lab
oratory, where they were stored 1 month at 40° F. 
The tubers were conditioned for 7 days at 65°F 
before testing.

A  random six-tuber sample of each lot of po
tatoes was peeled, and transverse sections were 
cut and halved. Duplicate samples were prepared 
in oxalic acid from the half sections according to 
the method described by Ruck (1956). Analyses 
for reduced ascorbic acid were performed with 
the 2,6-dichlorophenolindophenol titration tech
nique (Association of Vitamin Chemists, 1951).

RESULTS
The data in Table 1 give the ascorbic acid con

tents of six potato varieties grown at nine loca
tions in 1958 and 1959. These data are arranged 
in descending order according to the means for
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each variety and each location in 1958. Analysis 
of variance of the data showed highly significant 
differences in ascorbic acid content between va
rieties and between locations in both years. Also, 
there was a highly significant variety-location 
interaction for this factor. W hen the varietal 
means for all locations for each year were com
pared, a highly significant correlation coefficient 
(r  =  +.979) was obtained.

Applying Duncan’s multiple-range test (1955) 
to the data for the six varieties at each individual 
location (Table 1) indicated that the varieties 
could be separated into two groups of three by 
ascorbic acid level. Norgleam, F5216, and F4932 
were higher, and F4834, F5025, and F5080 lower 
at eight of nine locations in 1958, and at seven 
of nine in 1959.

The mean two-year data for ascorbic acid in 
the standard varieties w e re : Katahdin, 22.8; Irish 
Cobbler, 20.4; Green Mountain, 18.4; and W arba, 
13.0 mg/lOOg.

DISCUSSION
Since a significant variety-location inter

action occurred in the analysis of variance 
for both 1958 and 1959 data, it was neces
sary to examine results from each location 
separately. The error mean squares at each 
location were found to differ significantly0; 
therefore it was concluded that the pooled

data were not adequately tested, because of 
the error heterogeneity. Thus, the applica
tion of Duncan’s multiple-range test to the 
data from each individual location appeared 
to be the best method of analyzing the data. 
This test showed that distribution of the six 
test varieties into two distinct groups by 
ascorbic acid content occurred at 15 of 18 
widely different locations over a two-year 
period. Also, at nine locations out of the 
15 at which this grouping occurred there 
was a significant difference between the 
lowest-ranking variety of the high group 
and the highest-ranking variety of the low 
group. Thus, division between the two 
groups was reasonably .clear, and the av
erage performance of each was affected by 
location in a similar manner. The location 
effects were undoubtedly influenced by a 
combination of climatic and cultural condi
tions as well as storage temperatures prior 
to and during shipment to the central loca
tion. For example, at one location (Leth
bridge, Alta.) in 1959, ascorbic acid con
tent was very low (Table 1). In data not 
shown, the reducing sugar content of the 
potatoes from the same location was high.

Table 1. Ascorbic acid contents of six varieties of potatoes grown at nine locations in each of 
two years.

V ariety St.AnneQue.
Smith-fieldOnt. MelfortSask.

Fredericton N. B.
LethbridgeAlta. GuelphOnt. Morde n Man. Agassiz B. C.

Kent- ville N. S. Varietalmeans
1958
Norgleam 29.2* a b 23.6 b 30.3 a 23.2 b 30.3 a 30.3 a 29.1 a 25.1 a 17.5 a 26.5
F5216 25.4 b 24.6 a 24.2 b 26.2 a 26.9 b 22.0 b 25.9 b 2 1 2 b 18.5 a 23.9
F4932 25.7 b 24.2 ab 19.6 c 22.5 b 21.6 c 18.4 c 13.1 d 18.0 c 17.0 a 20.0
F4834 17.6 c 22.1c 16.8 d 18.2 c 14.4 e 17.2 d 13.1 d 16.9 c 13.3 b 16.6
F5025 19.9 c 16.8 e 16.7 d 17.1 d 15.0 de 14.6 f 16.0 c 16.6 c 13.6 b 16.2
F5080
Location

19.8 c 17.8 d 18.4 cd 16.4 d 15.6 d 16.2 e 16.3 c 13.0 d 12.6 b 16.2
means 22.9 21.5 21.0 20.6 20.6 19.8 18.9 18.5 15.4

1959
Norgleam 27.6 a 25.3 a 19.4 a 29.6 a 12.4 b 28.6 a 21.8 a 28.8 b 22.0 a 23.9
FS216 18.4 d 23.4 a 16.8 b 19.0 b 12.2 b 25.8 b 17.4 b 30.2 a 19.4 b 20.3
F4932 23.6 b 19.8 b 14.2 be 14.6 d 13.0 a 19.8 c 15.8 c 17.0 c 18.6 b 17.4
F4834 21.4 c 18.7 be 13.2 c 14.9 d 10.6 c 18.4 cd 13.2 cl 16.4 cd 14.2 c 15.7
F5025 17.3 de 16.8 c 10.0 d 12.6 c 9.8 d 17.6 d 14.0 d 15.0 d 15.4 c 14.3
F 5080 
Location

16.2 f 12.4 d 9.5 e 16.2 c 9.0 e 14.0 e 14.2 d 11.4 e 14.7 c 13.1
means 20.8 19.4 13.8 17.8 11.2 20.7 16.1 19.8 17.4
0 Each value represents the mean of a duplicate determination expressed as mg per 100 g.
11 Significant differences between means according to Duncan’s multiple-range test (P  — .05). Means with the same letter are not significantly different.
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Since both effects can result from low tem
peratures (Talburt and Smith, 1959), it is 
logical to assume that these potatoes were 
chilled before or after harvest or during 
shipment. Since all tubers were stored 
similarly at the laboratory, losses in ascorbic 
acid which probably occurred at that time 
did not obscure previous effects.

The results suggest that varietal compari
sons of potatoes for ascorbic acid content 
are relatively unaffected by location. There
fore, widespread testing does not appear to 
offer any added advantage when establish
ing the potential value of potato varieties 
as a dietary source of ascorbic acid. Evalu
ations of varieties for this factor would be 
more representative if confined to a limited 
area with ready access to an analytical lab
oratory.
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SUMMARY
Absolute taste  th resho ld s fo r salt an d  sweetness were determ ined  by a 

com bination  o f ascending-series and rating-scale m e tho ds: fo r salt a value 
only very slightly  u n d er p revious quo ted  figures was ob ta ined , fo r  sugar a 
value o f .002 p /p  was ob ta ined . T he resu lts  also p e rm itted  a scaling o f each 
taste descrip tion  on the  rating-scales in  term s o f bo th  j .n .d ’s above th reshold  
and  solu tion  concen tra tions. Previous w orkers have doubted  w hether th e re  is 
one  single abso lu te  th resho ld  fo r  tas te : th e  p resen t resu lts  suggest a n u m b er o f 
th resholds in an  ascending series m ay be defined opera tiona lly .

INTRODUCTION
The absolute taste threshold has been the 

subject of a number of definitions, and a 
variety of methods have been used to deter
mine it. These two sources of variation su
perimposed upon individual differences and 
errors have resulted in a wide range of 
quoted values for absolute threshold con
centrations of the four primary tastes: salt, 
sweet, acid and bitter.

Threshold determination is more difficult 
to achieve in taste than in some other sensory 
channels, partly because there is still doubt 
about what the taste receptors do. We may 
distinguish three sorts of threshold defini
tion—chemical, physiological and psychologi
cal—and here we are dealing with the third. 
A chemical definition of “threshold'1 demands 
that the level of explanation be chemical. 
The precise identification of the events at 
or on the surface of the receptor organs 
should be in terms of reaction equations, 
with the psychophysical relation one between 
the report of a sensation and the occurrence 
of a chemical change at the receptors.

By physiological threshold we refer to 
those definitions that seek to relate a mini
mum concentration of chemically-defined 
taste stimulus to neurone activity expressed 
in terms of changes in electrical potential. 
Some quoted values for taste threshold seem 
to aim at this sort of definition in the view

that it leads to “pure” values as a baseline 
from which may be assessed all other values 
determined with a complete intact organism. 
It is a common feature of chemical and 
physiological threshold determinations that 
they aim at producing deterministic rather 
than probabilistic values for a threshold, and 
they both by-pass the idea of sensations by 
measuring objective correlates of flavor sen
sations rather than involving sensations di
rectly. The difference thresholds associated 
with absolute values are supposedly minimal 
quanta ideally : in chemical terms the change 
in structure of a single molecule to release 
energy, in physiological terms the elicitation 
of a single action potential. By comparison 
with this type of definition a psychological 
description of the responses of a sample of 
intact normal adults to flavors as normally 
encountered seems imprecise and subject to 
so many quantitative indeterminate effects 
(learning, fatigue, set, individual expecta
tions, etc.) as to be elusive to the point of 
indefinability.

We would expect that threshold values 
reported by the few psychologists who have 
worked in this field might be higher than 
those given by physiologists or chemists, 
since the usual psychophysical method of de
fining absolute threshold as being at the 
mid-point of the cumulative probability dis
tribution of response over the transition

1 376]
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zone near threshold is not always used by 
chemists, who instead may use some other 
statistical (and equally arbitrary) definition 
leading to lower values. And we might ex
pect that methods that attempt to take ac
count of the complex phenomenology of taste 
near threshold will, though giving a more 
complete account of known experience, blur 
the quantitative picture.

This paper submits evidence suggesting 
that a method in the psychophysical tradition, 
with comparatively few constraints on the 
subjects' response choices, can give values 
that bear favorable comparison with earlier 
studies. This method attempts to quantify 
some of the judgments frequently made 
about weak flavors.

METHOD
The procedure used was a  combination of the 

ascending-series method and a rating-scale method; 
both are well known but a combination of the 
two appears to be novel as applied to taste.

In the ascending-series method the subject tastes 
a series of solutions of increasing concentration, 
each twice as strong as the preceding one. Two 
supposedly convenient properties of the series are 
thus employed;

1) The sum of all stimulus intensities tasted is 
never greater than that of the next stimulus to 
be tasted, so that residual tastes, if cumulative, 
are not expected to completely mask the next 
stimulus, and

2) the subjective intensity of taste is propor
tional to the log of the concentration strength, and 
so the scale is roughly a subjective equal-interval 
scale above threshold.

The rating-scale method simply consists of hav
ing a series of statements corresponding to in
creasing taste sensations—from “the same as 
w ater’’ to "a strong sweet taste,” for example— 
and the subject reads out the most appropriate 
statement (for him) after tasting each stimulus.

Traditionally the ascending-series method is 
one of the constant methods (Guilford, 1954) and 
usually all that is asked for is one of the two 
responses “same” or "different.” This method 
gives accurate results and is mathematically well 
explored, but with taste stimuli (as opposed to 
weights, sounds or lights) subjects give a large 
number of “doubtful” answers, and in the case 
of substances like sodium benzoate may change 
their responses from “sour” or “sweet” to “b itter” 
and back again as the solution strength increases. 
The naive subject also frequently tends to report 
odd or unpredicted sensations, and to constrain

him to two, or at the most three, categories of 
permitted response is to impose a task that may 
seem unreal and be resented. The effect of a t
titude on taste discrimination has been noted 
(Baryscheva, 1936, and others), and it would 
seem desirable to permit the subject as much 
variation in response as is consistent with getting 
a meaningful determination of the threshold.

For each stimulus tasted, then, the subject 
selected a  description of it from a card of seven 
descriptions before him, and this was recorded 
as a Likert-scale value.

The full experimental procedure was as follows :
Solutions in a range of concentrations from well 

above the reported threshold for the prim ary 
taste in question were prepared with tap water : 
the solutions stood half an hour or more, the 
subject was asked to rinse- his/her mouth with 
plain tap water and note its taste. A  rating card 
was presented in “negative information” form, 
the subject then tasted the stimulus series in 
order and described each as he/she thought 
appropriate, as follows : same as water ; almost 
certainly the same as water ; doubtful if water ; 
very slightly different from water ; slightly dif
ferent from water ; different from w'ater ; cer
tainly different from water.

This series was used as a trial run so that the 
stimuli were made familiar to the subject, and 
all subjects had comparable advance information 
within the experimental situation, without them
selves having practice on the “positive informa
tion” rating-scale descriptions (given in Table 1).

The word used in the scale is “sour” with 
citric acid and “sweet” with sucrose.

A second mouth-rinse with tap water was then 
made, the “positive information” rating-scale was 
substituted and the series was tasted again. Be
cause some subjects found higher concentrations 
exceedingly unpleasant, the more concentrated salt 
solutions were omitted once the threshold had been 
clearly passed.

For this experiment the threshold was defined 
in terms of the location of a  jump in the rating-

Table 1. Positive information rating-scale taste 
descriptions.

Response
Likert (numerical) values (used in analysis but never shown to subjects)

Same as water i
Doubtful if pure water 2

A very faint taste, can’t  say what 3
A very faint sour taste 4

A faint sour taste 5
A weak sour taste 6
A clear sour taste 7
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scale descriptions, to the last time that the de
scription “a very faint ______ taste" (Likert-value
4) was used by the subject: we specified the 
last time the jump occurred because some subjects 
in tasting a long series may anticipatorily cross 
the threshold, even on a tap-water dummy stim
ulus interposed in the ascending series. In this 
way our threshold values should be conservative 
ones. In theory a separate threshold can be as
sociated with each of the intervals between rating- 
scale descriptions—as has long been known. The 
gap between the lowest and highest thresholds 
thus defined is usually called the '“interval of 
uncertainty.” The particular threshold definition 
we chose was taken to give values nearest to 
the two-category threshold and hence compare 
with previously reported figures.

Seventy-nine subjects took part in the salt 
threshold experiment, not all tasting all stimuli 
because of their omitting above-threshold con
centrations. Seventy-seven subjects, not all the 
same persons as for salt, took part in the sweet
ness threshold experiment. All were drawn from 
a pool of adult factory and office staff.

RESULTS
Salt

Table 2 shows the mean ratings for each 
stimulus concentration tasted in ascending series, 
and the cumulative threshold proportions where 
threshold is defined as at the highest concentra
tion in the series where the Likert-value of the 
rating scale changes from less than 4 to 4 or 
greater than 4.

Table 2 is based on truncated stimulus series 
runs; each subject started tasting about two 
concentrations below where the trial run sug
gested threshold might be and stopped tasting 
as soon as certitude (Likert-value 6 or 7) was 
attained. This method gives a good threshold 
estimation but the just-noticeable-difference (j.n. 
d.) value may be in error because of the error of 
the variance of the rating-scale values for each 
concentration.

Plotting cumulative proportions of thresholds 
on arithmetic probability paper against concen
tration strength, and locating each threshold pro
portion midway between the adjacent stimuli, 
gave a linear plot with absolute threshold at the 
fiftieth percentile (the usual psychophysical def
inition) corresponding to a concentration of 
2_3'!,“% or 0.000647 p/p. This compares with the 
value of 0.0007 given by previous workers (Ritcher 
and MacLean, 1939) and usually quoted in rele
vant texts (Moncrieff, 1944; Stevens, 1951; M or
gan and Stellar, 1950). This previous value is 
based on 53 subjects.

Table 2. Increasing concentrations of sodium 
chloride in tap water (based on 79 subjects 
tas tin g ).

Mean ratings a Thresholdcumulative No. of judgments(parts of 1 % ) R R1 of 79
1/128 =  2 v 1.5 8.33 12

1/64 =  T " 1.52 8.60
.012

31

1/32 =  A5 2.7 19.45
.063

54

1/16 =  2r' 2.9 31.82
.304

77

OO II to 4.61 60.13
.709

74

1/4 =  2 2 5.60 76.58
.937

42

1 /2  =  2 ’ 6.20 86.67
1.000

10
100 (R« R l _ - 1 ) by definition ; for con-6

venience O ^  R1 ^  100.

The associated j.n.d., defined as the semi-inter
quartile range when concentration is expressed 
in powers of base two (a  log scale), is 2"’ "% . 
This gives upper and lower concentration limits 
to the threshold of 2~3'2 and 2r*'7 approximately, 
or concentrations of .00109 and .00038 p/p. The 
highest limit to the threshold quoted by previous 
workers is about .0019 for the drop method (one 
drop deposited at a point location on the tongue). 
This appears to be about 3 j.n.d. above threshold, a 
not unreasonable difference between minimum and 
maximum information conditions, if that is what 
the two methods involved exemplify.

Exploiting the fact that cumulative threshold 
proportions and cumulative mean ratings both 
gave a linear plot against log concentration for 
NaCl, scale values were plotted against concen
tration giving the results of Table 3.

