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M em o: W HERE ARE W E?

□  A M O N G  T H E  In s t itu te  m em bers I  be lieve  i t  is m o re  o r  less c o m m on k n o w l­
edge th a t we are ha v in g  p ro b le m s  w ith  the  p u b lic a tio n  o f research papers. W e  have 
m ore  papers to  p u b lis h  th a n  w e can p ro v id e  jo u rn a l pages fo r  the m . T h e  s itu a tio n  is 
be ing  com p ou nde d  b y  r is in g  p u b lic a tio n  costs.

T h e  E x e c u tiv e  C o m m itte e  o f  the In s titu te  has dec la red  a p o lic y  o f  p u b lis h in g  a ll 

w o rth y  papers o ffe re d  fo r  p u b lic a tio n . Such p o lic y  recogn izes th a t p u b lic a tio n s  are 
va lu a b le  m eans fo r :

(a) G iv in g  o u tle t fo r  those w h o  p ro du ce  the  in fo rm a tio n
(b) P ro v id in g  access fo r  those w h o  use the  in fo rm a tio n  

and (c) R e c o rd in g  advances.
A s  a s c ie n tific  and te ch n o lo g ica l o rg a n iza tio n , the I F T  renders a va lu a b le  service 

th ro u g h  its  p u b lic a tio n  o f research find ings.
B u t a p o lic y  to  p u b lis h  a ll  w o r th y  papers rece ived c o u ld  dem and m o re  th a n  is 

poss ib le  w ith  the  fin a n c ia l resources o f the  In s titu te . H ence , th e  c a rry in g  o u t o f th is  
p o lic y  requ ires  th a t a d d itio n a l su p p o rt fo r  the  p u b lic a tio n s  be sought. T h is  can 
m ean th a t som e changes w i l l  be needed.

Those  m os t in v o lv e d  are be in g  asked to  h e lp  su p p o rt p u b lic a tio n  costs. A u th o rs  
o f papers are asked to  pay p a r t o f the cost in  a page-charge. W ith  th is  issue the J o u r ­

n a l o f  F o o d  S c ie n c e  is a su b sc rip tio n  jo u rn a l, even to  re g u la r In s t itu te  m em bers, and 
hence, readers a lso he lp  in  s u p p o rtin g  costs.

A d v e r t is in g  in  the  J o u r n a l  o f  F o o d  S c ie n c e  is be ing  accepted. Soon a less costly  
p r in t in g  process w i l l  be em p loyed . O th e r cost re d u c tio n  m easures are be in g  stud ied.

O th e r changes are po ss ib ilitie s . O ne  th a t has m uch  to  reco m m en d  it ,  is  to  pu b lish  
a ll research papers rece ived b y  the  In s titu te  in  a sing le  research jo u rn a l and n o t to  
d iv id e  them  betw een F o o d  T e c h n o lo g y  and the  J o u r n a l  o f  F o o d  S c ie n c e  as is now  
done.

A  recent reade rsh ip  survey on F o o d  T e c h n o lo g y  te lls  m u ch  a b o u t the w ants  and 
d is like s  o f the  readers o f th a t jo u rn a l. These expressions are o f  in te res t and p ro v id e  
va lua b le  gu idance  fo r  ac tion . T h e y  are n o t a lw ays, how ever, in  acco rd  w ith  w h a t is 
poss ib le  in  te rm s o f the  resources ava ilab le . Som e re c o g n itio n  o f w h a t is feas ib le  and 
ad ju s tm e n t to  th is  fe a s ib ility  m ust be a p a r t o f o u r th in k in g  fo r  tod ay  and  the fu tu re .

O u rs  is an o rg a n iz a tio n  o f d iverse m em bersh ip . M a n y  in te rests and needs exist. 
P ra c tic a lly  a ll b e ne fit f ro m  p u b lic a tio n  o f research find in gs . W h ile  tod ay  we are in  
a ja m  in  o u r  e ffo rts  to  p u b lis h  these find in gs , o u r d e te rm in a tio n  to  f in d  a w ay is 

strong .
W e  tru s t y o u  are w ith  us in  th is .

W alte r M. Urbain
S c ie n t ific  E d it o r
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Letters t o  t h e  S c i e n t i f i c  E d i t o r

Letter to the Editor

O c to b e r  6, 1969 

D e a r  S ir:
In  a  re c e n t re se a rc h  n o te , C a ld w ell e t 

al. (1 9 6 9 )  s ta te d  th a t  in  c o n tra s t  to  p rev i­
o u s  f in d in g s  b y  o th e r  w o rk e rs  a n d  m y se lf 
(C h a ju s s  e t al., 1962b , G a w ro n sk i e t  a l.,
1 9 6 7 ) th ey  d id  n o t o b se rv e  a  d e c re a se  in  
to ta l  su lfh y d ry l g ro u p s  c o n te n t in ex cised  
ch ic k en  b re a s t m u sc le  d u r in g  p o st m o r­
te m  ag ing . C a ld w ell e t  al. ex p la in ed  th a t 
th e  d iffe re n c e s  in th e  o b se rv a tio n s  a re  
p ro b a b ly  d u e  to  d if fe re n t m e th o d s  o f  te s t­
in g  fo r  th io l g ro u p s.

T h is  is in d eed  th e  case. W h a t C a ld w ell 
e t al. o b se rv ed  w as d e fin ite ly  n o t  th e  to ta l 
a c tu a l th io l g ro u p s  p re se n t in  th e  m uscle  
in  a n y  m o m e n t b u t o n ly  so m e o f  th e  
a v a ilab le  th io l g roups.

In  o rd e r  to  e s tim a te  c o rre c tly  th e  to ta l 
a c tu a l th io l g ro u p s , c a re  sh o u ld  be  given 
f irs t to  p re v e n t  an y  po ss ib le  o x id a tio n  o f  
th e  th io l g ro u p s  d u rin g  ana ly sis  (i.e ., use  
o f  so n ic  o sc illa to r  c h a m b e r  u n d e r  n i tro ­
gen in s tea d  o f  W a r in g  b le n d e r ) ,  seco n d ly  
a n d  m o st im p o r ta n t  to  u se  a n  u n o x id a tiv e  
d e n a tu r in g  ag en t su ch  as 8M  u re a , o r 
s im ila r  d é n a tu ra n t ,  to  u n m a s k  all th e  
in n e r  en c lo sed  th io l g ro u p s. W ith o u t  th e  
use  o f  u re a , o r  s im ila r  d é n a tu ra n t ,  o n ly  
so m e o f  th e  th io l g ro u p s  a re  av a ilab le  fo r  
an a ly sis  a n d  th ese  p ro b a b ly  a re  n o t  in ­
v o lv ed  to  an y  g re a t e x te n t in e s tab lish in g  
th e  s tra in e d  p ro te in  n e tw o rk  w ith in  th e  
m u sc le .

M y  o b se rv a tio n s  h av e  in d ic a te d  a vast 
d if fe re n c e  b e tw een  th e  n u m b e r  o f  re a c ­
tiv e  a n d  a v a ilab le  th io ls  in  m u sc le  h o m o g ­
e n a te s  in  w a te r  a n d  m u sc le  h o m o g en a te s  
in  8 M  u re a . W h ile  su c h  d é n a tu ra t io n  is 
n o t n e ce ssa ry  w ith  few  so lu b le  p ro te in s , it 
is d e fin ite ly  n e ed e d  in  th e  m u sc le  p r o ­
te in s . T h e  u se  o f  u re a  n o t  o n ly  ch an g es 
th e  g ross p h y sica l s tru c tu re  o f  th e  m uscle  
h o m o g en a te , b u t  it m a in ly  cau ses an  
u n fo ld in g  o f  th e  s tru c tu re  o f  th e  p ro te in s  
b y  d is ru p tio n  o f  h y d ro g e n  b o n d s  th u s  r e ­
v e a lin g  th e  en c lo sed  th io l g ro u p s  m ak in g  
th e m  av a ilab le  fo r  an alysis.

M u scle  h o m o g en a te s  a re  h ig h ly  c o m ­
p lic a te d  m ix tu re s  w h e re in  in te rc h a n g e  
re ac tio n s  b e tw een  v a rio u s  su lfh y d ry l an d  
d isu lf id e  g ro u p s  m ig h t co n tin u o u s ly  ta k e  
p lace . T h u s  a m e th o d  w h ic h  c o u ld  cau se  
o x id a tio n  a n d  c o n v ers io n  o f  c e r ta in  th io ls  
(n o n -p ro te in  S H )  to  d isu lfid es sh o u ld

n o t, p r im a  fac ie , be  u sed  to  m ea su re  S H  
g ro u p s  ( to ta l  o r  p ro te in )  in a  system  su ch  
as m u sc le  w h e re in  th e  v a rio u s  ty p es o f 
th io ls  exist. S u ch  m e a su re m e n t a n d  d if ­
fe re n tia tio n  is m ean in g le ss  a n d  m is le a d ­
in g  esp ec ia lly  a lso  as ra p id  o x id a tio n  o f  
th e  th io l g ro u p s  c o u ld  h a v e  o c c u rre d  
u n d e r  th e  c o n d itio n  o f  th e  e x p e rim e n t 
(see  Jo c e ly n  e t  a l., 1 9 6 2 ) .

T h e  im p o rta n c e  o f  SH -S S  re ac tio n s  
a n d  th e ir  c o n tr ib u tio n  to  ten d e rn ess  is in ­
d e ed  c lea rly  ev id e n t (C h a ju ss  e t al., 
1 9 6 2 a ) .

D A N I E L  C H A J U S S  
H a y e s  (A S H D O D ) L im ite d  
A sh d o d , Is rae l
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Letter to the Editor

O c to b e r  24 , 1969 

D e a r  S ir:
In  re p ly  to  th e  le tte r  o f  D r. C h a ju ss , I 

o f fe r  th e  fo llo w in g :
C h a ju ss  m ak e s  tw o  m a in  a sse rtio n s : 
(1) th a t  e x p e rim e n ta l c o n d itio n s  w ere  

n o t c o n tro lle d  to  ex c lu d e  a ir  an d  th a t, 
th e re fo re , a u to x id a tio n  o c c u rre d  d u rin g  
e x p e rim e n ta l an a ly ses a n d  th a t  th e  m e th o d  
is in ap p lica b le  fo r  s tu d y  o f  o x id a tio n  o f  
th io l g ro u p s  a n d  (2) th a t  p ro te in s  w e re  
n o t  d e n a tu re d  a n d  w ere  th e re fo re  n o t ac ­
cessib le  to  th e  su lfh y d ry l reag en t.

In  re sp o n se  to  th ese :
1. E x p e rim e n ts  w e re  in d ee d  c a r r ie d  o u t 

u n d e r  c a re fu lly  c o n tro lle d  co n d itio n s  th a t  
w o u ld  p re c lu d e  o x id a tio n  as e ffec tiv e ly  as 
th e  p ro c e d u re  u se d  by  C h a ju s s :

a) S am p les w e re  m a in ta in e d  a t 
— 1 9 6 °C  u n til ana ly zed .

b) H o m o g e n a te s  w e re  p re p a re d  fro m  
th e  still f ro z e n , p u lv e r iz e d  tissue . 
A ir  w as e x c lu d ed  f ro m  th e  b le n d e r  
by  sp ec ia lly  c o n s tru c te d  b a ffle s  d u r ­
in g  d isp e rsa l o f  th e  tis su e  in  w a te r  
a t 0 °C .

c) H o m o g e n a te s  w e re  m a in ta in e d  a t 
IC C  a n d  an a ly ze d  v e ry  so o n  a f te r  
p re p a ra tio n . T h e  - S H  c o n te n t  w as 
sh o w n  to  be  q u ite  s tab le  u n d e r  these  
con d itio n s.

d) Jo c e ly n  d o es n o t  s ta te  o r  in d i ­
ca te  th a t  his m e th o d  p e rm its  u n in - 
ren d ed  o x id a tio n  to  o c cu r . H e  sta tes  
‘N o n -p ro te in  S H  a n d  to ta l  S H  d e ­

te rm in e d  in  th is  w ay  a re  b o th  p r o ­
p o r t io n a l  to  h o m o g e n a te  c o n c e n tra ­
tio n  w h en  th is  is v a r ie d , p ro v id ed  
th a t  a n  ice-co ld  h o m o g e n a te  is u sed  
a n d  th e  re ag e n ts  a re  a d d e d  im m e d i­
a te ly  a f te r  sam p lin g . A n y  d e lay  
lead s to  a  loss o f  n o n -p ro te in  SH . 
T h is  is sh o w n  in T a b le  1, w h ich  
illu s tra te s  th e  effec t o f  a  d e la y  (1 5  
m in )  b e tw ee n  a d d itio n  o f  th e  d i­
su lp h id e  fo r  th e  to ta l  S H  e s tim a tio n  
a n d  a d d itio n  o f  th e  d isu lp h id e  fo r  
th e  n o n p ro te in  S H  e s tim a tio n  to  
d if fe re n t  sam p le s  o f  th e  sam e  h o ­
m o g en a te . R eco v e rie s  o f  G S H  ad ded  
to  th e  h o m o g e n a te  a n d  e s tim a te d  
as n o n -p ro te in  S H  a re  v e ry  p o o r  
w h e re a s  re co v e rie s  as to ta l S H  are  
sa tis fa c to ry , th o u g h  th is  e s tim a tio n  
is c o m p le te d  m u c h  la te r . T h is  d i f ­
fe re n c e  is p ro b a b ly  d u e  to  th e  rap id  
o x id a tio n  o f  G S H  b y  th e  h o m o g e ­
n a te  (F ig . 5 ) ,  w h ic h  is a r re s te d  as 
so o n  as th e  d isu lp h id e  is a d d e d .”

e) In  o u r  la b o ra to ry , w e d id  n o t  c o n ­
d u c t e x p e rim e n ta l w o rk  u n til  w e  es­
tab lish e d  sa tis fa c to ry  re co v e rie s  a n d  
re p ro d u c ib ili ty  in  p re lim in a ry  tria ls. 
D u r in g  th ese  tr ia l  ru n s , w e  o b se rv ed  
th a t  (1) th e  to ta l  a n d  n o n -p ro te in -  
S H  c o n te n t  o f  h o m o g e n a te s  r e ­
m a in e d  u n c h a n g e d  w h e n  h o m o g ­
e n a te s  w e re  m a in ta in e d  a t 0 ° C  
d u rin g  th e  w o rk in g  d a y  a n d  (2) if 
h o m o g en a te s  w e re  fro z e n  o v e rn ig h t, 
re -h o m o g e n iz e d  to  fa c ilita te  sa m ­
p lin g  a n d  su b seq u e n tly  an a ly ze d , 
th e  - S H  c o n te n t w as  still u n ­
ch an g ed .

f) Jo c e ly n  ap p lie d  th e  a n a ly tic a l p r o ­
c ed u re  in  m u c h  th e  sam e  m a n n e r  as 
w e— to  m e a su re  to ta l a n d  n o n -p ro -
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te in  su lfh y d ry l c o n te n t o f  tissue  
h o m o g en a tes  as a  fu n c tio n  o f  h o ld ­
ing  tim e — w ith  th e  ex ce p tio n s  th a t  
he used  (1) liv e r ra th e r  th a n  m uscle  
(2) tim e  p e rio d s  o f  0 -1  h rs  r a th e r  
th a n  0 -6  h rs  a n d  (3) in c u b a tio n s  a t 
37 : C ra th e r  th a n  ag in g  (i.e ., “ in ­
c u b a tio n s" )  a t 0 °C .

2. W e k n o w  o f  no  ev id en ce  to  su p p o rt 
D r . C h a ju ss ' co n te n tio n  th a t  c r itic a l su lf­
h y d ry l g ro u p s a re  n o t an a ly ze d  by  th e  
p ro c e d u re  re p o rte d  in o u r  p a p e r . T h e  fa c t 
th a t  u re a  o r  o th e r  d é n a tu ra n ts  a lte r  th e  
te r t ia ry  s tru c tu re  o f  p ro te in s  a n d  expose  
su lfh y d ry l g ro u p s  b u ried  w ith in  th a t  
s tru c tu re  does n o t m ean  th a t  su c h  g ro u p s  
w o u ld  be u n re ac tiv e  to  all ch em ica l 
ag en ts . T h e  reac tiv ity  o f  th ese  g ro u p s  will 
v a ry  d ep en d in g  u p o n  th e  re a g e n t u sed , its 
c o n c e n tra tio n , the  tim e c o u rse  o f  re ac tio n  
a n d  o th e r  e x p e rim e n ta l p a ra m e te rs . Jo c e ­
lyn  re p o rts  th a t b o th  p ro te in  a n d  n o n p ro ­
te in  su lfh y d ry ls  re ac t w ith  th e  E llm a n  re ­
a g en t, 5 .5 '-d ith io b is -(2 -n itro b en z o ic  acid ) 
w ith o u t p r io r  d é n a tu ra t io n  o f  p ro te in s . 
Jo c e ly n  re p o rts  th a t  to ta l - S H  v a l­
ues fo r  u n d e n a tu re d  p ro te in s  a s  d e te r ­
m in e d  by  his m e th o d  a re  in a g ree m e n t 
w ith  th e  to ta ls  fo u n d  fo r  d e n a tu re d  p ro ­
te in s  d e te rm in e d  by o th e r  m e th o d s . “ W ith  
b o v in e  se ru m  a lb u m in  th e re  a p p e a rs  to  be 
n e a r ly  c o m p le te  re ac tio n  w ith  th e  av a il­
ab le  SH  d esp ite  th e  fa c t th a t th ese  g ro u p s  
a re  n o t reac tiv e  e n o u g h  to  be  o x id ized  
e v en  by fe rr ic y an id e  (K o l th o f f  & A n as- 
ta s i, 1 9 5 8 ) .” R e f e r e n c e :  Jo c e ly n , C .P . 
( 1 9 6 2 ) . T h e  e ffe c t o f  g lu ta th io n e  o n  p ro ­
te in  su lfh y d ry l g ro u p s  in ra t- l iv e r  h o m o g ­
e n a tes . B i o c h e m .  J.  8 5 , 4 8 0 .

A s w e have  h ad  n o  o p p o r tu n ity  to  e v a l­

u a te  e ith e r  th e  d a ta  o b ta in e d  o r  m eth o d s  
u sed  by D r. C h a ju ss , w e  a re  u n a b le  to  
c o m m e n t on  h is re su lts  re fe r re d  to  in his 
le tte r . T h e  a n a ly tic a l m e th o d  w h ic h  w e 
u sed  d o es n o t cau se  u n w a n te d  o x id a tio n s  
to  o c c u r  a n d  an a ly tic a l sam p le s  w e re  a d e ­
q u a te ly  p ro te c te d  fro m  a u to x id a tio n .

K .  A .  C A L D W E L L
A lb a n y , C a lifo rn ia

L etter to  the E ditor

D e a r  S ir:
I w ish  to  m ak e  a c o rre c tio n  to  th e  p a ­

p e r  “ A  C o m p a riso n  o f  T e c h n iq u e s  fo r  
D e te rm in in g  th e  F a t  C o n te n t o f  G ro u n d  
B eef"  by  D . R . Beilis, J . L . S ecris t a n d  M .
J. L insky . J. F o o d  S c i .  3 2 , 521 ( 1 9 6 7 ) .  
T h e  fo llo w in g  c h an g e s  a re  in o rd e r:

P age 253: T h e  fo rm u la s  fo r  th e  cu rv es 
in F ig u re  2a. 2b  a n d  2c. re p re se n tin g  th e  
best fit o f  th e  e x p e rim e n ta l d a ta  in T ab le
1. w e re  g e n e ra te d  b y  o u r  c o m p u te r  (G E  
2 2 5 ) .  T h e  m a tr ix e s  o b ta in e d  fo r  th e  
fo u r th  o rd e r  p o ly n o m ia ls  a re  as fo llow s:

Figure 2a
-0.0010660514
0.0859905

-2.5007673
31.909498

-138.28668

Figure 2b
-0.0016480609 
0.13676634 

-4.1224982 
54.432125 

— 253.90246
Figure 2c

-0.0021054943
0.17792401

-5.4803314
73.831641

-355.41612
In  an  effo rt to  s im p lify  th e  fo rm u la s  fo r  

p u b lic a tio n , th e  v a lu es w e re  ro u n d e d  as

seen  in F ig u re  2 o f  th e  p a p e r . T h e  usab le  
n a tu re  o f  th e  p lo tte d  c u rv es  w as n o t a f­
fec ted  in a n y  w ay . H o w ev e r, to  re c o n ­
s tru c t th e  c u rv es  f ro m  th e  ro u n d e d  va lues 
w ill p ro d u c e  c u rv es  w h ich  a re  so m e th in g  
less th a n  a cc u ra te . L ikew ise , th e  v a ria n ce  
a n d  s ta n d a rd  e r ro r  v a lu es in T ab le  3 a re  
a ffec ted . T h e re fo re , w e p re se n t th e  fo llo w ­
in g  m atrix es  fo r  F ig u re  2a . 2b  a n d  2c 
w h ich  c o n ta in  v a lu es ro u n d e d  to  th e  m a x ­
im u m  e x te n t a n d  yet will re p ro d u c e  cu rv es 
c losely  a p p ro x im a tin g  th o se  o f  b est fit 
fo u n d  in th is  p a p e r . T h e  m a trix e s  fo llo w :

Figure 2a
-0.001066
0.086

-2.501
31.91

-138.3

Figure 2b
-0.0016481
0.13677

-4.1225'
54.432

-253.9
Figure 2c
-0.0021055
0.1779

-5.48
73.83

-355.3
W h en  u sin g  th ese  ro u n d e d  v a lu es in 

th e  fo u r th  o rd e r  p o ly n o m ia l fo rm u la s , th e  
fo llo w in g  v a r ia n ce  a n d  s ta n d a rd  e r ro r  
v a lu es a re  o b ta in e d :

Ground
Com- Lab- Lab-
mer- ora- ora-
cial tory tory

No. 2 No. 3
Fourth Order
Variance 0.170 0.086 0.177
Standard Error 0.498 0.340 0.508

D E X T E R  R. BELLIS



ABSTRACTS :
I N  T H I S  I S S U E

PECTIN METHYL ESTERASE ACTIVITY IN SOUTHERN PEAS
( Vigna sinensis). J. L .  C O L L I N S .  J. Food Sci. 3 5 ,  1 - 4  ( 1 9 7 0 )  —  
T h e  o p t i m u m  s a l t  l e v e l  f o r  m a x i m u m  P M E  a t c i v i t y  w a s  0 .2 5  M. T h e  
o p t i m u m  p H  d e p e n d e d  u p o n  t h e  v a r i e t y  o f  p e a s .  T h e  P u r p l e  H u l l  P i n k  
E y e  v a r i e t y  r e q u i r e d  a  p H  o f  8 .5  ( P r i n c e s s  A n n ,  p H  7 .5  t o  8 ) .  M a x i m u m  
a c t i v i t y  o c c u r r e d  a t  5 0 ° - 6 0 ° C .  T h e  Q TO w a s  1 .3 5 .  T h e  m o r e  i m m a t u r e  
t h e  p e a s ,  t h e  h i g h e r  t h e  a c t i v i t y .  F r e e z i n g  c a u s e d  a n  i n c r e a s e  i n  t h e  
o b s e r v e d  a c t i v i t y .  R i n s i n g  r e m o v e d  a  s i g n i f i c a n t  a m o u n t  o f  P M E  f r o m  
t h e  p e a s .  P M E  a c t i v i t y  o f  t h e  s l u r r i e s  p r e p a r e d  f r o m  f r o z e n  p e a s  c o n ­
t i n u e d  t o  i n c r e a s e  u p  t o  3 - 4  h r .

ROLE OF CUTICLE IN SPOILAGE OF CHICKEN EGGS. D. V .
V A D E H R A ,  R .  C .  B A K E R  & H .  B . N A Y L O R .  J. Food Sci. 3 5 ,  5 - 6
( 1 9 7 0 ) — T h e  c u t i c l e ,  a  m u c i l a g i n o u s  l a y e r  o n  t h e  e g g  s h e l l ,  w a s  
f o u n d  t o  p l a y  a n  i m p o r t a n t  r o l e  in  p r e v e n t i n g  s p o i l a g e  o f  e g g s .  E g g s  
c o l l e c t e d  f r o m  t h e  u t e r u s  ( d e v o i d  o f  c u t i c l e )  s p o i l e d  a t  a  m u c h  f a s t e r  
r a t e  t h a n  t h e  n o r m a l l y  l a i d  e g g s .  T h e  p r o t e c t i o n  a f f o r d e d  b y  c u t i c l e  
l a s t s  a t  l e a s t  u p  to  9 6  h r  p o s t  l a y .

CHICKEN MYOFIBRIL FRAGMENTATION IN RELATION TO 
FACTORS INFLUENCING TENDERNESS. R .  N. S A Y R E .  J. Food 
Sci. 3 5 ,  7 - 1 0  ( 1 9 7 0 ) — S u s c e p t i b i l i t y  o f  c h i c k e n  p e c t o r a l i s  m a j o r  
m y o f i b r i l s  t o  m e c h a n i c a l  f r a g m e n t a t i o n  w a s  i n v e s t i g a t e d  a f t e r  v a r i o u s  
p e r i o d s  o f  a g in g ,  a s  a n  i n d e x  o f  t e n d e r n e s s .  T r e a t m e n t s  w e r e  u s e d  w h i c h  
a c c e l e r a t e d ,  r e t a r d e d  o r  p r e v e n t e d  p o s t - m o r t e m  g ly c o ly s i s .  F r a g m e n t a ­
t i o n ,  w i t h  b r e a k s  a lw a y s  b e s id e  t h e  Z  l i n e ,  w a s  m e a s u r d  b y  m i c r o s c o p i c  
e x a m i n a t i o n  o f  h o m o g e n i z e d  m u s c l e .  T h e  f r a g m e n t a t i o n  p a t t e r n  o f  
g l y c o ly s in g  m u s c l e  s h o w e d  a  g e n e r a l  c o r r e s p o n d e n c e  t o  t e n d e r n e s s  
c h a n g e s  b u t  c o u l d  n o t  b e  u s e d  a s  a n  a c c u r a t e  i n d e x  o f  t e n d e r n e s s .  
M u s c l e  i n  w h i c h  g ly c o ly s i s  h a d  b e e n  p r e v e n t e d  e x h i b i t e d  c h a n g e s  in  
f r a g m e n t a t i o n  b u t  n o  c h a n g e  in  t e n d e r n e s s .

FLAVOR COMPONENTS IN COGNAC. J S C H A E F E R  & R .  T I M -  
M E R .  J. Food Sci. 3 5 ,  1 0 - 1 2  ( 1 9 7 0 ) — F l a v o r  c o m p o n e n t s  o f  a  g e n u ­
in e  c o g n a c  w e r e  i d e n t i f i e d  b y  m e a n s  o f  C G L C / M S .  T h e  c o m p l e x  e x ­
t r a c t  w a s  f r a c t i o n a t e d  o n  a  p a c k e d  c o l u m n  p r e c e d i n g  f u r t h e r  s e p a r a t i o n  
o n  a  c a p i l l a r y  c o l u m n .  T h e  i d e n t i f i c a t i o n  o f  f a t t y  a c i d s ,  p h e n o l i c  a c i d s  
a n d  s o m e  o f  t h e  c a r b o n y l  c o m p o u n d s  w a s  a c h i e v e d  b y  o t h e r  c h r o ­
m a t o g r a p h i c  m e t h o d s .  81 c o m p o n e n t s ,  o f  w h i c h  2 4  h a v e  n o t  p r e v i o u s l y  
b e e n  r e p o r t e d  i n  c o g n a c  a n d  o t h e r  g r a p e  b r a n d i e s ,  w e r e  i d e n t i f i e d .