Sugar
The procedure outlined for salt was repeated 

for sucrose solutions; the differences in the data

Table 3. Rating-scale values, 
and subjective intensity, for salt. concentrations,

Rating-scale Concentration %  in powers of 2 As j.n.d. (d)value (1%  =2«) units about abs.(R) of A.R. NaCl threshold (a).
O 2“5-1“ a -  1.33d
3 ■p-i.12 a -  0.23d
4 9 -3 .2 5 a +  0.93d
5 0 - 2. J5 a +  2.00d
6 9 - I .45 a 4- 3.30d
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center on the fact that all subjects tasting the 
sucrose series tasted all concentrations up to 1%  
and most on to 2%, well above threshold. Table 
4 gives rating-scale values, concentrations, and

Table 4. Rating-scale values, concentrations, and 
subjective intensity, for sweetness.

Rating-scalevalue(R)

Concentration %  in powers of 2 (1% =  2°) of sucrose
As j.n.d. (d) units about abs. threshold (a).

2 2->.e a -  3.70d
3 9-2.9 a -  0.64(1
4 2-1.85 a +  0.86d
5 2-1.0 a +  2.07d
6 2-°*2B a +  3.14d

j.n.d. units obtained in the same manner as those
values in Table 3, q.v. Comparable data to
Table 2 are given in Table 5. I t will be seen
that the j.n.d. values for the three above-threshold

Table S. Increasing concentrations of sucrose 
in tap water (based on 77 subjects tasting).

Concentration (parts of 1 % )
Mean ratings51 Thresholdcumulative No. of judgmentsR R1 of 77

1/64 =  2 * 1.60 9.95

.0

77

1/32 =  T 3 1.83 13.85

.026

77

1/16 =  2"‘ 2.23 20.57

.156

77

1/8 =  T 3 2.95 32.47

.377

77

1/4 =  Z - 3.21 36.80

.844

77

1 /2  =  2~1 4.96 66.02

1.000

77

1 = 2 " 6.34 89.03

1.000

76

2 =  21 6.83 97.12 75

" R1 = ------------------- by definition, as in Table 2.

rating-scale values show close agreement between 
NaCl and sucrose, though actual concentration 
strengths do not. In other words, the rating scale 
is a response-centered measure, not a stimulus- 
centered measure, if we define the stimuli in 
percentage concentrations. (If  we define the
stimuli in gram-mols the point is even more 
obvious.)

The absolute threshold for sucrose, by the 
same defined procedure as that used for salt,

is 2r"AS%  or 0.00183 p/p. (Previous quoted values 
tend to be h igh er: 0.005, Howell, 1922.) The 
associated j.n.d. is 2“°™%; this gives upper and 
lower limits to the threshold of approximately 
T l ;5 and 2~3AS, or concentrations of 0.00297 and 
0.00113 p/p.

The higher absolute threshold for sugar than 
for salt agrees with previous findings. The 
slight difference in j.n.d. values is probably error: 
it represents the difference between 0.00297 and 
0.00292 p /p  at the highest concentration mentioned 
so far (a +  Id for sucrose), which is clearly 
within experimental error. Since the W eber frac
tion for taste is usually quoted as one constant 
value for all tastes without respect to the actual 
substances involved it is probably legitimate that 
the j.n.d. should be independent of the absolute 
threshold, but this needs checking experimentally.

DISCUSSION
The results are consistent with previous 

findings with other methods. In terms of 
the actual numerical values obtained they 
are not of great interest, for in any practical 
situation it is fairly usual to work with 
substances that are clearly above or below 
thresholds; either they are intended fi> be 
tasted or they are intended not to be tasted. 
Further, actual determination was by graph
ical means, and the thresholds, as defined, 
were assumed to take place in the middle 
of the stimulus series intervals concerned. 
Clearly, more precise locations might be 
obtained by applying second-order correc
tions and by repeating the whole procedure 
with new stimulus series that are not powers 
of 2 of 1% standard but powers of 2 of, 
say, 1.05% and 0.95% standards.

The points of interest to a psychologist 
are, we think, that a series of statement- 
forms representing various subjective in
tensities or levels of certainty about subjec
tive intensities can be ordered and mapped 
on to a stimulus series that is chemically 
definable. The relation between the thresh
old and j.n.d. units and the scale values 
must follow by definition if a large sample of 
data with monotonically increasing proba
bilities of each scale value for stimulus 
concentration obtain; in this sense it is 
mathematically trivial. If we can so scale 
any series of statements, and the procedure 
is related, in principle, to the semantic scal
ing of Osgood e t  a l. (1957), and partic



3 8 0 ABSOLUTE TASTE THRESHOLDS

ularly that of Cliff (1959) on adverbs as 
multipliers, and we can define the absolute 
threshold as the jump between one state
ment-form and the next in their ordered 
series, then we can consider as rather arbi
trary activities the traditional pursuit of 
how many categories are pertinent to thresh
old determination, and the more recent at
tempts by Gridgeman (1959) and others 
to define not one absolute taste threshold 
but three (threshold of knowing the sub
stance is not water, threshold of knowing 
what the substance is, threshold of what 
intensity the substance is).

Given that a zone of uncertain perception 
surrounds a change that is capable of pre
cise chemical or physiological definition—in 
theory, at any rate—then there are, psycho
logically, as many thresholds or as few 
thresholds as one is able to conceptualize 
statement-forms ordered over the zone of 
uncertain perception. Whether there is a 
limit to the number of statements one can 
scale in this way depends on the reliability 
and precision of language as well as the 
reliability and precision of taste perception; 
but it seems reasonable that we can have 
more than three thresholds, and for some 
subjects who are practiced in the use of 
scales, seven values might he obtained. We 
failed to get separation for the pairs of 
statements at the ends of the scales; subjects 
had response preferences, and the extremes

of scales are often unscalable for mathe
matical reasons.
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SUMMARY
A co rre la tion  was estab lished  betw een th e  m o u th fee l characteristics of 

gum  so lutions an d  th e ir  rheo log ical behavio r. Gum s th a t a re  very slim y in  
the  m ou th  deviate only slightly  fro m  N ew tonian viscosity. T h e degree  o f 
slim iness decreases w ith increasing  deviations fro m  the  N ew tonian ch aracte r, 
an d  gum s th a t ex h ib it a h ig h  degree o f shear th in n in g  a re  nonslim y in  th e  
m o u th . T his find ing  enables selection o f p ro p e r gum s fo r  specific consistency 
effects by sim ple re fe ren ce  to th e  shape o f th e  viscosity vs. the  rate-of-shear 
curve.

INTRODUCTION
Gums are amorphous substances of high 

molecular weight occurring widely in the 
vegetable kingdom. They are mostly hydro
philic polysaccharides or their derivatives, 
and are characterized by dispersibility in 
cold or hot water, leading to production of 
viscous dispersions or solutions and, in cer
tain cases, to gel formation (Cook and Peter
son, 1958; Hirst and Jones, 1951; Jones 
and Smith, 1949; Walder, 1948). In recent 
years, the meaning of the term “gums” has 
been extended to include materials of similar 
properties produced by microbial cells and 
synthetic polymers produced in the labora
tory (Anon., 1960).

Gums find important uses in the food in
dustry as stabilizers, thickeners, humectants, 
protective colloids, coagulants, gel formers, 
emulsifiers, ice crystal inhibitors, coating 
agents, and flavor fixatives (Waldt, 1961 ; 
Werbin, 1953). Specific gums are selected 
for specific purposes on the basis of physical 
and chemical properties. Unfortunately, no 
method, except sensory evaluation, is avail
able for predicting the mouthfeel imparted to 
a liquid or semiliquid product by the pres
ence of a gum. This is especially important 
when gums are used at concentrations suffi
cient to affect the consistency of a food, as 
is the case when they are used as thickeners 
and bodying agents. Experience has indi
cated that in such instances some gums are 
slimy in the mouth and difficult to swallow 
whereas others are hardly noticeable.

An investigation was made to correlate 
the mouthfeel of gum solutions with their 
viscosity behavior, thereby establishing an 
objective method for predicting organoleptic 
properties of gum solutions that could be 
useful in selecting specific gums for desired 
consistency effects in food products.

EX PER IM EN TA L
M aterials. T hirty  m ajor and minor gums were 

procured from commercial suppliers. All the 
gums, except four, were natural plant materials. 
The following synthetic gums were used : car- 
boxypolymethylene (sodium salt of Carbopol 934, 
made by Goodrich Chemical Company), polyvinyl 
alcohol (Elvanol 72-60, made by D uPont de 
Nemours & Company), carboxymethyl cellulose 
(CM C-grade, 7H X SP, made by Hercules Pow
der Company), and methyl cellulose (Methocel 
400, made by Dow Chemical Company). Two 
microbial gums (polysaccharide B-1459 and phos- 
phomannan Y-2448) were obtained from the 
Northern Regional Research Laboratory at Peoria, 
Illinois, and the third one (dextran B-S12) was 
obtained from a commercial laboratory (Cherokee 
Laboratory, Tulsa, Oklahom a). The gums were 
dispersed or dissolved in water by standard pub
lished methods for each gum. Cold water was 
used for cold-water-soluble gums, and the aqueous 
dispersions were heated to proper temperatures 
for hot-water-soluble gums. The suspension of 
cornstarch was brought to a boil to gelatinize 
starch granules. Concentrations were selected in 
such a way that the solutions had a starting vis
cosity of 1200 cps at 0.5 rpm as measured with 
the Brookfield viscosimeter.

Viscosity measurements. Viscosity was meas
ured at room temperature with a Brookfield vis-

[381 ]
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c o s im e te r , m o d e l H A T ,  eq u ip p e d  w i th  a  h e lio 
p a th  a t ta c h m e n t.  V is c o s i tie s  w e re  m e a s u re d  a t  
d i f fe re n t  sp in d le  speed s, a n d  th e  o b ta in e d  v a lu e s  
w e re  c o n v e r te d  to  cen tip o ise s .

O rg a n o le p t ic  e v a lu a tio n .  W ith  so lid  m a te r ia ls ,  
m a s t ic a t io n  c o n s is ts  o f s h e a r in g  a n d  g r in d in g  th e  
p ro d u c t  w ith  th e  te e th . T h e  to n g u e , ch eek s , an d  
lips c o n tro l  a n d  d i r e c t  th e  foo d  b e tw e e n  th e  te e th . 
W i th  l iq u id  o r  sem iso lid  m a te r ia ls ,  w h ic h  do  
n o t re q u ire  m u ch  e f fo r t  fo r  d is in te g ra t io n ,  th e  
to n g u e  p lay s  a  m o re  im p o r ta n t  ro le  th a n  th e  
te e th . T h e  m o v e m e n ts  of th e  to n g u e  h e lp  to  
s h e a r  th e  fo o d  a n d  d i lu te  i t  w ith  sa l iv a  to  th e  
p o in t  w h e re  i ts  v is c o s ity  is lo w  e n o u g h  fo r  
sw a llo w in g . D u r in g  e a t in g ,  th e  to n g u e  m o v es  
a b o u t  30 tim e s  p e r  m in u te .

S ix te e n  s e lec ted  g u m  so lu tio n s  w e re  s u b je c te d  
to  o rg a n o le p t ic  e v a lu a tio n  by  a  t r a in e d  t e x tu r e 
p ro f il in g  p a n e l a n d  r a te d  o n  a  7 -p o in t  sca le  fo r  
d e g re e  of s l im in e s s :  1, n o n s l im y ; 2, v e ry  s lig h tly  
s l im y ; 3, so m e w h a t s l im y ; 4, m o d e ra te ly  s l i m y ; 
5, s l im y ; 6, v e ry  s l i m y ; 7, e x tre m e ly  slim y . R a t 
in g s  by  s e m itra in e d  t a s te r s  g a v e  g o o d  a g re e m e n t  
w ith  r a t in g s  by  th e  t ra in e d  ju d g e s .

Definition of sliminess. F o r  o rg a n o le p t ic  e v a lu 
a tio n , a  s lim y  m a te r ia l  w a s  d e fin ed  a s  on e  th a t  is 
th ic k , c o a ts  th e  m o u th , a n d  is d ifficu lt to  sw a llo w .

RESULTS AND DISCUSSION
When the viscosity of the gum solutions 

was plotted against rate of shear, the curves 
obtained showed different degrees of devia
tion from a straight-line characteristic of a 
Newtonian liquid. Fig. 1 illustrates this 
point, using typical gums as examples. It

F ig .  1. V is c o s i ty -v s .- r a te -o f - s h e a r  c u rv e s  of 
ty p ic a l  g u m s.

RATE OF SHEAR  (RPM)

F ig .  2. E f fe c t  o f s h e a r  r a te  o n  th e  v is c o s ity  of 
g u m  s o lu tio n s .

will be seen that the cooked cornstarch paste 
and the solution of polysaccharide B-1459 
show a very sharp drop in viscosity with in 
creasing rate of shear. Gum tragacanth and 
carrageenan exhibit a slower decline of vis
cosity with increasing rate of shear, and pec
tin shows relatively little change. When one 
notices the differences between viscosity at 
0.5 rpm, about the environment of the sam
ple when it is first placed in the mouth (ob
viously, it is not possible to measure viscosity 
at 0 rpm), and that at 30 rpm, about the 
condition of the sample during mastication 
and before it is ready to be swallowed, the 
contrast between the various gum solutions 
becomes very evident.

Based on the rate of viscosity drop with 
increasing rate of shear, the studied gum 
solutions can be divided into three groups 
as shown by semilog plot in Fig. 2. Group 
A comprises gums that exhibit a very sharp 
viscosity decrease. Group C includes gums 
that show a small to moderate change with 
increasing rate of shear. Group B encom
passes the intermediate gums. The boun
daries for the areas comprising the different 
groups were defined by the actual curves of 
the first and last member of the group as 
listed to the right of the graph. Gums listed 
in the left-hand column were subjected to 
organoleptic evaluation, whereas those listed 
in the right-hand column are classified into
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T a b le  1. C o r re la t io n  b e tw e e n m o u th fe e l a n d  v is c o s ity -v s .- r a te -o f - s h e a r b e h a v io r .

Concentration (% )

Organolepticevaluation Viscosity vs. rate of shear
Gum Type Rating How slimy Group

S ta rc h C o o k e d , c o rn 2.0 i N o n G ro u p  A
P h o s p h o m a n n a n — 0.75 i N o n G ro u p  A

Y -2 4 4 8
P o ly s a c c h a r id e — 0.15 i N o n G ro u p  A

B -1459
S o d iu m  c a rb o x y -  

p o ly m e th y le n e
S o d iu m  s a lt  of 
C a rb o p o l 934

0.3 2 V e r y  sit. G ro u p  B

C a r ra g e e n a n S e a k e m  9 1.0 3 S o m e w h a t G ro u p  B
G u m  k a r a y a — 1.0 3 S o m e w h a t G ro u p  B
G u m  t r a g a c a n th — 1.0 2 V e ry  sit. G ro u p  B
G u m  g u a r — 0.6 2 -3 V e r y  sit. to  

s o m e w h a t
G ro u p  B

L o c u s t  b e an  g u m — 0.7 3 S o m e w h a t G ro u p  C
C a rb o x y m e th y l C M C  7 H  X S P 1.0 4 M o d e ra te G ro u p  C

c e llu lo se
S o d iu m  a lg in a te 500 cps 1.3 5 -6 S lim y  to  v e ry G ro u p  C
L o w -m e th o x y E x c h a n g e  466 5.0 7 E x tr e m e ly G ro u p  C

p e c tin
M e th y l  c e llu lo se M e th o c e l  400 2.6 6 V e ry G ro u p  C
P o ly v in y l  a lc o h o l E lv a n o l  72-60 7.0 6 V e ry G ro u p  C
D e x tr a n  B -5 1 2 C h e ro k e e  L ab . 18.0 7 E x tr e m e ly G ro u p  C
P e c t in E x c h a n g e  681 2.5 7 E x tr e m e ly G ro u p  C

the respective groups solely on the basis of 
the shape of the curve for viscosity vs. rate 
of shear.

Table 1 shows the relation between the 
classification based on viscosity behavior 
and organoleptic rating. It will be seen that, 
with only one exception, the sliminess as 
perceived in the mouth follows very closely 
the shape of the curve for viscosity vs. rate 
of shear. The exception is locust bean gum, 
which, though rated organoleptically as 
somewhat slimy, had to be included in Group 
C, because of its viscosity behavior.

The shape of the curve for viscosity vs. 
rate of shear changes somewhat with con
centration and the molecular size of the gum. 
This change, however, is not drastic enough 
to affect the above classification. For exam
ple, a 2.6% solution of Methocel 400 de
creases only slightly with increasing rate of 
shear, whereas a 3% solution of Methocel 
100 behaves almost like a Newtonian liquid. 
A similar observation was made for solu
tions of sodium alginate. The shorter the 
chain length of the alginate molecule, the 
more Newtonian the viscosity behavior, 
whereas the longer the chain, the greater

the dependence of viscosity on the rate of 
shear. However, in no case was the effect 
of molecular size large enough to move the 
gum to another group. It may therefore be 
stated that the slimy mouthfeel is related to 
a basic character of the gum and is affected 
only slightly by variations in the size of the 
gum molecule. The effect of concentration 
varied depending upon the sharpness of 
viscosity drop with shear and the position 
of the gum in the respective group. In the 
case of pectin or alginate, a decrease in con
centration had no effect on the general shape 
of the curve for viscosity vs. rate of shear. 
The same was true of cornstarch when its 
concentration was increased. With border
line cases such as locust bean gum, however, 
a decrease in concentration caused a sharper 
viscosity drop with increasing shear, and 
moved that gum from Group C to Group B. 
It may be stated that the viscosity pattern 
of gums that deviate only slightly or very 
greatly from the Newtonian character is 
not appreciably affected by concentration, 
whereas gums that fall close to the border
line of the classification shown in Fig. 2
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LOG T  (ARBITRARY UNITS)
F ig .  3. S t r e s s - s h e a r  p lo ts  o f s e lec ted  g u m s  a s  c o m p a re d  to  a  N e w to n ia n  liq u id .

may move from group to group with changes 
in concentration.

Fig. 3 shows a plot of log stress (r) vs. 
log shear rate (y) for six gums which outline 
the boundaries of the three classification 
groups. A Newtonian liquid is included for 
comparison. The slopes of the straight lines 
obtained are quantitative measures of devi
ation from the Newtonian behavior. These 
are listed in Table 2. The slopes of other 
gums classified in the same group fell in 
between the given values. Thus, gums which 
are nor slimy are expected to show a slope

greater than 2, those which are slightly 
slimy a slope in the neighborhood of 1.5 
and those that are definitely slimy a slope 
close to 1.

The viscosity of gums was measured at 
the sample pH, i.e., the pH was not adjusted 
to any specific value, and no electrolytes 
were added to the solutions except those 
that might have been present in the commer
cial material. As Masson and Goring (1955) 
showed with carrageenan, the shear depend
ence of the electrolyte-sensitive gums varies 
with the electrolyte concentration. They re-
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T a b le  2. 

t io n s  f ro m
Q u a n t i ta t iv e  d e v ia t io n  of 

N e w to n ia n  v isc o s ity .
g u m  so lu -

Group Gum
N(slope of lines in Fig. 3)

A C o r n s ta r c h 2.80
P o ly s a c c h a r id e  B -145 9 2.40

B S o d iu m  c a rb o x y p o ly -
m e th y le n e 1.60

G u m  g u a r 1.36
C L o c u s t  b ean  g u m 1.20

P e c t in 1.04
— N e w to n ia n  liq u id 1.00

ported that the effect of rate of shear on the 
viscosity of carrageenan decreased with an 
increase in the concentration of the added 
electrolyte.

A number of gums (not evaluated organo
leptically) whose viscosity behavior places 
them with the slimy gums (Group C), be
have as dilatant materials and show an in
creased viscosity with increasing rates of 
shear. These gums are: agar, gum arabic, 
corn-hull gum, flaxseed gum, Iceland moss, 
and mesquite gum. All of these gums have 
very low solution viscosities and are not 
used as thickening agents in liquid or semi
liquid products. Of special interest is furcel- 
laran, which showed the least shear depen
dence of all the gums studied.

The correlation between organoleptic 
sliminess and degree of viscosity decrease 
with increasing rate of shear is logical and 
follows the definition of sliminess. The faster 
the solution decreases in viscosity under the 
revolving motion of the tongue, the faster

and easier it can be swallowed. The slower 
the change in viscosity in the mouth, the 
more difficult it is to swallow. The reason 
for the different behavior of different gums 
undoubtedly lies in the degree of particle dis
persion, molecular weight, molecular shape, 
strength of intermolecular bonds, and other 
characteristics. At present, however, our 
limited knowledge of the physicochemical 
properties of natural gums prevents formu
lation of an adequate hypothesis.
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SUMMARY
Repeatability estim ates applied to panel selection enable the experim enter 

to predict the proportion o f judges whose sensitivity can satisfy established  
specifications. Repeatability estimates o f different test designs indicated 
paired comparison to be m ore sensitive than the 3-sample binom ial design. 
Studies on sessions o f extended length indicate that protracted testing may 
provide a m ore reliable basis o f panel selection than short-period testing does.

INTRODUCTION
Methodological problems in sensory eval

uation of foods have received close scrutiny 
in recent years. Many procedures adopted 
on the basis of pioneer studies, however, 
have proved to oversimplify the difficulties 
inherent in this method of investigation. 
A further complication is that testing con
ditions and procedures vary considerably 
in different laboratories (Boggs and Han
son, 1949; Dawson and Harris, 1951).

Success in any sensory test depends largely 
on the capabilities of the panel members. 
Their selection, however, is usually based 
on relatively few brief screening tests and 
on checks during the study. A variety cf 
short-term selection techniques have been 
used (Boggs and Hanson, 1949; Dawson 
and Harris, 1951; Schlossberg, 1954), but 
few have been subjected to comparative 
evaluation. In spite of the opinion of Schloss
berg (1954) that “the usual conception of 
selection as something you can do quickly 
by simple sensory tests is fallacious,” the 
need remains for reliable short-term selec
tion methods.

Methods used to solve problems in genetics 
in the prediction of performance ability 
suggest a possible approach to prediction 
of the outcome of selection of sensory test 
panels (Kempthorne, 1957; Kempthorne,

" P r e 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  T e c h 
n o lo g y , U n iv e r s i ty  o f M a s s a c h u s e tts ,  A m h e rs t,  
M a s s a c h u s e tts .

1960; Lush, 1945 ). Repeatability (R ), the 
intraclass correlation of repeated measure
ments (measure of the constancy of re
peated observations by a given judge), is 
a point estimate and may be estimated 
directly from variance analysis of discrimi
nation test data, as follows :

D e g re e s  E x p e c ta t io n
of M e a n  o f m e a n

S o u rc e  o f v a r ia t io n  f re e d o m  s q u a re  s q u a re
J u d g e s  j — 1 V j <re= T k < r j-
S e ss io n s

w ith in  ju d g e s  j ( k —  I )  V e  o-e2
crj2a n d  R  =  — - - [1 ]

<ry +  <re"
where k =  number of session replicates.
<re2 =  error component of variance, and 
uj2 =  judge component of variance. Now,
if the average of n tests is used for each 
judge’s future score, then:

tr]“ -j- cre= 
n

■ a t zSmCC ~~n-  1S ^le var’ance °f the average of
n intrajudge scores. R is then estimated 
by substituting these results in equation 1 
(which are the best available estimates of 
<re2 and o-j2) to give the working formula:

( V j  — V e )  / kR  = ------ — ------------ --------  [3 ]
( V j  -  V e ) / k +  V e

II
[ 386 ]
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Eq. 3 thus permits prediction of R, for 
test methods with increasing session length, 
based upon data from a preliminary trial.

An indication of the reliability of sample 
estimates of repeatability may be obtained 
by calculation of the variance of R accord
ing to an approximation suggested by Os
borne and Paterson (1951-52), as follows:
c 2  2(oer)~ ( a e 2 +  k<rj2) 2Sr = ----------------------------------------------  141

( « 2 +  <rj3) 4 k ( k - l )  ( j  +  1 )

where k =  number of session replicates 
and o-e2 is the estimate of error of repeat 
performances regardless of n. This meas
urement of the variance of R assumes the 
data to be normally distributed.

Repeatability estimates permit selection 
of a panel of judges that has an average 
level of performance “better” by any spe
cific degree than the average performance 
of the population from which it was selected. 
The average expected gain in performance 
(AP) of the selected panel may be de
termined as follows (Lush, 1945) :

a P  =  R  x  S  [5]

where R =  repeatability, and S =  selection 
differential.

The selection differential measures dif
ference in performance between the selected 
group and the whole population, in terms 
of the actual units of measurement. It rep
resents the amount of gain attained by 
selection. Values of S corresponding to 
different proportions of those selected from 
the total population under selection may be 
obtained from Fisher and Yates (1953) 
(for a normal distribution only) and an 
estimate of the standard deviation, ae.

These calculations permit selection of a 
sensory discrimination panel with a specified 
performance ability, or, knowing the panel 
size, the performance of a hypothetical panel 
can be predicted, as compared to the un
selected population.

The above method was used to evaluate 
various procedures in selecting judges.

EXPERIMENTAL
A ll s e n s o ry -d if fe re n c e  te s ts  w e re  c o n d u c te d  

u n d e r  a  c a re fu l ly  c o n tro l le d  e n v iro n m e n t  in  a  
ro o m  eq u ip p e d  w ith  a i r  c o n d itio n in g , iso la tio n

b o o th s , c o n tro l le d  l ig h tin g , a n d  r in s in g  fo u n ta in s . 
T h e  te s t  m e d iu m  w a s  r e c o n s ti tu te d  n o n fa t  d ry  
m ilk  so lid s  (1 0 %  w / v )  w i th  a d d e d  v a n ill in  
( F i s h e r  S c ie n tif ic  C o m p a n y ) .  T o  e n s u re  f la v o r  
s ta b i l i ty  o f  th e  m ilk  so lid s, a  f re s h ly  p ro c e sse d  
c o m m e rc ia l  lo t  o f n o n fa t  d r y  m ilk  so lid s  ( W e s t e r n  
C o n d e n s in g  C o m p an y , P e ta lu m a , C a l i fo r n ia )  w a s  
p a c k e d  in  211 X  304 c an s  u n d e r  n i t r o g e n  a n d  
s to re d  a t  3 2 ° F  fo r  u se  in  d a ily  p r e p a r a t io n  o f 
te s t  m a te r ia ls .

T h e  te s t  s am p le s  w e re  p re p a re d  b y  a  s ta n d a r d 
ized  p ro c e d u re .  A  w e ig h e d  a m o u n t  o f p o w d e r  
w a s  re c o n s ti tu te d  in  d is ti l le d  w a te r  u n d e r  s lo w  
a g i ta t io n  w i th  a  W a r in g  b le n d e r  a n d  d iv id e d  in to  
tw o  p a r ts .  T o  on e  w a s  a d d e d  v a n i l l in  f ro m  a  
9 5 .5 %  e th a n o l s to c k  so lu tio n , a n d  to  th e  o th e r  
( c o n t r o l )  w a s  a d d e d  th e  sam e  a m o u n t  o f e th a n o l  
b u t  w i th o u t  v a n ill in . S a m p le s , s e rv e d  a t  ro o m  
te m p e ra tu re ,  c o n s is te d  o f 2 5 -m l p o r t io n s  o f e ach  
m ix tu r e  in  c o v e re d  10-oz s t r a ig h t - ta p e r e d  c le a r  
g la s s  tu m b le rs . P a n e l  m e m b e rs  w e re  in s tru c te d  
to  sn iff  sam p le s  in  a  d e fin ed  seq u e n ce  a n d  to  
in d ic a te  th e  p re s e n c e  o f th e  a d d itiv e . I n  a ll  
s tu d ie s , sam p le s  w e re  p re s e n te d  in  r a n d o m  o rd e r  
a n d  w ith  eq u a l f re q u e n c y . E a c h  o b s e rv e r  w a s  
a d v is e d  o f th e  c o r re c tn e s s  o r  in c o r re c tn e s s  o f h is  
ju d g m e n t  im m e d ia te ly  a f te r  h is  te s t  sess io n .

RESULTS
B e fo re  th e  u se  o f r e p e a ta b i l i ty  e s t im a te s  in  

p a n e l se le c tio n  c o u ld  be in v e s tig a te d ,  i t  w a s  
n e c e s s a ry  to  k n o w  th e  m a x im u m  n u m b e r  o f te s ts  
t h a t  c o u ld  be u se fu l  in  a  s in g le  ju d g in g  se ss io n . 
T h e  “t r ia n g le ” te s ts  (F le lm  a n d  T ro l le ,  1946) 
c o n s is te d  o f 2  to  36 te s ts  p e r  sess io n . V a n il l in  
w a s  u se d  in  o n e  o r  tw o  o f th e  sam p le s  a t  a  c o n 
c e n t r a t io n  o f 15 X  ICh5 g /1 0 0  m l. B e fo re  th e  
te s t  p ro p e r ,  e ac h  p a n e l m e m b e r u n d e r w e n t  a  t r a i n 
in g  sch ed u le  fo r  sev en  d a y s . T h is  c o n s is te d  o f 
fo u r  p a ire d -c o m p a r is o n  te s ts  p e r  s e s s io n  a t  a n  
a d d i t iv e  lev e l tw ic e  th a t  u se d  in  th e  e x p e r im e n t  
p ro p e r .  T e n  ju d g e s  p a r t ic ip a te d  in  th e  s tu d y , b u t  
n o t  a l l  c o m p le te d  e v e ry  te s t .  T a b le  1 s h o w s  th e  
p o o led  d a ta  o f  e ac h  sess io n .

P a n e l  p e r fo rm a n c e ,  a s  r e p re s e n te d  b y  p e rc e n t

T a b le  1. P a n e l  p e r fo r m a n c e  in  o d o r -d is c r im in a 
t io n  se s s io n s  w ith  v a r io u s  n u m b e rs  o f t r ia n g le  
te s ts  p e r  session .

No. of triads per session
No. of session replications

Totalcorrectjudgmentspossible

Totalcorrectjudgmentsobserved Percentcorrect
2 6 106 57 53.8
6 2 102 00LO 56 .9

12 3 324 184 56.8
24 3 624 331 53.0
36 2 648 362 55.9
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T a b le  2. D is t r ib u t io n  o f to ta l  c o r r e c t  ju d g m e n ts  by  th i r d s  o f se ss io n  fo r  p a n e l in  t r ia n g le  
o d o r -d is c r im in a t io n  se ss io n s  o f e x te n d e d  le n g th .

Correct judgmentsobserved by
No. of No. of Total correct thirds X" or

triads per session judgments — 1st third vs.
session repiicates possible 1st 2nd 3rd 3rd third

24 3 624 103 108 120 2 .5 :l
36 2 648 124 123 115 0.6

* x2 a t  5 %  leve l o f s ig n if ic an ce  (1  d .f .)  =  3.84.

c o r r e c t  ju d g m e n ts ,  w a s  e s s e n t ia l ly  in d e p e n d e n t of 
se s s io n  le n g th . T h e  p o ss ib le  o c c u rre n c e  o f f a t ig u e  
o r  le a rn in g  d u r in g  th e  l a t te r  s ta g e s  o f e x te n d e d  
ju d g in g  p e r io d s  w a s  in v e s t ig a te d  by  ta b u la t in g  in  
th i r d s  o f se ss io n s  a ll  d a ta  o b ta in e d  in  t r ia d  se r ie s  
o f 24  a n d  36 ju d g m e n ts  ( T a b le  2 ) .  T h e s e  re s u lts  
in d ic a te  n o  s ig n if ic a n t  fa t ig u e  o r  le a rn in g  e ffec ts .

T h e  r e l ia b il i ty  o f s a m p le  e s t im a te s  o f r e p e a t 
a b il i ty  w a s  te s te d  w ith  d if fe re n t  b in o m ia l  d e s ig n s  
a n d  u n d e r  c o n d itio n s  o f e x te n d e d  se ss io n  le n g th .

I n  th e  f i r s t  s tu d y , th e  e ffe c tiv e n e ss  o f  p a n e l 
se le c tio n  w a s  p re d ic te d  b y  c o m p a r in g  R  v a lu e s  
c a lc u la te d  f ro m  d a ta  o b ta in e d  u n d e r  th r e e  d i f 
f e r e n t  t e s t  d e s ig n s  ( th e  p a ire d -c o m p a r is o n , th e  3- 
sam p le  “ t r ia n g le ,”  a n d  th e  9 -sa m p le  t e s t ) .  L o c k 
h a r t  (1 9 5 1 ) h a s  d is c u s se d  th e  c h a r a c te r is t ic s  o f 
th e s e  a n d  o th e r  b in o m ia l  t e s t  sy s tem s . F if te e n  
ju d g e s  p a r t ic ip a te d ,  a n d  th e  c o n d itio n s  o f te s t in g  
w e re  id e n tic a l  in  a l l  r e s p e c ts  o th e r  th a n  b in o m ia l 
d e s ig n . T h e  p re l im in a ry  t r a in in g  w a s  th re e  j u d g 
in g  p e r io d s  o f 7 t r ia n g u la r  te s ts  p e r  p e rio d .

T h e  9 -sa m p le  sy s te m  h a d  a  sp ec ified  d is tr ib u tio n  
A A A A A - B B B B , ju d g e s  w e re  re q u e s te d  to  sep a -

T a b le  3. S c a le  v a lu e s  a c c o rd in g  to  th e  c o m p le te 
n e ss  o f  s e p a ra t io n  o f A  a n d  B  in  a  9 -sa m p le  
b in o m ia l  o d o r  d is c r im in a t io n  te s t.