THE EFFECTS OF FREEZING ON THE SURVIVAL OF SALMO­
NELLA AND E. Coli IN PACIFIC OYSTERS. R .  D I G I R O L A M O ,  J. 
L I S T O N  & J. M A T C H E S .  J. Food Sci. 35, 1 3 - 1 6  ( 1 9 7 0 ) —  S a lm o -  
n e l l a e  s h o w e d  1 .0  t o  1 .5  l o g  r e d u c t i o n  in  c o u n t  a s  a  r e s u l t  o f  f r e e z i n g  
a n d  w e r e  m o r e  s e n s i t i v e  t h a n  E. coli, w h i c h  s h o w e d  a  0 .5  l o g  d e c r e a s e .  
T h e  n u m b e r  o f  s a l m o n e l l a e  d e c l i n e d  s t e a d i l y  d u r i n g  f r o z e n  s t o r a g e ,  
b u t  t h e  d e c l i n e  i n  E. coli w a s  q u i t e  e r r a t i c  a n d  u n p r e d i c t a b l e  d u r i n g  th e  
f i r s t  s e v e n  d a y s .  W h e n  s a l m o n e l l a e  a n d  E. coli w e r e  s u s p e n d e d  in  s h e l l ­
f i s h  h o m o g e n a t e  w h i c h  w a s  t h e n  f r o z e n ,  h e l d  i n  t h e  f r o z e n  s t a t e  a n d  
t e s t e d  f o r  s u r v i v o r s ,  i t  w a s  f o u n d  t h a t  p r o p o r t i o n a t e l y  m o r e  o r g a n i s m s  
s u r v i v e d  t h a n  i n  t h e  w h o l e  o y s t e r s .  T h e  b a c t e r i a  d i e d  o f f  m o r e  r a p i d l y  
w h e n  h e l d  i n  h o m o g e n a t e s  a t  3 2 ° F  t h a n  a t  — 3 0 ° F .  T h e s e  r e s u l t s  s u g g e s t  
t h a t  i t  w o u l d  b e  d a n g e r o u s  t o  a p p l y  b a c t e r i a l  s t a n d a r d s  d e r i v e d  f o r  u n ­
f r o z e n  o y s t e r s  t o  t h e  f r o z e n  p r o d u c t  o r  t o  u s e  E. coli c o u n t s  o n  f r o z e n  
s a m p l e s  a s  a n  i n d e x  o f  t h e  q u a l i t y  o f  t h e  u n f r o z e n  o y s t e r s .

FREE AMINO ACIDS AND OTHER NITROGENOUS FRACTIONS 
IN WINE GRAPES. W . M .  K L I E W E R .  J. Food Sci. 3 5 ,  1 7 - 2 1
( 1 9 7 0 ) — T h e  c o n c e n t r a t i o n s  o f  e i g h t  f r e e  a m i n o  a c i d s ,  t o t a l  n i t r o g e n ,  
a m i n o - a c i d - f r a c t i o n  n i t r o g e n ,  a n d  n o n a m i n o - a c i d - f r a c t i o n  n i t r o g e n  in  
t h e  j u i c e s  o f  2 6  r e d -  a n d  2 3  w h i t e - w i n e  v a r i e t i e s  o f  g r a p e s  w a s  d e t e r ­
m i n e d  a t  e a r l y  a n d  l a t e  s t a g e s  o f  f r u i t  m a t u r i t y .  A r g i n i n e  a n d  p r o l i n e  
w e r e  t h e  m o s t  p r o m i n e n t  a m i n o  a c i d s ,  f o l l o w e d  in  o r d e r  b y  o - a l a n in e ,  
g l u t a m i c  a c i d ,  a n d  7 - a m i n o b u t y r i c  a c i d .  T h e  a m i n o  a c i d  f r a c t i o n  a n d  
n o n a m i n o  a c i d  f r a c t i o n  n i t r o g e n  in  t h e  j u i c e s  r a n g e d  f r o m  5 3  t o  7 6 %  
a n d  f r o m  2 3  t o  5 6 %  o f  t h e  t o t a l  K j e l d a h l  n i t r o g e n ,  r e s p e c t i v e l y .  T h e  
e i g h t  d e t e r m i n e d  a m i n o  a c i d s  a c c o u n t e d  f o r  2 9  t o  7 2 %  o f  t h e  t o t a l  n i ­
t r o g e n  a n d  4 7  t o  9 6 %  o f  t h e  a m i n o  a c i d  f r a c t i o n  n i t r o g e n .  A r g i n i n e  
c o n t r i b u t e d  t h e  m o s t  n i t r o g e n  o f  t h e  a m i n o  a c i d s ,  a c c o u n t i n g  f o r  6  to  
4 4 %  o f  t h e  t o t a l  n i t r o g e n  i n  t h e  j u i c e s  o f  t h e  v a r i o u s  f r u i t s .

PASTEURIZATION OF PACIFIC OYSTERS BY RADIATION’. 
POST-MORTEM CHANGES IN NUCLEOTIDES DURING STOR­
AGE AT 0-2°C. E. J. G U A R D I A  &  A .  M. D O L L A R .  J. Food Sci. 35,
2 2 - 2 5  ( 1 9 7 0 — T h e  c o n c e n t r a t i o n  o f  n u c l e o t i d e s  w a s  l o w e r  i n  th e  
a d d u c t o r  m u s c l e  o f  t h e  o y s t e r  ( 1 . 6 4  ¿ m o l e s / g )  t h a n  i n  t h e  r e m a i n i n g  
d a r k  t i s s u e s  o f  t h e  o y s t e r  ( 2 . 7 5  u r n o l e s / g ) , a n d  t h e  c o n c e n t r a t i o n  w a s  
le s s  i n  t h e  w h o le  o y s t e r  m e a t s  ) 2 .8 7  / t m o l e s / g )  t h a n  is  u s u a l l y  f o u n d  
in  f i s h  m u s c l e ,  o r  o t h e r  m a r i n e  i n v e r t e b r a t e s .  I n  a d d i t i o n  t o  t h e  a d e n i n e  
n u c l e o t i d e s  a n d  i n o s i n e  m o n o p h o s p h a t e ,  u r i d i n e  t r i p h o s p h a t e ,  g u a n o s in e  
t r i p h o s p h a t e ,  g u a n o s i n e  d i p h o s p h a t e ,  g u a n o s i n e  m o n o p h o s p h a t e ,  a n d  
g u a n o s i n e  d i p h o s p h a t e - m a n n o s e  w e r e  f o u n d  in  t h e  f r e s h  o y s t e r s .  S a m ­
p le s  c o l l e c t e d  in  t h e  s u m m e r  h a d  g r e a t e r  c o n c e n t r a t i o n s  o f  n u c l e o t id e s  
t h a n  s i m i l a r  w i n t e r  s a m p l e s .  I n o s i n e  m o n o p h o s p h a t e  f o r m e d  r a p i d l y  
f r o m  a d e n o s i n e  t r i p h o s p h a t e  d u r i n g  s t o r a g e  a t  0 - 2  ° C ,  w h i l e  t h e  t u r n ­
o v e r  r a t e  o f  i n o s i n e  m o n o p h o s p h a t e  w a s  s lo w  a n d  r e f l e c t e d  l o w  5 '- n u -  
c l e o t i d a s e  a c t i v i t y .

ETHYLENE OXIDE RESISTANCE OF MICROORGANISMS IM­
PORTANT IN SPOILAGE OF ACED AND HIGH-ACID FOODS.
D .  F .  B L A K E  &  C .  R .  S T U M B O .  J. Food Sci. 3 5 ,  2 6 - 2 9  ( 1 9 7 0 ) —  
R e s i s t a n c e  v a l u e s  a r e  p r e s e n t e d  f o r  s p o r e s  o f  Bacillus coagulans, c o n id -  
i o s p o r e s  o f  Aspergillus niger, a n d  v e g e t a t i v e  c e l l s  o f  Lactobacillus 
brevis, Leuconostac mcsenteroides, Hansenula anomala a n d  Saccharo­
myces cerevisiae e x p o s e d  t o  a  m i x t u r e  o f  e t h y l e n e  o x i d e  ( 1 2 % )  a n d  
dichlorodifluoromethane ( 8 8 % ) .  T h e  r e s i s t a n c e  p a r a m e t e r  D  w a s  d e ­
t e r m i n e d  t o  c h a r a c t e r i z e  t h e  r e s i s t a n c e  o f  e a c h  o r g a n i s m  d i s p l a y in g  
l o g a r i t h m i c  d e a t h .  V a l u e s  o f  z  w e r e  d e t e r m i n e d  f o r  s p o r e s  o f  B. co­
agulans. M o s t  r e s i s t a n t  w e r e  t h e  s p o r e s  o f  B. coagulans, a b o u t  1 .8  t o  o 
t i m e s  m o r e  r e s i s t a n t  t h a n  t h e  v e g e t a t i v e  c e l l s  o f  L. mcsenteroides a n d
L. brevis. V e g e t a t i v e  c e l l s  o f  H. anomala, S. cerevisiae a n d  c o n id io -  
s p o r e s  o f  A. niger d i s p l a y e d  n o n - l o g a r i t h m i c  d e a t h .

INHIBITORY EFFECTS OF Pseudomonas ON SELECTED Salmo­
nella AND BACTERIA ISOLATED FROM POULTRY. I. L, OB-
L I N G E R  & A .  A .  K R A F T .  J. Food Sci. 3 5 ,  3 0 - 3 2  ( 1 9 7 0 )—À  p e r ­
p e n d i c u l a r  s t r e a k  t e c h n i q u e  w a s  u s e d  a s  a  p r e l i m i n a r y  s c r e e n i n g  p r o ­
c e d u r e  t o  d e t e r m i n e  r e l a t i v e  d e g r e e s  o f  i n h i b i t i o n  e x h i b i t e d  b y  k n o w n  
s t r a i n s  o f  Pseudomonas a g a i n s t  s e n s i t iv e  Salmonella a n d  k n o w n  o r g a ­
n i s m s  i s o l a t e d  f r o m  p o u l t r y .  S p e c t r o p h o t o m e t r i c  a n a l y s i s  w a s  a l s o  u s e d  
to  m e a s u r e  i n h i b i t o r y  a c t i v i t y  p r o d u c e d  b y  d i f f e r e n t  c o n c e n t r a t i o n s  o f  
f i l t r a t e s  f r o m  Pseudomonas c u l t u r e s  a g a i n s t  s e n s i t i v e  o r g a n i s m s .  T h e  
p r o d u c t i o n  o f  p i g m e n t  a p p e a r e d  t o  b e  c lo s e ly  l i n k e d  t o  t h e  r e l a t i v e  
a b i l i t y  o f  d i f f e r e n t  Pseudomonas c u l t u r e s  t o  p r o d u c e  i n h i b i t i o n .  Pseudo­
monas s t r a i n s  w e r e  i n h i b i t o r y  t o  s t r a i n s  o f  Salmonella, Staphylococcus, 
Escherichia coli, a n d  Streptococcus. N o n e  o f  t h e  i n h i b i t i o n  p r o d u c i n g  
s t r a i n s  o f  Pseudomonas i s o l a t e d  f r o m  p o u l t r y  w e r e  m u t u a l l y  r e p r e s s iv e .

vi
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METMYOGLOBIN FORMATION IN  BEEF STORED IN  CAR­
BON DIOXIDE ENRICHED AND OXYGEN DEPLETED ATMO­
SPHERES. D .  A .  L E D W A R D .  J. Food Sci. 35, 3 3 - 3 7  ( 1 9 7 0 )  —  
A t  0  a n d  7 ° C  a n d  c o n s t a n t  h u m i d i t y ,  t h e  f o r m a t i o n  o f  m e t m y o g l o b i n  
i n  b e e f  w a s  m a x i m a l  a t  l o w  p a r t i a l  p r e s s u r e s  o f  o x y g e n  ( 7 .5  ±  3 
H g  a t  7 ° C  a n d  6  ±  3 m m  H g  a t  0 ° C )  f o r  s e m i t e n d i n o s u s  m u s c l e s .  
C a r b o n  d i o x i d e  c o n c e n t r a t i o n s  o f  1 0 %  a n d  h i g h e r  h a d  n e g l i g i b l e  e f ­
f e c t  o n  t h e  f o r m a t i o n  o f  m e t m y o g l o b i n ,  p r o v i d e d  t h e  o x y g e n  p r e s ­
s u r e  w a s  a b o v e  a b o u t  5 % .  A t  h i g h e r  p a r t i a l  p r e s s u r e s  o f  c a r b o n  d i ­
o x i d e ,  a b s o r p t i o n  o f  c a r b o n  d i o x i d e  i n c r e a s e d  a n d  t h e  p H  o f  t h e  
s u r f a c e  d e c r e a s e d .  I n  a i r ,  t h e  f o r m a t i o n  o f  m e t m y o g l o b i n  v a r i e d  
w i d e l y  f r o m  m u s c l e  t o  m u s c l e .

COMPARISON OF CARBONYL COMPOUNDS IN  MOLDY AND 
NON-MOLDY COCOA BEANS. A. P. HANSEN & P. G. KEENEY, 
J. Food Sci. 35, 3 7 - 4 0  ( 1 9 7 0 ) — C a r b o n y l  c o m p o u n d s  in  m o l d y  a n d  
n o n - m o l d y  c o c o a  b e a n s  w e r e  c o n v e r t e d  t o  d i n i t r o p h e n y l h y d r a z o n e s  a n d  
s e p a r a t e d  i n t o  m o n o c a r b o n y l  c la s s e s .  G r o w t h  o f  m o l d  w a s  a l w a y s  a c ­
c o m p a n i e d  b y  r e l a t i v e l y  l a r g e  i n c r e a s e s  in  c a r b o n y l  c o n c e n t r a t i o n s .  I n ­
c r e a s e s  i n  t o t a l  m o n o c a r b o n y l  v a l u e s  r a n g e d  f r o m  2 0  t o  5 0 0 %  a n d  
a v e r a g e d  a l m o s t  3 0 0 %  f o r  t h e  e i g h t  p a i r s  o f  s a m p l e s  a n a l y z e d .  C o m ­
p a r e d  t o  n o n - m o l d y  b e a n s ,  m o l d y  c o c o a  b e a n s  c o n t a i n e d  g r e a t e r  c o n ­
c e n t r a t i o n s  o f  m e t h y l  k e t o n e s ,  2 - e n a l s  a n d  2 , 4 - d i e n a l s ,  b u t  s a t u r a t e d  
a l d e h y d e  c o n c e n t r a t i o n s  w e r e  q u i t e  o f t e n  l o w e r .  T L C  r e v e a l e d  t h e  
p r e s e n c e  o f  C 3, C ,,  C 6, Cn a n d  s e v e r a l  u n i d e n t i f i e d  m e t h y l  k e t o n e s .  
M o s t  o f  t h e  k e t o n e s  d e t e c t e d  in  m o l d y  b e a n s  w e r e  a l s o  f o u n d  in  n o n -  
m o l d y  b e a n s  b u t  i n  l o w e r  c o n c e n t r a t i o n s .

ANTHOCYANIN PIGMENTS IN  TINTO CÂO GRAPES. F .  W .  H .  
L I A O  & B . S. L U H .  / .  Food Sci. 35, 4 1 - 4 6  ( 1 9 7 0 ) — T h e  R ,  m e a ­
s u r e m e n t  o f  t h e  p i g m e n t s  a n d  t h e i r  h y d r o l y s i s  p r o d u c t s ,  t o g e t h e r  w i t h  
t h e  a l k a l i n e  d e g r a d a t i o n  o f  t h e  a g l y c o n e ,  c o n f i r m e d  t h e  c h e m i c a l  s t r u c ­
t u r e s  o f  t h e  a n t h o c y a n i n s  a s  m a l v i d i n  3 - m o n o g l u c o s i d e ,  p e o n i d i n  3 - m o -  
n o g lu c o s i d e ,  c y a n i d i n  3 - m o n o g l u c o s i d e ,  p e t u n i d i n  3 - m o n o g l u c o s i d e ,  p e -  
t u n i d i n  3 - m o n o g l u c o s i d e  a c y l a t e d  w i t h  c a f f e ic  a c i d ,  m a l v i d i n  3 - m o n o ­
g l u c o s i d e  a c y l a t e d  w i t h  c a f f e ic  a c i d ,  m a l v i d i n  3 - m o n o g l u c o s i d e  a c y l a t e d  
w i t h  p - c o u m a r i c  a c i d ,  p e o n i d i n  3 - m o n o g l u c o s i d e  a c y l a t e d  w i t h  p - c o u -  
m a r i c  a c i d ,  a n d  c y a n i d i n  3 - m o n o g l u c o s i d e  a c y l a t e d  w i t h  c a f f e ic  a c i d .  
M a l v i d i n  a n d  p e o n i d i n  w e r e  n o t  p r e s e n t  i n  t h e  o r i g i n a l  s a m p l e .  T h e y  
w e r e  f o r m e d  d u r i n g  t h e  e x t r a c t i o n  a n d  p u r i f i c a t i o n  p r o c e d u r e s .  M a l ­
v i d i n  3 - m o n o g l u c o s i d e  a n d  m a l v i d i n  3 - m o n o g l u c o s i d e  a c y l a t e d  w i t h  

p - c o u m a r i c  a c i d  w e r e  t h e  d o m i n a n t  a n t h o c y a n i n s  p r e s e n t  i n  T i n t o  c a o  
g r a p e s .

RESPIRATION OF POTATO MITOCHONDRIA AND WHOLE 
TUBERS AND RELATION TO SUGAR ACCUMULATION. L. E.
P A E Z  &  H .  O .  H U L T I N .  J. Food Sci. 35, 4 6 - 5 1  ( 1 9 7 0 ) — T h e  i n ­
c r e a s e  i n  s u g a r  c o n t e n t  o f  p o t a t o  t u b e r s  w i t h  d e c r e a s e  i n  s t o r a g e  t e m ­
p e r a t u r e  a n d  t h e  d e c r e a s e  i n  s u g a r s  w i t h  i n c r e a s e  i n  t e m p e r a t u r e  i s  
a c c o u n t e d  f o r  in  o n l y  a  m i n o r  w a y  b y  t h e  c o r r e s p o n d i n g  d e c r e a s e  o r  
i n c r e a s e  i n  r e s p i r a t o r y  a c t i v i t y  o f  t h e  t u b e r s .  T h e  m a x i m a l  p o s s ib l e  
c o n t r i b u t i o n  o f  r e s p i r a t o r y  a c t i v i t y  t o  t h e  c h a n g e s  i n  s u g a r  c o n t e n t  
v a r i e d  f r o m  le s s  t h a n  1 %  t o  1 3 %  d e p e n d i n g  o n  t h e  p a r t i c u l a r  s t o r a g e  
c o n d i t i o n s .  U n l i k e  w h o l e  t u b e r s ,  m i t o c h o n d r i a  d i s p l a y e d  a  t e m p e r a ­
t u r e  r e s p o n s e  t y p i c a l  o f  a n  e n z y m i c  r e a c t i o n  w i t h  a n  a p p a r e n t  e n e r g y  
o f  a c t i v a t i o n  o f  1 4 ,0 0 0  c a l / m o l e  w i t h  s u c c i n a t e  a s  s u b s t r a t e .  T h e  p o ­
t e n t i a l  m i t o c h o n d r i a l  a c t i v i t y  w o u l d  n o t  l i m i t  r e s p i r a t i o n  o f  w h o le  
t u b e r s  a t  a n y  t e m p e r a t u r e  s tu d i e d .

SODIUM CHLORIDE EFFECT ON AUTOXIDA ITON OF THE 
LARD COMPONENT OF A GEL. R .  E L L I S ,  A .  M .  G A D D I S ,  G .  T .  
C U R R I E  &  F .  E .  T H O R N T O N .  J. Food Sci. 35, 5 2 - 5 6  ( 1 9 7 0 ) —  
S t a b l e  g e l s  c o m p o s e d  o f  l a r d ,  s o d i u m  c a r b o m e t h o x y  c e l l u l o s e  a n d  
w a t e r  w e r e  u s e d  f o r  t h e  e x a m i n a t i o n  o f  f a c t o r s  i n v o l v e d  i n  t h e  p r o ­
o x i d a n t  a c t i v i t i e s  o f  s o d i u m  c h l o r i d e ,  h e m e  c o m p o u n d s  a n d  o t h e r  
a d d i t i v e s .  S o d i u m  c h l o r i d e  h a d  a  d i r e c t  p r o - o x i d a n t  a c t i o n  o n  t h e  
l a r d  o f  f r e e z e r - s t o r e d  a n d  d e h y d r a t e d  g e l s ,  b u t  i n h i b i t e d  t h e  o x i d a t i o n  
o f  h y d r a t e d  g e ls  a t  2 0 ° C .  H e m e  c a t a l y s i s  w a s  a c c e l e r a t e d  b y  s o d i u m  
c h l o r i d e .

STUDIES IN MEAT TENDERNESS. 8. Ultra-Structural Changes in 
Meat During Aging. C . L .  D A V E Y  & M .  R .  D I C K S O N .  J. Food Sci. 35,
5 6 - 6 0  ( 1 9 7 0 ) — D u r i n g  t h e  a g i n g  o f  b e e f ,  t h e  e x t e r n a l  l o a d i n g  r e ­
q u i r e d  t o  s t r e t c h  s t e m o m a n d i b u l a r i s  m u s c l e  t o  i t s  f u l l e s t  e x t e n t  d e ­
c l i n e s  5 - 1 0 - f o l d  f r o m  t h e  m a x i m u m  o f  2  K g / c m 2 m u s c l e  a t t a i n e d  a t  
r i g o r  o n s e t .  T h i s  lo s s  o f  t e n s i l e  s t r e n g t h  i s  d u e  t o  a  w e a k e n i n g  o f  t h e  
m y o f i b r i l l a r  s t r u c t u r e s  a t  t h e  j u n c t i o n  o f  t h e  I  f i l a m e n t s  w i t h  t h e  Z  
d i s c s  o f  t h e  s a r c o m e r e s .  T h e  Z  d i s c s  u n d e r g o  p r o g r e s s i v e  c h a n g e s  a n d  
lo s e  g r o u n d  s u b s t a n c e  a s  a g i n g  p r o c e e d s .  T h e r e  is  n o  o b v i o u s  s t r u c t u r a l  
c h a n g e  in  t h e  I  f i l a m e n t s  d u r i n g  a g i n g  a l t h o u g h  a  w e a k e n i n g  i n  t h e  
a s s o c i a t i o n  o f  t h e  c o n s t i t u e n t  p r o t e i n s  o f  t h e s e  s t r u c t u r e s  a p p a r e n t l y  
o c c u r s .

INFECTION ROUTES OF BACTERIA INTO CHICKEN EGGS.
D .  V .  V A D E H R A ,  R .  C .  B A K E R  &  H .  B . N A Y L O R .  J .  Food Sci. 35, 
6 1 - 6 2  ( 1 9 7 0 ) — A  s t u d y  w a s  u n d e r t a k e n  t o  d e t e r m i n e  t h e  r o u t e  o f  
b a c t e r i a l  p a s s a g e  i n t o  c h i c k e n  e g g s  a n d  t h e i r  c o n s e q u e n t  s p o i l a g e .  T h e  
b l u n t  e n d  w a s  f o u n d  t o  b e  m o s t  v u l n e r a b l e  t o  i n f e c t i o n  w h i l e  t h e  n a r ­
r o w  e n d  w a s  t h e  l e a s t  v u l n e r a b l e  a n d  t h e  e q u i t o r i a l  r e g i o n  w a s  i n  b e ­
t w e e n  t h e  tw o .

CHEMICAL DESTRUCTION OF Aspergillus niger CONIDIO- 
SPORES. M. K .  C .  C H E N G  &  R .  E .  LEVIN. J. Food Sci. 35, 6 2 - 6 6
( 1 9 7 0 ) — D e s t r u c t i o n  o f  A. niger c o n i d i o s p o r e s  a t  2 0 ° C  ( 6 8 ° F )  b y  2 0  
p p m  N a C I O  a n d  2 0  p p m  i o d i n e  a s  i o d o p h o r  y i e l d e d  D v a l u e s  o f  0 .6 1  
a n d  0 .8 6  m in ,  r e s p e c t i v e l y  a t  p H  3 .0  a n d  1 .3 1  a n d  2 .0 4  m i n ,  r e s p e c ­
t i v e ly  a t  p H  7 .0 .  O n  t h e  b a s i s  o f  m o l a r  c o n c e n t r a t i o n s ,  i o d i n e  w a s  
s l i g h t l y  m o r e  e f f e c t iv e  t h a n  c h l o r i n e .  A  D v a l u e  o f  0 .0 2 6  m i n  w a s  o b ­
t a i n e d  w i t h  4 %  N a O H  a t  6 0 ° C  ( 1 4 0 ° F )  i n d i c a t i n g  4 %  N a O H  a t  6 0 ° C  
t o  b e  f a r  m o r e  g e r m i c i d a l  t h a n  2 0  p p m  o f  e i t h e r  h a l o g e n  c o m p o u n d  a t  
2 0 ° C .  O n e  p e r  c e n t  N a O H  a t  3 0 ° C  r e s u l t e d  i n  a n  i m m e d i a t e  a n d  r a p i d  
r e l e a s e  o f  a m i n o  a c i d s  p r e s u m a b l y  f r o m  t h e  s p o r e  w a l l  d u r i n g  t h e  f i r s t  
t w o  m i n u t e s  o f  c o n t a c t  a n d  a  s l o w e r  r a t e  o f  r e l e a s e  o f  R N A ,  w i t h  D N A  
r e l e a s e d  a t  t h e  s l o w e s t  r a t e .

FACTORS AFFECTING THE DISTRIBUTION OF LACTATE DE­
HYDROGENASE BETWEEN PARTICULATE AND SOLUBLE 
PHASES OF HOMOGENIZED TROUT SKELETAL MUSCLE.
R O N A L D  L .  M E L N I C K  &  H .  O .  H U L T O N .  J. Food Sci. 35, 6 7 - 7 2
( 1 9 7 0 ) — L a c t a t e  d e h y d r o g e n a s e  ( L D H )  o f  t r o u t  s k e l e t a l  m u s c l e  w a s  
s o l u b i l i z e d  f r o m  t h e  p a r t i c u l a t e  f r a c t i o n  b y  h i g h  i o n i c  s t r e n g t h  a n d  
h i g h  p H .  R e d u c e d  d i p h o s p h o p y r i d i n e  n u c l e o t i d e  ( D P N H )  a l s o  w a s  
e f f e c t iv e  i n  s o l u b i l i z i n g  t h e  e n z y m e .  T h e  o x i d i z e d  f o r m  o f  t h e  c o e n ­
z y m e  ( D P N ‘ )  w a s  m u c h  le s s  e f f e c t iv e .  P y r u v a t e  a n d  l a c t a t e  h a d  l i t t l e  
e f f e c t  i n  t h e m s e l v e s  b u t  a c t e d  s y n e r g i s t i c a l l y  w i t h  t h e  p y r i d i n e  n u c l e o ­
t i d e s .  A l t h o u g h  r e d u c e d  t r i p h o s p h o p y r i d i n e  n u c l e o t i d e  ( T P N H )  w a s  
a s  e f f e c t iv e  a s  D P N H ,  s e v e r a l  o t h e r  m e t a b o l i t e s  s t r u c t u r a l l y  r e l a t e d  
t o  D P N H  w e r e  r e l a t i v e l y  i n e f f e c t iv e .  S o l u b i l i z a t i o n  b y  D P N H  w a s  d e ­
p e n d e n t  o n  t i s s u e  c o n c e n t r a t i o n  in  t h e  s u s p e n d i n g  m e d i u m ;  t h e  l o w e r  
t h e  t i s s u e  c o n c e n t r a t i o n ,  t h e  m o r e  r e a d i l y  L D H  is  s o l u b i l i z e d  b y  D P N H .
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PHYSICOCHEMICAL NATURE OF BANANA PSEUDOSTEM 
STARCH. H .  S . S H A N T H A  & G. S . S I D D A P P A .  J. Food Sci. 35,
7 2 - 7 4  ( 1 9 7 0 ) — S t a r c h  w a s  i s o l a t e d  f r o m  b a n a n a  p s e u d o s t e m  a n d  i t s  
p r o p e r t i e s  w e r e  c o m p a r e d  w i t h  t h o s e  o f  p o t a t o ,  c o r n  a n d  t a p i o c a .  T h e  
s t a r c h  g r a n u l e s  a r e  i r r e g u l a r  in  s h a p e  a n d  a r e  b ig g e r  in  s iz e  t h a n  th o s e  
o f  t h e  f r u i t  s t a r c h .  A t  6 0 ° C ,  t h e  g r a n u l e s  s t a r t  s w e l l i n g ,  g r a d u a l l y  i n ­
c r e a s e  in  s iz e  a n d  a t t a i n  t h e i r  m a x i m u m  s iz e  a t  7 5 ° C  a n d  d o  n o t  r u p ­
t u r e  e v e n  a f t e r  h e a t i n g  t o  1 0 0 ° C .  T h e  i n t r i n s i c  v i s c o s i t y  o f  t h e  s t a r c h  
( 2 .0 5 )  is  s i m i l a r  t o  t h a t  o f  p o t a t o  s t a r c h  ( 2 . 0 0 ) .  T h e  a m y l o s e  c o n t e n t  
o f  t h e  s t a r c h  c o m p a r e s  w e l l  w i th  t h o s e  o f  b a n a n a  f r u i t  a n d  p o t a t o  
( t u b e r )  s t a r c h  ( 2 1 % ) .  I n  g e n e r a l ,  b a n a n a  p s e u d o s t e m  s t a r c h  r e s e m b l e s  
p o t a t o  s t a r c h .