Possible sample arrangem ent Chanceprobability Scalevalue
A A A A A - B B B B 1 /1 2 6 —0.008 1.0
A A A A B - A B B B 2 0 /1 2 6 — 0.16 0.5
A A A B B - A A B B 6 0 /1 2 6 — 0.48 0
A A B B B - A A A B 4 0 /1 2 6 — 0.32 0.5
A B B B B - A A A A 5 /1 2 6 — 0.04 1.0

r a te  th e  sam p le s  in to  tw o  g ro u p s , d is s im ila r  in  
o d o r  c h a r a c te r is t ic s  b u t  id e n tic a l  w i th in  th e  g ro u p , 
a n d  d is c r im in a t io n  o n ly  w a s  a t  issu e . R e su lts  
f ro m  th e  9 -s a m p le  t e s t  w e re  t r a n s f o r m e d  to  sca le  
v a lu e s  a c c o rd in g  to  th e  c o m p le ten e ss  o f s e p a ra tio n  
o f A  a n d  B , a s  sh o w n  in  T a b le  3. S c o r in g  th e  
d a ta  o f th e  in d iv id u a l  ju d g e s  fo r  a ll th re e  o d o r  
d is c r im in a t io n  te s ts  is r e p o r te d  in  T a b le  3 -A .

T h e  n u m b e r  of se ss io n s  c o n d u c te d  w a s  th r e e  in  
th e  2- a n d  3 -sa m p le  te s ts ,  a n d  five in  th e  9 -sa m p le  
te s t.  S ix  c o n se c u tiv e  p a ir s  w e re  p re s e n te d  in 
th e  2 -sa m p le , 7 c o n se c u tiv e  t r ia d  se ts  in  th e  3-

T a b le  3 -A . S u m m a ry  o f in d iv id u a l  ju d g e  p e r fo rm a n c e  d a ta  in  2-, 3-, a n d  9 -sa m p le  b in o m ia l  o d o r  
d is c r im in a t io n  te s ts .

2-sample test 3-sample test, 9-sample test
Session Session Session

Judge 1 2 3 1 2 3 1 2 3 4 5
1 1 .0 0 “ 1.00 1.00 0.714 1.000 1.000 1.0 “ 1.0 1.0 1.0 1.0
2 1.00 0.83 0.83 .286 0.571 0.429 1.0 0.5 0.5 1.0 1.0
3 0.50 0.50 0.50 .143 .571 .143 0 0 0.5 0 0
4 1.00 1.00 1.00 .571 .714 .286 1.0 1.0 0.5 1.0 0.5
5 0.50 0.83 1.00 .571 .143 .286 1.0 0.5 0 0.5 0.5
6 1.00 0.50 1.00 .571 .714 .714 1.0 0.5 0 0.5 0
7 0.67 0.67 0.83 .429 .286 .143 0.5 0.5 0.5 1.0 0.5
8 1.00 0.83 0.83 .286 .286 .429 0 0 1.0 0 1.0
9 0 0.17 0.33 .286 .286 .143 1.0 0 0.5 0.5 0.5

10 0.50 0.50 0.33 .571 .429 .571 1.0 0.5 0 1.0 0
11 1.00 0.83 1.00 .429 .571 .857 0.5 1.0 0.5 1.0 1.012 0 0.67 0.83 .286 .286 .714 0.5 0 0 0 0
13 0.67 0.33 1.00 .857 .286 .286 0.5 0.5 1.0 0.5 1.014 0.67 0.50 0.33 .286 .429 .143 0 0.5 0.5 0 0.5
15 1.00 0.67 1.00 .714 .429 .286 1.0 1.0 0.5 1.0 0.5

“ R a tio  o f c o r r e c t  ju d g m e n ts  to  to ta l  ju d g m e n ts . 
“ S e e  T a b le  3 fo r  d e f in itio n  o f s c o re  v a lu es .
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T a b le  4. E s t im a te s  o f re p e a ta b i l i ty -o f -p e r f o rm -  

a n c e  d a ta  f ro m  th e  sam e  o d o r -d is c r im in a t io n  p a n e l.

Test design Repeatability R
Standard deviation of R

2 -sa m p le  ( 6 p a ir s ) 0.55 0.145
3 -sa m p le  ( 7 t r i a d s ) 0.36 0.170
9 -sa m p le

(o n e  g ro u p  o f 9 ) 0.32 0.130

sam p le , a n d  o n e  in  th e  9 -sa m p le  te s t.  a n a ly s is  
o f th e  d a ta  f o r  “g o o d n e ss  o f fit” in d ic a te d  th a t  
d a y - to -d a y  ju d g e  p e r fo rm a n c e  d id  n o t  v a ry  
u n d u ly  ( G o u ld en , 1 9 5 2 ). T a b le  4  s u m m a r iz e s  
e s t im a te s  of re p e a ta b i l i ty  a n d  th e i r  s ta n d a rd  
d e v ia t io n s . T h e  re s u lts  in d ic a te  t h a t  th e  2 -sa m p le  
d e s ig n  p ro v id e s  fo r  g r e a te r  e s t im a te  o f r e p e a t 
a b il ity  o f p e r fo rm a n c e  d a ta .

A g re e m e n t  b e tw e e n  d i r e c t  a n d  in d ire c t  e s t i 
m a te s  of r e p e a ta b i l i ty  w a s  e v a lu a te d  b y  c o m p a r in g  
in d i r e c t  e s t im a te s  o f R  w i th  d i r e c t  e s t im a te s  of 
R  f ro m  th re e -s a m p le  te s ts  o f  v a r y in g  s e ss io n  size. 
T h e  ju d g in g  se ss io n s  c o n s is te d  o f 6, 12, 24, o r  
36 o d o r  d is c r im in a t io n  te s ts  w i th  tw o  re p lic a t io n s . 
T h e  in d ire c t  e s t im a te s  o f  R  ( T a b le  5 )  w e re  c a l
c u la te d  f ro m  th e  a n a ly s is  o f v a r ia n c e  o f th e  6 - 
t r ia d  se ss io n  d a t a :

T e s t S o u rc e  o f D e g re e s  o f S u m  of
m e th o d v a r ia t io n fre e d o m sq u a re s
3 -sam p le T o ta l 19 1.2115
(2  re p s  ) J u d g e s 9 0.7581

S e ss io n s
l } 10

0 .03 52]
E r r o r 0.4182^

M e an
s q u a re

0.0842
0.0453

T h e  se ss io n  te r m  w a s  c o m b in ed  w ith  th e  e r r o r  
te rm  s in ce  it  w a s  sm a ll a n d  o f n o  p ra c tic a l

s i g n i f i c a n c e  i n  t h i s  c a s e .  F r o m  E q .  3 ,

( V i -  Ve) A
( V j  — V e ) / ( k  +  V e / n )  ’

(n u m b e r  o f

se ss io n  r e p l i c a te s ) ,  a n d  n  =  1, fo r  th e  n u m b e r  
o f te s ts  p e r  ju d g e  (6  t r ia d s  p e r  se s s io n  is e q u iv 
a le n t  to  1 t e s t ) .  T h u s  n  =  2 f o r  12 o d o r  te s ts  
p e r  se ss io n , n  =  4  fo r  24  o d o r  te s ts  p e r  se ss io n  
a n d  n  =  6 fo r  36  o d o r  te s ts  p e r  se ss io n . W ith  
th e  in d ire c t  te s t im a te s  in  T a b le  5 a r e  th e  d ire c t  
e s t im a te s  of R  c a lc u la te d  f ro m  th e  a n a ly s is  o f 
v a r ia n c e  ( T a b le  5 -A )  o f e ac h  p a n e l  se ss io n  (12 , 
24, a n d  36 o d o r  d is c r im in a t io n  t e s t s ) .

T h e  d i r e c t  e s t im a te  o f R  f o r  th e  3 6 - te s t  se ss io n  
le n g th  a g re e d  f a i r ly  c lo se ly  w i th  th e  in d ire c t  
v a lu e . In  e ac h  o th e r  c ase , d e v ia t io n s  w e re  la rg e  
a n d  p ro b a b ly  a t t r ib u ta b le  to  th e  s ize  o f  e x p e r i 
m e n ta l  e r ro r .

T o  c o m p a re  re p e a ta b i l i ty  e s t im a te s  o f 2 -sa m p le  
a n d  3 -sa m p le  b in o m ia l m e th o d s  u n d e r  te s t  c o n 
d i t io n s  o f e x te n d e d  se ss io n  le n g th ,  fo u r  o d o r-  
d is c r im in a t io n  se ss io n s  c o n s is tin g  o f 36 c o n se c u 
t iv e  p a ire d -c o m p a r is o n  te s ts  p e r  se ss io n  w e re  a c 
c o m p lish e d  in  d a ily  su c ce ss io n  w ith  a  p a n e l  of 
12 su b je c ts . R e fe re n c e  sam p le s  ( c o n t ro l  a n d  
v a n i l l in )  w e re  p re s e n te d  w ith  e a c h  p a ir  o f e x 
p e r im e n ta l  s am p le s  d u r in g  tw o  o f th e  fo u r  se ss io n s .

O b s e rv e r s  w e re  a d v is e d  t h a t  o n e  m e m b e r  o f

T a b le  5. D i r e c t  a n d  in d ire c t  e s t im a te s  o f r e p e a t 
a b il ity  fo r  t r ia d  o d o r -d is c r im in a t io n  se s s io n s  of 
e x te n d e d  len g th .

No. of triads per session
Indirect estimate of R

Direct estimate ofR
Standard deviation of R

6 0.30 0.30 0.30
12 0.46 0.24 0.32
24 0.63 0.49 0.24
36 0.72 0.80 0.14

T a b le  5 -A . S u m m a ry  o f in d iv id u a l  ju d g e  p e r fo rm a n c e  d a ta  in  th re e -s a m p le  b in o m ia l  o d o r  
d is c r im in a t io n  te s ts  in  ju d g in g  se ss io n s  o f v a ry in g  le n g th .”

N umbe r of triad tests per session
Judge 6 12 24 36

1 0.67 b 0.83 0.42 0.25 0.42 0.54 0.36 0.47
2 0 .50 .75 .58 .42 .58 .39 .53
3 .33 .83 .58 .75 .63 .54 .58 .50
4 .83 .50 .67 .67 .63 .71 .92 .94
5 .17 .50 .58 .50 .75 .58 .86 .72
6 .33 0 .25 .58 .29 .38 .50 .28
7 .50 .50 .83 .42 .38 .63 .61 .50
8 .33 .17 .83 .67 .38 .42 .44 .47
9 .67 .67 .75 .50 .63 .67 .42 .55

10 .33 .50 .42 .42 .38 .54
' A n a ly s is  
" R a tio  o f

o f v a r ia n c e  w a s  c a r r ie d  o u t on  co m b in ed  
c o r r e c t  ju d g m e n ts  to  to ta l  ju d g m e n ts .

sess io n re p lic a te s .
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e ac h  p a ir  c o n ta in e d  a d d itiv e , a n d  e a c h  re fe re n c e  
s a m p le  w a s  id e n tic a l  to  o n e  u n k n o w n . C o n c en 
t r a t io n  of v a n i ll in  w a s  13 X  10~5 g /1 0 0  m l. W h e n  
re fe re n c e  sam p le s  w e re  p ro v id e d , ju d g e s  w e re  
re q u e s te d  t o  r e f e r  to  b o th  c o n tro l  a n d  v a n ill in  
sam p le s  a t  le a s t  o n ce  fo r  e ac h  ju d g m e n t  t h r o u g h 
o u t  th e  e n t i r e  s e r ie s  o f 36.

D i r e c t  e s t im a te s  w e re  m a d e  of re p e a ta b i l i ty  fo r  
b o th  p a ire d -c o m p a r is o n  m e th o d s  f o r  th e  e n ti re  
36 te s ts  in  th e  ju d g in g  p e r io d s  a n d  f o r  th e  f irs t  
18 te s ts  o f  th e  36 ( T a b le  6 ) .

T a b le  6. C o m p a r is o n  o f d i r e c t  e s t im a te  o i 
re p e a ta b i l i ty  f ro m  p a n e l  p e r fo rm a n c e  d a ta  in  2- 
s a m p le  te s ts  w i th  a n d  w i th o u t  re fe re n c e  sam p le s  
in  se s s io n s  o f e x te n d e d  le n g th .

No. of Standardtests per deviationTest method session Repeatability of R
N o  re fe re n c e 36 0.89 0.06
R e fe re n c e s 36 .82 .10
N o  re fe re n c e s 1st 18 o f 36 .86 .08
R e fe re n c e s 1st 18 o f 36 .65 .17

S e v e n  ju d g e s  w h o  p a r t ic ip a te d  in th is  in v e s ti -
g a tio n  h a d  t a k e n p a r t  in  th e p re v io u s  s tu d y  (3 6
c o n se c u tiv e  t r ia d te s ts  p e r se s s io n ) . T h is  f a c t
p e rm it te d  c o m p a r is o n  o f re p e a ta b i l i ty  e s t im a te s  
fo r  th e  tw o  d if fe re n t  b in o m ia l  m e th o d s  u n d e r  c o n 
d i tio n s  o f e x te n d e d  se ss io n  le n g th . T a b le  7  sh o w s 
e s t im a te s  o f R  f o r  th e  tw o  d if fe re n t  te s t  d e s ig n s .

T a b le  7. C o m p a r is o n  o f d i r e c t  e s t im a te s  of 
r e p e a ta b i l i ty  f ro m  p a n e l p e r fo r m a n c e  d a ta  in  2- 
a n d  3 -sa m p le  te s ts  in  se s s io n s  o f e x te n d e d  le n g th .

No. of Standardtests per deviationTest method session Repeatability of R
2 -sa m p le

N o  re fe re n c e 36 0.97 0.02
R e fe re n c e s 36 .85 .12

3 -sa m p le
N o  re fe re n c e 36 .79 .13

2 -sa m p le
N o  re fe re n c e 1st 18 o f 36 0.97 0.03
R e fe re n c e s 1st 18 o f 36 .57 .28

3 -sa m p le
N o  re fe re n c e 1st 18 o f 36 .66 .20

T h e  d a ta  of T a b le s  6  a n d  7 in d ic a te  th a t  pan e l
se lec tio n  co u ld  be e ffec tiv e  w ith  s c re e n in g  sess io n s  
o f  fe w e r  th a n  36 te s ts .  R  v a lu e s  w e re  lo w e r  in  
a ll  te s ts  w i th  re fe re n c e  sam p le s . C o m p a r is o n  of 
2 -sa m p le  a n d  3 -s a m p le  R  v a lu e s  in d ic a te s  th e  
fo r m e r  to  be th e  m o re  sen s itiv e , a s  a lso  ev id en ced  
by  th e  d a ta  o f T a b le  4.

T o  e v a lu a te  th e  u se fu ln e ss  o f r e p e a ta b i l i ty  e s t i 
m a te s  d e r iv e d  f ro m  a n a ly s is  of v a r ia n c e  fo r  p re 
d ic t io n  o f g a in s  in  p e r fo rm a n c e  b y  se lec tio n , 
o b s e rv e d  re p e a ta b i l i ty  ( R 1) o f s e le c te d -p a n e l  
p e r fo rm a n c e  d a ta  in  s c re e n in g  t e s t  se ss io n s  w a s  
d e te rm in e d  a s  f o l lo w s :

s u p e r io r i ty  o f s e lec ted  p a n e l  in  su b se q u e n t te s t  
se le c tio n  d if fe re n tia l  in  s c re e n in g  te s t

S u c h  o b s e rv e d  R 1 v a lu e s  w e re  o b ta in e d  f ro m  five 
s e p a ra te  s c re e n in g  te s ts  w dth  38 ju d g e s  e v a lu a t 
in g  o d o r  in  2 -sa m p le  te s ts  w i th  v a n i ll in  a d d itiv e  
(4  X  10~5 g /1 0 0  m l)  in  m ilk -s o lid s  m e d iu m  (4  
re p lic a t io n s  p e r  s e s s io n ) .  In  each  of th e  f irs t  
fo u r  s c re e n in g  sess io n s , ju d g e s  w e re  ra n k e d  a c 
c o rd in g  to  th e  n u m b e r  o f c o r r e c t  ju d g m e n ts ,  a n d  
th e  to p  2 0 %  (8  ju d g e s )  a n d  b o tto m  2 0 %  of
ju d g e s  w e re  re s p e c tiv e ly  s e lec ted  to  c o m p o se  
P a n e l  I  (g o o d )  a n d  P a n e l  I I  ( p o o r ) .  T h e  c o m 
p o s it io n  o f  e ac h  se lec ted  p a n e l v a r ie d  a c c o rd in g  
to  r a n k  o rd e r s  o b ta in e d  in  d if fe re n t  se ss io n s , a n d  
w h e n  m o re  ju d g e s  q u a lif ied  th a n  w e re  re q u ire d , 
ra n d o m  se lec tio n  w a s  n e c e ssa ry . T h e  p e rfo rm a n c e  
in c re m e n t o f P a n e l  I  ( s e le c te d  f ro m  se ss io n  I )  
o v e r  th e  to ta l  p a n e l in  sess io n  I  w a s  c o m p a re d  
to  th e  in c re m e n t  f o r  th e  sam e  s e lec ted  p an e l m e m 
b e rs  o b s e rv e d  in  se ss io n  2. P e r fo rm a n c e  o f P a n e l  
I, n e w ly  se lec ted  f ro m  S e ss io n  2, w a s  c o m p a re d  
to  o b s e rv e d  p e r fo rm a n c e  o f th e  sam e  p a n e l in 
S e ss io n  3, a n d  so on . T h e  r a t io  o f in c re m e n ts  
p ro v id e d  a  m e a s u re  o f re p e a ta b i l i ty  fo r  p e r fo r m 
a n c e  o f P a n e l  I se lec ted  f ro m  S e ss io n  1, etc. 
T h u s ,  fo r  th e  five s c re e n in g  se ss io n s , fo u r  in d e 
p e n d e n t m e a s u re s  o f R  w e re  o b ta in e d  fo r  u p p e r -  
20 %  p a n e ls . R e p e a ta b il i ty  v a lu e s  w e re  d e te rm in e d  
in  th e  sam e  m a n n e r  f o r  th e  lo w e r -2 0 %  p an e ls . 
T h e  a v e r a g e  R  fo r  e ach  g ro u p  o f fo u r  m e a su re d  
w a s  c o m p a re d  to  th e  re p e a ta b i l i ty  c a lc u la te d  by 
a n a ly s is  o f v a r ia n c e  o f  th e  f i r s t  fo u r  sc re e n in g -  
te s t  se ss io n s  c o m b in ed . T a b le  8 s u m m a r iz e s  th e

T a b le  8. S u m m a ry  o f  m e a s u re d  r e p e a t a b i l i ty 8 
v a lu e s  o f o d o r -d is c r im in a t io n - te s t  d a ta  fro m  
se lec ted  p a n e ls  in  s c r e e n in g - te s t  sess io n s .

Screeningsession
M easured repeatability of selected panels

Panel I b Panel I I e
1 vs. 2 0.38 0.10
2 vs. 3 0 .54 0.14
3 vs. 4 0.38 0.41
4  vs. 5 0.52 0.31
R 'a v e r a g e 0.48 0.24
S ta n d a r d

D e v ia tio n  o f  R '  0.09 0.14
” R  (b y  a n a ly s is  o f v a r ia n c e )  =  0 .2 /. 
11 T o p  2 0 %  of ra n k e d  ju d g e s .
1 B o tto m  2 0 %  o f r a n k e d  ju d g e s .
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T a b le  9. E x a m p le  c a lc u la t io n s  fo r  th e  m e a s u re d  R  v a lu e s  a s  r e p o r te d  in  T a b le  8.
Av. no, correct judgments per test session

Session 1 VS. 2 2 vs. 3 3 VS. 4 4 VS. 5
P a n e l  I  se lec ted 4.00 “ 3.50 4.00 3.63 4.00 3.50 4.00 3.50
T o ta l  p a n e l  u n se le c te d 2.76 3.03 3.03 3.11 3.11 3.16 3.16 3.06
D if fe r e n t ia l 1.24 0.47 0.97 0.52 0.89 0.34 0.84 0.44

0.47R 0.38 0.54 0.38 0.521.24
“ T o ta l  p o ss ib le  c o r r e c t  ju d g m e n ts  =  4.

r e s u lt s  o f th e  c a lc u la t io n s . T h e  m e a s u re d  R  
v a lu e s  r e p o r te d  f o r  P a n e l  I  ( a n d  s im ila r ly  fo r  
P a n e l  I I )  w e re  c a lc u la te d  f ro m  th e  d a ta  o f T a b le  
9 -A  in  th e  m a n n e r  o u tl in e d  in  T a b le  9. A v e ra g e  
re p e a ta b i l i ty  m e a s u re d  f o r  P a n e l  I I  p e r fo rm a n c e  
d a ta  s h o w e d  c lo se  a g re e m e n t  w ith  R  c a lc u la te d  
b y  a n a ly s is  o f v a r ia n c e ,  b u t  th e  a v e r a g e  R  fo r  
P a n e l  I  w a s  s o m e w h a t  la r g e r .  T h is  d is c re p a n c y  
m a y  be  d u e  to  d e v ia t io n s  f ro m  n o rm a l i ty  in  th e  
e x p e r im e n ta l  d a ta .

D IS C U S S IO N
Results of the preliminary study on the 

effect of session length on panel performance 
agree with those reported by others. Pfaff- 
mann et al. (1954), in tests with orange 
drink, brown bread, and other products, 
found that panel efficiency did not decline 
during 40-min taste sessions involving 18 
triangle tests per session. Sather and Calvin
(1960) recently reported similar results 
with flavor-preference tests (green beans, 
hamburger, peaches, and tomato juice) in 
which up to 20 samples were tested in one 
judging period. Those authors concluded 
that pre-tests would be most useful in deter
mining a limit to the number of trials that 
may be conducted. The results of this study 
are consistent with those of Pfaffmann and 
Sather and indicate that, with reconstituted 
dry milk solids, as many as 36 odor dis
crimination tests per session could be ac
complished without loss of panel efficiency.

Estimates of the repeatability of judges’ 
performance were found to be of somewhat 
greater magnitude for the paired-compari
son odor discrimination method than for 
the triangle and 9-sample binomial methods. 
This relation was particularly apparent in 
judging sessions of extended length. The 
observations lend support to evidence (Byer 
and Abrams, 1953; Gridgeman, 1955; 
Pfaffmann et al., 1954; Filipello, 1956)

that, under some conditions, the 2-sample 
test method may be more sensitive than 
the 3-sample binomial design.

In triangle tests in which the same panel 
of judges participated in judging sessions 
of varying length, values of repeatability 
estimated from performance data were not 
in close agreement with indirect estimates 
of R except in the case of 36-tests-per-ses- 
sion data. Since indirect estimates of R 
were calculated from performance data ob
tained in 6-test sessions, the observed dis
crepancy may be attributable to experimental 
error or interaction between judge perform
ance and number of samples. Discrepancies 
of estimates of R probably indicate fatigue 
or other non-additive effects on judge per
formance. The standard deviations of direct 
estimates of R for sessions involving 6, 
12, and 24 consecutive tests were large as 
compared to that for 36.

In paired-comparison tests with sessions 
of extended length, panel performance was 
essentially identical whether or not reference 
samples were provided. The observation, 
however, that one part of performance, re
peatability of data, was lower with reference 
samples than without suggests the possi
bility that certain judges may benefit from 
a reference, thus obscuring true discrep
ancies between judges, and hence reducing 
R. The fact that repeatability of perform
ance data in the first 18 tests of 36 in 
sessions of protracted testing were essen
tially identical to those for the entire series 
of tests combined suggests that, for this 
particular test system, effective panel selec
tion could be achieved with screening ses
sions of fewer than 36 tests. The relatively 
high values of R observed in data from 
sessions of extended length confirm the 
predicted hypothesis that judging periods
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T a b le  9 -A . S u m m a ry  o f p a n e l  o d o r -d is c r im in a 
t io n  p e r fo rm a n c e  d a ta  in  2 -sa m p le  s c re e n in g  te s ts  
w i th  v a n ill in  a d d itiv e  in  m ilk -s o lid s  m ed iu m .

Session number
Judge 1 2 3 4 5 Total

1 4 a 4 4 4 4 20
2 4 4 4 4 4 20
3 4 4 4 4 4 20
4 4 4 4 4 4 20
5 4 1 2 2 2 11
6 4 4 3 4 4 19
7 4 4 3 4 4 19
8 4 3 3 4 4 18
9 4 4 3 3 4 18

10 4 3 3 4 3 17
11 3 4 4 4 4 19
12 3 4 4 3 2 16
13 3 3 4 3 i 14
14 3 3 2 4 3 15
15 3 4 4 3 2 16
16 3 4 4 2 2 15
17 3 2 3 3 3 14
18 3 4 3 3 3 16
19 3 4 4 4 4 19
20 3 2 2 4 4 15
21 3 4 4 2 4 17
22 3 3 2 3 2 13
23 3 3 3 4 4 17
24 3 1 3 3 4 14
25 3 3 4 3 4 17
26 2 2 2 4 2 12
27 2 2 i 2 3 10
28 2 1 3 2 3 11
29 2 3 4 4 2 15
30 2 3 4 4 3 16
31 2 3 0 2 3 10
32 2 1 3 2 3 11
33 i 4 2 2 3 12
34 i 3 4 1 2 11
35 i 3 4 4 3 15
36 i 1 3 3 2 10
37 i 4 1 1 2 9
38 i 2 4 4 2 13

a T o ta l  p o ss ib le  c o r r e c t  ju d g m e n ts  p e r  sess io n  
p e r  ju d g e  =  4.

involving protracted testing may provide a 
more reliable basis for panel selection than 
periods of short duration.

The principal advantage to be derived 
from application of repeatability estimates 
to selection of judges is the ability of the 
experimenter to predict the proportion of 
judges whose sensitivity can be expected 
to satisfy established specifications. A sim

ple ranking of judges may permit differen
tiation of individual capabilities but cannot 
ensure that the judges who are selected will 
perform at a specified level of proficiency. 
The evidence reported in this study, in 
which observed increments (and decre
ments) in performance of selected judges 
over the entire unselected panel averages 
were measured, indicates that average re
peatability of performance was, in fact, 
equivalent to, or greater than, repeatability 
predicted by analysis of variance. Thus, 
estimates of intraclass correlation appear to 
provide a reliable basis for predictions in 
the selection of panels.
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All-Vegetable Protein Mixtures for Human Feeding 
VI. The Value of Combinations of Lime-Treated 

Corn and Cooked Black Beans3 b
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a n d  CARLOS E. TEJADA

Institute of Nutrition of Central America and Panama (IN C A P ), Guatemala, C. A.

(M a n u s c r ip t  re c e iv e d  O c to b e r  16, 1961)

SUMMARY
Raw and lime-treated corn and raw and cooked beans were analyzed for  

nutrient content including essential am ino acids. No major treatm ent changes 
were found. E ight different corn and bean com binations were tested iso- 
proteically and isocalorically in both growing and protein-depleted adult rats. 
Corn protein alone gave better results than bean protein. Replacem ent o f  
part o f the lime-treated corn protein by cooked-bean protein improved growth 
up to the point where each dietary com ponent contributed 50%  of the 
total protein o f the diet (72%  corn and 28%  beans by w eight); thereafter 
growth was decreased with increasing am ounts o f bean protein in  the diet.

W hen the diets were supplem ented with the lim iting am ino acids found  
to be deficient by comparing their amino acid pattern with that o f the FAO 
Reference Protein, m ethionine proved to be the m ost lim iting, particularly 
in those diets with a higher content o f bean protein. The addition o f lysine  
and m ethionine together improved protein efficiency further. W henever 
adequate growth was obtained, higher am ounts o f fat were found in the liver.

As previous INCAP publications have 
stressed, corn and beans are the most im
portant staple foods consumed by the rural 
population of Central America (Castillo 
and Flores, 1955 ; Flores and Reh, 1955 ). 
The incidence of protein malnutrition a- 
mong children in this area is high (Behar 
et al., 1958). It was hoped that a corn 
rnasa (Bressani and Scrimshaw, 1958; 
Bressani et a!., 1958a) and cooked black 
bean combination would be found that 
would be suitable for preventing this disease 
and also for treating mild cases of it.

Cereal grain-legume seed combinations 
are nutritionally better than is either in-

11 T h is  in v e s tig a t io n  w a s  s u p p o r te d  b y  g r a n ts  
R F - N R C - 1  f ro m  th e  N a tio n a l  R e s e a rc h  C o u n c il 
( U .  S .)  a n d  A -981  f ro m  th e  N a tio n a l  In s t i tu te s  
o f H e a l th .

b I N C A P  P u b lic a t io n  1-188.
'  P a r t  o f th e  th e s is  b y  A . T . V a lie n te  f o r  a  

d e g re e  in  C h e m is try  a n d  P h a r m a c y  f ro m  th e  
U n iv e rs id a d  A u to n o m a  d e  E l  S a lv a d o r ,  E l  S a l 
v a d o r . C. A .

gredient alone (F.A.O., 1954; Baptist,
1956). However, optimum combinations of 
legume seeds and cereal grains have not 
been reported. Since corn is deficient in 
lysine and tryptophan (Säuberlich et al., 
1953 ; Bressani et al., 1958b) but adequate 
in methionine, and beans are good sources 
of lysine and tryptophan and deficient in 
methionine (Russell et al, 1946; Tandon et 
al, 1957), the proteins of these two staples 
should complement each other efficiently.

Baptist (1956) found that rats fed a 
combination of cereal grain with legume 
seeds grew as well as those fed the stock 
ration of the colony. Tongur and Orlova 
(1956) obtained good results by mixing 
60 parts of buckwheat, 20 parts of soybean, 
and 16 parts of rice. Desikachar et al. 
(1956) and Chitre and Vallury (1956) 
demonstrated that a legume and rice com
bination improved rat growth. More re
cently, Brock et al. (1955) reported that 
a combination of mealie-meal (ground

[ 394 ]
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corn ) with cowpea can initiate cure in 
children with kwashiorkor.

In view of these findings, it was of prac
tical interest to study the nutritive value 
of several combinations of corn masa with 
cooked black beans. The best mixture was 
further evaluated by supplementing the diets 
with the limiting amino acids.

EXPERIMENTAL METHODS
O n e  h u n d re d  p o u n d s  o f w h i te  s ta r c h y  c o rn  

(Zca w ays/, c u lt iv a te d  in  th e  h ig h la n d s  o f 
G u a te m a la , w e re  m ad e  in to  m a s a  u s in g  th e  lim e- 
t r e a tm e n t  p ro c e d u re  d e s c r ib e d  b y  B r e s s a n i  an d  
S c r im s h a w  (1 9 5 8 ) ,  a  p ro c e d u re  in v o lv in g  c o o k 
in g  a b o u t 60 m in  a t  9 6 -9 8 “C. A  s im ila r  q u a n t i ty  
o f w h o le  b la c k  b e an s  (Phaseolus vulgaris) f ro m  
T e c p a n , G u a te m a la , w e re  w a s h e d  w ith  w a te r  to  
re m o v e  fo re ig n  m a t te r  a n d  c o o k e d  60 m in  in th e  
a u to c la v e  a t  16 lb  p re s s u re  a n d  1 2 1 °C  in  th e  
p ro p o r t io n  o f 100 g  o f w h o le  b e an s  to  2000 m l 
o f d is ti l le d  w a te r .  B o th  w e re  th e n  d r ie d  w ith  
h o t  a i r  a t  8 0 °C  a n d  g ro u n d  to  p a ss  40 m esh . 
R e p re s e n ta t iv e  sam p le s  of b o th  r a w  a n d  co o k ed  
m a te r ia l  w e re  a n a ly z e d  b y  th e  A .O .A .C . m e th o d  
(1 9 5 0 ) fo r  m o is tu re ,  n i tro g e n , e th e r  e x tr a c t ,  

c ru d e  fiber, a n d  a sh . T h e  c a rb o h y d ra te  c o n te n t  
a n d  m e ta b o liz a b le  e n e rg y  w e re  o b ta in e d  b y  c a l
c u la tio n . T h e  e ss e n tia l  a m in o  a c id  c o m p o s itio n  
w a s  d e te rm in e d  b y  m ic ro b io lo g ic a l  te c h n iq u e s  
w ith  Lcuconostoc mesenteroides P -6 0 , u s in g  D ifco  
m ed ia  (D ifc o  L a b o ra to r ie s ,  D e tro it ,  M ic h ig a n )  
fo r  ly s in e , m e th io n in e , leu c in e , iso le u c in e , a r g i 
n ine , c y s tin e , p h e n y la la n in e , a n d  ty ro s in e , a n d  
th e  m ed ia  o f S te e l  et al. (1 9 4 9 ) f o r  h is tid in e  
a n d  v a lin e . T h e  fo r m e r  m e d iu m  w a s  a ls o  u se d  
w ith  Lactobacillus arabinosus 17-5 f o r  th e  a s s a y  
o f  t ry p to p h a n , a n d  th e  l a t te r  w i th  Streptococcus 
faecalis 8043 f o r  th e  d e te rm in a t io n  o f th re o n in e .

I n  e v a lu a tio n s  o f th e  n u tr i t iv e  v a lu e , b o th  
y o u n g  a n d  p ro te in -d e p le te d  a d u l t  r a t s  o f th e  
W is t a r  s t r a in ,  o b ta in e d  f ro m  th e  I N C A P  co lo n y , 
w e re  used . In  th r e e  g r o w th  t r ia ls ,  36, 48, a n d  
48 w e a n l in g  r a t s  w e re  d is t r ib u te d  b y  w e ig h t, 
u s in g  3 m a le s  a n d  3 fe m a le s  p e r  e x p e r im e n ta l  
d ie t. T h e  a n im a ls  w e re  p lac ed  in  in d iv id u a l, 
a l l -w ire  sc re e n  c a g e s  w ith  r a is e d  sc re e n  b o tto m s  
a n d  p ro v id e d  fo o d  a n d  w a te r  a d  l ib itu m , a n d  
w e ig h t  g a in s  a n d  fo o d  c o n s u m p tio n  w e re  m e a s u re d  
e v e ry  7 d a y s  fo r  28 d ay s .