ACCUMULATION OF STARCH IN BANANA PSEUDOSTEM AND
FRUIT. H .  S . S H A N T H A  & G .  S . S I D D A P P A .  / .  Food Sci. 3 5 ,  7 4 -  
7 7  ( 1 9 7 0 ) — T h e  r h i z o m e ,  p s e u d o s t e m  a n d  t h e  u n r i p e  f r u i t  o f  t h e  
b a n a n a  h a v e  a  h ig h  s t a r c h  c o n t e n t .  I t s  c o n c e n t r a t i o n  is  h i g h e r  in  t h e  
m i d d l e  f l e s h y  l e a f  s h e a t h s  a n d  in c r e a s e s  g r a d u a l l y  t o w a r d  t h e  r h i z o m e  
d o w n w a r d s  a l o n g  t h e  l e n g t h  o f  t h e  p s e u d o s t e m .  D u r i n g  t h e  g r o w t h  o f  
t h e  p l a n t ,  s t a r c h  a c c u m u l a t e s  in  t h e  p s e u d o s t e m  a n d  r e a c h e s  i t s  m a x i ­
m u m  a t  t h e  t i m e  o f  i n f l o r e s c e n c e  a n d  r e m a i n s  p r a c t i c a l l y  c o n s t a n t  
t h e r e a f t e r  u n t i l  t h e  h a r v e s t i n g  o f  t h e  m a t u r e  b u n c h .  A f t e r  t h e  r e m o v a l  
o f  t h e  m a t u r e  b u n c h ,  t h e r e  is  a  g r a d u a l  d e c r e a s e  in  t h e  a c c u m u l a t e d  
s t a r c h ,  w h e n  t h e  s t e m  is  a l l o w e d  to  s t a n d  in  t h e  f ie ld .  I f ,  h o w e v e r ,  i t  is  
f e l l e d  a n d  s t o r e d  in  t h e  s h a d e ,  t h e  d e c r e a s e  in  s t a r c h  c o n t e n t  is  r a p i d  
a n d  e v e n  a f t e r  a  p e r i o d  o f  tw o  d a y s ,  t h e  s t a r c h  c o n t e n t  is  r e d u c e d  to  
s u c h  a  g r e a t  e x t e n t  t h a t  i ts  e x t r a c t i o n  b e c o m e s  r a t h e r  u n e c o n o m i c a l .

WATER-SOLUBLE FLAVOR AND ODOR PRECURSORS OF 
MEAT. 3. Changes in Nucleotides, Total Nucleosides and Bases of 
Beef, Pork and Lamb during Heating. R . L .  M A C Y  J R . ,  H .  D .  N A U -  
M A N N  & M .  E .  B A I L E Y .  J. Food Sci. 3 5 ,  7 8 - 8 0  ( 1 9 7 0 ) — I n o s i n i c  
a c i d  w a s  t h e  p r e d o m i n a n t  n u c l e o t i d e  in  a l l  t h r e e  s p e c ie s  a n d  i t  w a s  
d e g r a d e d  b y  h e a t i n g .  A d e n y l i c  a c i d  i n c r e a s e d  d u r i n g  c o o k i n g  in  m e a t  
f r o m  a l l  t h r e e  s p e c ie s .  C y t i d y l i c ,  u r i d y l i c  a n d  g u a n y l i c  a c i d s  w e r e  p r e s ­
e n t  in  r e l a t i v e l y  l o w  c o n c e n t r a t i o n s  in  m e a t  f r o m  a l l  t h r e e  s p e c ie s  a n d  
c h a n g e d  l i t t l e  d u r i n g  c o o k i n g .  A  r a p i d  m e t h o d  f o r  e s t i m a t i n g  t o t a l  
n u c l e o t i d e s  r e s u l t e d  i n  g r e a t e r  v a r i a t i o n  t h a n  a  s p e c i f i c  m e t h o d  f o r  
m e a s u r i n g  i n d i v i d u a l  n u c l e o t i d e s .

WATER-SOLUBLE FLAVOR AND ODOR PRECURSORS OF 
MEAT. 4. Influence of Cooking on Nucleosides and Bases of Beef 
Steaks and Roasts and Their Relationship to Flavor, Aroma and Juici­
ness. R . L . M A C Y  J R . ,  H . D .  N A U M A N N  & M .  E .  B A I L E Y .  J. Food 
Sci. 3 5 ,  8 1 - 8 3  ( 1 9 7 0 ) — C o o k i n g  r e s u l t e d  i n  s ig n i f i c a n t  i n c r e a s e s  in  
a d e n y l i c  a c i d ,  t o t a l  p u r i n e  n u c l e o s i d e s  a n d  b a s e s  o f  e i g h ty  b e e f  r o a s t s  
o f  e i g h t  d i f f e r e n t  c u t s .  I t  d e c r e a s e d  th e  c o n t e n t s  o f  i n o s i n i c  a c i d ,  
g u a n y l i c  a c i d  a n d  s u m  o f  i n d i v i d u a l  n u c l e o t i d e s  ( a d e n y l i c ,  c y t id y l i c ,  
u r i d y l i c ,  i n o s i n i c  a n d  g u a n y l i c  a c i d s )  in  t h e s e  s a m p l e s .  S ig n i f i c a n t  
d i f f e r e n c e s  w e r e  a l s o  f o u n d  b e t w e e n  t h e  v a r i o u s  c o n s t i t u e n t s  o f  r a w  
a n d  c o o k e d  s a m p l e s  o f  t h e  b e e f  c u t s .

WATER-SOLUBLE FLAVOR AND ODOR PRECURSORS OF 
MEAT. 5. Influence of Heating on Acid-Extractable Non-Nucleotide 
Chemical Constituents of Beef, Lamb and Pork. R .  L .  M A C Y  J R . .  H . 
D .  N A U M A N N  & M .  E . B A I L E Y .  J. Food Sci. 35, 8 3 - 8 7  ( 1 9 7 0 ) —  
C h a n g e s  in  c h e m i c a l  c o n s t i t u e n t s  d u r i n g  c o o k i n g  o f  t h e  v a r i o u s  b e e f  
c u t s  w e r e  g r e a t e s t  in  C h o i c e  c l o d  a n d  G o o d  c a l f  c l o d  r o a s t s ,  f o l l o w e d  
b y  r o u n d  r o a s t s  a n d  s m a l l e s t  c h a n g e s  o c c u r r e d  in  r i b  s t e a k s .  C o o k in g  
c a u s e d  s ig n i f i c a n t  in c r e a s e s  in  c r e a t i n i n e  a n d  d e c r e a s e s  i n  a m i n o  a n d  
n o n - a m i n o  n i t r o g e n ,  c r e a t i n e  a n d  t o t a l  c a r b o h y d r a t e s .  C r e a t i n e - c r e a t i ­
n i n e  w a s  a  b e t t e r  i n d e x  o f  s e n s o r y  q u a l i t y  t h a n  o t h e r  c h e m i c a l  c o n ­
s t i t u e n t s  s tu d i e d .

A REEXAMINATION OF THE TWO-STAGE TRIANGLE TEST 
FOR THE PERCEPTION OF SENSORY DIFFERENCES. N. T.
G R I D G E M A N .  J. Food Sci. 3 5 ,  8 7 - 9 1  ( 1 9 7 0 ) — A  r e v ie w  o f  th e  
t h e o r y  a n d  p r a c t i c e  o f  t h e  t w o - s t a g e  t r i a n g l e  t e s t  f o r  t h e  s e n s o r y  p e r ­
c e p t i o n  o f  s m a l l  d i f f e r e n c e s  l e a d s  t o  t h e  c o n c l u s i o n  t h a t  i t s  d i s a d v a n t a g e s  
u s u a l l y  o u t w e i g h  i t s  a d v a n t a g e s .  W h e n  t h e  t e s t  is  u s e d  i t s  i n f o r m a t i o n  
c o n t e n t  is  d i f f i c u l t  t o  a s s e s s ,  a n d  a  “ l e a s t  o b j e c t i o n a l ”  m e t h o d ,  b a s e d  
o n  a  s c o r i n g  s c h e m e  a n d  s t a t i s t i c a l  s ig n i f i c a n c e  p r o c e d u r e s ,  is  h e r e  p r o ­
p o s e d .

RESISTANCE OF Clostridium perfringens TO VARYING DEGREES 
OF ACIDITY DURING GROWTH AND SPORULATION. L . H .
F I S C H E R ,  D .  H .  S T R O N G  & C . L .  D U N C A N .  J. Food Sci. 3 5 ,  9 1 -  
9 5  ( 1 9 7 0 ) — T h e  le v e l  o f  a c i d i t y ,  l e n g t h  o f  e x p o s u r e  o f  t h e  c e l l s ,  th e  
g r o w t h  m e d i u m  e m p l o y e d  a n d  t h e  p h a s e  in  t h e  g r o w t h  c u r v e  i n f l u e n c e d  
t h e  s u r v i v a l  o f  C . perfringens. E x p o s u r e  o f  c e l l s  g r o w n  in  D S - s p o r u l a -  
t i o n  m e d i u m  t o  b u f f e r  p H  6 .0  h a d  l i t t l e  e f f e c t  o n  t h e  s u r v i v a l  o v e r  th e  
8 h r  t e s t  p e r i o d ,  w i t h  s o m e w h a t  g r e a t e r  s e n s i t i v i t y  o f  c e l l s  b e i n g  d e m ­
o n s t r a t e d  a t  p H  4 .5 .  E x p o s u r e  o f  c e l l s ,  s i m i l a r l y  p r o d u c e d ,  t o  b u f f e r s  
p H  1 .0  o r  2 .0  w a s  m u c h  m o r e  e f f e c t iv e  in  r e d u c i n g  t h e  p e r c e n t a g e  o f  
s u r v i v a l ,  p a r t i c u l a r l y  d u r i n g  e a r l y  lo g  p h a s e  a n d  a t  t h e  o n s e t  o f  s p o r u ­
l a t i o n .  I n c u b a t i o n  a t  t e m p e r a t u r e s  o f  3 7 °  o r  0 ° C ,  d u r i n g  t h e  t i m e  o f  
t r e a t m e n t  w i th  t h e  t e s t  b u f f e r s  p H  1 .0  o r  2 .0 ,  p r o d u c e d  n o  c o n s i s t e n t  
c h a n g e  in  t h e  p e r c e n t a g e  o f  s u r v i v o r s  w h e n  t h e  c e l l s  w e r e  g r o w n  in  
F T G .

DETERMINING THE SENSORY ODOR LEVELS OF AROMA 
COMPOUNDS OF ALCOHOLIC BEVERAGES. P .  S A L O .  J. Food 
Sci. 3 5 ,  9 5 - 9 9  ( 1 9 7 0 ) — S e n s o r y  o d o r  t h r e s h o l d s  o f  f o u r  a l c o h o l s ,  
f iv e  e s t e r s ,  s e v e n  a c i d s  a n d  d i a c e t y l  f o u n d  in  a l c o h o l i c  b e v e r a g e s  w e re  
d e t e r m i n e d  b y  t r i a n g u l a r  t e s t .  A m o n g  a l c o h o l s  t h r e s h o l d  l e v e l s  r a n g e d  
f r o m  5  to  8 p p m  e x c e p t  f o r  i s o b u ty l  a l c o h o l  w h i c h  h a d  7 5  p p m ,  t h r e e  
e s t e r s  h a d  0 . 2 - 0 .6  p p m ,  tw o  h a d  1 4 - 1 7  p p m ,  f o u r  a c i d s  h a d  4 - 9  p p m ,  
tw o  h a d  1 5 - 2 0  p p m  a n d  i s o v a l e r i c  a c i d  h a d  0 .7  p p m .  D i a c e t y l  h a d  
0 .0 0 2 5  p p m .  S t a n d a r d i z a t i o n s  w e r e  m a d e  u s i n g  p e r c e n t a g e - a b o v e -  
c h a n c e - s c o r e s ;  u s e f u l n e s s  o f  t h e  p a n e l  w a s  t e s t e d .  R e s u l t s  s h o w e d  a  
f a i r  g o o d n e s s - o f - f i t  t o  t h e  m o d e l .  S m e l l  p e r c e p t i o n  v a r i e d  w i t h  t h e  
l o g a r i t h m  o f  s t i m u l u s ,  a n d  d i s t r i b u t i o n  o f  s c o r e s  f o l l o w e d  t h e  n o r m a l  
p r o b a b i l i t y  f u n c t i o n .

PHYSICAL AND CHEMICAL CHARACTERISTICS OF FREE AND 
STRETCHED RABBIT MUSCLE. E. M . B U C K .  D .  W .  S T A N L E Y  &
E . A .  C O M M I S S I O N G .  J. Food Sci. 3 5 ,  1 0 0 - 1 0 2  ( 1 9 7 0 ) — S t r e t c h e d  
m u s c l e s  w e r e  s i g n i f i c a n t ly  m o r e  t e n d e r  a s  e v i d e n c e d  b y  l o w e r  s h e a r  v a l ­
u e s .  T h e y  a l s o  e x h i b i t e d  s i g n i f i c a n t ly  l o n g e r  s a r c o m e r e s  a s  c o m p a r e d  
to  t h e i r  p a i r e d  c o n t r o l s  a l l o w e d  to  p a s s  t h r o u g h  r i g o r  w i t h o u t  r e s t r a i n t .  
G r e a t e r  a m o u n t s  o f  t o t a l  p r o t e i n  w e r e  e x t r a c t e d  f r o m  s t r e t c h e d  m u s ­
c le s  in  a l l  t r i a l s  e x c e p t  o n e .  S ig n i f i c a n t l y  g r e a t e r  a m o u n t s  o f  a c t o m y o -  
s in  w e r e  e x t r a c t e d  f r o m  s t r e t c h e d  m u s c l e s  in  a l l  t r i a l s .  T h e  a c t o m y o s in  
r e s u l t s  w e r e  u n e x p e c t e d  s in c e  i t  h a s  b e e n  s u g g e s t e d  b y  s e v e r a l  w o r k ­
e r s  t h a t  a c t o m y o s i n  f o r m a t i o n  is  d i r e c t l y  r e l a t e d  t o  t o u g h n e s s  in  m u s ­
c le .  S o m e  p o s s ib l e  e x p l a n a t i o n s  f o r  t h e  r e s u l t s  o b t a i n e d  in  t h i s  s t u d y  
a r e  d i s c u s s e d .
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JIMMIE L. COLLINS
D e p a r t m e n t  o f  F o o d  T e c h n o l o g y ,  T h e  U n i v e r s i t y  o f  T e n n e s s e e ,  K n o x v i l l e ,  T e n n .  3 7 9 1 6

Esterase Activity in Southern Peas (Vigna sinensis)Pectin Methyl
S U M M A R Y — P e c t i n  m e t h y l  e s t e r a s e  ( P M E )  a c t i v i t y  w a s  i n v e s t i g a t e d  i n  v i t r o  i n  S o u t h e r n  

p e a s  (V igna sinensis). E x p e r i m e n t s  w e r e  c o n d u c t e d  to d e t e r m i n e  t h e  e f f e c t  o f  N a C I  c o n ­

c e n t r a t i o n ,  p H ,  t e m p e r a t u r e ,  m a t u r i t y ,  f r o z e n  s t o r a g e  a n d  r insing t h e  p e a s  o n  P M E  

a c t i v i t y .

T h e  o p t i m u m  s a l t  l e v e l  f o r  m a x i m u m  P M E  a c t i v i t y  i n  t h e  P u r p l e  H u l l  P i n k  E y e  ( P H P E )  

a n d  P r i n c e s s  A n n  ( P A )  v a r i e t i e s  was a s c e r t a i n e d  t o  b e  0 . 2 5  M .  T h e  p H  o p t i m a  w e r e :  

P H P E ,  8 . 5 ;  a n d  P A ,  7 . 5  t o  8 .  T h e  r e m a i n i n g  s t u d i e s  w e r e  m a d e  u s i n g  peas o f  t h e  P H P E  

v a r i e t y  w h i c h  w e r e  h a r v e s t e d  a t  3  s t a g e s  o f  m a t u r i t y .  M a x i m u m  e n z y m a t i c  a c t i v i t y  o c ­

c u r r e d  a t  5 0 C- 6 0 ° C .  P a r t i a l  i n a c t i v a t i o n  o c c u r r e d  a t  6 5 ° C .  T h e  m e a n  Q , „  w a s  1 . 3 5  o v e r  

t h e  r a n g e  o f  3 0 ° - 5 0 ° C .

P M E  a c t i v i t y  w a s  d e p e n d e n t  u p o n  t h e  m a t u r i t y  o f  t h e  p e a s .  T h e  m o s t  i m m a t u r e  p e a s  

h a d  a n  a c t i v i t y  l e v e l  a b o u t  2 . 5 -  t i m e s  t h a t  f o u n d  i n  t h e  m o s t  m a t u r e  p e a s .  P e a s  s u b ­

j e c t e d  t o  f r o z e n  s t o r a g e  h a d  a  h i g h e r  a c t i v i t y  t h a n  t h e  f r e s h  p e a s ;  t h e  i n c r e a s e d  a c ­

t i v i t y  w a s  m o r e  p r o n o u n c e d  i n  t h e  m o r e  m a t u r e  p e a s .

R i n s i n g  t h e  p e a s  r e m o v e d  s i g n i f i c a n t  a m o u n t s  o f  t h e  e n z y m e .  A  g r e a t e r  p r o p o r t i o n  

o f  P M E  w a s  r e m o v e d  f r o m  t h e  m o r e  i m m a t u r e  p e a s  t h a n  f r o m  t h e  m o r e  m a t u r e  o n e s .  

W i t h  t h e  i m m a t u r e ,  f r o z e n  p e a s  P M E  a c t i v i t y  w a s  r e d u c e d  2 2 . 7 %  b y  r i n s i n g ;  w h e r e a s ,  i n  

t h e  f r e s h  c o u n t e r p a r t  t h e  r e d u c t i o n  w a s  1 1 . 1 % .  T h e  r i n s e  w a t e r  f r o m  f r o z e n  p e a s  

c o n t a i n e d  m o r e  P M E  a c t i v i t y  t h a n  d i d  r i n s e  w a t e r  f r o m  f r e s h  p e a s .  A l s o ,  t h e  a c t i v i t y  i n  

r i n s e  w a t e r  Lorn  t h e  m o s t  i m m a t u r e  p e a s  w a s  a b o u t  2 . 7  t i m e s  t h a t  f r o m  t h e  m o s t  m a ­

t u r e  o n e s .  U p o n  s t a n d i n g ,  P M E  a c t i v i t y  i n  t h e  s l u r r i e s  p r e p a r e d  f r o m  f r o z e n  p e a s  c o n ­

t i n u e d  t o  i n c r e a s e  u p  t o  3 - 4  h r .

IN T R O D U C T IO N

P E C T I N  m e t h y l  e s t e r a s e  ( P M E ,  3 . 1 . 1 . 1 1 )  

i s  w i d e l y  d i s t r i b u t e d  i n  h i g h e r  p l a n t s  

( L i n e w e a v e r  e t  a l . ,  1 9 5 1 )  a n d  is  a s s o c i ­

a t e d  w i t h  t h e  d e - e s t e r i f i c a t i o n  o f  t h e  p e c t i n  

s u b s t a n c e s  i n  t h e  t i s s u e s  ( H s u  e t  a l . ,  
1 9 6 5 ;  K e r t e s z ,  1 9 5 1 ;  M c C o l l o c h  e t  a l . ,  

1 9 4 9 ;  M c C r e a d y  e t  a l . ,  1 9 5 4 ) .  A s  a  r e ­

s u l t  o f  t h e  a c t i v i t y  o f  P M E  a n d  i t s  i n f l u ­

e n c e  o n  t e x t u r e ,  t h i s  e n z y m e  h a s  r e c e i v e d  

c o n s i d e r a b l e  a t t e n t i o n .

P r e s e n t l y  i t  is  d i f f i c u l t ,  i f  n o t  i m p o s ­

s i b l e .  t o  s t u d y  t h e  a c t i o n  o f  P M E  in  s i t u .  
C o n s e q u e n t l y ,  r e s e a r c h  h a s  d e a l t  p r i m a r i l y  

w i t h  a s c e r t a i n i n g  i n  v i t r o  t h e  r e s p o n s e  o f  
P M E  t o  v a r i o u s  c h e m i c a l  a n d  p h y s i c a l  

c o n d i t i o n s .  T h e s e  s t u d i e s  h a v e  i n c l u d e d  

• d e t e r m i n a t i o n s  o f  t h e  e f f e c t  o f  s a l t  c o n ­

c e n t r a t i o n s ,  p H ,  t e m p e r a t u r e ,  f r o z e n  s t o r ­

a g e ,  a n d  m a t u r i t y  o f  t h e  f r u i t  o n  P M E  
a c t i v i t y  ( A u n g  e t  a l . ,  1 9 6 5 ;  H i l l s  e t  a l . ,  

1 9 4 7 ;  H s u  e t  a l . ,  1 9 6 5 ;  M a c D o n n e l l  e t  a l . ,  

1 9 4 5 ;  V a n  B u r e n  e t  a l . ,  1 9 6 2 ) .
N a C I .  t h e  m o s t  w i d e l y  u s e d  s a l t ,  p r o ­

m o t e s  m a x i m u m  a c t i v i t y  o f  P M E  f r o m  
m a n y  s o u r c e s  a t  c o n c e n t r a t i o n s  o f  0 . 1 5 -  

0 . 2  M  w h e n  t h e  p H  is  i n  t h e  r a n g e  o f  7 - 8  
( D e u e l  e t  a l . ,  1 9 5 8 ;  K e r t e s z ,  1 9 5 5 ;  L i n e -  

w e a v e r  e t  a l . ,  1 9 5 1 ;  M a c D o n n e l l  e t  a l . ,  

1 9 4 5 :  R o u s e  e t  a l . .  1 9 5 5 ) .  P M E  o f  m a n y  
p l a n t s  is  m o s t  a c t i v e  a t  t e m p e r a t u r e s  b e ­

t w e e n  4 5 °  a n d  5 5 ° C  ( H i l l s  e t  a l . ,  1 9 4 7 ;  

M a n a b e  e t  a l . ,  1 9 6 5 ;  V a n  B u r e n  e t  a l . ,

1 9 6 2 ) .  T h e  t e m p e r a t u r e  c o e f f i c i e n t  f o r  
P M E  is  f a i r l y  l o w  ( L i n e w e a v e r  e t  a l . ,  
1 9 5 1 ) ;  t h e  Q 1CI u n d e r  s p e c i f i e d  c o n d i t i o n s

f o r  s n a p  b e a n  P M E  is  1 . 4  ( V a n  B u r e n  e t  

a l . .  1 9 6 2 )  a n d  f o r  t o m a t o  P M E ,  1 .4 3  
( H i l l s  e t  a h ,  1 9 4 7 ) .

G e n e r a l l y ,  f r e e z i n g  a n d  f r o z e n  s t o r a g e  
d o  n o t  d e s t r o y  P M E  a c t i v i t y  a p p r e c i a b l y  

i n  p l a n t  t i s s u e s  ( M a n a b e  e t  a l . ,  1 9 6 5 ;  V a n  
B u r e n  e t  a h ,  1 9 6 2 ) .

M a t u r i t y  o f  t h e  p l a n t  t i s s u e  m a y  i n ­

f l u e n c e  t h e  r e l a t i v e  P M E  a c t i v i t y  ( L i n e -  
w e a v e r  e t  a h ,  1 9 5 1 ) .  A n  i n c r e a s e  i n  

e n z y m a t i c  a c t i v i t y  u p o n  m a t u r i t y  h a s  b e e n  
d e m o n s t r a t e d  i n  t o m a t o e s  ( H i l l s  e t  a h ,
1 9 4 7 ) .  c h e r r i e s  ( A l - D e l a i m y  e t  a l . ,  1 9 6 6 ) ,  

o r a n g e s  ( R o u s e  e t  a h ,  1 9 6 2 ) ,  a n d  p e r ­

s i m m o n s  ( N a k a y a m a e t  a h ,  1 9 6 6 ) .
A l t h o u g h  t h e  f u n c t i o n s  o f  P M E  i n  

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

P M E  d e m e t h y l a t e s  c o m p o n e n t  p e c t i c  s u b ­

s t a n c e s  o f  p l a n t  t i s s u e s  u n d e r  c e r t a i n  c o n ­
d i t i o n s .  D e s h p a n d e  e t  a h  ( 1 9 6 5 )  s t u d i e d  
t h e  e f f e c t  o f  h e a t  t r e a t m e n t s  a n d  p o l y ­

v a l e n t  c a t i o n s  o n  t e x t u r e  o f  c a n n e d  t o ­

m a t o e s .  T h e y  s h o w e d  t h a t  t o m a t o e s  s u b ­
j e c t e d  t o  m i l d  h e a t  r e a c t e d  m o r e  f a v o r a b l y  

w i t h  c a t i o n s  t h a n  d i d  r a w  t o m a t o e s .  T h e  
a u t h o r s  c o n c l u d e d  t h a t  t h i s  c o n d i t i o n  w a s  
p r o b a b l y  d u e  t o  e n z y m a t i c  a c t i o n ,  r e s u l t ­
i n g  i n  s o m e  d e - e s t e r i f i c a t i o n  d u r i n g  t h e  

t r a n s i e n t  p e r i o d  o f  h e a t i n g .
O f t e n  c h a n g e s  t a k e  p l a c e  i n  S o u t h e r n  

p e a s  d u r i n g  t h e  p o s t - h a r v e s t  a n d  p r o c e s s ­

i n g  p e r i o d s  w h i c h  p r o d u c e  a n  u n d e s i r a b l e  
t o u g h n e s s  t h a t  is  n o t  o v e r c o m e  b y  p r o ­

l o n g e d  c o o k i n g .  T h e  r e a s o n  f o r  t h e  d e ­
v e l o p m e n t  a n d  p e r s i s t e n c e  o f  t h i s  h a r d ­
n e s s  is  n o t  k n o w n ,  b u t  i t  m a y  r e s u l t  f r o m

t h e  b o n d i n g  o f  v a r i o u s  p o l y v a l e n t  c a t i o n s  
w i t h  t h e  d e m e t h y l a t e d  p e c t i c  s u b s t a n c e s  

w i t h i n  t h e  c o t y l e d o n s  o r  s e e d  c o a t  ( K e r ­

t e s z ,  1 9 3 9 ) .  T h e  a m o u n t  o f  p o l y v a l e n t  
c a t i o n s  w i t h i n  t h e  p e a s  ( H o w a r d  e t  a l . ,  

1 9 6 2 ;  W a d e  e t  a l . ,  1 9 5 1 )  a n d  i n  t h e  w a t e r  
( B i g e l o w  e t  a l . ,  1 9 2 3 )  u s e d  f o r  p r o c e s s i n g  

c o u l d  b e  s u f f i c i e n t  t o  p r o d u c e  i n s o l u b l e  

p e c t i c  s u b s t a n c e s  a n d  t o u g h e n i n g .

L i t e r a t u r e  w a s  n o t  a v a i l a b l e  c o n c e r n i n g  
P M E  i n  S o u t h e r n  p e a s .  T h e r e f o r e ,  b e f o r e  

a t t e m p t i n g  t o  r e l a t e  P M E  a c t i v i t y  t o  t e x ­
t u r e ,  t h e  n a t u r e  o f  t h e  e n z y m e  s h o u l d  b e  

d e t e r m i n e d .  T h e  o b j e c t i v e s  o f  t h i s  s t u d y  

w e r e  t o  d e t e r m i n e  i n  v i t r o  t h e  r e s p o n s e  
o f  P M E  t o  v a r i a t i o n s  o f  N a C I  c o n c e n t r a ­

t i o n ,  p H  a n d  t e m p e r a t u r e ;  t o  s t u d y  t h e  
i n f l u e n c e  o f  r i n s i n g ,  f r e e z i n g  a n d  c o l d  

s t o r a g e  o f  t h e  p e a s  o n  e n z y m a t i c  a c t i v i t y :  
a n d  t o  a s c e r t a i n  t h e  i n f l u e n c e  o f  m a t u r a ­
t i o n  o n  P M E  a c t i v i t y .

M A T E R IA L S  &  M E T H O D S
Source and maturity of peas

S o u t h e r n  p e a s  o f  t h e  P u r p l e  H u l l  P i n k  
E y e  ( P H P E )  a n d  P r i n c e s s  A n n  ( P A )  v a r i e ­
t i e s  w e r e  r a i s e d  o n  t h e  U n i v e r s i t y  P l a n t  S c i ­
e n c e  F a r m  a t  K n o x v i l l e  b y  t h e  D e p a r t m e n t  
o f  H o r t i c u l t u r e .  T h e  f o r m e r  v a r i e t y  w a s  
h a r v e s t e d  b y  h a n d  a t  3  s t a g e s  o f  m a t u r i t y .  
T h e  s t a g e s ,  a s  d e t e r m i n e d  f r o m  t h e  c o l o r  o f  
t h e  s e e d  p o d s ,  w e r e :  g r e e n  p o d s ,  m o s t  i m ­
m a t u r e ;  g r e e n - p u r p l e  p o d s ,  i n t e r m e d i a t e  m a ­
t u r i t y  a n d  g lo s s y  r e d d i s h - p u r p l e  p o d s ,  m o s t  
m a t u r e .  T h e  m a t u r i t y  r a n g e  r e p r e s e n t e d  t h a t  
o f  t h e  p e a s  ( m a t u r e ,  d r y  p e a s  e x c l u d e d )  
n o r m a l l y  h a r v e s t e d  f o r  f r e e z i n g .  T h e  m a t u r a ­
t i o n  r a t e  w a s  s u c h  t h a t  t h e  g r e e n  p o d s  b e ­
c a m e  p u r p l e  w i t h i n  3 - 4  d a y s .  P e a s  o f  t h e  
P A  v a r i e t y  w e r e  h a r v e s t e d  b y  h a n d  a n d  c o m ­
b i n e d  t o  p r o v i d e  a  c o m p o s i t e  o f  d i f f e r e n t  
s t a g e s  o f  m a t u r i t y .  N o  m a t u r e ,  d r y  p e a s  w e r e  
i n c lu d e d .

Handling and freezing of the peas
T h e  p e a s  w e r e  s h e l l e d  b y  h a n d  a n d  d i ­

v id e d  i n t o  t w o  l o t s .  O n e  l o t  w a s  d e s ig n a t e d  
f o r  a s s a y  a s  s o o n  a s  p o s s i b l e  in  t h e  f r e s h  
s t a t e  a n d  t h e  o t h e r  l o t  w a s  f r o z e n  f o r  a s s a y  
a t  a  l a t e r  d a t e .  T h e  p e a s  t o  b e  f r o z e n  w e r e  
p a c k a g e d  in  p o l y e t h y l e n e  b a g s  ( e a c h  ca. 1 lb  
c a p a c i t y )  a n d  p l a c e d  in  a n  a i r - b l a s t  f r e e z e r  
( — 2 5  ° C )  o v e r n i g h t .  A f t e r  f r e e z i n g ,  t h e  p e a s  
w e r e  m o v e d  t o  a n d  h e ld  in  a  s t i l l - a i r  f r e e z e r  
( — 1 8 ° C )  f o r  a t  l e a s t  8 4  d a y s .

Factors considered in assay of PME
P M E  o f  f r e s h  p e a s  o f  t h e  P H P E  a n d  P A  

v a r i e t i e s  w a s  s t u d i e d  to  a s c e r t a i n  t h e  e f f e c t
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o f  d i f f e r e n t  le v e l s  o f  N a C l  a n d  p H  o n  e n z y ­
m a t i c  a c t i v i t y .  T h e  a d d i t i o n a l  e f f e c t s  o f  t e m ­
p e r a t u r e .  m a t u r i t y  a n d  r i n s i n g  o f  p e a s  w e r e  
e v a l u a t e d  f o r  t h e  P H  P E  v a r i e t y .  F r o z e n  
P H P E  p e a s  w e r e  u s e d  f o r  d e t e r m i n i n g  t h e  
e f f e c t  o f  f r o z e n  s t o r a g e ,  m a t u r i t y  a n d  r i n s i n g  
o n  P M E  a c t iv i t y .

Sample preparation for PME assay
T h e  s o u r c e  o f  P M E  w a s  a  s l u r r y  o f  t h e  

p e a s .  T h e  s l u r r y  w a s  p r e p a r e d  b y  b l e n d i n g  
t h e  p e a s  w i th  a  2 %  s o l u t i o n  o f  N a C l  ( 1 : 2 ,  
w / v )  i n  a  W a r i n g  b l e n d o r  f o r  4  m i n  ( t h e  
p e a s  w e r e  b l e n d e d  in  d i s t i l l e d  w a t e r  w h e n  
t h e  le v e l  o f  s a l t  w a s  t h e  v a r i a b l e  u n d e r  
s tu d y ) .  A  s m a l l  a m o u n t  o f  A n t i f o a m  A  s p r a y  
( D o w  C o r n i n g  C o r p . ,  M i d l a n d ,  M i c h . )  w a s  
a d d e d  t o  t h e  m i x t u r e  b e f o r e  b l e n d i n g  t o  r e ­
d u c e  f o a m i n g .  B e f o r e  t h e  f r o z e n  p e a s  w e r e  
m a s c e r a t e d .  t h e y  w e r e  a l l o w e d  t o  r e a c h  th e  
m e l t i n g  p o i n t ,  t h u s  p e r m i t t i n g  s a t i s f a c t o r y  
b l e n d in g .

F o r  t h e  t e s t  m i x t u r e  in  w h ic h  P M E  a c t iv i t y  
w a s  m e a s u r e d ,  3 0  g  o f  t h e  e n z y m e - c o n t a i n i n g  
s l u r r y ,  5 0  m l  2 %  p e c t i n  N . F .  ( w / v )  ( S u n -  
k i s t  G r o w e r s ,  I n c . ,  C o r o n a ,  C a l i f . ) ,  7 0  m l  
d i s t i l l e d  w a t e r  a n d  a  s u f f ic ie n t  a m o u n t  o f  
N a C l  t o  b r i n g  t h e  c o n c e n t r a t i o n  t o  t h e  d e ­
s i r e d  le v e l  w e r e  m ix e d .  T h e  f in a l  c o n c e n t r a ­
t i o n  o f  p e c t in  w a s  0 . 6 7 % .

Procedure for PME assay
T h e  t e m p e r a t u r e  o f  t h e  m i x t u r e  w a s  r a i s e d  

t o  3 0 ° C  ( u s e d  f o r  c o n v e n i e n c e )  b y  p l a c i n g  
t h e  b e a k e r  c o n t a i n i n g  t h e  m i x t u r e  i n  a  w a t e r  
b a t h  o f  7 5 ° C  a n d  s t i r r i n g  t h e  c o n t e n t s  v i g ­
o r o u s l y .  T h e  p H  o f  t h e  m i x t u r e  t h e n  w a s  
a d j u s t e d  t o  t h e  d e s i r e d  le v e l  w i th  1 N  N a O H .  
W i t h  t h e  a id  o f  a n  a u t o m a t i c  t i t r a t o r ,  t h e  
p H  w a s  m a i n t a i n e d  d u r i n g  t h e  r e a c t i o n  p e ­
r i o d  o f  5  m i n .  T h e  t e m p e r a t u r e  w a s  m a i n ­
t a i n e d  b y  h o l d i n g  t h e  b e a k e r  in  a  c o n s t a n t  
t e m p e r a t u r e  w a t e r  b a t h .  T h e  m i x t u r e  w a s  
c o n t i n u a l l y  s t i r r e d  b y  a  m a g n e t i c  s t i r r e r .  
E n z y m a t i c  a c t i v i t y  is  r e p o r t e d  a s  P M E  u n i t s ,  
e a c h  u n i t  i n d i c a t i n g  t h a t  a m o u n t  o f  a c t i v i t y  
w h i c h  p r o d u c e d  1 m e q  o f  a c i d  p e r  m i n  p e r  
g  o f  p e a s  ( d r y  w e i g h t )  ( R o u s e  e t  a l . ,  1 9 5 5 ) .

Initial study to determine optimum 
conditions for PME assay

A t  t h e  b e g i n n i n g  o f  t h e  s t u d y ,  e x p e r i ­

m e n t s  w e r e  c o n d u c t e d  t o  d e t e r m i n e  t h e  c o n ­
c e n t r a t i o n  o f  N a C l  a n d  t h e  p H  w h i c h  w o u ld  
p r o m o t e  m a x i m u m  e n z y m a t i c  a c t i v i t y  f o r  
t h e  P H P E  ( i n t e r m e d i a t e  m a t u r i t y )  a n d  P A  
v a r i e t i e s .  T o  a s c e r t a i n  t h e  l e v e l  o f  s a l t ,  th e  
c o n c e n t r a t i o n  o f  N a C l  in  t h e  t e s t  m i x t u r e  
w a s  v a r i e d  f r o m  0  t o  0 .7 5  M. T h e  p H  a n d  
t e m p e r a t u r e  w e r e  h e l d  a t  7 .5  a n d  3 0 ° C .  
N e x t ,  t h e  p H  w h i c h  w o u l d  p r o m o t e  m a x i ­
m u m  a c t i v i t y  a t  t h e  o p t i m u m  s a l t  l e v e l  p r e ­
v i o u s l y  d e t e r m i n e d  w a s  a s c e r t a i n e d  b y  a d ­
j u s t i n g  t h e  m i x t u r e  t o  a n d  t i t r a t i n g  a t  p H  
v a l u e s  f r o m  5  t o  9 .5 .  A g a i n ,  t h e  t e m p e r a t u r e  
w a s  h e l d  a t  3 0 ° C .

Further studies of PME activity
F u r t h e r  e x p e r i m e n t a t i o n  u s i n g  t h e  P H P E  

v a r i e t y  w a s  c o n d u c t e d  u n d e r  t h e  “ o p t i m u m ” 
c o n d i t i o n s  ( 0 .2  M  N a C l  a n d  p H  7 . 5 )  d e ­
t e r m i n e d  b y  t h e  i n i t i a l  s t u d y .  T h e  a d d i t i o n a l  
e x p e r i m e n t s  i n c l u d e d  d e t e r m i n a t i o n s  o f  t h e  
e f f e c t  o f  t e m p e r a t u r e ,  m a t u r i t y ,  f r o z e n  s t o r ­
a g e  a n d  r i n s in g  o f  p e a s  o n  th e  a c t i v i t y  o f  
P M E .

Temperature. T h e  e f f e c t  o f  d i f f e r e n t  t e m ­
p e r a t u r e s  r a n g i n g  f r o m  2 5 °  t o  6 5 ° C  o n  th e  
a c t i v i t y  o f  P M E  w a s  s t u d i e d ,  u t i l i z i n g  th e  
i n t e r m e d i a t e  s t a g e  o f  m a t u r i t y .  A d j u s t m e n t s  
in  t e m p e r a t u r e  w e r e  m a d e  b y  t h e  p r o c e d u r e  
p r e v i o u s l y  g iv e n .

Maturity. T h e  i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  
m a t u r i t y  w a s  c o n d u c t e d  b y  u t i l i z i n g  f r e s h  
a n d  f r o z e n  p e a s  o f  t h e  3 s t a g e s  o f  m a t u r i t y .

Frozen storage of peas. P e a s  o f  t h e  3 s ta g e s  
o f  m a t u r i t y  w e r e  r e m o v e d  f r o m  t h e  f r e e z e r  
a f t e r  8 4  d a y s  o f  s t o r a g e  a n d  a s s a y e d  f o r  
P M E  a c t i v i t y .  A n  a d d i t i o n a l  s t u d y  w a s  m a d e  
t o  d e t e r m i n e  i f  t h e  P M E  a c t i v i t y  c h a n g e d  in  
t h e  s l u r r i e s  o f  p r e v i o u s l y  f r o z e n  p e a s  ( i n ­
t e r m e d i a t e  m a t u r i t y )  u p o n  s t a n d i n g .  3 0 -g  
a l i q u o t s  o f  t h e  s l u r r y  w e r e  a d d e d  t o  b e a k e r s  
a n d  a l l o w e d  to  s t a n d  u p  t o  4  h r  a t  6 °  a n d  
2 4 ° C .  A t  1 h r  i n t e r v a l s  t h e  t e s t  m i x t u r e s  w e r e  
p r e p a r e d  a n d  t i t r a t i o n s  w e r e  c o n d u c t e d .

Rinsing of the peas. T h i s  e x p e r i m e n t  w a s  
c o n d u c t e d  in  2  p a r t s .  1 0 0  g  o f  p e a s  ( f r e s h  
a n d  f r o z e n  s t o r e d  p e a s  o f  t h e  3 s t a g e s  o f  
m a t u r i t y )  w e r e  c o v e r e d  w i t h  1 0 0  m l  d i s t i l l e d  
w a t e r  in  a  5 0 0 - m l  E r l e n m e y e r  f la s k  a n d  
p l a c e d  o n  a  w r i s t  a c t i o n  s h a k e r  f o r  3 0  m in .  
A f t e r  t h e  p e r i o d  o f  s h a k i n g ,  t h e  s o l u t i o n  w a s  
d e c a n t e d  a n d  a s s a y e d  f o r  e n z y m a t i c  a c t i v i t y .

E a c h  t e s t  m i x t u r e  c o n t a i n e d  3 0  m l  o f  t h e  
s o l u t i o n  a s  t h e  s o u r c e  o f  t h e  e n z y m e .  T h e  
r e a c t i o n  p e r i o d  w a s  e x t e n d e d  t o  1 0  m in .  
F o r  t h i s  s t u d y  o n e  P M E  u n i t  is  t h e  a c t i v i t y  
w h i c h  p r o d u c e d  1 m e q  o f  a c i d  p e r  m l  o f  
r i n s e  w a te r .

A f t e r  d e c a n t a t i o n ,  t h e  p e a s  w e r e  r i n s e d  
a g a i n  w i t h  r u n n i n g  w a t e r  (cn. 5 0 0  m l )  t o  
r e m o v e  t h e  r e m a i n i n g  e x t e r n a l  s o l u b l e  p r o ­
te in .  T h e s e  p e a s  t h e n  w e r e  u t i l i z e d  t o  d e ­
t e r m i n e  t h e  r e s i d u a l  P M E  a c t i v i t y .

Determination of moisture and 
protein contents

T h e  m o i s t u r e  c o n t e n t  o f  t h e  p e a s  w a s  d e ­
t e r m i n e d  b y  f r e e z e - d r y i n g  2 5 - g  s a m p l e s  it 
d u p l i c a t e  t o  c o n s t a n t  w e ig h t .  T h e  p r o t e i n  
c o n t e n t  ( d r y  b a s i s )  o f  2  g  o f  w e t  p e a s  w a s  
m e a s u r e d  b y  t h e  K j e l d a h l  m e t h o d  '/X x  
6 . 2 5 )  ( A O A C ,  1 9 6 5 ) .

Statistical analyses
S a m p l e s  w e r e  a s s a y e d  in  d u p l i c a t e  f o  

P M E  a c t i v i t y  w h e n  t h e  e f f e c t  o f  s a l t  c o n c e n  
t r a t i o n ,  p H ,  t e m p e r a t u r e ,  r i n s i n g  o f  t h e  p e a ;  
o n  P M E  a c t i v i t y  i n  r i n s e  w a t e r  a n d  s t a n d i n g  
o f  f r o z e n  p e a s  s l u r r i e s  o n  t h e  e n z y m a t i c  a c ­
t i v i t y  w e r e  c o n s i d e r e d .  A l l  o t h e r  d e t e r m i n a ­
t i o n s  ( m a t u r i t y ,  f r e e z i n g  a n d  r e s i d u a l  P M E  
a c t i v i t y  a f t e r  r i n s i n g )  w e r e  m a d e  in  t r i p l i ­
c a t e .  T h e  d a t a  w e r e  a n a l y z e d  b y  t h e  a n a l y s i s  
o f  v a r i a n c e  a r r a n g e m e n t ,  u s i n g  t h e  A N O -  
V A R  p r o g r a m  ( B o n e ,  1 9 6 3 )  a d a p t e d  f o r  
c o m p u t a t i o n  b y  t h e  I B M  7 0 4 0  c o m p u t e r  a ' 
t h e  U n i v e r s i t y  C o m p u t i n g  C e n t e r .  T h e  D u n  
c a n ’s  M u l t i p l e  R a n g e  T e s t  a n d  t h e  L e a s t  Si{ 
n i f i c a n c e  D i f f e r e n c e  T e s t  w e r e  u s e d  t o  a v a l ' 
a t e  d i f f e r e n c e s  a m o n g  m e a n  v a l u e s  ( L i ,  
1 9 5 9 ) .

R E S U L T S  & D IS C U S S IO N
THE PROTEIN content of the most im­
mature peas (PHPE variety) was 23.4% 
and, of the most mature peas, 26.7%. 
Since the peas represented a maturation 
period of 3 to 4 days, the daily mean in­
crease of protein was c a .  0.94%. The 
moisture level decreased from 75.8% to 
62.5% during this period.

N o C I  C o n c e n t r a t i o n ,  M

F i g .  1 — A c t i v i t y  o f  p e c t i n  m e t h y l  e s t e r a s e  o f  S o u t h e r n  p e a s  a t  

d i f f e r e n t  c o n c e n t r a t i o n s  o f  N a C l .  C o n d i t i o n s  o f  a s s a y :  p H  7 . 5  a n d  

3 0 ° C .

pH

F i g .  2 — A c t i v i t y  o f  p e c t i n  m e t h y l  e s t e r a s e  o f  S o u t h e r n  p e a s  a t  

p i f f e r e n t  p H  l e v e l s .  C o n d i t i o n s  o f  a s s a y :  0 . 2  M N a C l  a n d  3 0 °  C.
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F i g u r e  1 p r e s e n t s  t h e  P M E  a c t i v i t y  

v a l u e s  o f  t h e  t e s t  m i x t u r e s  w h i c h  c o n ­
t a i n e d  d i f f e r e n t  c o n c e n t r a t i o n s  o f  N a C l .  

M a x i m u m  a c t i v i t y  f o r  P M E  i n  t h e  P A  

v a r i e t y  w a s  o b t a i n e d  a t  0 . 2 5  M  N a C l .  
R a i s i n g  o r  l o w e r i n g  t h e  l e v e l  o f  s a l t  r e ­

d u c e d  a c t i v i t y .  A  s i m i l a r  r e s p o n s e  w a s  

o b s e r v e d  f o r  t h e  P H  P E  v a r i e t y ,  w i t h  m a x ­

i m u m  a c t i v i t y  o c c u r r i n g  a t  s a l t  c o n c e n ­

t r a t i o n s  b e t w e e n  0 . 2  a n d  0 . 3  M. A  0 . 2  M  
c o n c e n t r a t i o n  w a s  s e l e c t e d  f o r  a s s a y i n g  

s u b s e q u e n t  s a m p l e s  f o r  P M E .  H o w e v e r ,  
a  0 . 2 5  M  c o n c e n t r a t i o n  w o u l d  p r o b a b l y  

h a v e  b e e n  m o r e  p r a c t i c a l ,  s i n c e  a t  t h i s  

l e v e l  a  s m a l l  i n a d v e r t e n t  v a r i a t i o n  i n  t h e  
c o n c e n t r a t i o n  o f  s a l t  i n  t h e  a s s a y  m i x t u r e  

w o u l d  n o t  h a v e  p r o d u c e d  a  s i g n i f i c a n t  

d i f f e r e n c e  i n  a c t i v i t y  w h e n  o t h e r  v a r i a b l e s  

w e r e  b e i n g  t e s t e d .

T h e  e f f e c t  o f  p H  o n  P M E  a c t i v i t y  is  

p r e s e n t e d  i n  F i g u r e  2 .  P M E  i n  t h e  P A  

v a r i e t y  w a s  m o s t  a c t i v e  a t  p H  7 . 5 - 8 .  
W h e n  t h e  p H  w a s  a l t e r e d  f r o m  t h i s  l e v e l ,  

t h e  a c t i v i t y  d e c r e a s e d .  P M E  a c t i v i t y  i n  

t h e  P H P E  v a r i e t y  w a s  m a x i m u m  a t  p H

8 . 5 .  T h e  p H  v a l u e  o f  7 . 5  s e l e c t e d  f o r  

a s s a y  o f  P M E  in  s u b s e q u e n t  t r e a t m e n t s  
w a s  e r r o n e o u s l y  t a k e n  f r o m  t h e  r e s u l t s  

o b t a i n e d  b y  a n a l y z i n g  p e a s  o f  t h e  P A  

v a r i e t y .  A  p H  o f  8 . 5  w o u l d  h a v e  b e e n  a  

’ m o r e  s u i t a b l e  l e v e l .
T h e  P M E  a c t i v i t y  o f  p e a s  o f  t h e  P A  

v a r i e t y  w a s  h i g h e r  t h a n  p e a s  o f  t h e  

i ’H P E  v a r i e t y .  T h i s  c o u l d  b e  d u e  t o  v a r i ­

e t a l  d i f f e r e n c e s  o r  t o  a  g r e a t e r  p r o p o r t i o n  

o f  i m m a t u r e  p e a s  i n  t h e  P A  s a m p l e .

T h e  r e s p o n s e  o f  P M E  t o  c h a n g e s  i n  
t e m p e r a : u r e  w a s  s i m i l a r  t o  t h a t  r e p o r t e d  
f o r  P M E  f r o m  o t h e r  s o u r c e s .  E n z y m a t i c  

a c t i v i t y  i n c r e a s e d  a b o u t  2 - f o l d  w h e n  t h e  
t e m p e r a t u r e  w a s  r a i s e d  f r o m  2 5 °  t o  5 0 ° C  

( F i g .  3 ) .  N o  d i f f e r e n c e  i n  a c t i v i t y  w a s

Table  1— Effect of m aturity , frozen storage, 
and rinsing on ac tiv ity1 of pectin m ethyl 
esterase in Southern peas.

M aturity
Frozen
storage Rinsing

Stage Mean Days M ean
T reat­
m ent Mean

Green
Green-

purple
Purple

48.3 a 
27.7 b

19.2 c

0 3 1 .5 p  
84 3 1 .9 n

U n­
rinsed

Rinsed
33.9  x 
29 .5  y

1 PM E Units (X  103).
M eans within a variable not followed by the 

same letter are significantly different (M aturity 
and Rinse, P < 0 .01 ; Storage P <  0.05).

f o u n d  b e t w e e n  5 0 °  a n d  6 0 ° C ,  b u t  a t  

6 5 ° C  t h e  a c t i v i t y  w a s  r e d u c e d  s h a r p l y .  

T h e  m e a n  Q 10 w a s  1 . 3 5  o v e r  t h e  r a n g e  

o f  3 0 °  t o  5 0 ° C .
T a b l e  1 s h o w s  t h e  e f f e c t s  o f  m a t u r i t y ,  

f r o z e n  s t o r a g e  a n d  r i n s i n g  o f  t h e  p e a s  o n  

e n z y m a t i c  a c t i v i t y  i n  t h e  P H P E  v a r i e t y .

T h e  m a t u r i t y  l e v e l  w a s  t h e  m a j o r  f a c t o r  
i n f l u e n c i n g  a c t i v i t y .  T h e  m o r e  i m m a t u r e  
t h e  p e a s ,  t h e  h i g h e r  t h e  a c t i v i t y .  P e a s  w i t h  

g r e e n  p o d s  h a d  a b o u t  2 . 5  t i m e s  a s  m u c h  

P M E  a c t i v i t y  a s  p e a s  w i t h  p u r p l e  p o d s .  
T h e r e  w a s  a n  i n v e r s e  r e l a t i o n s h i p  ( b y  

o b s e r v a t i o n )  b e t w e e n  P M E  a c t i v i t y  a n d  
p r o t e i n  c o n t e n t  i n  t h e  p e a s .

P e a s  h e l d  a t  — 1 8 ° C  f o r  8 4  d a y s  h a d  a  

s l i g h t l y  h i g h e r  a c t i v i t y  ( P  <  0 . 0 5 )  t h a n  
t h e  f r e s h  p e a s .  T h e  i n c r e a s e  w a s  p r o b a b l y  

d u e  t o  t h e  l i b e r a t i o n  o f  P M E  b y  m e c h a n i ­
c a l  d i s r u p t i o n  o f  t h e  c e l l u l a r  m a t e r i a l s  

s i n c e  P M E  is  a d s o r b e d  s t r o n g l y  t o  t h e  

w a t e r - i n s o l u b l e  c e l l u l a r  c o n s t i t u e n t s  ( K e r -  
t e s z ,  1 9 5 5 ;  M c C o l l o c h  e t  a l . ,  1 9 4 9 ) .  A c ­

c o r d i n g  t o  N e w c o m b  ( 1 9 5 5 ) ,  P M E  a c ­

Table 2— Effect o f m atu rity  x frozen storage  
x rinsing interaction on ac tiv ity1 of pectin  
m ethyl esterase in Southern peas.

M aturity  (pod color)
Rinse

treatm ent Green
Green-
purple Purple

Fresh, 0 days storage
Unrinsed 52.3 a 28.1 e 18.3 h
Rinsed 46.5  b 27.3 e 16.7 i

Stored, 84 days, — 18 'C
Unrinsed 5 3 .2 a 3 0 .4  d 21.2  g
Rinsed 41.1 c 2 5 .0  f 20 .7  g

1 PM E units (X  103).
M eans no t followed by the same letter are sig­

nificantly different (P <  6.01).

t i v i t y  a p p e a r s  t o  b e  l o c a l i z e d  a t  t h e  s u r ­
f a c e  o f  t h e  c e l l  i n  i n t i m a t e  a s s o c i a t i o n  

w i t h  t h e  c e l l  w a l l .
T h e  i n t e r a c t i o n  b e t w e e n  m a t u r i t y ,  

f r o z e n  s t o r a g e  a n d  r i n s i n g  o f  t h e  p e a s  is  
p r e s e n t e d  in  T a b l e  2 .  I n  a l l  t r e a t m e n t s  

t h e r e  w a s  a  p r o g r e s s i v e  d e c r e a s e  o f  P M E  
a c t i v i t y  w i t h  m a t u r i t y .  F r e e z i n g  c a u s e d  
t h e  m o r e  m a t u r e ,  u n r i n s e d  p e a s  ( g r e e n -  

p u r p l e  a n d  p u r p l e )  t o  e x h i b i t  a  h i g h e r  a c ­
t i v i t y  t h a n  t h e  f r e s h  c o u n t e r p a r t s .  T h i s  

i n d i c a t e s  t h a t  t h e  e n z y m e  m i g h t  h a v e  b e ­

c o m e  m o r e  s t r o n g l y  a f f i x e d  t o  t h e  c e l l u l a r  
c o n s t i t u e n t s  a s  t h e  p e a s  b e c a m e  m o r e  

m a t u r e  a n d  w a s  s u b s e q u e n t l y  r e l e a s e d  b y  

f r e e z i n g .
R i n s i n g  d i d  n o t  l o w e r  t h e  a c t i v i t y  i n  

t h e  m o s t  m a t u r e ,  f r o z e n  p e a s  ( p u r p l e  
p o d s ) .  A p p a r e n t l y ,  s o m e  o f  t h e  P M E  t h a t  

w a s  “ a c t i v a t e d ”  w a s  l o c a t e d  w e l l  w i t h i n  
t h e  c o t y l e d o n s  a n d  w a s  n o t  s u b j e c t  t o  

d i s s o l u t i o n .  R i n s i n g  h a d  t h e  g r e a t e s t  e f ­
f e c t  o n  g r e e n ,  f r o z e n  p e a s  w h e r e  t h e  

e n z y m a t i c  a c t i v i t y  w a s  r e d u c e d  b y  2 2 . 7 % .  
H o w e v e r ,  i n  f r e s h  p e a s  o f  t h e  s a m e  m a ­
t u r i t y  l e v e l ,  r i n s i n g  d e c r e a s e d  t h e  a c t i v i t y  

b y  1 1 . 1 % .
T h e  P M E  a c t i v i t y  v a l u e s  o f  t h e  r i n s e  

w a t e r  f r o m  f r e s h  a n d  f r o z e n  p e a s  o f  t h e  

3  m a t u r i t y  l e v e l s  a r e  p r e s e n t e d  in  T a b l e  3 .  

T h e  p r e s e n c e  o f  a c t i v e  e n z y m e  in  t h e  
a q u e o u s  s o l u t i o n  s h o w s  t h a t  s o m e  o f  t h e  

P M E  w a s  d i s s o l v e d  f r o m  t h e  p e a  t i s s u e s .  
T h e  r i n s e  w a t e r  f r o m  t h e  f r o z e n  p e a s  h a d  

a  m e a n  a c t i v i t y  t h a t  w a s  2 . 7  t i m e s  t h a t

Table  3— Pectin m ethyl esterase ac tiv ity1 
of rinse w ater from  Southern peas of th ree  
m aturity  levels.