A t  th e  en d  o f th e  e x p e r im e n ts ,  th e  a n im a ls  
in  each  g ro u p  w e re  s a c r if ic e d  a n d  th e i r  l iv e rs  
re m o v e d  a n d  a n a ly z e d  f o r  f a t  b y  e th e r  e x t r a c 
tio n  a n d  fo r  n i t ro g e n  by  th e  m ic ro -K je ld a h l  p r o 
ced u re . A  f r a g m e n t  o f  l iv e r  t is s u e  w a s  fix ed  
in  10(4 n e u t r a l  fo rm a lin  s o lu tio n  fo r  s ta in in g

w ith  h e m a to x y lin -e o s in , G o m o ri 's  r e t ic u lin  fiber, 
a n d  S u d a n  I V  s ta in s  (L il l ie ,  1 9 4 8 ). T h e  a m o u n t 
o f f a t ty  c h a n g e  in  th e  l iv e r  w a s  e s t im a te d  as  
f o l lo w s : G ra d e  I ,  n o  s u d a n o p h ilic  m a te r ia l  s e e n ; 
I I ,  a  fe w  h e p a tic  c e lls  s h o w in g  f a t  d ro p le ts  
(u s u a l ly  ce lls  lo c a te d  in  th e  p e r ip o r ta l  a r e a  of 
th e  h e p a tic  lo b u le )  ; I I I ,  sam e  a s  G ra d e  I I  
b u t  m o re  s e v e re ;  IV , f a t ty  c h a n g e  d iffu se  a n d  
m o re  sev ere .

In  th e  d e p le t io n - re p le tio n  e x p e r im e n ts ,  a d u l t  
a lb in o  ra ts ,  w e ig h in g  a ro u n d  200 g , w e re  d e p le te d  
o f p ro te in  by  fe e d in g  a  n i t ro g e n - f r e e  d ie t  m ad e  
u p  of 8 6 %  c o rn s ta rc h ,  5 %  H e g s te d  m in e ra l  m ix 
tu r e  ( H e g s te d  et al., 1 9 4 1 ), 5 %  re f in e d  c o tto n 
seed  oil (m a n u fa c tu re d  in  G u a te m a la ) ,  2 %  cod 
l iv e r  o il, an d  2 %  ce llu lo se  ( N u tr i t i o n a l  B io 
ch em ica l C o rp ., C lev e lan d , O h io ) ,  s u p p le m e n te d  
w ith  5 m l p e r  100 g  o f a  v i ta m in  s o lu tio n  s u g 
g e s te d  b y  M a n n a  a n d  H a u g e  (1 9 5 3 ) .  A f te r  
lo s in g  2 5 %  of th e i r  in i t ia l  b o d y  w e ig h t, th e  r a t s  
w e re  d is tr ib u te d  b y  w e ig h t  a m o n g  th e  e x p e r i 
m e n ta l  g ro u p s  a n d  h a n d le d  a s  p re v io u s ly  d e sc rib e d  
fo r  th e  y o u n g  r a ts .  T w o  e x p e r im e n ts  w i th  e ig h t  
g ro u p s  e ac h  w e re  c a r r ie d  o u t  in  w h ic h  b o dy  
w e ig h t  a n d  fo o d  c o n su m p tio n  w e re  m e a s u re d  a t  
7 a n d  14 day s .

In  th e  g r o w th  s tu d ie s , th e  a n im a ls  w e re  fed  
th e  e x p e r im e n ta l  d ie ts  d e s c r ib e d  in  T a b le  1, 
w h ic h  a ls o  sh o w s th e  a m o u n t  o f co o k e d  b ean s  
a n d  l im e - tre a te d  c o rn  flo u r  n e c e s s a ry  to  g iv e  
iso n i tro g e n o u s  a n d  is o c a lo r ic  d ie ts . T h e  ta b le  
a ls o  show 's th e  p ro te in  p e rc e n ta g e  d is tr ib u tio n  
f ro m  m a s a  a n d  co o k e d  b e a n s ; th e  o th e r  in g re d ie n ts  
o f  th e  d ie ts  w e re  2 %  c o d  l iv e r  o il ( c o u r te s y  
o f M e a d -J o h n s o n  & C o., E v a n s v i lle , I n d ia n a ) ,  
5 %  c o tto n s e e d  o il, 4 %  H e g s te d  m in e ra l  m ix tu r e  
( N u tr i t i o n a l  B io c h e m ic a l C o ., C lev e lan d , O h io )  
( H e g s te d  ct al., 1 9 4 1 ), 2 %  A lfa c e l ,  a n d  c o rn 
s ta r c h  to  a d ju s t  to  1 0 0% . A ll  ra t io n s  w e re  f u r th e r  
s u p p le m e n te d  w ith  a  c o m p le te  v i ta m in  s o lu tio n  
(M a n n a  a n d  H a u g e ,  1 9 5 3 ).

T w o  a m in o  a c id  s u p p le m e n ta tio n  s tu d ie s  w e re  
a ls o  c a r r ie d  o u t. I n  th e  f irs t ,  e ac h  o f th e  e ig h t  
d ie ts  te s te d  p re v io u s ly  w a s  s u p p le m e n te d  w ith  
l im it in g  e s s e n tia l  a m in o  a c id s  to  th e  lev e ls  in 
d ic a te d  b y  th e  a m in o  a c id  p a t t e r n  o f  t h e  F A O  
R e fe re n c e  P r o te in  (1 9 5 7 ) .  T h e  seco n d , th e  d ie t 
in  w h ic h  5 0 %  of th e  p ro te in  cam e  f ro m  b e an s  
a n d  5 0 %  f ro m  c o rn  m a sa , w a s  su p p le m e n te d  
w ith  m e th io n in e , ly s in e , iso le u c in e , a n d  th re o n in e  
f o r  d e te rm in a t io n  o f th e  m o s t  l im it in g  a m in o  
ac id . I n  th e  a m in o  a c id  s u p p le m e n ta tio n  s tu d ie s , 
c o r re c t io n  w a s  m ad e  fo r  th e  fo r m  o f t h e  a m in o  
ac id  a d d e d ; b u t  n o  a t te m p t  w a s  m a d e  to  m ak e  
a ll  d ie ts  c o m p le te ly  iso n itro g e n o u s , b e ca u se  th e  
q u a n t i t ie s  o f n i tro g e n  c o n tr ib u te d  by  th e s e  a d d i 
t io n s  w e re  so  sm all.
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T a b le  1. N i t r o g e n  d is tr ib u tio n  o f e x p e r im e n ta l  d ie ts ,
Nitrogen from: Nitrogen distribution

Dietno.
Masa (Vo in diet)

Cookedbeans( % in diet)
Cornmasa
(g)

Cookedbeans
(g)

Cornmasa(Vo)
Cooked beans ( Vr )

i 87.00 1.15 100 0
2 69.59 7.33 0.92 0.23 80 20
3 60.89 11.00 0.80 0.34 70 30
4 52.19 14.67 0.09 0.46 60 40
5 43 .50 18.34 0.57 0.57 50 50
6 34.79 22.00 0.46 0.69 40 60
7 17.40 29.34 0.23 0.92 20 80
8 36.67 1.15 0 100

%  N  in  c o rn  m asa , 1 .32 ; %  N  in c o o k e d  b ean s , 3.14.
b A ll d ie ts  w e re  su p p le m e n te d  w i th  4 %  m in e ra l  m ix tu r e  ( H e g s te d  et al., 1 9 4 1 ) ;  2 c/i c e l lu 

lo s e ;  2c/c cod  l iv e r  o i l ;  5 %  c o tto n s e e d  oil a n d  w ith  c o rn s ta rc h  to  a d ju s t  to  100 g . A ll d ie ts  
re c e iv e d  S m l of a  v i ta m in  s o lu tio n  ( M a n n a  a n d  H a u g e , 1953) p e r  100 g  d ie t.

R E S U L T S
T a b le  2 sh o w s th e  c h em ica l c o m p o s itio n  of 

th e  c o rn  a n d  th e  b la c k  b e a n s  in  th e i r  r a w  a n d  
c o o k e d  s ta te s , a n d  T a b le  3 th e i r  e ss e n tia l  a m in o  
a c id  c o n te n t . F o r  c o m p a r is o n , th e  a m in o  ac id  
p a t t e r n  o f th e  F A O  R e fe re n c e  P r o te in  is  a lso  
in c lu d e d  in  T a b le  3.

W h e n  th e  a m in o  a c id s  a r e  e x p re s s e d  a s  g  of 
a m in o  a c id  p e r  g  o f n i tro g e n , a  c h a n g e  in  
a rg in in e  a n d  t ry p to p h a n  c o n te n t  is n o te d  b e tw e e n  
th e  r a w  c o rn  a n d  m asa . O th e r  a m in o  a c id s  r e 
m a in  th e  sam e  o r  a r e  s l ig h tly  h ig h e r  in  lim e- 
t r e a te d  c o rn  th a n  in r a w  c o rn . S m a ll  c h a n g e s  w e re  
fo u n d  b e tw e e n  th e  ra w  a n d  co o k ed  b lac k  b e a n s  in  
a rg in in e ,  iso leu c in e , leu c in e , ly s in e , p h e n y la la n in e , 
a n d  t ry p to p h a n  c o n te n t . T h e  c o m p a r is o n  o f th e  
a m in o  a c id  p a t t e r n  of l im e - tre a te d  c o rn  w ith  th a t  of 
th e  F A O  R e fe re n c e  P r o te in  in d ic a te d  th a t  th e  
lim it in g  a m in o  a c id s  w e re  t ry p to p h a n , ly sin e , 
m e th io n in e , a n d  i s o le u c in e ; in  co o k ed  b la c k  b ean s , 
m e th io n in e  w a s  m o s t  d e fic ien t, fo llo w e d  b y  t r y p 
to p h a n  a n d  p o ss ib ly  leuc in e.

F ig . 1 sh o w s th e  r e s u lt s  o f th e  r a t  g ro w th  
e x p e r im e n ts .  I t  c an  be seen  th a t  a t  th e  sam e  p r o 
te in  p e rc e n ta g e  o f th e  d ie t ,  g ro w th  in  a ll  e x 
p e r im e n ts  w a s  b e t te r  w ith  l im e - tre a te d  c o rn  a lo n e  
th a n  w ith  co o k ed  b e an s  a lo n e . T h e  m a x im u m  
g ro w th  re s p o n se  w a s  o b ta in e d  w h en  c o rn  m a sa  
c o n tr ib u te d  4 0 -6 0 %  o f th e  to ta l  p ro te in  w ith  b ean  
p ro te in  s u p p ly in g  th e  re m a in d e r .

F ig . 1 a ls o  sh o w s th e  s im ila r  r e s u lt s  o f th e  
p ro te in  d e p le t io n -re p le tio n  e x p e r im e n ts .  A t  eq u a l 
p ro te in  lev e ls , l im e - tre a te d  c o rn  a s  th e  so le  p r o 
te in  s o u rc e  in d u c ed  b e t te r  w e ig h t  g a in s  d u r in g  
re p le t io n  th a n  d id  c o o k ed  b ean s . R e p la c e m e n t of 
p a r t  of th e  l im e - tre a te d  c o rn  p ro te in  by  co o k e d - 
b ean  p ro te in  im p ro v e d  re p le t io n  w e ig h t  g a in s .

F ig . 1 a ls o  sh o w s th e  f a t  c o n te n t  of th e  l iv e rs  
o f th e  g ro w in g  r a t s  fed  th e  se v e ra l  c o rn -b e a n

c o m b in a tio n s . I t  is  e v id e n t  th a t  th e  f a t  c o n te n t  
in  th e  l iv e rs  w a s  g r e a te r  w h e n  g r o w th  w a s  b e tte r .  
H is to p a th o lo g ic a l  s tu d ie s  of th e  l iv e r  of th e  r a ts  
fed  th e  se v e ra l  c o rn -b e a n  c o m b in a tio n s  sh o w ed  
n o  c o n s is te n t  c h a n g e  in  th e  h e p a tic  s t r u c tu re .  T h e  
h e p a tic  c e lls  w e re  fo u n d  to  b e  n o rm a l ,  e x c e p t  
fo r  a  v a r ia b le  d e g re e  o f f a t ty  c h a n g e  in  th e  
m a jo r i ty  o f th e  a n im a ls  s tu d ied . T h e  f a t ty  c h an g e  
o c c u r re d  m a in ly  in  th e  p e r ip o r ta l  a re a s ,  a n d  th e  
fa t  c h a n g e  in  each  cell v a r ie d  f ro m  v e ry  s lig h t  
( f in e  in tra c y to p la s m ic  d ro p le ts )  to  s e v e re  ( c o a r s e

AVE. PROTEIN % IN DIETS T.T 7.7 78 7.6 7.7 7.9 7.9 7 8
INCAP. P-10 62

F ig . 1. R e sp o n se  o f r a t s  fed  c o m b in a tio n s  of 
l im e - tre a te d  c o rn  a n d  co o k ed  b la c k  b ean s .
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T a b le  2. C h em ica l c o m p o s itio n  o f c o rn  a n d  b la c k  b e an s  b e fo re  a n d  a f te r  co o k in g .

Nutrient Raw-ground corn Lime-treated corn masa Rawblack beans Cooked black beans
M o is tu re  ( g  % ) 14.20 11.50 12.40 10.50
P r o te in  ( g  % ) 9.18 8.25 18.50 19.62
E th e r  e x t r a c t  ( g  % ) 4.00 3.30 1.80 0.50
C ru d e  fib e r ( g  % ) 3.10 2.30 4.80 5.60
A s h  ( g  % ,) 1.20 2.70 4.20 3.50
C a rb o h y d ra te  ( g  % ’) 68.32 71.95 58.30 60.28
M e ta b o liz a b le  c a lo r ie s /1 0 0  g 346 351 323 324

u n iq u e  d r o p s ) .  N o  p a th o lo g ic a l  fin d in g s  w e re  e n 
c o u n te re d  in  th e  p o r ta l  t r a c ts ,  c e n tra l  v e in s , o r  
h e p a tic  la c u n a e .

Amino acid supplementation. T h e  d iffe re n c e  
b e tw e e n  th e  a m in o  ac id  p a t t e r n  o f e a c h  c o m b in a 
t io n  o f l im e - tre a te d  c o rn  a n d  co o k e d  b e a n s  a n d  
th a t  o f th e  F A O  R e fe re n c e  P r o te in  (1 9 5 7 ) w a s  
c a lc u la te d  a n d  th e  a m o u n t  re p re s e n t in g  th is  d i f 
fe re n c e  w a s  a d d e d  to  e ac h  c o m b in a tio n  of c o rn  
a n d  b ean s . T h e  o n ly  e x c e p tio n  w a s  m e th io n in e , 
w h ic h , on  th e  b a s is  o f p re v io u s  r e s u lt s  (B re s s a n i  
ct al._, 19 54 ; 1 9 5 8 ), w a s  a d d e d  a t  a  lev e l o f 180 
in s te a d  of 270 m g / g  N .