Storage, 
— 18°C, 

days

M aturity (pod color)
Storage,

meanGreen
Green-
purple Purple

0 (fresh) 0 .2 4  c 0 .1 4  d 0.08 d 0 .15  y
84 0.59 a 0 .36  b 0 .27  c 0 .4 0  x
M aturation,

mean 0.41 m 0.25 n 0 .17  p

1 PM E units (X  tO3).
M eans within a variable not followed by the 

same letter are significantly different (P <  0.01).

70

o U -------------- .--------------.--------------.-------------- .
0 25 35 45  55 65

Te mp er a tu re ,  °C

F i g .  3 — A c t i v i t y  o f  p e c t i n  m e t h y l  e s t e r a s e  o f  S o u t h e r n  p e a s  

( P u r p l e  H u l l  P i n k  E y e  v a r i e t y )  a t  d i f f e r e n t  t e m p e r a t u r e s .  C o n d i ­

t i o n s  o f  a s s a y :  0 . 2  M N a C l  a n d  p H  7 . 5 .
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Table  4— Periodic changes in pectin m ethyl 
esterase ac tiv ity1 of slurries prepared from  
frozen Southern peas.

D uration,
hr

Tem perature, °C 
6 24

D uration,
mean

0 24.0 23.4 23.7 c
1 26.2 27.2 26.7 b
2 27.2 28.5 27.9 b
3 28.5 30.1 29.3 a
4 29.2 30.0 29.6  a

Tem perature
m ean 27.0  n 27.8 m

1 PM E units (X  103).
M eans within a variable not followed by the 

same letter are significantly different (D uration, 
P <  0 .0 1 ; Tem perature, P <  0.05).

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

T h e  a c t i v i t y  i n  t h e  r i n s e  w a t e r  f r o m  b o t h  

f r e s h  a n d  f r o z e n  p e a s  d e c r e a s e d  a s  m o r e  

m a t u r e  p e a s  w e r e  u t i l i z e d .
T a b l e  4  s h o w s  t h e  p e r i o d i c  i n c r e a s e s  

o f  P M E  a c t i v i t y  w h e n  t h e  s l u r r i e s  o f  p r e ­

v i o u s l y  f r o z e n  p e a s  w e r e  a l l o w e d  t o  s t a n d  

u p  t o  4  h r .  T h e r e  w a s  a  p r o g r e s s i v e  i n ­
c r e a s e  f o r  3  h r ,  b u t  n o  s i g n i f i c a n t  c h a n g e s  

o c c u r r e d  b e t w e e n  t h e  3 -  a n d  4 - h r  p e r i o d .  

T h e  i n c r e a s e  i n  P M E  a c t i v i t y  w a s  1 .2 5 -  

f o l d .  T h e  g r a d u a l  i n c r e a s e  i n  a v a i l a b l e  
P M E  m i g h t  h a v e  r e s u l t e d  f r o m  a  c o n ­

t i n u o u s  r e l e a s e  o f  P M E  f r o m  t h e  c e l l  

w a l l  c o n s t i t u e n t s  o r  e v e n  f r o m  w i t h i n  
t h e  c e l l s .  F u r t h e r  e x p e r i m e n t a t i o n  is  
n e e d e d  t o  e l u c i d a t e  t h e  s i t e  w i t h i n  t h e  

t i s s u e  w h e r e  P M E  is  l o c a t e d .

T h e  q u e s t i o n  a r i s e s  c o n c e r n i n g  t h e  r o l e  

o f  P M E  w i t h i n  t h e  i n t a c t  p e a s .  A l t h o u g h  
i t  i s  g e n e r a l l y  a s s u m e d  t h a t  t h e  e n z y m e  

in  t h e  u n i n j u r e d  p l a n t  t i s s u e  is  e s s e n t i a l l y  
i n a c t i v e  ( V a n  B u r e n  e t  a l . .  1 9 6 2 ) ,  t h e r e  
a r e  s e v e r a l  w a y s  b y  w h i c h  P M E  i n  S o u t h ­

e r n  p e a s  m a y  b e c o m e  a c t i v a t e d .  F i r s t ,  t h e  

s h e l l i n g  o p e r a t i o n  m a y  i n i t i a t e  e n z y m a t i c  
r e a c t i o n s  b y  b r u i s i n g  t h e  t i s s u e s .  I t  i s  

p o s s i b l e  t h a t  t h e  e n z y m e  a n d  t h e  s u b s t r a t e  
c o u l d  b e  b r o u g h t  i n t o  i n t i m a t e  p r o x i m i t y  

w i t h i n  t h e  d a m a g e d  a r e a s ,  p e r m i t t i n g  t h e  

e n z y m e  t o  f u n c t i o n  ( L i n e w e a v e r  c t  a l . ,  

1 9 5 1 ) .

I n  a d d i t i o n ,  t h e  p e a s  a r e  s o m e t i m e s  
h e l d ,  b e f o r e  a n d / o r  a f t e r  s h e l l i n g ,  u n d e r  
c o n d i t i o n s  w h i c h  o f t e n  c a u s e  t h e  p e a s  t o

r e a c h  r e l a t i v e l y  h i g h  t e m p e r a t u r e s .  T h e s e  
e l e v a t e d  t e m p e r a t u r e s ,  d u e  p r i m a r i l y  t o  

t h e  h e a t  o f  r e s p i r a t i o n ,  o f t e n  r e a c h  t h e  

p o i n t  w h e r e  P M E  w o u l d  f u n c t i o n  i n  
v i t r o  a t  t h e  m a x i m u m  r a t e s .  A t  t h e  p e a k  

o f  t h e  h a r v e s t  s e a s o n ,  f a c i l i t i e s  a r e  u s u a l l y  

i n a d e q u a t e  f o r  p r o c e s s i n g  t h e  l a r g e  v o l ­

u m e  o f  p e a s  w i t h o u t  u n d u e  d e l a y .  A s  a  
m e a n s  o f  a l l e v i a t i n g  t h i s  s i t u a t i o n ,  t h e  

p e a s  a r e  p l a c e d  i n  l a r g e  t a n k s  f i l l e d  w i t h  
w a t e r  a n d  h e l d  u n t i l  t h e y  c a n  b e  p r o ­

c e s s e d .  W i t h  a  p o r t i o n  o f  t h e  P M E  b e i n g  

w a t e r - s o l u b l e  ( t h e  r e l a t i v e  a m o u n t  w o u l d  
d e p e n d  o n  t h e  s t a g e  o f  m a t u r i t y ) ,  c o n d i ­

t i o n s  w o u l d  f a v o r  d é m é t h y l a t i o n  o f  p e c t i c  

s u b s t a n c e s  o f  t h e  p e a s .

S o u t h e r n  p e a s  a r e  s u b j e c t e d  t o  m a n y  

c o n d i t i o n s  d u r i n g  t h e  h a r v e s t ,  p o s t - h a r ­
v e s t .  a n d  p r o c e s s i n g  o p e r a t i o n s  w h i c h  

f a v o r  p a r t i a l  d é m é t h y l a t i o n  o f  t h e  i n h e r ­

e n t  p e c t i c  s u b s t a n c e s .  R e a c t i o n  o f  t h e s e  

p r o d u c t s  o f  d é m é t h y l a t i o n  w i t h  c a t i o n s  
c o u l d  p e r m i t  s u b s e q u e n t  a d v e r s e  t e x t u r a l  

c h a n g e s  t o  t a k e  p l a c e  w i t h i n  t h e  p e a s .  

I n  v i e w  o f  t h e s e  p o s s i b i l i t i e s ,  f u r t h e r  s t u d ­

i e s  a r e  p l a n n e d  t o  a s c e r t a i n  t h e  a c t i o n  o f  

P M E  o n  t h e  m e t h y l a t e d  p e c t i c  s u b s t a n c e s  

a n d  t o  r e l a t e  t h i s  a c t i o n  t o  t e x t u r a l  
c h a n g e s  o f  S o u t h e r n  p e a s .
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Role of Cuticle in Spoilage of Chicken Eggs
S U M M A R Y — T h e  r o l e  o f  c u t i c l e  ( m u c o p r o t e i n  l a y e r  o n  t h e  e g g  s h e l l )  i n  p r e v e n t i n g  s p o i l ­

a g e  o f  eggs by m i c r o o r g a n i s m s  w a s  s t u d i e d .  E g g s  c o l l e c t e d  f r o m  t h e  u t e r u s  o r  e g g s  

t r e a t e d  w i t h  5 %  E D T A  s o l u t i o n  t o  r e m o v e  c u t i c l e  s p o i l e d  a t  a  m u c h  f a s t e r  r a t e  t h a n  

t h e  n o r m a l l y  l a i d  eggs. T h e  w e i g h t  o f  t h e  e g g  s h e l l  a n d  i t s  m e m b r a n e s  d i d  n o t  a f f e c t  

t h e  s p o i l a g e  o f  eggs c o l l e c t e d  f r o m  t h e  u t e r u s .  T h e  p r o t e c t i o n  p r o v i d e d  b y  t h e  c u t i c l e  

w a s  f o u n d  t o  l a s t  a t  l e a s t  u p  t o  9 6  h r  a f t e r  t h e  eggs a r e  l a i d .

IN T R O D U C T IO N
THE ABILITY of eggs to resist spoilage 
by microorganisms is largely due to the 
exterior structures of the egg, including 
the shell and the inner and outer shell 
membranes. The egg albumen proteins, 
including lysozyme, conalbumin, avidin 
and others, also have bacteriostatic prop­
erties. The role of the shell and its mem­
branes has been studied by Lifshitz et al.
(1964), Garibaldi et al. (1958), Kraft et al.
(1958) and Brown et al. (1965). No exact 
mechanism of bacterial penetration has 
been postulated, but it has been generally 
agreed by these workers that the inner 
shell membrane offers the greatest re­
sistance to bacteria.

The role of the cuticle (bloom) in pre­
venting spoilage has not been fully 
studied. There is a common belief that 
the protective action of the cuticle, if any, 
prevails for just a few hours after the 
eggs are laid. This study was undertaken 
to determine the role played by the cuticle 
in the spoilage of eggs and the length of 
time such a protective action is available.

M A T E R IA L S  & M E T H O D S
Eggs

T o  s t u d y  t h e  e f f e c t  o f  t h e  c u t i c l e  o n  s p o i l ­
a g e ,  e g g s  w e r e  c o l l e c t e d  in  a  c o m m e r c i a l

d r e s s i n g  p l a n t  f r o m  t h e  u t e r u s  o f  h e n s  w h i l e  
t h e  b i r d s  w e r e  b e in g  e v i s c e r a t e d .  T h e  c o l ­
l e c t i o n  w a s  d o n e  in  t h e  e a r l y  p a r t  o f  t h e  
m o r n i n g  s o  t h a t  t h e  e g g s  w e r e  o f  t h e  s a m e  
a g e .  A  p o r t i o n  o f  t h e  e g g s  w a s  t e s t e d  t o  
m a k e  s u r e  t h e  e g g s  w e r e  d e v o i d  o f  c u t i c l e .  A  
s e t  o f  c o n t r o l  e g g s  w a s  o b t a i n e d  f r o m  t h e  
C o r n e l l  U n i v e r s i t y  f a r m .  A l l  o f  t h e  e g g s  
u s e d  in  t h e  s t u d y  w e r e  f r o m  o n e  s t r a i n  o f  
W h i t e  L e g h o r n s .  T h e  e g g s  f r o m  t h e  u t e r u s  
w e r e  d r i e d  a t  r o o m  t e m p e r a t u r e  f o r  6 - 8  h r  
b e f o r e  w a s h i n g  a s  w e r e  t h e  c o n t r o l  e g g s .

Shell-less eggs
A t  t h e  s l a u g h t e r  h o u s e ,  a  n u m b e r  o f  i m m a ­

t u r e  e g g s  w h ic h  h a d  n o  s h e l l  w e r e  a l s o  o b ­
t a i n e d ,  a n d  t h e s e  e g g s  w i l l  b e  r e f e r r e d  to  a s  
s h e l l - l e s s  e g g s .

Removal of cuticle
F o r  th i s  p a r t  o f  t h e  e x p e r i m e n t ,  t h e  c u t i c l e  

w a s  a r t i f i c i a l l y  r e m o v e d  b y  d i p p i n g  e g g s  in  
5 %  E t h y l e n e d i a m i n e  t e t r a  a c e t i c  a c i d  ( s o ­
d i u m  s a l t )  s o l u t i o n  f o r  1 0  m in .  T h e  m u c i ­
l a g i n o u s  l a y e r  w a s  r e m o v e d  b y  r u b b i n g  th e  
s u r f a c e  o f  t h e  s h e l l .

Testing the cuticle
T h e  e g g s  w e r e  d i p p e d  in  5 %  E D T A  s o l u ­

t i o n .  T h e  s o l u t i o n  w a s  t h e n  t e s t e d  f o r  t h e  
p r e s e n c e  o f  p r o t e i n  b y  t h e  p r o c e d u r e  o f  
L o w r y  e t  a l .  ( 1 9 5 1 ) .

Washing of eggs
T h e  e g g s  w e r e  w a s h e d  in  a n  i m m e r s i o n  

ty p e  o f  e g g  w a s h e r  u s i n g  a  s a n i t i z e r - d e t e r ­

g e n t  a c c o r d i n g  t o  t h e  d i r e c t i o n s  o f  t h e  m a n ­
u f a c t u r e r .  T h e  w a s h i n g  t i m e  w a s  3 m i n  a n d  
t h e  t e m p e r a t u r e  w a s  4 5  ° C .  T h e  e g g s  w e r e  
t h e n  r i n s e d  w i t h  w a t e r  a t  4 0  ° C  t o  r e m o v e  a n y  
r e s i d u a l  s a n i t i z e r - d e t e r g e n t .

Exposure to infection
E g g s  w e r e  e x p o s e d  t o  i n f e c t i o n  w i th  

Pseudomonas aeruginosa. T h e  d i p  w a t e r  
w a s  1 5 ° C  a n d  h a d  a  c o u n t  o f  a p p r o x i m a t e l y  
1 0 0 ,0 0 0  P. aeruginosa p e r  m l .  T h e  e g g s  w e r e  
l e f t  in  t h e  d i p  w a t e r  f o r  5  m in .

Spoilage
T h e  i n f e c t e d  e g g s  w e r e  i n c u b a t e d  a t  r o o m  

t e m p e r a t u r e  ( 2 1 - 2 3 ° C ) .  T h e  s p o i l a g e  w a s  
d e t e r m i n e d  b y  c a n d l i n g  e g g s  u s i n g  u l t r a v i o l e t  
l i g h t .  E g g s  s h o w i n g  a  g r e e n i s h  f l u o r e s c e n c e  
w e r e  c o n s i d e r e d  s p o i l e d .

Length of protection by cuticle
T h e  l e n g t h  o f  p r o t e c t i o n  a f f o r d e d  b y  th e  

c u t i c l e  w a s  s t u d i e d  b y  c o l l e c t i n g  e g g s  f r o m  
t h r e e  d i f f e r e n t  s t r a i n s  o f  W h i t e  L e g h o r n  
h e n s .  2 0  e g g s  w e r e  c o l l e c t e d  a t  0 ,  1 , 3 ,  6 , 2 4 ,  
4 8 ,  7 2  a n d  9 6  h r  p o s t  l a y .  E x c e p t  f o r  0  h r  
e g g s ,  a l l  t h e  e g g s  w e r e  h e a t e d  in  a n  i n c u ­
b a t o r  a t  4 2  ° C  f o r  1 h r  t o  b r i n g  t h e m  to  
t h e  s a m e  t e m p e r a t u r e  a s  e g g s  w h e n  la id .  T h e  
e g g s  w e r e  n e s t  c l e a n  a n d  w e r e  n o t  w a s h e d  
b e f o r e  e x p o s i n g  t o  i n f e c t i o n .

R E S U L T S  & D IS C U S S IO N
DATA PRESENTED in Table 1 show 
the importance of cuticle on the spoilage 
of eggs artificially exposed to infection 
with P. aeruginosa. Normally laid eggs 
which had the cuticle showed a spoilage 
of 28 and 37% in two trials after 15 days 
of incubation following infection. When 
normal eggs were treated with 5% EDTA 
solution to remove the cuticle, the spoilage 
rate increased to 92 and 100% after 11 
days of storage at room temperature. 
Eggs collected from the uterus behaved 
very similarly to EDTA treated eggs and 
the spoilage was 98, 100 and 100% in 
three trials after 15 days of storage.

The eggs collected from the uterus or 
the ones treated with EDTA solution had 
a more rapid rate of spoilage. After 3 
days of infection, these eggs showed a 
spoilage of over 2 0 % while none of the 
normally laid eggs showed any spoilage.

The difference between normal eggs 
and eggs collected from the uterus were 
essentially due to cuticle. Romanoff et al.
(1949) reported that the cuticle is de­
posited on the egg in the vagina just be-

Table 1— Effect o f cuticle on spoilage of eggs after in fection with Pseudom onas aeruginosa

Spoilage time, days
Treatm ent Trial 3 5 7 9 11 15 20 25 30

P e r c e n ta g e  o f  sp o ila g e

Norm ally laid 1 — — — — 7 28 57 80 93
2 — — 3 8 22 37 71 91 100

Eggs from
uterus 1 8 35 41 47 64 98

2 43 61 74 89 100
3 38 50 68 86 91 100

Shell-less eggs 1 100
2 100

ED TA  Treated
eggs 1 — 12 28 45 62 82 100

2 — 18 32 51 70 86 100
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Tab le  2— The in fluence of w eight and th ickness of egg shell and m em b ranes on spoilage by 
P seudom onas aeruginosa.

Incubation  
tim e (days) 
a t 21-23°C

W eight o f  shell 
and its m em brane, g

Thickness o f  shell 
and its m em brane, mm

4 .0 -4 .5 4 .6 -5 .0 5 .1 -5 .5 0 .2 5 -0 .3 0 0 .3 1 -0 .3 5 0 .3 6 -0 .4 0

N u m b e r s  sh o w in g  s p o ila g e 1
5 9 7 14 10 17 3
7 1 2 1 2 2
8 — 2 1 1 2
9 1 5 8 3 9 2

11 — 1 1 1 1

1 A total o f 54 eggs were studied.

f o r e  i t  i s  l a i d ,  w h i c h  m e a n s  t h e  e g g s  f r o m  
t h e  u t e r u s  s h o u l d  n o t  h a v e  a n y  c u t i c l e .  

T h i s  w a s  c o n f i r m e d  b y  d i p p i n g  t h e  e g g s  
i n  5 %  E D T A .  T h e  t e s t  f o r  c u t i c l e  a s  d e ­

t e r m i n e d  b y  t h e  p r e s e n c e  o f  p r o t e i n  w a s  

n e g a t i v e .
T h e  i m p o r t a n c e  o f  t h e  c u t i c l e  w a s  

f u r t h e r  c o n f i r m e d  w h e n  t h e  n o r m a l  e g g s  
w e r e  t r e a t e d  w i t h  E D T A  s o l u t i o n ,  a n d  i t  
w a s  o b s e r v e d  t h a t  t h e s e  e g g s  s p o i l e d  m u c h  

f a s t e r  t h a n  t h e  u n t r e a t e d  e g g s .  T h e  E D T A  

s o l u t i o n  w a s  t e s t e d  f o r  c a l c i u m  a n d  t h e  
r e s u l t  s h o w e d  t h a t  s u c h  a  t r e a t m e n t  d i d  
n o t  r e m o v e  a n y  c a l c i u m  a n d  t h e r e b y  

w e a k e n  t h e  s h e l l  s t r u c t u r e .

T h e  i m p o r t a n c e  o f  s h e l l  a n d  c u t i c l e  a s  

a  p r o t e c t i v e  a g e n t  i s  c l e a r  f r o m  t h e  d a t a  
o b t a i n e d  w i t h  s h e l l - l e s s  e g g s .  I n  t w o  t r i a l s  

t h e  s p o i l a g e  w a s  1 0 0 %  w i t h i n  3 d a y s  o f  
i n c u b a t i o n  w h i l e  n o r m a l l y  l a i d  e g g s  h a d  

t o  b e  i n c u b a t e d  f o r  o v e r  3 0  d a y s  f o r  a  
s i m i l a r  d e g r e e  o f  s p o i l a g e .

S i n c e  t h e  e g g s  w e r e  c o l l e c t e d  f r o m  t h e  

u t e r u s ,  i t  w a s  p o s s i b l e  t h e y  m a y  n o t  h a v e  
f u l l y  d e v e l o p e d .  T h e  a m o u n t  o f  s h e l l  d e ­

p o s i t e d  c o u l d  b e  d i f f e r e n t  a n d  t h u s  m a y  

a f f e c t  o n  s p o i l a g e .  T h i s  w a s  s t u d i e d  b y  
d e t e r m i n i n g  t h e  e f f e c t  o f  w e i g h t  a n d  t h i c k ­

n e s s  o f  e g g  s h e l l  a n d  i t s  m e m b r a n e  o n  t h e  
s p o i l a g e  o f  e g g s  c o l l e c t e d  f r o m  t h e  u t e r u s .

T a b l e  2  s h o w s  t h a t  t h e  w e i g h t  o f  t h e  s h e l l  
a n d  i t s  m e m b r a n e s  v a r i e d  f r o m  4 . 0  t o

5 . 5  g ,  w h i l e  t h e  t h i c k n e s s  v a r i e d  b e t w e e n  
0 . 2 5  a n d  0 . 4 0 0  m m .  T h e s e  v a l u e s  a r e  

c o m p a r a b l e  t o  n o r m a l l y  l a i d  e g g s .

N o  d e f i n i t e  c o r r e l a t i o n  w a s  o b s e r v e d  
b e t w e e n  t h e  w e i g h t  o f  s h e l l  a n d  i t s  m e m ­

b r a n e s  a n d  s p o i l a g e ,  i n d i c a t i n g  t h a t  t h e  
e g g s  o b t a i n e d  f r o m  t h e  u t e r u s  w e r e  m a ­
t u r e .  T h e  e g g  s h e l l  w e i g h t  w a s  n o t  a  f a c t o r  

i n  s p o i l a g e  a n d  t h e  d i f f e r e n c e s  i n  s p o i l a g e  

w e r e  d u e  t o  c u t i c l e  a l o n e .  T h e  e g g  s h e l l  

a n d  m e m b r a n e  t h i c k n e s s  s h o w e d  s i m i l a r  
r e s u l t s .

T h e  l e n g t h  o f  t i m e  t h e  c u t i c l e  a f f o r d s  
p r o t e c t i o n  is  s h o w n  i n  T a b l e  3 .  U s i n g  

t h r e e  s t r a i n s  o f  b i r d s ,  n o  d e f i n i t e  p a t t e r n  

o f  s p o i l a g e  w a s  o b s e r v e d .  I t  a p p e a r s  t h a t  
t h e  p r o t e c t i o n  a f f o r d e d  b y  t h e  c u t i c l e  is  
n o t  a l t e r e d  a t  l e a s t  u p  t o  9 6  h r  a f t e r  l a y .  

H o w e v e r ,  t h e  e g g s  l a i d  b y  t h r e e  s t r a i n s  o f  

b i r d s  s h o w e d  c o n s i d e r a b l e  d i f f e r e n c e s  i n  
s p o i l a g e .  S t r a i n  A  w a s  m o s t  r e s i s t a n t  t o  

s p o i l a g e  w h i l e  C  w a s  t h e  m o s t  s e n s i t i v e  t o  

s p o i l a g e .
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Table  3— Effect of strain in post-lay tim e  on spoilage of eggs when in fected with Pseudo­
m onas aeruginosa.

Total 
for each

Time elapsed after eggs were laid, h r each
Strain 0 1 3 6 24 48 74 96 strain

A 3 0
N u m b e r  sh o w in g  sp o ila g e  a f te r  15 d a y s 1 

5 3 2 5 9 1 28
C 4 2 10 13 7 11 15 11 83
K 4 1 8 9 2 11 8 6 54
Total for 

all strains 11 3 23 25 11 27 32 18

1 20 eggs for each group.
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Myofibril Fragmentation in Relation to 
Factors Influencing Tenderness

Chicken

S U M M A R Y — S u s c e p t ib i l i t y  o f  c h ic k e n  p e c t o r a l i s  m a jo r  m y o f i b r i l s  t o  m e c h a n ic a l  f r a g ­

m e n t a t i o n  w a s  in v e s t ig a t e d ,  a f t e r  v a r io u s  p e r io d s  o f  a g in g ,  a s  a n  in d e x  o f  t e n d e r n e s s .  
T r e a t m e n t s  were u s e d  w h ic h  a c c e le r a t e d ,  r e t a r d e d  o r  p r e v e n t e d  p o s t - m o r t e m  g ly c o ly s is .  
F r a g m e n t a t io n ,  w i t h  b r e a k s  a lw a y s  b e s id e  t h e  Z  l in e ,  w a s  m e a s u r e d  b y  m ic r o s c o p ic  e x ­

a m in a t i o n  o f  h o m o g e n iz e d  m u s c le .  F r a g m e n t a t io n  o f  p r e - r i g o r  m u s c le  p r o d u c e d  s m a l l ,  
c o n t r a c t e d  a n d  p o o r l y  d e f in e d  p a r t ic l e s .  A s  r i g o r  m o r t i s  d e v e lo p e d ,  f r a g m e n t s  b e c a m e  
lo n g e r ,  m o r e  r i g i d  a n d  c le a r l y  d e f in e d .  W i th  a d d i t i o n a l  a g in g  a f t e r  f u l l  r i g o r ,  h o m o g e n iz a ­

t i o n  p r o d u c e d  p r o g r e s s iv e ly  s m a l l e r  m y o f i b r i l l a r  f r a g m e n t s  c o n s i s t i n g  o f  1 t o  6  s a r c o ­
m e r e s .  M u s c le  w a s  l e a s t  t e n d e r  ( a s  m e a s u r e d  b y  s h e a r  f o r c e )  w h e n  i t  w a s  in  f u l l  r i g o r  
a n d  t e n d e r iz e d  w i t h  su bsequ ent a g in g .  R e t a r d a t io n  o f  t h e  o n s e t  o f  r i g o r  m o r t i s  e x t e n d e d  
t h e  t im e  -e q u i r e d  f o r  t e n d e r i z a t i o n .  A l t h o u g h  t h e  f r a g m e n t a t io n  p a t t e r n  g e n e r a l l y  c o r ­

r e s p o n d e d  t o  c h a n g e s  in  t e n d e r n e s s  in  g/yco/ys/ng m u s c le ,  f r a g m e n t a t io n  w a s  n o t  f o u n d  
t o  b e  a n  a c c u r a t e  in d e x  o f  t e n d e r n e s s .  S a r c o m e r e s  d id  n o t  l e n g t h e n  d u r i n g  t h e  a g in g  
p e r io d  a f t e r  r i g o r  m o r t i s  d e v e lo p e d .

INTRODUCTION
TENDERNESS changes in muscle during 
rigor mortis development and post-mor­
tem aging have been the subject of ex­
tensive research. However, an understand­
ing of the mechanisms involved in these 
changes, particularly after rigor develop­
ment, has not beer, reached. Radouco- 
Thomas et al. (1959) found that ante­
mortem epinephrine injection retarded 
muscle finer disintegration during aseptic 
storage. Sharp (1963) reported that mus­
cle broke up into short segments of fibers 
and fibrils after long term aseptic storage 
(up to 65 days). He indicated that the 
degree of disintegration during homog­
enization was related to the degree of 
intracellular proteolysis.

Phase contrast micrographs by Davey 
et al. (1967) of beef muscle aged 4 days 
at 15°C showed that the Z line disap­
peared and that the myofibrils distinte- 
grated into individual A bands upon brief 
homogenization. A recent paper by Tak- 
ahashi et al. (1967) reported that myo­
fibrils of chicken muscle were fragmented 
into progressively smaller segments when 
homogenized after increasing periods of 
aging. The rate of increase in fragmenta­
tion was most rapid during the first 8  hr 
post mortem which corresponds with the 
period of most rapid tenderization (Pool 
et al., 1959).

The degree of toughening and of sub­
sequent tenderization in poultry muscle is 
dependent on the rate and extent of post­
mortem glycolysis (de Fremery et al..
1960). The resistance to shear of fully 
aged (24 hr) muscle was increased by 
subjecting pre-rigor birds to increased 
time or temperature of scalding and to

beating with mechanical pickers (Pool et 
al., 1959), Conversely, prevention of post­
mortem glycolysis with either cpinephr ne 
or iodoacetate eliminated toughening dur­
ing the development of rigor mortis (de 
Fremery et al., 1963).

The purpose of this study was to investi­
gate the effect of acceleration, retardat on 
and prevention of glycolysis on the me­
chanical fragmentation of myofibrils. The 
possibility of using myofibrillar fragmen­
tation as an index of tenderness was also 
investigated.

EXPERIMENTAL
Slaughter and chilling

Commercial, meat type fryers, approxi­
mately 2 kg live weight, were used in these 
experiments. All birds were killed by a throat 
slash, and the thoracic region without the 
skin was separated from the remainder of 
the carcass in such a way that the att:.ch- 
ments of the pectoralis muscles to the bone 
structure were not broken. The thoracic re­
gion was placed in a plastic bag in a 15°C 
bath at 15 min post mortem. After aging 2 
hr, it was transferred to a 3°C cold room. 
The initial chilling temperature of 15°C was 
used to prevent possible low temperature 
stimulation and cold shortening of the mus­
cle (Locker et ah, 1963).
Alteration of glycolysis

In addition to the control procedure just 
described, glycolysis was accelerated, re­
tarded or prevented by six methods. Heating 
or beating the muscle was used to accelerate 
glycolysis. The muscle was heated by placing 
the excised thoracic region in a 50°C bath 
at 5 min post mortem until the internal tem­
perature rose to 45°C (6 min). The muscle 
was then removed from the bath and held 
at room temperature until the start of the

standard chilling procedure at 15 min post 
mortem.

Muscle was beaten by placing the breast 
area of an unscalded, intact carcass on a 
rotary drum picker (30 sec per side). Glycol­
ysis was retarded by either sodium pento­
barbital injection (35 mg/kg intravenous) 5 
min before slaughter or electrical stunning 
for 5 sec before throat slash. In either case 
there was no death struggle. Neutralized so­
dium iodoacetate (1 mmole/kg intravenous) 
injected 3 to 4 min before slaughter was used 
to block glycolysis. Epinephrine (15 finiole/ 
kg subcutaneous) injected 16 hr pre-slaugh­
ter, depleted the glycogen stores in the mus­
cle and prevented post-mortem glycolysis.

Sampling procedure
Portions of the pectoralis major were re­

moved from the thoracic region after speci­
fied aging periods without disturbing the at­
tachment of the surrounding muscle. Part of 
the muscle was clamped between two alu­
minum plates held apart with 1 cm spacers 
and cooked 10 min in boiling water (de 
Fremery et al., 1960). After the cooked mus­
cle was chilled, it was cut into 1 cm square 
strips and shear force measurements were 
made with a Warner-Bratzler type shear ap­
paratus. The remainder of the muscle sample 
was minced with scissors and the pH was 
measured on a slurry composed of 2 g 
minced muscle and 5 vol of 5 mM  Na 
iodoacetate (Marsh, 1952).

Fragmentation
Mechanical fragmentation of the myo­

fibrils was accomplished by homogenizing 2 
g minced muscle with 20 vol of 0.25A7 su­
crose, 0.04M imidazole and 2 mM  ethylene- 
dinitrilo tetraacetic acid (EDTA), pH 7.2 
for a total of 45 sec with two 30 sec cooling 
periods (Stromer et al., 1967). Photomicro­
graphs were made of the suspension using a 
phase contrast microscope. Sarcomere 
lengths were measured from these pictures, 
and a subjective score was given for frag­
mentation.

Subjective scores
Five subjective scores were given for me­

chanical fragmentation of myofibrils (Fig. 
1). The A score was given for myofibrils 
from muscle considered to be in a pre-rigor 
condition at the time of homogenization. 
These suspensions contained a large propor­
tion of amorphous material and the myo­
fibrillar segments were short, heavily con­
tracted and poorly defined. Myofibrils scored 
as B were long, curved, somewhat poorly 
defined and in various stages of contraction.

V o lu m e  3 5  ( 1 9 7 0 ) — JO U R N A L  OF FOOD SCIENCE— 7
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T h e  B  s c o r e  a p p e a r e d  to  c o v e r  m u s c l e  j u s t  
g o i n g  i n t o  r i g o r  a t  t h e  t i m e  o f  h o m o g e n i z a ­
t i o n .

M y o f i b r i l s  t h a t  w e r e  lo n g ,  r i g i d  a p p e a r i n g  
a n d  w e l l  d e f in e d  w i t h  r e l a t i v e l y  u n i f o r m  
s a r c o m e r e  l e n g t h s  w e r e  s c o r e d  C .  N o  a m o r ­
p h o u s  m a t e r i a l  w a s  p r e s e n t  in  t h e s e  s u s p e n ­
s io n s ,  a n d  v e r y  f e w  s h o r t  s e g m e n t s  w e r e  
p r e s e n t .  S u s p e n s i o n s  g iv e n  a  D  s c o r e  w e r e  
s i m i l a r  in  a p p e a r a n c e  t o  t h o s e  s c o r i n g  C  e x ­
c e p t  t h a t  t h e y  c o n t a i n e d  a  m i x t u r e  o f  a b o u t  
e q u a l  p r o p o r t i o n s  o f  s h o r t  a n d  l o n g  m y o ­
f ib r i l s .  P r e p a r a t i o n s  c o n t a i n i n g  p r e d o m i ­
n a n t l y  s h o r t  f r a g m e n t s  o f  1 t o  6  s a r c o m e r e s  
in  l e n g th  w e r e  s c o r e d  E .

RESULTS
Control

Control birds (Fig. 2) killed by a throat 
slash and allowed to struggle freely, 
yielded muscle averaging pH 6.3 at 30 
min post mortem and pH 6.0 after 2 hr 
of aging. The standard deviations of the 
means were large, reflecting the different 
degrees of excitement and struggling of 
the individual birds. Sarcomere lengths in­
creased from 1.5 fx in muscle homogenized 
at 30 min and 1 hr post mortem to 1.9 
when homogenized at 6 hr. Shear force 
values increased to a maximum of 5.3 kg 
at 1 hr post mortem then declined rapidly 
to 2.7 kg at 6 hr reaching 1.2 kg after 24 
hr of aging.

The time course of changes in the above 
three factors indicates that full rigor was 
established between 1 and 2 hr post mor­
tem. The appearance of the fragmented 
myofibrils also indicates that rigor mortis 
developed during the above mentioned 
time interval. Samples were scored as A 
(short pre-rigor fragments) or B (long, 
flexible myofibrils) through 1 hr post 
mortem. By 2 hr. in addition to the B 
score, one third of the samples were given 
a C score (long, rigid myofibrils). Subse­
quently, the degree of fragmentation in­
creased until all samples were scored as E 
(fully fragmented) at 24 hr post mortem.

Fast glycolysis
Acceleration of glycolysis by either 

heating or beating the muscle (Fig. 3) 
resulted in pH values near 6.1 within 30 
min after slaughter. Average sarcomere 
lengths of the homogenized myofibrils ap­
peared to be slightly shorter during the 
first hour post mortem but did not change 
appreciably throughout the 24 hr aging 
period. Shear values were maximal 30 
min after death at 5 to 6 kg but were ap­
proaching 2 kg after 6 hr of aging. Frag­
mentation scores were primarily B at 30 
min and 1 hr reflecting the more rapid 
onset of rigor mortis. However, frag­
mentation scores at subsequent sampling 
times were similar to those of the control 
muscle. An exception was the high pro­
portion of D scores in heated muscle aged 
24 hr. Myofibrillar preparations from this 
muscle contained a relatively few long 
thick particles composed of many myo­
fibrils in side by side aggregation.

Slow glycolysis
Both anesthetization with sodium pen­

tobarbital and electrical stunning resulted 
in high pH values 30 min after slaughter 
(Fig. 4). The muscle of pentobarbital 
treated birds was pH 7.1 at 30 min and 
fell gradually to pH 6.1 after aging 9 hr. 
Some tetanic contractions were produced 
by the electrical stunning procedure and 
consequently at 30 min the muscle aver­
aged pH 6.6. Subsequently, the rate of 
pH drop was similar to that of anesthe­
tized birds, and by 6 hr post mortem, the 
muscle had reached pH 6.0.

The short sarcomere lengths of the 
homogenized myofibrils indicated a pre­
rigor condition in the muscle of anesthe­
tized birds until after 6 hr of aging. Con­
versely, the onset of rigor in muscle of 
electrically stunned birds was well under­
way by 2 hr post mortem. The high initial 
pH and consequent later development of 
rigor delayed attainment of maximum
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shear forces and subsequent tenderization. 
The shear force for muscle from anesthe­
tized birds increased slowly from 2 kg at 
30 min post mortem to 5.7 kg at 9 hr 
then decreased to 1.6 kg after aging 24 hr.

Electrically stunned birds yielded mus­
cle which followed a similar pattern of 
shear force changes except that the maxi­
mum was reached between 2 and 6 hr 
post mortem. Changes in fragmentation 
score were retarded by the delay in rigor 
development. Homogenates of pre-rigor 
muscle always yielded small, contracted, 
poorly defined myofibrils and were given 
an A score. However, once the muscle 
began to lose extensibility, the usual pro­
gression of fragmentation scores was ob­
served. After aging 20 to 24 hr, the myo­
fibril preparations from both groups were 
completely fragmented and scored E.

No glycolysis
Pre-slaughter glycogen depletion with 

epinephrine and blocking of glycolysis 
with iodoacetate were both effective in 
preventing a pH drop post mortem and 
in establishing rigor mortis soon after 
death (Fig. 5). Values for pH, sarcomere 
length and shear force did not change ap­
preciably during the 24 hr aging period. 
However, fragmentation scores did 
change. There were no A scores since the 
muscle was in rigor immediately after 
death, but the progression of fragmenta­
tion through the other scores was similar 
to that noted in any of the other treat­
ments after the establishment of rigor 
mortis. An exception was that some sam­
ples of both iodoacetate and epinephrine 
treated muscle retained a mixture of long 
and short myofibrils (D score) after aging 
24 hr.

DISCUSSION
THE DELAY in development of maxi­
mum toughness due to slow onset of rigor 
mortis was noted previously by Stadelman 
et al. (1961). Sodium pentobarbital was 
administered orally in their experiment 
and produced a less pronounced but 
longer period of toughness than noted in 
the present experiment. Electrical stun­
ning is used commercially particularly in 
turkey processing, and the results of this 
investigation implicate it as a factor which 
might lengthen the aging period required 
for tenderization. The onset of rigor mor­
tis appears to initiate the tenderization 
process. Thus early development of rigor 
was found to speed tenderization. It 
should be noted that the muscles of elec­
trically stunned birds were not subjected 
to either heating or beating as would be 
the case in normal processing. A com­
bination of the treatments might tend to 
cancel the effects.

The heating and beating treatments

used in this study accelerated the onset of 
rigor mortis but did not produce the 
residual toughness previously found to 
result from scalding and beating in me­
chanical pickers (Pool et al., 1959: de 
Fremery et al.. 1960; Wise et al., 1961). 
The probable explanation is that relatively 
mild treatments were used in these experi­
ments. Muscles were not subjected to both 
heating and beating as in a scalding and 
picking operation. Also, the temperature 
of the heated muscle was not elevated 
for longer than 10 min before being 
lowered rapidly to 15°C.

Observations in this study support the 
findings of Fukazawa et al. (1963) that 
breaks in the myofibrils always take place 
in the I band region of the sarcomere and 
that the A band is never broken. Likewise 
the present observations do not indicate 
that breaks are the result of complete dis­
integration of the Z line. Although Davey 
et al. (1967) found that the Z line dis­
appeared in 4-day-aged beef muscle, it 
was present in short term aged (<24 hr) 
chicken muscle. Observations with the 
light microscope indicated that the bulk 
of the Z line was either attached to the 
broken end of a fragment with no I fila­
ments protruding on the break side or 
absent from protruding I filaments at a 
break. This would support the suggestion 
of Takahashi et al. (1967) that fragmen­
tation is due to a weakening of bonds be­
tween the thin actin containing filaments 
and the Z line.

Although fragmentation takes place at 
the same time as tenderization in muscle, 
they may not have a direct cause and 
effect relationship. As previously reported 
by de Fremery et al. (1963), prevention 
of post mortem glycolysis renders muscle 
tender without aging. Muscle, in which 
glycolysis had been blocked and in which 
rigor developed immediately, did not ex­
hibit a change in shear force values during 
the aging period. But, this muscle did 
offer appreciable resistance to mechanical 
fragmentation during the first 2 hr after 
slaughter, as indicated by the subjective 
scores.

The apparent delay in fragmentation 
when rigor mortis developed slowly as in 
the muscle of anesthetized birds may 
have been due to masking of fragmenta­
tion changes by the pre-rigor condition of 
the muscle. Almost all of the treatment 
groups show examples where changes in 
shear force are not reflected by changes 
in fragmentation score. The results of 
this study do not indicate that mechanical 
fragmentation of myofibrils offers a re­
liable index of tenderness. Mechanical 
breaking of the myofibrils during homog­
enization is very likely a manifestation of 
the structural weakening that takes place 
during tenderization. However, either lo­
calized areas of weakening or widely dis­
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t r i b u t e d  b r e a k s  i n  m y o f i b r i l s  m a y  c a u s e  

a p p r e c i a b l e  t e n d e r i z a t i o n  a n d  n o t  b e  d e ­

t e c t e d  b y  m i c r o s c o p i c  e x a m i n a t i o n .

I n  c o n t r a s t  t o  t h e  f i n d i n g s  o f  T a k a h a s h i  

e t  a l .  ( 1 9 6 7 ) ,  n o  i n d i c a t i o n  o f  r e v e r s a l  o f  

c o n t r a c t i o n  w a s  f o u n d  d u r i n g  t h e  a g i n g  

p e r i o d .  T h e  s h o r t  s a r c o m e r e  l e n g t h s  n o t e d  

in  t h e  e a r l y  s t a g e s  o f  a g i n g  w e r e  c o n s i d ­

e r e d  t o  h a v e  b e e n  e s t a b l i s h e d  d u r i n g  h o ­

m o g e n i z a t i o n  o f  p r e - r i g o r  m u s c l e .  C o n ­

s i d e r a b l e  v a r i a b i l i t y  w a s  n o t e d  i n  s a r ­

c o m e r e  l e n g t h ,  p a r t i c u l a r l y  a t  t h e  t i m e  o f  

r i g o r  o n s e t .  H o w e v e r ,  o n c e  t h e  m u s c l e  

w a s  i n  r i g o r ,  t h e  a v e r a g e  s a r c o m e r e  l e n g t h  

r e m a i n e d  c o n s t a n t  r e g a r d l e s s  o f  t h e  d e ­

g r e e  o f  f r a g m e n t a t i o n .  A t t a c h m e n t  o f  a l l  

m u s c l e  s a m p l e s  t o  t h e  b o n e  s t r u c t u r e  u n t i l  

t h e  t i m e  o f  s a m p l i n g ,  i n  t h e  p r e s e n t  s t u d y ,  

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

in g s  o f  t h e  t w o  i n v e s t i g a t i o n s .
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Flavor Components in Cognac
S U M M A R Y — F la v o r  c o m p o n e n t s  o f  a  g e n u in e  c o g n a c  w e r e  i d e n t i f i e d  b y  m e a n s  o f  
C G L C /M S . T h e  c o m p le x  e x t r a c t  w a s  f r a c t i o n a t e d  o n  a  p a c k e d  c o lu m n  p r e c e d in g  f u r t h e r  
s e p a r a t i o n  o n  a  c a p i l l a r y  c o lu m n .  T h e  i d e n t i f i c a t i o n  o f  f a t t y  a c id s ,  p h e n o l i c  a c id s  a n d  
s o m e  o f  t h e  c a r b o n y l  c o m p o u n d s  w a s  a c h ie v e d  b y  o t h e r  c h r o m a t o g r a p h i c  m e t h o d s .  8 1  
c o m p o n e n t s ,  o f  w h ic h  2 4  h a v e  n o t  p r e v io u s ly  b e e n  r e p o r t e d  in  c o g n a c  a n d  o t h e r  g r a p e  
b r a n d ie s ,  w e r e  i d e n t i f i e d .

INTRODUCTION
T H E  A R O M A  o f  c o g n a c  h a s  p r e v i o u s l y  

b e e n  s t u d i e d  b y  a  n u m b e r  o f  i n v e s t i g a t o r s .  

B a r a u d  ( 1 9 6 1 )  i d e n t i f i e d  a n d  q u a n t i f i e d  
s o m e  o f  t h e  a l c o h o l s  a n d  e s t e r s  b y  m e a n s  
o f  g a s  c h r o m a t o g r a p h y  in  a  p e n t a n e / -  

e t h e r  e x t r a c t  o f  t h e  l i q u o r .  T h e  s a m e  a u ­

t h o r  ( B a r a u d ,  1 9 6 4 )  p u b l i s h e d  a  s u r v e y  
o f  t h e s e  c o m p o u n d s  i n  c o g n a c ,  c a l v a d o s  

a n d  r u m .

B o b e r  e t  a l .  ( 1 9 6 3 ) ,  D e l u z a r c h e  e t  a l .

( 1 9 6 7 )  a n d  F o u a s s i n  ( 1 9 5 9 )  a n a l y z e d  
c o g n a c s  f o r  t h e i r  m o s t  a b u n d a n t  c o n s t i ­

t u e n t s ,  s u c h  a s  a l c o h o l s ,  e s t e r s  a n d  c a r ­
b o n y l  c o m p o u n d s ,  w i t h  t h e  a i d  o f  G L C .  

O t s u k a  e t  a l .  ( 1 9 6 5 )  i s o l a t e d  t h e  p h e ­
n o l i c  c o n s t i t u e n t s  f r o m  c o g n a c  f r o m  a  
p r e c i p i t a t e  b y  l e a d  a c e t a t e  a n d  i d e n t i f i e d  

v a n i l l i c  a c i d  a n d  c l l a g i c  a c i d .

T h e  i d e n t i f i c a t i o n  o f  s o m e  o f  t h e  f a t t y  

a l d e h y d e s ,  a r o m a t i c  h y d r o x y a l d e h y d e s

a n d  f u r f u r a l  a s  t h e i r  2 , 4 - d i n i t r o p h e n y l -  

h y d r a z o n e s  b y  p a p e r  c h r o m a t o g r a p h y  a n d  

t h i n - l a y e r  c h r o m a t o g r a p h y  w a s  c a r r i e d  
o u t  b y  L i c h e v  e t  a l .  ( 1 9 5 8 )  a n d  R o n -  

k a i n e n  e t  a l .  ( 1 9 6 2 ) .  R e c e n t l y ,  v a r i o u s  
b r a n d s  o f  w h i s k y ,  c o g n a c  a n d  r u m  w e r e  
a n a l y z e d  f o r  t h e i r  f a t t y  a c i d s  b y  N y k á n e n  
e t  a l .  ( 1 9 6 8 ) .  I d e n t i f i c a t i o n  w a s  b a s e d  o n  

t h e  r e t e n t i o n  t i m e s  o f  t h e  f r e e  f a t t y  a c i d s  

C 2- C 10 a n d  o f  t h e  m e t h y l  e s t e r s  o f  t h e  
f r e e  f a t t y  a c i d s  c 8- c 18.

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

t u r e  o n  t h e  c o m p o s i t i o n  o f  t h e  a r o m a  o f  
o t h e r  g r a p e  b r a n d i e s  a n d  g r a p e  b r a n d y  

f u s e l  o i l s  ( D z h a n p o l a d y a n .  1 9 6 2 ;  F r e y  

e t  a l . ,  1 9 5 6 ;  O t s u k a  e t  a l . ,  1 9 6 5 ;  R o d o -  

p u l o  e t  a l . ,  1 9 6 3 ;  S i n g e r  e t  a l . ,  1 9 6 5 ;  
W e b b  e t  a l . ,  1 9 5 2 ) .  I d e n t i f i c a t i o n s  o f  

c o m p o n e n t s  w e r e  m a i n l y  b a s e d  o n  c h r o ­
m a t o g r a p h i c  r e t e n t i o n  p a r a m e t e r s ,  t h o u g h  
a t  t i m e s  r e s u l t s  w e r e  s u p p o r t e d  b y  c h e m ­

ic a l  g r o u p  s e p a r a t i o n s .

T h i s  p a p e r  p r e s e n t s  t h e  r e s u l t s  o f  t h e  

a n a l y s i s  o f  a  g e n u i n e  c o g n a c ,  c a r r i e d  o u t  

w i t h  t h e  a i d  o f  a  c o u p l e d  c a p i l l a r y  g a s  

c h r o m a t o g r a p h y  a n d  m a s s  s p e c t r o m e t r y  

a r r a n g e m e n t  ( C G L C / M S ) .  T h i s  t e c h ­
n i q u e  w a s  p r e v i o u s l y  u s e d  b y  o t h e r  i n ­

v e s t i g a t o r s  ( B u t t e r y  e t  a l . ,  1 9 6 3 :  D a y  e t  

a l . ,  1 9 6 4 ;  M e  F a d d e n  e t  a l . .  1 9 6 3 .  1 9 6 5 ;  

M a a r s e  e t  a l . .  1 9 6 6 ) .  A n  e x t r a c t  o f  t h e  

c o g n a c  w a s  s e p a r a t e d  i n t o  f r a c t i o n s  o n  

a  p a c k e d  G L C - c o l u m n  p r e c e d i n g  t h e  
a n a l y s i s  o f  t h e s e  f r a c t i o n s  b y  m e a n s  o f  

C G L C / M S .  T h e  i d e n t i f i c a t i o n  o f  t h e  d i f ­

f e r e n t  c o m p o n e n t s  w a s  t h e r e f o r e  m a i n l y  
b a s e d  o n  t h e i r  m a s s  s p e c t r a .

W h e r e  s u f f i c i e n t  a m o u n t s  o f  p u r e  c o m ­

p o u n d s  c o u l d  b e  c o l l e c t e d  f r o m  t h e  

p a c k e d  c o l u m n ,  t h e  i d e n t i f i c a t i o n  w a s  s u p ­

p o r t e d  b y  i n f r a r e d  s p e c t r o m e t r y .  C a r ­

b o n y l  c o m p o u n d s  w e r e  i s o l a t e d  f r o m  t h e  

c o g n a c  in  t h e  f o r m  o f  t h e i r  2 . 4 - d i n i t r o -  

p h e n y l h y d r a z o n c s  a n d  a n a l y z e d  b y  t h i n -  

l a y e r  c h r o m a t o g r a p h y .  T h e  p h e n o l i c  a c i d s  

a n d  f a t t y  a c i d s  w e r e  i d e n t i f i e d  s e p a r a t e l y  

b y  c o m p a r i n g  t h e i r  r e t e n t i o n  v a l u e s  in  

p a p e r  c h r o m a t o g r a p h y  a n d  g a s  c h r o m a ­

t o g r a p h y  r e s p e c t i v e l y  w i t h  t h o s e  o f  a u -
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thentic samples.

EXPERIMENTAL
Cognac

A  g e n u in e  c o g n a c  w a s  i n v e s t i g a t e d .  S a m ­
p le s  w e r e  o b t a i n e d  in  b o t t l e s  o f  0 . 7 5  1 a n d  
w e r e  f o u n d  t o  c o n t a i n  3 8 .3  v o l  %  e t h a n o l .

Cognac extract
T h e  c o g n a c  w a s  d i l u t e d  w i t h  w a t e r  t o  15 

v o l  %  e t h a n o l  t o  r e d u c e  t h e  a m o u n t  o f  
e t h a n o l  in  t h e  e x t r a c t .  1 .5  1 o f  d i l u t e d  c o g n a c  
w a s  e x t r a c t e d  w i th  p e n t a n e / e t h e r  ( 2 : 1 )  f o r  
1 6  h r  in  a  m o d i f i e d  K u t s c h e r - S t e u d e l  e x t r a c ­
t i o n  a p p a r a t u s .  A f t e r  d r y i n g  o v e r  N a iS C h  t h e  
s o l v e n t  w a s  r e m o v e d  b y  c a r e f u l  d i s t i l l a t i o n  
t h r o u g h  a  V i g r e u x  c o l u m n .

Identification
Mass spectrometry and infrared spectrom­

etry. 5 0  fi. s a m p l e s  o f  t h e  e x t r a c t  w e r e  s e p ­
a r a t e d  i n t o  f r a c t i o n s  o n  a  B e c k e r  g a s  c h r o ­
m a t o g r a p h  ( D e l f t ,  H o l l a n d ) ,  e q u i p p e d  w i th  
a  k a t h a r o m e t e r  a n d  f i t t e d  w i t h  a  4  m  A 1 
c o l u m n  ( i . d .  4  m m ) ,  p a c k e d  w i t h  2 0 %  L A C -  
l - R - 2 9 6  o n  C h r o m o s o r b  W  6 0 - 8 0  m e s h .  T h e  
o v e n  w a s  o p e r a t e d  i s o t h e r m a l l y  a t  a p p r o ­
p r i a t e  t e m p e r a t u r e s  a n d  H »  w a s  u s e d  a s  t h e  
c a r r i e r  g a s  w i t h  a  f lo w  r a t e  o f  5 0  m l / m i n .  
T h e  e m e r g i n g  f r a c t i o n s  w e r e  c o l l e c t e d  in  
t r a p s  a c c o r d i n g  t o  B a d i n g s  e t  a l .  ( 1 9 6 5 ) .  
c o o l e d  in  s o l id  C C L .

T h e  c o l l e c t e d  s a m p l e s  w e r e  i n j e c t e d  o n  a  
c a p i l l a r y  c o l u m n ,  c o a t e d  w i t h  p o l y p r o p y l e n e  
g ly c o l .  T h e  e f f lu e n t  o f  t h e  l a t t e r  w a s  a d ­
m i t t e d  d i r e c t l y  t o  t h e  i n l e t  o f  a  c o n v e n t i o n a l  
s i n g l e  f o c u s i n g  6 0 °  m a g n e t i c  s e c t o r  f ie ld  
m a s s  s p e c t r o m e t e r  ( A t l a s ,  C H 4 B r e m e n ,  
G e r m a n y ) .  W h e n e v e r  s u f f ic ie n t  q u a n t i t i e s  o f  
p u r e  c o m p o u n d s  w e r e  a v a i l a b l e ,  m a s s  s p e c ­
t r a l  a n a l y s i s  w a s  s u p p l e m e n t e d  b y  i n f r a r e d  
s p e c t r o s c o p i c  m e a s u r e m e n t s  o n  a  P e r k i n -  
E l m e r  s p e c t r o m e t e r ,  m o d e l  13 .

Fatty acids. F r e e  f a t t y  a c i d s  C a-C «  w e r e  
s e p a r a t e d  f r o m  c o g n a c  u s i n g  a  m o d i f i e d  
m e t h o d  o f  N o r d s t r o m  ( 1 9 6 3 ) .  T o  1 0 0  m l 
o f  c o g n a c ,  p r e v i o u s l y  d i l u t e d  t o  2 0  v o l  %  
e t h a n o l ,  a  s o l u t i o n  o f  1 g  N a H C C L  in  1 0  m l  
o f  w a t e r  w a s  a d d e d .  T h e  m i x t u r e  w a s  e x ­
t r a c t e d  w i th  4 0  m l  p e n t a n e / e t h e r  ( 2 : 1 ) .  
A f t e r  t h e  a d d i t i o n  t o  t h e  a q u e o u s  p h a s e  o f  
2  m l  o f  c o n c e n t r a t e d  H sP O ., a n d  1 0  g  N a C l ,  
t h e  s o l u t i o n  w a s  d i s t i l l e d  u n d e r  a t m o s p h e r i c  
p r e s s u r e  u n t i l  a  r e s i d u e  o f  15  m l  r e m a i n e d .  
T h e  d i s t i l l a t e ,  w h ic h  c o n t a i n e d  t h e  a c i d s ,

w a s  m a d e  a l k a l i n e  w i t h  0 .1  A  N a O H .
A f t e r  v a c u u m  d i s t i l l a t i o n  u n t i l  d r y ,  t h e  

a c i d s  w e r e  r e g e n e r a t e d  f r o m  t h e  s a l t s  b y  
t h e  a d d i t i o n  o f  1 0  d r o p s  o f  1 0  Ar H ^ S O j,  a n d  
e x t r a c t e d  w i t h  2  m l  o f  e t h e r .  T h e  a c i d s  in  
t h e  e x t r a c t  w e r e  i d e n t i f i e d  g a s  c h r o m a  o -  
g r a p h i c a l l y  b y  c o m p a r i n g  t h e i r  r e t e n t i o n  
t im e s  w i t h  t h o s e  o f  a  m i x t u r e  o f  k n o w n  
a c i d s .