In  th e  f i rs t  o f tw o  e x p e r im e n ts ,  6 r a t s  w e re  
u sed  p e r  g ro u p , a n d  e ig h t  c o rn -b e a n  c o m b in a tio n s  
w e re  su p p le m e n te d  w ith  a m in o  a c id s . D ie ts  1, 
5, a n d  8 o f  th e  p re v io u s  e x p e r im e n ts  s e rv e d  as  
n e g a tiv e  c o n tro ls . T h e  r e s u lt s  a r e  in  T a b le  4. 
T h e  a d d i t io n  o f ly s in e , t ry p to p h a n , a n d  iso le u c in e  
to  d ie t  1, in  w h ic h  a ll  th e  p ro te in  w a s  c o n tr ib u te d  
by  c o rn , im p ro v e d  g ro w th  a n d  p ro te in  e ffic iency 
s ig n if ic a n tly . T h e  s u p p le m e n ta tio n  o f d ie ts  2 an d  
6  r e s u lte d  in  s im ila r  g r o w th  r e s p o n s e s ; th e  a m in o

a c id  a d d itio n  to  d ie t  5 g a v e  o n ly  a  s m a ll re s p o n se  
in  w e ig h t  g a in . D ie t  7, w ith  l im e - t r e a te d  c o rn  
c o n t r ib u tin g  2 0 %  a n d  co o k ed  b e a n s  8 0 %  o f  th e  
to ta l  p ro te in , g a v e  a  p o o r  g ro w th  re s p o n se  c o m 
p a re d  to  th e  o th e r  d ie ta r y  c o rn -b e a n  c o m b in a tio n s , 
ev en  th o u g h  it  w a s  s u p p le m e n te d  w ith  m e th io n in e  
a n d  t ry p to p h a n . In  th e  d ie t  w i th  a ll  o f th e  p r o 
te in  c o n tr ib u te d  b y  c o o k e d  b ean s , s u p p le m e n ta tio n  
w ith  m e th io n in e , t ry p to p h a n , a n d  leu c in e  im p ro v e d  
g ro w th  re s p o n se  s ig n if ic a n tly . T h e  w e ig h t  g a in , 
h o w e v e r , w a s  m u c h  b e lo w  th a t  o b ta in e d  w h e n  th e  
d ie t  c o n ta in e d  o n ly  u n s u p p le m e n te d  c o rn  p ro te in . 
T a b le  5 a lso  sh o w s th e  f a t  c o n te n t  o f th e  l iv e r  
o f th e  r a ts  in  th is  e x p e r im e n t. T h e  f a t  in c re a s e d  
a s  th e  p ro p o r t io n s  o f l im e - t r e a te d  c o rn  d e c re a se d  
to  6 0 %  o f th e  p ro te in  o f th e  d ie t  a n d  th e  c o o k e d  
b e a n s  in c re a se d  t o  4 0 % . T h e  fa t  d e c re a se d  a s  
th e  a m o u n t  o f co o k e d  b e an s  in  th e  d ie t  in c re a se d  
b ey o n d  4 0 % . In  g e n e ra l ,  th e  a m in o  a c id  s u p p le 
m e n ts  to  th e  d ie ts  d id  n o t  d e c re a se  th e  f a t  c o n 
te n t  o f th e  l iv e r  o f th e  e x p e r im e n ta l  a n im a ls .

T h e  seco n d  a m in o  a c id  s u p p le m e n ta tio n  e x 
p e r im e n t  w a s  d e s ig n e d  to  d e te rm in e  th e  l im it in g

T a b le  3. E s s e n t ia l  a m in o  a c id  c o m p o s itio n  o f c o rn  a n d  b e a n s  b e fo re  a n d  a f te r  t r e a tm e n t .
Score b

F .A .O . CookedRaw corn Masa Raw beans Cooked beans Ref. Prot a Masa beansAmino acid (g /g  N ) (g /g  N > ( g / g N ) (g /g  N) ( g / g N ) c% ) (%>
A rg in in e 0.262 0.242 0.408 0.387
H is t id in e 0.231 0.249 0.244 0.242
Is o le u c in e 0.213 0.227 0.366 0.350 0.270 84
L e u c in e 0.572 0.575 0.285 0.274 0.306 90
L y s in e 0.126 0.138 0.584 0.567 0.270 51
M e th io n in e 0.114 0.119 0.088 0.083 0.190 72 47C y s tin e 0.075 0.076 0.045 0.043 0.080
P h e n y la la n in e 0.276 0.271 0.360 0.338 0.180
T y ro s in e 0.199 0.195 0.181 0.171 0.180
T h re o n in e 0.214 0.228 0.296 0.331 0.180
T  rv p to p h a n 0.032 0.028 0.080 0.076 0.090 31 84
V a lin e 0.281 0.297 0.493 0.516 0.270
N i tro g e n  ( % ) 1.47 1,32 2.96 3.14

a A m in o  ac id  lev e ls  o f F .A .O . R e fe re n c e  P ro te in .
" A m in o  a c id  a d e q u a c y  in  p e rc e n t  o f m a s a  a n d  o f c o o k e d  b e an s  a c c o rd in g  to  F .A .O . R e fe re n c e  

P ro te in .
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a m in o  a c id s  in  a  d ie t  in  w h ic h  5 0 %  o f th e  p r o 
te in  cam e  f ro m  co o k e d  b e a n s  a n d  5 0 %  f ro m  c o rn  
m a sa . A m in o  a c id s  w e re  a d d e d  as  in  th e  p re v io u s  
e x p e r im e n t. T h e  re s u lts  a r e  sh o w n  in  T a b le  4. 
M e th io n in e  a d d i t io n  a lo n e  im p ro v e d  w e ig h t  g a m  
a n d  p ro te in  effic iency  o v e r  th e  u n s u p p le m e n te d  
d ie t .  S u p p le m e n ta tio n  w ith  m e th io n in e  a n d  ly s in e  
im p ro v e d  p ro te in  e ffic iency, w h e re a s  iso le u c in e  a n d  
th re o n in e  a d d e d  to  th e  d ie t  s u p p le m e n te d  w ith  
m e th io n in e  a n d  ly s in e  d id  n o t  f u r th e r  im p ro v e  
g ro w th  o r  p ro te in  e ffic iency.

DISCUSSION
The high incidence of protein malnu

trition in Central America is due to the low 
consumption of good-quality protein during 
the critical age of 2-5 years (Behar e t al.,
1958). Therefore, if a good corn and bean

diet combination were fed during this pe
riod, prevention of protein malnutrition 
should be possible.

The amino acid patterns of the two food
stuffs under study complemented each other 
in the range of 80-50% of protein from 
lime-treated corn and 20-50% from beans. 
At isoproteic levels, lime-treated corn pro
teins are nutritionally better than cooked- 
bean proteins, even though the comparison 
of the amino acid pattern of each protein 
with that of the FAO Reference Protein 
suggests that corn proteins are low in at 
least three amino acids, while beans are 
low in only one or two.

The lesser growth observed with the diet 
in which all the protein was contributed by

T a b le  4. 
b ean  d ie ts .

R e sp o n se  of r a t s  to  a m in o -a c id -s u p p le m e n te d  l im e - tre a te d -c o rn  a n d  c o o k ed -b lack -

Dietno.

Source of protein
Protein in diet

(% )

Average weight gain a 
(g)

Feedefficiency h PER  c

Fatcontent of liver d
( % i

Lime-treatedcorn
(% )

Cookedbeans(%)
E x p e r im e n t  1 '

1 100 0 9.25 29 8.21 1.05 16.34
1A 100 0 8.81 74 4.59 2.47 17.51
2A 80 20 9.00 58 5.26 2.15 20.28
3A 70 30 9.43 61 5.64 1.91 25.35
4A 60 40 9.06 61 5.33 1.89 20.69
5 50 50 9.25 51 5.76 2.10 21.14
5 A 50 s o 9.12 59 5.34 2.03 16.75
6A 60 40 8.94 61 5.26 2.10 21.58
7A 20 80 9.00 45 5.91 1.88 11.81
8 0 100 9.50 - 3 16.03
8 A 0 100 9.25 23 10.26 1.04 14.18

E x p e r im e n t  2  '
5-1 50 50 9.60 64 5.09 2.05
5 -2 50 50 9.30 71 4.92 2.18
5 -3 50 50 9.66 75 4.28 2.42
5 -4 50 50 9.60 72 4.67 2.26

cn 1 Lrv 50 50 9.68 70 4.79 2.16

* A v e ra g e  in it ia l  w e ig h t  fo r  E x p e r im e n t  1, 62 g ; a n d  fo r  E x p e r im e n t  2, 49  g . 
b F e e d  e f f ic ie n c y : a v e r a g e  fo o d  c o n su m e d  in  g / a v e r a g e  w e ig h t  g a in  in  g. 
c P r o te in  effic iency  r a t i o :  a v e r a g e  w e ig h t  g a in  in  g / a v e r a g e  p ro te in  c o n su m e d  in  g. 
d D r y -w e ig h t  b a s is .
'D i e t s  w i th  “A ” w e re  s u p p le m e n te d  w ith  a m in o  a c id s  a s  fo l lo w s :  1 A :  L -lys. H C 1. 0 .1 9 % ; 

D L-tryp., 0 .07 %  ; DL-isoleu., 0 .0 9 8 % . 2 A :  L -lys. H C 1, 0 .0 7 % ; D L-tryp., 0 .0 6 1 % ; DL-isoleu., 
0 .0 4 % ; DL-met., 0 .0 1 6 % . 3 A : D L-tryp., 0 .0 5 5 % ; DL-met., 0 .0 2 3 % ; DL-isoleu., 0 .0 1 % . 4 A : 
D L-tryp., 0 .0 5 0 % ; DL-m et., 0 .0 3 2 % . 5 A : D L-tryp., 0 .0 4 4 % ; DL-met., 0 .0 3 9 % . 6 A : D L-tryp., 
0 .0 3 8 % ; D L-m et., 0 .0 4 7 % . 7A :  D L-tryp., 0 .0 2 8 % ; D L-m et., 0 .0 6 4 % . 8 A : D L -tryp., 0 .0 1 7 % ; 
DL-met., 0 .0 8 0 %  ; L -leu ., 0 .0 3 9 % .

'T h e  a m in o  a c id  s u p p le m e n ts  fo r  th e  d ie ts  in  th is  e x p e r im e n t  w e r e :  5 -1 , n o n e :  5 -2 , DL-met., 
0 .0 4 % . 5 -3  DL-met., 0 .0 4 %  +  L -lys. H C 1, 0 .0 7 % . 5 -4  DL-met., 0.04% . +  L -lys. H C 1, 0 .0 7 %  +  
D L -threo , 0 .1 9 % . 5 -5 , DL-met., 0.04%. +  L -lys. H C 1, 0 . 0 7 % + D L -threo., 0 .1 9 % +  D L-isoleu., 0 .1 8 % .
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beans may have been due to a poor over-all 
amino acid balance or to a lower digesti
bility of bean protein, resulting in a de
creased availability of the amino acids for 
the growing rat.

Other investigators (FAO, 1954; Castro 
and Pechnik, 1951; Baptist, 1956; Tongur 
and Orlova, 1956; Desikachar et ai, 1956; 
Chitre and Vallury, 1956) have generally 
found that combinations of two sources of 
protein give a product of higher protein 
value than either alone. However, if the 
protein of lower nutritive value contributed 
50% or more of the total protein of the 
diet, the net growth responses were similar 
to those obtained with the single protein 
of poorer nutritive value. Results were op
posite when a protein of better nutritive 
value furnished 50% or more of the total 
dietary protein.

The amount of fat in the liver reflects 
the level of protein in the diet (Harper 
et al., 1954, 1955). In the experiments 
reported in this paper, the accumulation of 
fat in the liver was higher when growth 
was better. This suggests that the propor
tions of amino acids in some of the diets 
were adequate for good growth but not 
for the mobilization of fat from the liver. 
If animal growth improves when diets with 
non-evident deficiencies and imbalances are 
fed, the effect of these soon becomes ap
parent in biochemical and pathological al
terations. The results indicate that some 
of the diets were capable of inducing good 
growth but were still deficient in nutrients 
essential for the mobilization of fat from 
the liver. Harper et al. (1955) and other 
investigators (Deshpande et ai., 1955; 
Rosenberg and Culik, 1957) have found 
a similar effect in rice-fed rats.

The amino acid supplementation results 
showed that methionine was the most limit
ing amino acid in the diet in which the pro
tein was half from corn and half from 
beans. Methionine improved both protein 
efficiency and growth; the latter was further 
improved by the addition of lysine. For 
practical reasons the most efficient diet com
bination contained 50% of protein from 
corn and 50% from cooked beans, which

is equivalent to 72% corn and 28% beans
by weight.
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SUMMARY
Studies were carried out to determ ine the best com bination o f  rice and 

cooked black beans when one partially replaced the other isonitrogenously. 
Experim ents with young and with adult protein-depleted rats indicate that 
the best com bination was one in  which about 60%  o f the protein o f the 
diet is from  rice and 40%  from  black beans. The range o f values was from  
70 to 50%  rice and from  30 to 50%  cooked black beans. The m edian  
figures correspond to 80 g o f  rice and 20 g o f beans. On an isoproteic 
basis, rice protein is superior to black bean protein, and supplem entation o f  
either protein source with known lim iting am ino acids improved the protein  
value. Cooked black beans supplem ented with m ethionine and valine still did 
not induce as good growth as rice supplem ented with lysine and threonine. 
W hen rice-black bean diets containing 50%  protein from  each source were 
supplem ented stepwise with the lim iting am ino acids m ethionine, lysine, 
and leucine, the growth and feed and protein efficiencies o f the rats im 
proved; serum protein and liver fat tended to increase.

Rice is nutritionally better than most 
cereal grains, and is also one of the major 
staple foods contributing toward the nu
trition of the world population. Large 
quantities are consumed throughout Central 
America, and in Nicaragua, Costa Rica, 
and Panama (Reh and Fernández, 1955; 
Sogandares and Barrios, 1955) it replaces 
corn as the major staple. Rice is deficient, 
however, in some of the essential amino 
acids and relatively low in total protein 
(Kik, 1956a). The most-limiting amino 
acids in polished rice are lysine and thre
onine (Deshpande et al., 1955 ; Harper et 
al., 1955 : Hundley et al., 1957; Kik, 1956b; 
Pécora and Hundley, 1951), and the addi
tion of these two amino acids significantly 
improves its biological value. The nutritive 
value of rice in human diets is improved by

* In v e s t ig a t io n  s u p p o r te d  b y  g r a n t s  R F - N R C - 1  
f ro m  th e  N a t io n a l  R e s e a rc h  C o u n c il ( U .  S .)  a n d  
A -9 81  f ro m  th e  N a t io n a l  I n s t i tu te s  o f H e a l th .

consuming it with foodstuffs that have a 
complementary amino acid pattern.

In a previous study of corn masa flour 
and cooked beans, the best combination, as 
measured by rat growth, was that in which 
each contributed 50% of the total protein 
of the diets tested (Bressani et al., 1962). 
Since beans are also a possible supple
mentary source of the limiting amino acids 
in rice and also of additional protein, the 
present work was designed to determine 
the relative quantities of rice and bean 
protein in a diet for optimum biological 
results.

E X P E R I M E N T A L  M E T H O D S
A  50 -lb  s a m p le  o f p o lish e d  r ic e  f ro m  th e  lo w 

la n d s  o f G u a te m a la  w a s  g r o u n d  in  a  W ile y  m ill  
to  p a ss  a  4 0 -m esh  sc re e n  a n d  s to re d  a t  4 °C . 
T h e  b ean s  (Phaseolus vulgaris) w e re  p u rc h a s e d  
in  T e c p a n , G u a te m a la , a n d  c o o k e d  a s  p re v io u s ly  
d e s c r ib e d  ( B r e s s a n i  et al., 1 9 6 2 ). R a w  a n d  c o o k e d  
s a m p le s  o f e ac h  w e re  a n a ly z e d  f o r  th e i r  e s s e n tia l  
a m in o  a c id  c o n te n t  b y  m ic ro b io lo g ic a l  m e th o d s  
r e f e r r e d  to  p re v io u s ly  ( B r e s s a n i  a n d  R io s , 19 61 ; 
B re s s a n i  et al., 1 9 6 2 ). T h e  p ro te in  c o n te n t  in  th e

[4 0 1  ]
I N C A P  P u b lic a t io n  1-207.
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T a b le 1. N i t ro g e n d is tr ib u tio n o f e x p e r im e n ta l  d ie ts a.b

Rice in diet 
( V e )

Cooked beans in diet 
(% )

Nitrogen from Nitrogen diistribution
Dietno. Rice

(g)
Cooked beans 

(g)
Rice
( fA  )

Cooked beans (%>
l 89.00 0.98 100 0
2 71.20 5.93 0.78 0.20 80 20
3 62 .40 8.90 0.69 0.29 70 30
4 53.40 11.89 0.59 0.39 60 40
5 44.50 14.86 0.49 0.49 50 50
6 35.60 17.82 0.39 0.59 40 60
7 17.80 23.80 0.20 0.78 20 80
8 29.70 0.98 0 100
“ R ice  c o n ta in e d  1 .10 %  o f n i t r o g e n ;  c o o k e d  b la c k  b e an s  c o n ta in e d  3 .5 0 % . 
b A ll  d ie ts  w e re  f u r th e r  s u p p le m e n te d  w ith  4 .0 %  m in e ra l  m ix tu r e  ( H e g s te d  et al., 1 9 41), 

2 .0%  cod  l iv e r  o il, 5 .0 %  c o tto n se e d  o il, c o rn s ta rc h  to  a d ju s t  to  1 0 0% , a n d  5 m l/1 0 0  g o f  a  
v i ta m in  s o lu tio n  (M a n n a  a n d  H a u g e , 1 9 5 3 ).

m a te r ia ls  a n d  d ie ts  w a s  d e te rm in e d  b y  th e  m a c ro -  
K je ld a h l  m e th o d  ( A .O .A .C .,  1 9 5 0 ).