F a t t y  a c i d s  C s-C ,«  w e r e  s e p a r a t e d  f r o m  
c o g n a c ,  f o l l o w i n g  t h e  p r o c e d u r e  o f  N i c k e r ­
s o n  ( 1 9 6 6 ) .  T h i s  m e t h o d  l e a d s  t o  t h e  i s o l a ­
t i o n  o f  t h e  a c i d s  p r e s e n t  in  t h e  f r e e  s t a t e  
a n d  in  t h e  f o r m  o f  t h e i r  e s t e r s .  1 0 0  m l  o f  
d i l u t e d  c o g n a c  ( 2 0  v o l  %  e t h a n o l )  w e r e  e x ­
t r a c t e d  t h r e e  t i m e s  w i t h  p o r t i o n s  o f  5 0  m l 
p e n t a n e .  T o  t h e  j o i n e d  e x t r a c t s  w a s  a d d e d  a  
s o l u t i o n  o f  1 g  N a O H  in  2 5  m l  e t h a n o l .  
T h e  p e n t a n e  w a s  r e m o v e d  b y  d i s t i l l a t i o n  a n d  
t h e  r e m a i n i n g  e t h a n o l i c  s o l u t i o n  w a s  r e ­
f lu x e d  f o r  V s  h r  t o  s a p o n i f y  t h e  e s t e r s .  T h e  
a c i d s  w e r e  l i b e r a t e d  b y  t h e  a d d i t i o n  o f  3 m l 
H i P O ,  a n d  7 5  m l  o f  w a t e r  a n d  s u b s e q u e n t l y  
e x t r a c t e d  w i t h  p e n t a n e .  A f t e r  t h e  c o n v e r s i o n  
o f  t h e  a c i d s  i n t o  t h e i r  m e th y l  e s t e r s  w i th  
m e t h a n o l / H . .S O i ,  t h e  e s t e r s  w e r e  a n a l y z e d  
g a s  c h r o m a t o g r a p h i c a l l y  o n  a  L A C - l - R - 2 9 6  
c o l u m n .

Carbonyl compounds. F r o m  th e  c o g n a c ,  
w h ic h  h a d  p r e v i o u s l y  b e e n  a c i d i f i e d  t o  2  N 
b y  t h e  a d d i t i o n  o f  H C I ,  c a r b o n y l  c o m p o u n d s  
w e r e  i s o l a t e d  in  t h e  f o r m  o f  t h e i r  2 ,4 - d i n i t r o -  
p h e n y l h y d r a z o n e s  a n d  a n a l y z e d  b y  t h i n - l a y e r  
c h r o m a t o g r a p h y  a c c o r d i n g  t o  D h o n t  e t  a l .  
( 1 9 6 6 ) .

Phenolic acids. 5 0 0  m l  o f  c o g n a c  w e r e  
v a c u u m  d i s t i l l e d  a t  r o o m  t e m p e r a t u r e  u n t i l  
d r y .  P h e n o l i c  a c i d s  w e r e  i s o l a t e d  f r o m  th e  
r e s id u e  b y  e x t r a c t i o n  w i t h  a  s o l u t i o n  o f  1 0 %  
N a H C O . ,  in  w a t e r .  I d e n t i f i c a t i o n  w a s  
a c h i e v e d  b y  t w o - d i m e n s i o n a l  p a p e r  c h r o m a ­
t o g r a p h y  a c c o r d i n g  to  Y a n g  e t  a l .  ( 1 9 6 2 ) .

RESULTS & DISCUSSION
FIGURE 1 shows a chromatogram ob­
tained by injecting 50 ¡x\ of a cognac ex­
tract on a packed LAC-l-R-296 column. 
The shaded portion of the chromatogram 
indicates one of the collected fractions.

Figure 2, showing the chromatogram ob­
tained on reinjecting this fraction on a 
polypropylene glycol coated capillary' col­
umn, illustrates the complexity of the 
fractions trapped.

The components, identified by means 
of CGLC/MS in the various fractions 
are listed in Table 1. Also shown are 
the components identified applying the 
other methods as described under “Ex­
perimental.”

81 components were identified with 
certainty; of these, 24 have not been 
previously referred to in the literature as 
occurring in cognac and other grape 
brandies.

The isolation of fatty acids C8 -C1 8  in­
volved the saponification of the esters of 
these acids. In cognac, they will be pres­
ent in the free state as well as in the form 
of their esters. The ethyl esters will be 
prevalent as ethanol is by far the most 
abundant alcohol.

Concerning the acetals identified in 
the extract, it should be realized that 
conditions during the extraction proce­
dure are very favorable for their forma­
tion since the amount of water in the 
organic medium is very low (Galetto 
et al., 1966; Weurman, 1966). Their 
amount in the original cognac will be 
considerably lower than in the extract. 
However, the amounts of aldehydes and 
acetals in the original cognac are gov­
erned by the equilibrium constants. Con­
sequently. both acetals and aldehydes 
are present. Therefore the mass spectral 
identification of the acetals in the ex­
tract was accepted as proof of the pres­
ence of the aldehydes in cognac.

Cognac is stored in oak barrels for a 
number of years before it is released to 
the market. It is therefore likely that the 
phenolic acids identified in the cognac 
originate from the barrels. They are 
probably formed by alcoholysis of the

F ig .  1 — C h r o m a t o g r a m  o f  a  cognac e x t r a c t .  P a c k e d  c o lu m n ,  
4  m  x  4  m m — ID  f i l l e d  w i t h  L A C - l - R - 2 9 6  ( 2 0 %  b y  w e ig h t )  o n  
C h r o m o s o r b  W, 6 0 - 8 0  m e s h .  T e m p e r a t u r e  150°C. T h e  s h a d e d  
a r e a  in d i c a t e s  o n e  o f  t h e  f r a c t i o n s  ( F ig .  2 )  c o n d e n s e d  in  a  c o ld  

t r a p .

CIV0-TN0 G 2540
F ig .  2 — C h r o m a t o g r a m  o f  a  f r a c t i o n  o f  c o g n a c  e x t r a c t ,  ( F ig .  

1 ) .  C a p i l l a r y  c o lu m n ,  50 m X 0 . 2 5  m m — ID  c o a t e d  w i t h  p o l y ­

p r o p y le n e  g ly c o l ;  s t a r t i n g  t e m p e r a t u r e  7 0 ° C ,  p r o g r a m m e d  t o  

1 4 0 ° C  a t  1 . 2 5 ° / m i n .

¥
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lignin in the wood (Otsuka, 1965.)
The methyl furfural and furfural could 

be formed from sugars during the dis­
tillation of the wine or during the storage 
in the oak barrels (Dzhanpoladyan,
1962).
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Freezing on the Survival of Salmonella 
and E. coli in Pacific Oysters

The Effects of

S U M M A R Y — A  m ix e d  i n o c u lu m  o f  S a lm o n e l la  d e r b y  o r  S . t y p h im u r i u m  a n d  E s c h e r ic h ia  
c o l i  I  w a s  i n j e c t e d  i n t o  t h e  i n t e s t i n a l  r e g io n  o f  P a c i f ic  o y s t e r s  ( C r a s s o s t r e a  g ig a s )  w n ic h  
w e r e  t h e n  f r o z e n  b y  f o u r  m e t h o d s .  F r o z e n  o y s t e r s  w e r e  s t o r e d  a t  0 ° F ,  a n d  s u r v iv a l  o f  
t h e  in o c u la t e d  b a c t e r ia  w a s  d e t e r m in e d  o v e r  a  p e r io d  o f  t w o  w e e k s .  I n  s e p a r a t e  e x p e r i ­

m e n t s ,  in o c u la t e d  oysters w ere h o m o g e n iz e d  a n d  t h e n  s t o r e d ,  u n f r o z e n ,  a t  3 2 ° F  a n d  
— 3 0 ° F  ( f r o z e n ) .  R o u t in e ly ,  b a c t e r ia l  c o u n t s  a n d  p H  r e a d in g s  w e r e  t a k e n  o f  a l l  s a m o le s  

d u r i n g  th e  course o f  e x p e r im e n t s .
B o t h  s p e c ie s  o f  S a lm o n e l la  p r o v e d  t o  b e  h ig h l y  s e n s i t i v e  t o  f r e e z in g ,  r e g a r d le s s  o f  t h e  

f r e e z in g  m e t h o d ,  a n d  s h o w e d  a s u r v iv a l  o f  1 %  o r  le s s  a f t e r  4 8  h r .  E . c o l i  p r o v e d  le s s  
s e n s i t i v e ,  s h o w in g  a  w id e  a n d  c a p r i c i o u s  v a r i a b i l i t y  o f  s u r v iv a l  d u r i n g  t h e  f i r s t  week o f 
storage, w i t h  s u r v iv a l  r a n g in g  f r o m  1 0  t o  3 0 % .  G e n e r a l ly ,  h o w e v e r ,  m o s t  s a m p le s  
s h o w e d  a  d e c l in e  c o m p a r a b le  t o  t h a t  o f  s a lm o n e l la e  a f t e r  t w o  w e e k s '  s to r a g e .  B e c a u s e  
o f  t h e  f l u c t u a t i o n  in  E . c o . 'i counts a f t e r  f r e e z in g ,  i t  is  d i f f i c u l t  t o  c o r r e la t e  t h e  n u m o e r s  
o f  E . c o l : in  f r o z e n  s h e l l f i s h  w i t h  t h e  c o u n t  in  u n f r o z e n  s h e l l f i s h .  T h e r e f o r e ,  i t  w o u ld  b e  
i n a p p r o p r i a t e  to a p p ly  c o l i f o r m  s t a n d a r d s  f o r  f r e s h  o y s t e r s  t o  t h e  f r o z e n  p r o d u c t .

I n  s e p a r a t e  s t u d ie s  u s in g  in o c u la t e d  o y s t e r  h o m o g e n a t e s  h e ld  a t  3 2 °  a n d  — 3 0 ° F  f o r  
1 6 8  h r ,  a h ig h e r  s w v i v a l  r a t e  o f  E . c o l i  a n d  s a lm o n e l la e  w a s  n o t e d  in  s a m p le s  h e ld  a t  
— 3 0 ° F .  H o w e v e r ,  s in c e  r e s u l t s  o b t a in e d  w e r e  b a s e d  s o le ly  o n  b a c t e r ia l  c o u n t s ,  i t  is  n o t  
p o s s ib le  t o  s a y  w i t h  c e r t a in t y  t h a t  t h e s e  r e s u l t s  i n d i c a t e  a  p r o t e c t i v e  e f f e c t  b y  o y s t e r  
h o m o g e n a t e s  a g a in s t  t h e  a d v e r s e  e f f e c t s  o f  f r e e z in g .  S ig n i f i c a n t l y ,  t h e  r e s u l t s  o f  t h e s e  
e x p e r im e n t s  d id  n o t  a g r e e  w i t h  r e s u l t s  o b t a in e d  w i t h  w h o le  o y s t e r s ,  t h u s  i n d i c a t i n g  t h e  
i n a d v i s a b i l i t y  o f  a tte m p tin g  to  a p p ly  r e s u l t s  o f  h o m o g e n a t e  s t u d ie s  t o  t h e  w h o le  oyster.

INTRODUCTION
OYSTERS exposed to water polluted with 
domestic sewage can accumulate popula­
tions of human enteric bacteria which 
may include enteropathogenic types. A 
number of studies have shown that such 
organisms will persist and may even 
multiply within the oysters during storage 
and transport at temperatures between 
32° and 48°F. Thus, Tonny et al. (1926) 
showed that typhoid bacilli survive during 
the transport of shellfish. Later, Kelly et 
al. (1954) demonstrated that Shigella 
species could survive for up to five days 
in artificially polluted oysters and soft 
clams held at 32°F. Presnell et al. (1961) 
noted that Salmonella species in Gulf 
Coast oysters held at 39°-44°F were able 
to survive for at least six days with only 
a gradual decrease in numbers (one log 
or less)

Fecal coliforms display essentially the 
same picture. Hoff et al. (1967) studied 
the sanitary quality of Pacific oysters held 
at various temperatures. They reported 
that numbers of fecal coliforms in oysters 
held at 0° and 37.4°F for a 20-day period 
did not increase and may have decreased 
slightly. Both groups of workers con­
cluded that the fecal coliform count was 
a good index of bacterial quality in shell­
fish when the animals were stored and 
transported at the proper temperatures.

However, with the advent of modern 
rapid freezing techniques and the use of 
low storage temperatures which make it 
possible to ship frozen shellfish, new 
problems arise. How well do enteropatho- 
gcns. such as Salmonella derby or S. 
typhimurium survive freezing and subse­
quent storage of shellfish at low tempera­
tures? Is the fecal coliform MPN a true 
index of the sanitary quality of frozen 
shellfish? Finally, can the fecal coliform 
count of the frozen shellfish be used as an 
index of the sanitary quality of the shell­
fish before freezing? This paper presents 
findings on the various aspects of these 
problems so far as oysters are concerned.

MATERIALS & METHODS
Sample preparation

S h u c k e d ,  m e d i u m  s iz e d .  P a c i f i c  o y s t e r s  
(Crassostrea gigas) w e r e  p u r c h a s e d  f r o m  
lo c a l  m a r k e t s  in  l o t s  o f  5 0  to  8 0  o y s t e r s  f o r  
e a c h  e x p e r i m e n t .  T h e  o y s t e r s  w e r e  p a c k a g e d  
in  p o l y m y l a r  p o u c h e s ,  3 t o  5  a n i m a l s  p e r  
p o u c h ,  a n d  i n o c u l a t e d .  T h e  p o u c h e s  w e r e  
h e a t - s e a l e d  a n d  f r o z e n  b y  f o u r  d i f f e r e n t  
m e t h o d s .  U n i n o c u l a t e d  c o n t r o l  s a m p l e s  w e r e  
h e a t e d  in  t h e  i d e n t i c a l  m a n n e r .

Test organisms

Salmonella derby A .T .C . C .  6 9 6 6 ,  S. ty­
phimurium A .T .C . C .  6 9 9 4  a n d  a  s t r a  n  o f
E. coli t y p e  I  f r e s h l y  i s o l a t e d  f r o m  h u m a n  
f e c e s  w e r e  u s e d .  T h e  s a l m o n e l l a e  w e r e

c h o s e n  b e c a u s e  t h e y  h a d  b e e n  s h o w n  t o  g r o w  
a t  l o w  t e m p e r a t u r e s  o n  s e a f o o d  m a t e r i a l  
( M a t c h e s  e t  a l . ,  1 9 6 8 ) .  T h e  i n o c u l a  w e r e  
p r e p a r e d  b y  m a k i n g  s e r i a l  d e c i m a l  d i l u t i o n s  
o f  2 4  h r  t r y p t i c a s e  s o y  b r o t h  c u l t u r e s  in  
s t e r i l e  p h o s p h a t e  b u f f e r  (0 .0 0 3 A 7 , p H  7 . 2 ) .

Inoculation

T h e  o y s t e r s  w e r e  a r t i f i c i a l l y  p o l l u t e d  b y  
i n j e c t i n g  1 m l  o f  a  m ix e d  c u l t u r e  i n o c u l u m  
i n t o  t h e  g u t  r e g i o n .  T h e  i n o c u l u m  c o n t a i n e d  
a p p r o x i m a t e l y  2 .7 5  x  H P  p e r  m l  e a c h  o f  E. 
coli I  a n d  e i t h e r  S. derby o r  S. typhimurium. 
Z e r o  h r  s a m p l e s  w e r e  t e s t e d  f o r  E. coli a n d  
S a l m o n e l l a  l e v e l s .  p H  r e a d i n g s  w e r e  a l s o  
t a k e n .  T h e  p H  o f  t h e  g u t  v a r i e d  f r o m  5 .5  t o
6 .0 .  w i t h  a n  a v e r a g e  o f  5 .8 .  T h e  s a m p l e s  w e r e  
d i v i d e d  i n t o  f o u r  lo t s .  O n e  l o t  w a s  f r o z e n  in  
a  p l a t e  f r e e z e r  a t  — 3 0 ° F .  A n o t h e r  l o t  w a s  
f r o z e n  a t  —  1 0 ° F  in  a  c h e s t  f r e e z e r .  O f  t h e  
r e m a i n i n g  t w o  lo t s ,  o n e  w a s  f r o z e n  o n  th e  
s h e lv e s  o f  a  s h a r p  f r e e z e r  a t  — 3 0 ° F  a n d  th e  
l a s t  w a s  f r o z e n  in  a  w a l k - i n  s t o r a g e  r o o m  
h e l d  a t  0 ° F .

Storage

S a m p l e s  w e r e  r e m o v e d  f r o m  t h e  f r e e z e r s  
a f t e r  2 4  h r  a n d  s t o r e d  a t  0 ° F .  E. coli a n d  
Salmonella c o u n t s  w e r e  c a r r i e d  o u t  2 4 ,  4 8 ,  
1 6 8  a n d  3 3 6  h r  a f t e r  f r e e z i n g .  E. coli c o u n t s  
w e r e  d e t e r m i n e d  a c c o r d i n g  t o  s t a n d a r d  m e t h ­
o d s  ( 1 9 6 2 )  a n d  Salmonella l e v e l s  b y  th e  
R a j - L i s t o n  t e c h n i q u e  ( 1 9 6 5 ) .

Hom ogenate studies

I n o c u l a t e d  o y s t e r s  w e r e  h o m o g e n i z e d  a n d  
a l i q u o t s  r e p r e s e n t i n g  1 0  g  s a m p l e s  o f  o y s t e r  
m e a t s  w e r e  p i p e t t e d  i n t o  s t e r i l e  s c r e w - c a p p e d  
t u b e s  f o r  f r e e z i n g  a n d  s t o r a g e .

T h e  o y s t e r  h o m o g e n a t e s  w e r e  s t o r e d  in  
“ w a l k - i n ”  r e f r i g e r a t i o n  u n i t s  s e t  a t  + 3 2 °  
a n d  — 3 0 ° F .  A s s a y s  o f  h o m o g e n a t e s  w e r e  
c o n d u c t e d  a t  2 4 ,  4 8  a n d  1 6 8  h r .  T h e  p H  
r e a d i n g s  o f  h o m o g e n a t e s  w e r e  t a k e n  a t  t h e  
s a m e  t im e .

RESULTS
Freezing-temperature experiments

Because of the small size of each unit 
sample, the temperature decline was 
equally rapid in each freezing method. 
These results are shown in Table 1. It is  
doubtful, therefore, whether any valid 
conclusions can be drawn concerning the 
effect of freezing rate on survival as a 
result of these experiments.

Figure 1 summarizes the results of 
studies conducted with S. derby. These
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Table  1—Tim e in hr required for oysters to 
freeze  and te m p era tu res  a tta in ed .

Freezing m ethod

Time,
hr Plate Chest Sharp

0°F
Storage

room

T e m p e ra tu re , CF

0 50 50 55 55
1 30 34 28 40
2 0 5 15 30
3 - 3 0 0 - 1 0 18
4 - 3 0 - 1 0 - 3 0 3
5 - 3 0 - t o - 3 5 0
6 - 3 0 - 1 0 - 3 0 0
7 - 3 0 - 1 0 - 3 0 0

results represent the average of 8  repli­
cate runs at each temperature. There ap­
peared to be an initial rapid die off, re­
gardless of freezing method employed, 
with a 3-4% survival of S. derby after 
24 hr. Between 24 and 48 hr there was a 
continued, but more gradual decline, with 
1 % survival at 48 hr and less than 1% at 
168 hr and none detectable after 336 hr 
by the assay method used.

To investigate the possibility of a spe­
cies difference in resistance, a series of 
identical experiments was conducted using
S. typhimurium. The results of these stud­
ies are summarized in Figure 2. which 
presents the average of 8  replicate runs 
at each temperature.

The results were similar to those ob­
tained with 5. derby. There was an initial

Tab le  2— Survival rates of Escherichia coli 
I in individual freezing-storage experim ents .

Freezing M ethod, °F

Time,
hr

Plate,
- 3 0

Chest,
- 1 0 0 - 3 0

0
L o g  no . b a c te r ia !u n it tim e  

3 .4  3 .4  3 .4  3 .4
24 3 .4 -2 .7 3 .4 -2 .7 3 .4 -3 .0 3 .0 -2 .3
48 3 .0 -2 .0 3 .0 -1 .1 3 .4 -2 .5 3 0 - 1 .9

168 3 .0 -1 .9 3 .0 -1 .1 3 .0 -1 .4 3 .0 -1 .9
336 2.3 1.4 2 .5 -1 .4 2 .4 -1 .0 2 .2 -1 .3

rapid decline, with a 4% survival at 24 
hr, and 1% or less at 168 hr. Statistical 
analysis of data indicated no significant 
difference between the responses of the 
two species (r =  wt, etc.).

Data from E. coli experiments are sum­
marized in Figure 3. They represent an 
average of 6  replicate runs at each tem­
perature. There was approximately 5% 
survival, in all cases, at the end of 336 hr. 
Average values for all experiments show 
a gradual decline in numbers during stor­
age. with about a 40% survival of E. coli 
in the first 48 hr. However, the actual 
values within experiments and between 
experiments varied widely at each test 
point. This contrasts with the very close 
accord in salmonellae counts. This can 
be seen very clearly from Table 2, which 
gives the results of individual E. coli ex­
periments, and Table 3, which presents 
the results of individual salmonellae ex-

T ab le  3— Survival rates of Salm onella  in 
Individual freezing-storage experim ents .

Freezing m ethod, °F
T i m e , -------------------------------------------------------------

hr Plate Chest 0 — 30

L o g  no . b a c te r ia  u n it tim e

0 3 .4 3 .4 3 .4 3 .4
24 2 .2 -1 .5 2 .2 -1 .6 2 .2 -1 .7 2 .2 -1 .3
48 1 .4 -1 .0 1 . 5 1 . 1 1 .6 -1 .2 1 .6 -1 .3

168 0 .8 -0 .3 1 .0 -0 .7 1 .2 -1 .0 1 .1 -0 .8

periments.
From these experiments it would ap­

pear that freezing has a more profound 
and more consistent effect on Salmonella 
than on E. coti I in the naturally con­
taminated oyster.

Homogenate studies
The results of these studies are sum­

marized in Figure 4 which represents the 
average of 6  replicate experiments.

Samples stored at both temperatures 
displayed a consistent two-phase decline 
in the number of surviving test bacreria. 
However, the decline in numbers of fecal 
E. coli held at —30°F was noticeably less 
than in samples held at the higher tem­
perature. At the end of 48 hr, survival 
of Salmonella was greatest in samples 
stored at — 30°F. Overall survival of the 
test bacteria at the end of 168 hr was 4% 
or better for samples held at — 30°F and 
1 % or less in samples maintained at 32°F.

F ig .  1 S u r v iv a l  o f  S a lm onella  derby in  P a c i f ic  o y s t e r s  (C . F ig .  2 — S u r v iv a l  o f  S a lm onella  ty p h im u riu m  in  P a c i f ic  o y s t e r s
gigas) f r o z e n  b y  f o u r  m e t h o d s  a n d  s t o r e d  a t  0 ° F .  f r o z e n  b y  f o u r  m e t h o d s  a n d  s t o r e d  a t  0 °F .
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Table 4— Average pH readings of hom og­
enates held a t 32°and — 30°F.

pH

Time, hr +  32°F — 30CF

24 6.75 7.1
48 6.30 7.0

168 5.85 6.95

Average pH readings of homogenates held 
at both temperatures are given in Table 4.

DISCUSSION
Freezing storage study

Previous reports in the literature have 
indicated that S alm onellae , though highly 
sensitive to freezing, can survive in vari­
ous foods in reduced number and can sur­
vive subsequent storage in the frozen state 
for considerable lengths of time. Thus, 
Liston et al. (1962) noted that Salm o­
nellae, although more sensitive to freezing 
than E . co li, were able to survive for two 
months or more in frozen fish fillets held 
at 0°F. Georgala et al. (1963) observed 
that sa lm o nellae  were less resistant to 
freezing than S taphylococcus aureus, but 
would survive storage in the frozen state 
for a considerable length of time, depend­
ing upon the nature of the food in which 
it was held.

Results of the present study, however, 
indicate that sa lm o n e llae  in oysters are 
highly sensitive to freezing and subse­
quent storage in the frozen state. Freezing

the oysters at extremely low temperatures 
and storing the frozen product at 0°F for 
24 hr causes a 95% or greater reduction 
in the number of salmonellae. At the end 
of one week's storage, the number of 
salmonellae in the oysters may be reduced 
as much as 99% from the original ievel 
present in the unfrozen oysters.

This finding can have public health sig­
nificance. since it is clearly impossible to 
determine from the level of salmonellae 
in the frozen oyster the original level of 
contamination in the unfrozen oyster, nor 
can this low level of salmonellae be taken 
to indicate the absence of other enteric 
pathogens. Therefore, as a precautionary 
measure, the presence of even extremely 
low numbers of salmonellae in frozen 
oysters should be assumed to indicate the 
possible presence of a high level of con­
tamination by salmonellae in the unfrozen 
product.

There was no significant change in the 
pH of samples stored at — 30°F. However, 
there was a steady decline in pH in the 
32°F samples. Concomitant with this pH 
change was an increase in total bacterial 
counts, as shown by Table 5. Quite pos­
sibly. interpopulation competition may 
have accounted for some of the die off of 
test bacteria at 32°F.

Escherichia coli seem to be somewhat 
less sensitive to freezing in oysters than 
salmonellae. However, their resistance is 
highly variable. Variability of E. coli to 
the effects of freezing has been noted by 
other workers. Thus, Weiser et al. ( 1945)

Table  5— Total p late count and pH change  
in oyster hom ogenates stored at32°F.

Time, hr Total count pH

0 175,000 6.9
24 280.000 6.75
48 480,000 6.3

168 530,000 5.85

noted the accelerated death of E. coli 
when grown in peptone blanks and sub­
jected to freeze-thawing. Panes et al.
(1959), working with milk samples in­
oculated with the coli-aerogene group and 
held at 37.4°-41°F. reported a 100-fold 
increase in the number of coli-aerogenes 
present in 35.2% of all samples at the 
end of 72 hr, but few. if any, E. coli sur­
vived. Raj et al. (1961b) noted that the 
test for E. coli was by no means specific 
when applied to frozen seafood. They re­
ported that to obtain satisfactory results, 
a second passage of E. coli in E.C. media 
was required.

Since the sensitivity of E. coli to freez­
ing is highly variable, the number remain­
ing in the oyster during the first week or 
so of frozen storage is largely unpredict­
able. This raises a problem of bacteriolog­
ical control, since it is clearly impossible 
to use the coli count in the frozen oyster 
as an index of the original coli count in 
the unfrozen oyster. As a safety measure, 
it might be possible to apply a lOx factor 
to the frozen counts, but this would re­
sult in a large overestimation of counts

1 0°----- 1---- 1------------------------ >----------------------------------’
24 48 168 336

Time in hours

F ig .  3 — A v e r a g e  s u r v iv a l  r a t e  o f  E. coli 1 in  P a c i f ic  o y s t e r s  
f r o z e n  b y  f o u r  m e t h o d s .

F ig .  4 — S u r v iv a l  o f  S. derby a n d  E. coli / in  oyster h o m o ge- 
nates h e ld  a t  3 2 ° F  a n d  — 3 0 ° F .
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in many cases.
It may be possible to use the coli count 

of the frozen oyster as an index of the 
bacterial quality in the frozen state, since 
sa lm o n e llae  appear to be more sensitive 
to freezing in oysters than E . co li. How­
ever, it would be unwise to apply these 
counts as an index of the presence of 
other enteropathogenic organisms, par­
ticularly the viruses which readily sur­
vive the frozen state for prolonged lengths 
of time (Andrewes et al., 1967). Metcalf 
et al. (1965), in fact, found that viruses 
in contaminated shellfish stored at 41 °F 
retained their viability for at least 28 days.

Since the coli counts of frozen oysters 
are unpredictable, it would seem advis­
able to find a more reliable indicator or­
ganism. Larken et al. (1956); Raj et al.
(1961); and Liston et al. (1962) have all 
demonstrated that enterococci do survive 
freezing and storage, particularly of sea­
foods, better than does E . co li. Perhaps 
the enterococci would make suitable indi­
cator organisms for the sanitary quality of 
frozen shellfish.