F o r  e v a lu a tio n  o f th e  b e s t  c o m b in a tio n  o f r ic e  
a n d  b ean s , b o th  r a t  g ro w th  a n d  r a t  p ro te in  r e 
p le t io n  e x p e r im e n ts  w e re  c a r r ie d  o u t  on  fe m a le  
a lb in o  r a t s  o f th e  C D  s tr a in  f ro m  th e  C h a r le s  
R iv e r  L a b o ra to r ie s .  In  a ll  e x p e r im e n ts ,  th e  r a t s  
w e re  d is tr ib u te d  b y  w e ig h t, 6 a n im a ls  p e r  g ro u p , 
in  in d iv id u a l  a l l - w ir e  c ag e s  w ith  ra is e d  sc ree n  
b o tto m s , a n d  fed  ad libitum th e  d ie ts  w h o se  p a r 
t ia l  c o m p o s itio n  is  sh o w n  in  T a b le  1. T h e s e  d ie ts  
w e re  s u p p le m e n te d  w ith  2 .0 %  co d  l iv e r  o il ( M e ad  
J o h n s o n , E v a n s v i lle , I n d . ) ,  5 .0 %  re f in ed  c o tto n 
seed  o il (m a n u fa c tu re d  in G u a te m a la ) ,  a n d  4 .0 %  
H e g s te d  ct al. (1 9 4 1 ) m in e ra l  m ix tu r e ,  w ith  
c o rn s ta rc h  a d d e d  to  1 0 0% . A ll  d ie ts  c o n ta in e d  
a  c o m p le te  v i ta m in  su p p le m n t ( M a n n a  a n d  H a u g e , 
1 9 5 3 ).

F o o d  c o n su m p tio n  a n d  w e ig h t  g a in s  w e re  m e a s 
u re d  e v e ry  sev en  d a y s  f o r  28 d ay s . T h e  r a t s  w e re  
th e n  s a c rif ic e d  a n d  th e i r  l iv e rs  re m o v e d  fo r  fa t  
a n d  p ro te in  d e te rm in a t io n  a n d  m ic ro sc o p ic  e x 
a m in a tio n . I n  on e  e x p e r im e n t,  s e ru m  p ro te in  
v a lu e s  w e re  m e a s u re d  b y  th e  d e n s i ty - g ra d ie n t  
m e th o d  o f L o w ry  a n d  H u n te r  (1 9 4 5 ) .  In  th e  
r a t  r e p le t io n  s tu d ie s , th e  e x p e r im e n ta l  p e r io d  
la s te d  14 d a y s  a n d  r e c o rd s  w e re  m ad e  e v e ry  sev en  
d a y s . !

In  th e  sec o n d  g r o w th  s tu d y , th r e e  o f th e  p r e 
v io u s  d ie ts  w e re  f u r th e r  s u p p le m e n te d  w ith  th e  
a m in o  a c id s  l is te d  in  T a b le  2. L y s in e  a n d  t h r e o 
n in e  w e re  a d d e d  to  d ie t  N o . 1 ;  ly s in e , m e th io n in e , 
a n d  th re o n in e  to  d ie t  N o . 5 ; a n d  m e th io n in e  a n d  
v a lin e  to  d ie t  N o . 8. T h e s e  w e re  th e n  re s p e c tiv e ly  
d e s ig n a te d  d ie ts  1A , 5 A , a n d  8 A . T h e  9 %  c ase in  
d ie t  o f  H a r p e r  et al. (1 9 5 4 ) w a s  u se d  a s  a  
c o n tro l  ( T a b le  3 ) .

T h e  th i r d  g r o w th  e x p e r im e n t  w a s  p la n n e d  to  
d e te rm in e  w h e th e r  th e  n u tr i t iv e  v a lu e  o f  d ie t  5 
c o u ld  be  im p ro v e d  b y  th e  s te p w ise  a d d itio n  of

m e th io n in e , th re o n in e ,  ly s in e , a n d  f in a lly  leu c in e . 
I n  th is  e x p e r im e n t  th e  a m in o  a c id s  re p la c e d  an  
e q u a l  a m o u n t  o f c o r n s t a r c h ; th e  lev e ls  of m e th io 
n in e  a n d  leu c in e  w e re  a d ju s te d  to  th o s e  o f r ic e  
p ro te in , a n d  th o s e  o f ly s in e  a n d  th re o n in e  to  th e  
lev e ls  fo u n d  in  b la c k  b e an s . T h e  a m o u n ts  o f 
a m in o  a c id s  a d d e d  w e re  c o r re c te d  fo r  th e  in a c 
t iv i ty  o f  so m e  o f th e  D -fo rm s. A t  th e  en d  of 
th e  2 8 -d a y  e x p e r im e n ta l  p e r io d , th e  a n im a ls  w e re  
sa c r if ic e d  to  p e rm it  a n a ly s is  o f l iv e r  tis su e .

R E S U L T S
T a b le  2 sh o w s th e  e sse n tia l  a m in o  a c id  c o m 

p o s it io n  o f  th e  sam p le  of r ic e  u sed . T h e  c o m p o s i
t io n  o f th e  c o o k e d  b e an s  w a s  d e sc rib e d  p re v io u s ly  
( B r e s s a n i  et al., 1 9 6 1 ). C o m p a r is o n  w i th  th e  
a m in o  a c id  p a t te r n  o f th e  F A O  R e fe re n c e  P r o 
te in  ( F A O ,  1957) su g g e s ts  t h a t  t ry p to p h a n  is  
th e  f i r s t  l im it in g  a m in o  ac id  a n d  ly s in e  th e  second .

T a b le  2. E s s e n t ia l  a m in o  a c id  c o m p o s itio n  of 
G u a te m a la n  r ic e  c o m p a re d  w ith  t h a t  o f th e  F A O  
R e fe re n c e  P ro te in .

Amino acid Rice(g A A /g  N) FAO(g A A /g  N )
A rg in in e 0.530
H is t id in e 0.204
Iso le u c in e 0.336 0.270
L eu c in e 0.493 0.306
L y s in e 0 .2 6 3 ( 9 7 ) “ 0.270
M e th io n in e 0.214
C y s tin e 0.079 0.270
P h e n y la la n in e 0.336 0.180
T y ro s in e 0.487 0.180
T h re o n in e 0.229 0.180
T  ry p to p h a n 0 .0 7 8 (8 7 )  ■ 0.090
V a lin e 0.386 0.270

° P e rc e n ta g e  o f  F A O  v a lu e  g iv e n  in  p a re n th e s e s .
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T a b le  3. W e ig h t  g a in s , p ro te in  a n d  feed  effic iency , a n d  f a t  c o n te n t  o f th e  l iv e rs  o f y o u n g  

r a t s  fe d  s e v e ra l  r ic e  a n d  c o o k e d -b e a n  c o m b in a tio n s , a n d  re p le t io n  w e ig h t  g a in s  o f a d u l t  r a t s  
fe d  th e  sam e  d ie ts .

Source of protein Growth a Protein repletion 1

Cookedbeans(%)
Av. weight gain 

(g)
Liver fat e (%)

Av. weight
Dietno. Rice

( % )
Feedefficiency c Protein efficiency d Initial

(g)
Gain
(g)

i 100 0 40 6.95 2.3 23.0 170 53
2 80 20 51 5.63 2.7 24.3 170 62
3 70 30 52 5.69 2.7 24.1 171 66
4 60 40 53 5.92 2.6 25.6 170 68
5 50 50 51 5.86 2.6 21.8 171 67
6 40 60 38 6.61 2.3 14.2 170 57
7 20 80 18 11.22 1.3 15.9 171 41
8 0 100 - 4 16.2 171 23
g o 79 3.61 3.4 23.7
* A v e ra g e  in it ia l  w e ig h t  p e r  g r o u p : 52 g . D u r a t io n  o f e x p e r im e n t : 28  d ay s . 
b 9 %  c ase in  d ie t  ( H a r p e r  ct al., 1 9 5 4 ).
c F e e d  e ff ic ie n c y : a v e r a g e  feed  c o n su m e d  in  g / a v e r a g e  g a in  in  w e ig h t  in  g. 
d P r o te in  e ff ic ie n c y : a v e r a g e  g a in  in  w e ig h t  in  g / a v e r a g e  p ro te in  c o n su m e d  in  g. 
e D r y -w e ig h t  bas is .' D u r a t io n  o f re p le t io n  : 14 d ay s .

Table 3 shows the gains in weight as well as 
the feed and protein efficiency in the first rat- 
growth trial, and the results from the depletion- 
repletion experiment. In both experiments there 
was an increase in weight gain until 60% of 
the protein of the diet was contributed by rice 
and 40% by cooked black beans. Feed and pro
tein efficiencies followed the same trends as weight 
gains. Rice alone gave better growth and reple
tion gains than black beans at the same protein 
level in the diet. The fat content of the liver 
was high when rice contributed higher amounts 
of protein to the diet and decreased as bean pro
tein replaced more than 50% of rice protein. The 
highest fat and lowest protein content of the liver 
occurred when weight gains were greatest. The 
opposite tendency was noted in the rats fed more 
than 50% black bean protein.

The upper part of Table 4 shows the results 
of the third biological trial. The average weight 
gains of the rats were similar to those of the 
previous experiment. Addition of 0.40% L-lysine 
HC1 and 0.50% DL-threonine to the diet in which 
all of the protein was from rice (No. 1) induced 
a highly significant improvement in growth and 
feed and protein efficiency. There was also a 
marked decrease in liver fat and an increase in 
serum proteins. The addition of 0.25% L-lysine 
HC1, 0.14% DL-methionine, and 0.45% DL-threo
nine to the diet where rice and beans each con
tributed 50% of the total protein of the diet 
(No. 5), resulted in improved growth, increased 
feed and protein efficiency, and decreased liver 
fat. A small decrease in serum proteins was

also observed. The levels of lysine, methionine, 
and threonine added were those of diet No. 1 
supplemented with the levels of lysine and threo
nine described above. The growth response with 
the supplemented diet No. 5 was not, however, 
as high as that obtained with all-rice protein 
diet No. 1 supplemented with lysine and threonine. 
Finally, w'hen a diet containing only black bean 
protein was supplemented with 0.22% DL-methio- 
nine and 0.30% DL-valine, there was a marked 
increase in weight gain and in feed and protein 
efficiency of the rats.

The lower half of Table 4 shows the results 
of the fourth growth experiment. In this trial, 
a diet containing 50% rice protein and 50% 
bean protein was supplemented stepwise with 
methionine, threonine, lysine, and leucine. Methi
onine addition alone, increased w'eight gains and 
both feed and protein efficiency; liver fat also 
increased, while serum proteins v'ere unchanged.

The addition of 0.10% DL-threonine to the 
methionine-supplemented diet caused no further 
change in weight or liver fat. It did, however, 
improve feed and protein efficiency and increase 
serum proteins. The addition of 0.19% L-lysine 
further improved feed and protein efficiency and 
grov'th. Adding 0.21% L-leucine to the amino 
acid supplement increased not only weight gain 
and feed and protein efficiency, but also serum 
protein, although it seemingly decreased liver fat.

D IS C U S S IO N
Nutritionists have always advocated the 

use of legume seeds as protein supplements
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for cereal grains. In this study, cooked 
black beans improved the nutritive value 
of the diet when bean protein replaced rice 
protein isonitrogenously. The improvement 
effect reached a peak and was followed by 
a progressive decrease as bean protein be
came the major component of the diet. The 
maximum response occurred when rice con
tributed about 60% of the protein of the 
diet, with a range from 70 to 50%, and 
black beans about 40%, with a range from 
50 to 30%. The 60/40 mixture corresponds 
to about 80 g of rice and 20 g of beans. 
These results are similar to those reported 
previously for the combination of beans and 
corn masa (Bressani et al., 1961).

Measured on an isoproteic basis, the pro
tein of rice is superior nutritionally to that 
of black beans. This may lie due to a lower 
amino acid availability in beans as well as 
to the known deficiency of total sulfur-

containing amino acids (Bressani and Elias, 
1961; Russell et al., 1946). It is also pos
sible that the conditions of cooking beans 
further lowered the nutritive value of their 
protein. Most of the studies of essential 
amino acids in legume seeds of the species 
Phaseolus indicate sulfur-containing amino 
acids to be limiting (Bressani and Elias, 
1961; Russell et al., 1946).

Since the fat content of the liver is one 
indicator of the quantity and quality of the 
protein in a diet, the results suggest that, 
although replacement of rice by bean pro
tein induced better growth up to a point, 
the amino acid balance was still not ade
quate for the effective mobilization of liver 
fat. The amino acid supplementation ex
periments indicate that this was due to 
amino acid deficiencies in the diets tested.

As reported by Harper ct al. (1954,
1955), Rosenberg and Culik (1957), and

T a b le  4. G ro w th  o f r a t s  fe d  d if f e r e n t  c o m b in a tio n s  o f  r ic e  a n d  b la c k  b ean s , a n d  re s p o n se  
to  a m in o  ac id  s u p p le m e n ta tio n  o f d ie ts .

Protein distribution Liver f a t (1( r/c)
Serumproteins
(% >

Dietno.a Rice
(% )

Black beans(%) Av. weight gain (g) Feedefficiency b Protein efficiency 0
T r ia l  no . 3 0

1 100 0 38 7.50 2.21 24.5 5.14
1A 100 0 134 3.16 4.58 13.9 5.80
2 80 20 54 5.81 2.54 28.8 5.17
3 70 30 49 6.12 2.37 24.8 5.29
4 60 40 51 5.74 2.44 22.3 5.23
5 50 50 51 5.86 2.43 21.2 5.53
5 A 50 50 95 3.93 3.38 16.4 5.30
6 40 60 54 5.83 2.24 26.5 5.13
7 20 80 18 10.67 1.08 21.2 5.00
8 0 100 0 18.0 4.47
8A 0 100 60 5.13 2.54 21.0 5.40

T r ia l  no . 4 f
5a 50 50 63 5.30 2.66 13.9 5.08
5b 50 50 73 4.90 2.87 18.4 5.12
5c 50 50 76 4.76 2.94 18.5 5.33
Sd 50 50 97 3.82 3.32 14.5 5.20
5e 50 50 105 3.82 3.48 13.9 5.63
“ Diets were supplemented with amino acids as follows: 1 A :  0.40% L-lys. HC1, 0.50% DL-threo. 5 A : 0.25% L-lys. H C 1, 0.14% DL-met., 0.45% DL-threo. 8 A : 0.22% DL-met., 0.30% 

DL-val., 5 a : no supplement. 5 b : 0.14% DL-met., 5 c : 0.14% DL-met., 0.10% DL-threo., 5 d : 
0.14% DL-met., 0.10% DL-threo., 0.19% L -lys. HC1. 5 e : 0.14% DL-met., 0.10% DL-threo., 0.19% L-lys. HC1, 0.21%L-leu.

b F e e d  e ff ic ie n c y : a v e r a g e  fe ed  c o n su m e d  in  g / a v e r a g e  g a in  in  w e ig h t  in  g . 
c P r o te in  e f f ic ie n c y : a v e r a g e  g a in  in  w e ig h t  in  g / a v e r a g e  p ro te in  c o n su m e d  in  g .
“ D r y - w e ig h t  b a s is .
'  A v e ra g e  in it ia l  w e ig h t  p e r  g r o u p : 4 8  g . D u r a t io n  o f e x p e r im e n t : 28 d ays. 
f A v e ra g e  in i t ia l  w e ig h t  p e r  g r o u p : 45 g . D u r a t io n  o f  e x p e r im e n t : 28 d ay s .
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others (Kik, 1956b; Pecora and Hundley, 
1951), growth improves significantly and 
liver fat decreases when a rice protein diet 
is supplemented with lysine and threonine. 
The results reported here also indicate that 
lysine and methionine are required to bring 
about a decrease in liver fat in those diets 
in which part of the protein is contributed 
by beans. Threonine is no longer limiting, 
for no response was observed when this 
amino acid was added to the diet (no. 5). 
The highest accumulation of liver fat and 
greater growth both resulted from the diets 
where most of the protein was contributed 
by rice. Presumably the amino acids in 
the diet were employed by the animal to 
synthesize body proteins for growth to a 
greater extent than for the mobilization of 
liver fat.

The amino acid pattern of each diet 
showed that beans contribute proportion
ately higher amounts of lysine and thre
onine, while there is a progressive decrease 
in methionine as bean protein replaces rice 
protein in the diet. The greater rat growth 
observed may be due to relative increases 
in lysine and threonine, an effect that is 
reversed as methionine becomes limiting. 
The point of maximum growth shows a 
lysine-to-threonine-to-methionine ratio of
1.4:1:0.83 when threonine is taken as a 
unit. Rosenberg and Culik (1957) also 
found that growth response from the amino 
acid supplementation of rice is maximum 
when the lysine-to-threonine ratio is 1.4: 1.

For populations consuming most of their 
proteins from rice and beans, additional 
foods containing proteins of good quality 
are necessary to supply the needed amino 
acids. This can be done by adding protein 
concentrates such as to supply both the 
limiting amino acids of the mixture and 
extra protein.
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