Results of blending experiments indi­
cated that the loss of viability by sa lm o ­
n e llae  and E . co li was slower in those ho­
mogenates held at 32°F than in samples 
held at — 30°F. However, the general 
trend in these experiments was towards a 
loss of viability and a reduction in the 
number of the test bacteria during the 
entire period of storage, regardless of 
temperature. Since bacterial counts were 
the only index employed, it is not possible 
to say with certainty if the slower loss of 
viability by the test bacteria in samples 
held at 32CF truly represents a protective 
effect by the homogenate.

In these studies the E . c o li counts dis­
played a distinct regularity in decline and 
tended to closely parallel the drop in 
S a lm o n e lla  counts. Shifiett et al. (1967) 
found that the loss of viability of sa lm o ­
n e llae  in blended oysters held at 44.6°F 
was in three stages: A rapid initial stage, 
a gradual reduction and a final rapid re­
duction. In the present study using lower 
temperatures, the loss of viability by E .  
c o li and sa lm o n ellae  was in two stages, a 
rapid initial stage, followed by a con­
tinued gradual decline.

Presnell et al. (1961) observed that 
with a decrease in pH from 6 . 6  to 5.5 in 
whole oysters held at 35.6°-47.6°F for 
11 days there was a decrease in fecal E . 
c o li and an increase in total plate counts. 
Similar results were noted in the present 
study with oyster homogenates stored at

32°F. However, the decrease in E . co li 
was more rapid, occurring over a 7-day 
( 168 hr) period, but the total decrease in 
number (about 90°) was comparable to 
the decrease observed by Presnell et al.
(1961).

The “homogenate” method has been 
widely used to determine the survival of 
enteric bacteria in oysters and other shell­
fish. It has been thought that results ob­
tained with this method are a valid repre­
sentation of what ensues in the whole 
oyster. However, a comparison of data 
from whole oyster and homogenate sam­
ples frozen at the same temperature 
(— 30°F) reveals a marked difference in 
results. E . c o li in frozen homogenates 
show a predictable loss of viability which 
tends to parallel the loss of viability by 
sa lm o nellae . In frozen whole oysters the 
loss of E . c o li viability is capricious and 
unpredictable. The loss of viability by 
sa lm o n ellae  in frozen homogenates tends 
to be slower than their loss of viability in 
frozen whole oysters.

Thus, it is inadvisable, and perhaps 
even dangerous, to generalize from ho­
mogenate studies to the whole oyster. 
Since the results of homogenate and whole 
oyster studies can and do differ, some 
doubt must be cast on the reliability of 
the homogenate method.

CONCLUSIONS
S A L M O N E L L A E  in oysters are highly 
sensitive to freezing. Fecal coliforms, on 
the average, are less so. However, the re­
sistance to freezing of E . c o li I is highly 
variable. Due to this variability, fecal 
coliforms are not satisfactory indicators 
of sanitary quality in frozen shellfish. 
Therefore, it would seem advisable to use 
as an indicator another fecal bacteria 
which possesses greater resistance to 
freezing.

Raj et al. (1961a) found the entero­
cocci to be more reliable indicators of 
fecal contamination in frozen seafoods 
than E . co li. Liston et al. (1962) noted 
that, as compared to E . co li. the entero­
cocci showed little or no decrease in num­
bers in frozen processed foods. Therefore, 
since the enterococci have been shown to 
be consistently more resistant to freezing 
than E . co li, they may serve as better in­
dicator organisms of contamination in 
frozen shellfish.

The use of an oyster homogenate may 
give sa lm o n e llae  and E . c o li some protec­
tion against the adverse effects of freezing.

Nevertheless, both types of bacteria die 
out in frozen homogenates and in homog­
enates heid unfrozen at 32°F. Signifi­
cantly, the results of frozen homogenate 
studies did not agree with results of frozen 
whole oyster studies, thus suggesting the 
inadvisability of generalizing from ho­
mogenate studies to the whole oyster.
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Fractions in Wine GrapesFree Amino Acids and Other Nitrogenous
S U M M A R Y — T h e  c o n c e n t r a t i o n  o f  e i g h t  f r e e  a m i n o  a c i d s ,  t o t a l  n i t r o g e n ,  a m i n o - a c i d  
f r a c t i o n  n i t r o g e n ,  a n d  n o n a m i n o - a c i d - f r a c t i o n  n i t r o g e n  i n  t h e  j u i c e s  o f  2 6  r e d -  a n d  2 3  
w h i t e - w i n e  v a r i e t i e s  o f  g r a p e s  w a s  d e t e r m i n e d  a t  e a r l y  a n d  l a t e  s t a g e s  o f  f r u i t  m a t u r i t y .  
P r o l i n e  w a s  t h e  m o s t  p r o m i n e n t  a m i n o  a c i d  I n  3 1  o f  t h e  v a r i e t i e s  a t  e a r l y  h a r v e s t  a n d  
i n  4 5  o f  t h e  v a r i e t i e s  a t  l a t e  h a r v e s t  w h i l e  a r g i n i n e  w a s  t h e  m a i n  a m i n o  a c i d  i n  1 6  a n d  3  
v a r i e t i e s  a t  e a r l y  a n d  l a t e  h a r v e s t ,  r e s p e c t i v e l y .  “ S a l v a d o r "  a n d  “ S c a r l e t "  w e r e  t h e  o n l y  
v a r i e t i e s  i n  w h i c h  c t - a l a n i n e  w a s  t h e  p r e d o m i n a n t  a m i n o  a c i d .  T h e  c o n c e n t r a t i o n  o f  
t o t a l  n i t r o g e n  i n  t h e  j u i c e s  o f  t h e  v a r i o u s  v a r i e t i e s  r a n g e d  f r o m  4 4  t o  2 5 6  m g / 1 0 0  m l  
a n d  t h e  a m i n o - a c i d  f r a c t i o n  n i t r o g e n  r a n g e d  f r o m  2 6  t o  1 7 1  m g / 1 0 0  m l  j u i c e .  T h e  a m i n o  
a c i d  f r a c t i o n  a n d  n c n a m i n o  a c i d  f r a c t i o n  n i t r o g e n  i n  t h e  j u i c e s  r a n g e d  f r o m  5 3  t o  7 6 %  
a n d  2 3  to 5 6 %  o f  t o t a l  K j e l d a h l  n i t r o g e n  r e s p e c t i v e l y .  A l a n i n e ,  y - a m i n o b u t y r i c  a c i d ,  
a r g i n i n e ,  a s p a r t i c  a c i d ,  g l u t a m i c  a c i d ,  p r o l i n e ,  s e r i n e  a n d  t h e r o n i n e  a c c o u n t e d  f o r  2 9  t o  
7 2 %  o f  t h e  t o t a l  n i t r o g e n  a n d  4 7  t o  9 6 %  o f  t h e  a m i n o  a c i d  f r a c t i o n  n i t r o g e n .  A r g i n i n e  
c o n t r i b u t e d  t h e  m o s t  n i t r o g e n  o f  t h e  a m i n o  a c i d s ,  a c c o u n t i n g  f o r  6  t o  4 4 %  o f  t h e  t o t a l  
n i t r o g e n  i n  t h e  j u i c e s  o f  t h e  v a r i o u s  f r u i t s .

INTRODUCTION

PREVIOUS investigations (Nassar et al., 
1966; Kliewer et al.. 1966; and Kliewer. 
1967b) have dealt with identifying and 
quantitatively determining the concentra­
tion of free amino acids in various parts 
of grapevines at different stages of devel­
opment. Kliewer f 1969) very recently 
determined the concentration of eight 
amino acids, total free amino acids, total 
nitrogen and free-amino-acid fraction ni­

trogen in the juices of 28 table varieties 
of grapes at early and late stages of fruit 
maturity. He found that 60-90% of the 
total nitrogen was accounted for by 
amino-acid-fraction nitrogen, and that 59- 
96% of this nitrogen was attributable to 
eight amino acids.

Arginine contributed the most nitrogen, 
accounting for 15-50% of the total. De­
pending on the maturity of the fruits, 
the predominant amino acid in the table 
varieties was usually arginine or proline.

The concentration of the latter increased 
very rapidly during the later stages of 
fruit maturation. For reviews of the lit­
erature pertaining to amino acids in 
grapes and grape products, the reader is 
referred to Kliewer (1969) and Amerine 
et al. (1967).

The present report concerns the con­
centrations of eight of the predominant 
amino acids, total nitrogen and amino- 
acid-fraction nitrogen in fruits from 26 
red and 23 white-wine varieties free from 
all known viruses.

EXPERIMENTAL
T H E  F R U I T S  o f  2 6  red -w ine v arie ties and 
23  w h ite-w in e v arie ties  o f  grapes (V itis  
vint fera L . ) .  a ll grow n u n d er the sam e c li­
m atic , cu ltu ra l and so il co n d itio n s, w ere 
sam pled  in d u p lica te  tw ice— o n ce  w hen the 
fru its  w ere slig h tly  to  m o d era te ly  ripe, and 
ag ain  w hen th ey  w ere ripe to  ov errip e— by  
the p ro ced u re  d escribed  p rev io u sly  (K lie w e r , 
1 9 6 7 a ) .  (T h e  v arie ties  “S a lv a d o r” and “S c a r ­
le t” hav e so m e A m e rica n  species in p aren t­
a g e .)  T h e  sam p les a re  referred  to  as ea rly - 
and la te-h arv ested  fru its  (T a b le s  1 - 5 ) .  T h e

Table 1— Total soluble solids, to ta l nitrogen and am ino-acid  and non-am ino-acid fraction nitrogen of red-w ine varie ties of grapes harvested  
a t early or late stage of fru it m aturity .

A m ino acid N onam ino-acid-
D ate harvested. Total soluble Total nitrogen, fraction  nitrogen, fraction nitrogen,

1966 solids, cBrix mg/100 ml juice mg/100 ml juice m g /100 ml juice
Variety Early Late Early Late Early Late Early Late Early Late

Aleatico 9-1 10-12 20.2 22.4 134.3 165.4 83.5 96 .6 50.8 68.8
A licante Bouschet 8-30 11-3 17.0 24.6 74.5 80.0 54.0 61 .3 20.5 18.8
Cabernet-Sauvignon 8-30 9-30 21.0 25.5 62.5 86.6 49 ,0 65.6 13.5 11.0
Calziti 8-30 9-30 21 .0 24.6 55.0 69.1 39 .4 47.5 15.6 21.6
Carignane 9-1 11-3 18.7 27.3 50.0 116.1 33.5 85.4 16.5 30.7
Early Burgundy 8-30 9-20 24.0 26.1 80.0 87.2 57.0 64.0 23.0 23.2
Gamay 8-30 9-30 21.0 24.4 79.0 88.6 50.5 51.8 28.5 36.8
Gamay Beaujolais 8-19 9-20 18.4 25.2 114.5 161.4 73.0 93.1 41 ,5 68.3
Grenache 9-1 10-12 19.7 24.1 46.5 94 .2 26.0 61.6 22.5 32.6
Grignolino 8-30 9-30 21.9 24 .2 108.0 137.8 80.8 83 .6 27.2 54.2
Mal bec 8-30 10-12 20.2 24.6 109.0 155.6 72.5 96.8 26.5 58.8
M ataro 9-8 10-12 19.6 26.2 61.0 94.7 41 .0 60.8 20.0 33.9
Merlot 8-30 9-30 22.3 24 .2 75.6 97 .0 50.3 64.0 15.3 33.0
Mission 9-1 10-12 19.5 23.5 69 .0 123.0 40 .0 78.6 29 .0 44 .4
Petit Bouschet 8-30 10-12 16.8 20.1 89 0 127.0 52.5 79 .2 36.5 47.8
Petit Sirah 8-30 10-12 19.2 27.0 71.5 129.2 41.5 88.7 30 .0 40.5
Pinot noir 8-19 9-20 20.0 27.1 126.0 213.6 77.0 143.1 49 .0 70.5
Pinot Saint George 8-30 10-12 17.4 22.3 91.5 194.5 54.5 122.9 37 .0 71.6

9-1 10-12 21.0 23.8 62.5 137.1 44.5 80.1 18.0 57.0
Rubired 9-1 11-3 20.4 25.1 56.0 90 .4 35 .4 61.6 20.6 28.8

9-1 9-30 21.6 25.4 110.0 149.1 70.1 108.0 39.9 41.1
9-1 10-12 16.9 22.3 69.5 108.6 44.1 72 .0 25.4 36.6
9-1 11-3 19.6 24.3 119.0 256.2 81.2 163.4 37.8 92.8
8-19 9-20 17.9 26.5 111.1 144.8 71.3 104.0 39.8 40.8
8-19 9-30 19.5 23.8 123.2 189.9 81 .2 105.9 42 .0 84 .0

Zinfandel 8-30 10-12 19.3 23.1 81.5 96 .2 52 .0 72.5 29.5 23.7
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Table  2— Total soluble solids, total nitrogen and am in o -ad d  and non-am ino-acid fraction nitrogen of w hite-w ine varieties of grapes harvested  
a t early or late stage of fru it m aturity.

Amino-acid N onam ino-a;id
D ate harvested, Total soluble Total nitrogen, fraction nitrogen, frac tion  nitrogen,

1966 solids, “Brix mg/100 ml juice mg/100 ml juice m g/100 ml juice
Variety Early Late Early Late Early Late Early Late Early Late

Burger 8-30 11-3 16.6 22.6 90 .0 109.0 65.0 75.6 25.0 33.4
C hardonnay 8-19 9-20 18.6 25.2 88.6 133.6 58.0 95 .0 30 .6 38 .6
Chasselas doré 8-30 10-12 20.3 24.8 92 .7 124.4 55.0 86.8 37.7 3 T 6
C henin blanc 9-1 10-12 19.5 24.0 101.7 154.8 65.0 107.8 36.7 4 t .  0
Em erald Riesling 9-1 9-30 21.5 25.9 57.5 74.6 36 .0 50.0 21.5 24 .6
Feher Szagos 9-8 10-12 16.6 20.2 99 .0 127.7 69.5 91 .7 29.5 36 .0
Flora 8-30 9-20 23.9 27.1 171.0 189.0 110.0 131.0 61 .0 58.0
Grey Riesling 8-30 9-20 23.5 24.1 149.5 183.1 112.0 129.5 37.5 53.6
G ew urztram iner 8-30 9-20 21.8 23.4 236.5 238.7 167.0 170.8 69.5 69.9
Green H ungarian 8-30 11-3 17.8 22.0 58.0 92.7 36.0 70 .0 22.0 22.7
La Rienha 9-1 11-3 16.4 23.9 72 .0 103.6 47.5 70.3 24.5 33.3
M alvasia bianca 8-30 9-30 21.8 27.4 85.5 147.5 60.0 98 .0 25.5 49.5
Melon 8-30 9-20 24.0 24.6 104.4 115.5 72.2 81 .0 32 .2 34.5
O range M uscat 8-19 9-20 19.5 25.6 72.1 9 4 .0 49.5 69 .2 22 .6 24.8
Palom ino 8-30 9-30 20.8 23.9 44 .0 106.4 31.7 68.6 12.3 3 T  8
Peverella 9-1 10-12 19.5 25.2 108.0 123.2 62.0 83.5 46 .0 39.7
Pinot blanc 8-30 9-20 18.3 23.8 92.5 120.1 55.3 82 .6 37 .2 37.5
Pinot gris 8-30 9-30 20.6 24.3 79.0 89 .0 51.0 57.0 28 .0 32 .0
Red Veltliner 8-30 9-30 21.4 25.3 94.5 116.2 60.1 73.5 34 .4 42.7
Sauvignon vert 9-1 10-12 19.6 24.7 77.5 135.8 52.5 86 .4 25 .0 49 .4
Sauvignon blanc 9-1 9-20 22.7 24.9 86.6 98.9 54.5 71.0 32.1 27.9
Semilion 8-30 9-20 22.4 24.1 128.0 152.5 79.1 91 .0 48.9 61.5
W hite Riesling 8-30 11-3 21.2 24.9 74.5 138.9 56.8 88.2 17.7 50.7

location and juice extraction procedure has 
been previously described (Kliewer, 1967a). 
Total dissolved solids (degree Brix, °B) in 
the juice were measured with an Abbé re- 
fractometer at 20 °C.

A 10-ml portion of juice from each sam­
ple was applied to a column of Dowex 
50W-X8 (H* form), and the amino acids 
and other positively charged substances were 
eluted from the column with NH,OH and 
concentrated as described by Kliewer (1969). 
This fraction was used for further analysis of

individual amino acids and is hereafter re­
ferred to as the amino acid fraction.

Arginine was determined by the Sakaguchi 
reaction as modified by Gilboe et al. (1956). 
Proline was determined by the acidic ninhy- 
drin photometric method of Chinard (1952), 
which was later modified by Ough (1969). 
Alanine, 7 -aminobutyric acid, aspartic acid, 
glutamic acid, serine and threonine were 
analyzed by paper chromatography (Nassar 
et al., 1966). Total nitrogen and amino-acid- 
fraction nitrogen were determined by the

Kjeldahl method on 5-ml portions of the 
original juice sample and of the amino-acid- 
fraction extract, respectively. The nonam¡no­
acid-fraction nitrogen is the difference be­
tween total nitrogen and amino-acid-fraction 
nitrogen.

RESULTS
BOTH TOTAL nitrogen and amino-acid- 
fraction nitrogen increased in the fruits

Table  3— Concentration of several free am ino acids (m m oles per 100 ml ju ice) of red-w ine varieties of grapes harvested at early or late stage  
of fru it m aturity.

Variety
«-alanine

7 -am ino-
butyric

acid Arginine
Aspartic

acid
Glutam ic

acid Proline Serine Threonine

Sum of 
am ino 
acic s

Early Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late

Aleatico 460 474 189 222 649 584 180 234 226 660 535 917 115 248 198 348 2552 3687
Alicante Bouschet 245 257 294 288 382 532 151 142 398 360 571 667 123 128 146 140 2410 2514
Ca ber net-Sauvignon 335 244 130 176 256 190 89 112 92 95 1024 2650 128 90 120 112 2174 3669
Calzin 192 172 143 220 275 156 55 61 82 244 272 518 103 116 177 255 1299 1742
Carignane 355 412 184 410 188 227 88 92 190 287 363 2000 106 170 184 230 1658 3828
Early Burgundy 423 262 147 200 368 478 110 146 126 174 736 940 175 133 201 200 2286 2533
G am ay 187 560 61 200 349 413 38 26 121 241 339 583 58 144 88 98 1241 2265
G am ay Beaujolais 242 210 205 190 484 382 47 52 160 212 642 1086 12C 110 125 140 2025 2382
Grenache 135 280 78 125 186 363 41 45 180 298 131 595 90 104 107 116 948 1926
Grignolino 280 320 234 220 389 408 58 72 166 245 1027 1667 108 142 152 190 2414 3264
Malbec 478 352 170 163 386 454 153 108 204 200 672 815 151 120 255 139 2469 2351
M ataro 240 290 120 216 228 310 71 87 160 342 278 1071 98 136 122 175 1317 2629
M erlot 306 271 138 228 198 105 65 82 125 134 1057 2506 130 122 85 112 2104 3560
Mission 211 265 115 143 136 351 70 76 147 298 265 1336 64 82 107 115 1115 2666
Petit Bouschet 255 287 148 230 228 483 60 72 174 267 276 952 127 135 103 111 1371 2537
Petit Sirah 205 298 136 205 195 374 72 69 179 293 282 1793 176 220 128 143 1373 5395
Pinot noir 285 385 150 280 450 1062 84 100 217 410 315 1076 207 285 173 250 1876 3848
Pinot Saint George 233 298 139 165 338 867 75 83 208 336 200 1016 146 188 117 129 1456 3081
Royalty 209 265 125 171 238 61 79 82 115 147 495 2017 118 109 110 102 1489 2954
Rubired 288 301 161 185 304 499 63 70 122 156 292 631 105 122 92 113 1427 2077
Salvador 739 1130 265 278 289 490 70 62 268 349 729 1589 146 125 134 150 2638 4173Scarlet 520 980 205 256 243 250 59 73 244 205 89 262 98 117 105 92 1563 2‘>35T into Cao 359 460 167 295 499 827 70 92 196 370 351 1255 132 150 134 166 1908 3615Trousseau 330 410 122 172 475 583 49 52 175 230 538 1168 112 115 92 98 1893 2828Valdepeñas 305 440 148 237 385 677 57 70 143 295 402 1118 119 132 128 120 1686 3'J89Zinfandel 147 195 187 233 261 314 88 72 105 102 818 1324 148 116 97 107 1851 2463



NITROGENOUS FRACTIONS IN W INE GRAPES— 19

of every variety between early and late 
harvest (Tables 1 and 2). The nonamino- 
acid-fraction nitrogen also increased in 
most varieties with increase in fruit ma­
turity. The concentration of total nitro­
gen in the juices ranged from 44 to 236 
m g/100 ml in the lightly to moderately 
ripe fruits (early harvest), and from 69 
to 256 mg/ 100 ml in the ripe to overripe 
fruits (late harvest. Tables 1 and 2). 
“Aleatico,” “Flora,’’ “Gamay Beaujolais,” 
“Grey Riesling,” “Gewurztraminer,” “Pi- 
not noir.” “Tinto cao" and “Valdepeñas” 
were relatively high in nitrogen (greater 
than 160 mg N / 100 ml) at the time of 
late harvest, while “Alicante Bouschet,” 
“Calzin” and “Emerald Riesling” were 
relatively low in nitrogen (less than 80 
mg N / 100 ml.

The amino-acid-fraction n itrogen  
ranged from 26 to 167 mg N / 100 ml 
juice in the early harvest to 48-171 mg/, 
100 ml juice in the late harvest. It ac­
counted for 53-76% of the total Kjeldahl 
nitrogen at both harvests with a mean 
of abou: 66% for all varieties (Tables 1 
and 2). Total nitrogen and amino-acid- 
fraction nitrogen were usually greater in 
the white-wine varieties than in the red- 
wine varieties. The nonamino-acid-frac­
tion nitrogen, which includes ammonia 
nitrogen, constituted 23-56% of the to­
tal nitrogen in the juices of the red- and 
white-wine varieties, with average con­
centrations of 31 and 43 mg N/  100 ml 
juice for the early and late harvests, re­
spectively.

The concentrations of the eight de­
termined free amino acids varied greatly 
from one variety to another (Tables 3

and 4). Generally there was an increase 
in the levels of the acids with increasing 
ripeness, although there were some no­
table exceptions, especially for arginine. 
The change in the concentrations of pro­
line and glutamic acid was especially pro­
nounced in some varieties, with increases 
as great as two- to sixfold between the 
early and late harvests (Tables 3 and 4).

On the basis of the predominant amino 
acid present, the varieties were div ded 
into three groups (Table 5). Proline was 
the main amino acid in 31 of the vari­
eties at early harvest and in 45 varieties 
at late harvest. Arginine was the princi­
pal amino acid in 16 varieties at early 
harvest and in 3 varieties at late harvest, 
«-alanine was predominant in the variety 
Scarlet at both harvests, and also in the 
variety Salvador in the early harvest.

The percent of the total nitrogen ac­
counted for by the eight ammo acids 
(Tables 3 and 4) ranged from 29 to 66% 
and from 31 to 72% at the early and 
late harvests, respectively (Table 6). 
These amino acids also accounted for 
47-93% and 52-96% of the amino-r.cid- 
fraction nitrogen at the early and late 
harvests, respectively. Arginine contrib­
uted by far the most nitrogen of the 
amino acids, accounting for 1 1-33% and
6-44%. respectively, of the total nitrogen 
in the juices of early- and late-harvested 
fruits, with a mean of about 22% for 
both harvests.

The data in Tables 3 and 4 indicate 
that the variety and degree of maturity 
of the fruits strikingly affect the concen­
tration of free amino acids in grape ber­
ries. This is especially true for arginine

and proline, in which the concentrations 
differed by as much as ten- to twelvefold 
among varieties and from two- to sixfold 
between the early- and late-harvested 
fruits of the same variety.

Proline and arginine were the pre­
dominant amino acids in all varieties 
at early and late harvests except for Sal­
vador and Scarlet, in which «-alanine 
was present in largest amounts at the 
early harvest. Both of these varieties have 
some V. tabrusca in their parentage, and 
this species may carry the gene responsi­
ble for the large amount of «-alanine. 
This postulation is supported by the 
finding that two table varieties, “Isabella” 
and “Niagara,” both of which have V. 
labrusca in their parentage, also have a 
preponderance of «-alanine in their ma­
ture fruits (Kliewer, 1969).

Generally, «-alanine, glutamic acid, 
and «-aminobutyric acid were the next 
three most quantitatively important amino 
acids in the various varieties. Kliewer
(1969) recently reported that arginine, 
proline, glutamic acid and «-alanine were 
the most prominent amino acids in 28 
table varieties. Castor (1953) and Cas­
tor et al. (1956) measured the free amino 
acids in seven varieties grown in Califor­
nia and found proline, glutamic acid and 
arginine present in largest amounts. La- 
fon-Lafourcade et al. (1959) reported ar­
ginine, glutamic acid, proline, serine and 
threonine to be the major amino acids in 
the musts of France. Tercelj (1965) 
from Yugoslavia found a preponderance 
of arginine plus histidine in grape must, 
followed, in turn, by proline and glutamic 
acid. In five grape varieties investigated

Table 4— Concentration of several free am ino acids ( n  m oles per 100 ml ju ice) of white-w ine varieties of grapes harvested a t early  or late stage 
of fru it m aturity.

7 -amino- Sum of
butyric Aspartic G lutam ic am ino acids

Variety
cx-alanine acid Arginine acid acid Proline Serine Threonine determ ined
Early Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late

Burger 460 492 190 220 534 418 120 70 258 215 738 1580 143 153 230 245 2673 3393
Chardonnay 600 660 166 295 257 536 88 120 208 438 993 2405 210 264 262 234 2784 4952
Chasselas doré 295 240 106 248 528 556 91 80 245 180 407 916 143 147 256 184 2071 2551
Chenin blanc 5 2 0 650 162 180 521 681 128 180 192 208 449 1071 214 262 265 312 248! 3544
Emerald Riesling 289 315 161 175 294 368 28 34 138 235 283 880 101 144 128 170 1422 2321
Feher Szagos 320 340 172 190 463 405 32 35 255 310 862 1167 243 252 150 180 2497 2879
Flora 182 350 121 420 670 1025 58 66 135 295 286 910 130 362 117 152 1699 3580
Grey Riesling 328 345 53 140 625 1038 105 114 182 197 618 761 192 160 210 195 2313 2950
Gewürztram iner 282 360 190 257 1211 1355 115 108 260 332 580 738 210 250 300 280 3148 3680
Green H ungarian 152 225 105 195 250 242 61 88 212 266 264 960 104 115 84 80 1232 2171
La Rienha 143 255 102 140 258 282 74 70 160 310 1212 1875 65 76 58 65 2072 3073
M alvasia bianca 305 350 148 192 360 574 35 42 171 218 618 1615 88 102 78 112 1803 3205
M elon 246 308 180 206 511 386 113 81 230 274 744 940 165 185 128 146 2317 2526
Orange M uscat 242 295 208 277 324 417 41 45 256 285 848 988 86 94 145 152 2150 2553
Palom ino 205 290 180 272 132 557 65 70 285 330 203 750 180 258 156 210 1406 2737
Peverella 194 265 133 187 225 487 58 66 210 327 494 1310 108 136 102 153 1524 2931
Pinot blanc 350 368 202 244 321 718 32 51 250 372 350 964 194 212 155 190 1854 3119
Pinot gris 162 222 127 195 182 322 44 52 226 265 395 1354 128 162 135 118 1399 2690
Red Veltliner 130 166 175 189 483 631 53 44 221 247 354 668 68 77 104 115 1588 2137
Sauvignen vert 157 238 142 195 320 632 46 55 115 269 270 1414 74 91 97 108 1221 3002
Sauvignen blanc 179 285 120 177 413 657 55 67 137 162 594 839 103 120 95 113 1696 2420
Semilion 185 297 166 198 357 629 49 62 184 287 375 804 128 142 147 160 1591 2579
W hite Riesling 258 272 195 188 350 402 40 44 146 174 364 1547 155 170 108 130 1616 2927
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in South Africa by Van Wyk et al.
(1965), arginine, proline, alanine and 
valine were the predominant amino acids 
present.

Lafon-Lafourcade et al. (1962) and 
Kliewer (1968) investigated changes in 
the concentration of free amino acids in 
grapes during fruit ripening. They ob­
served that the concentration of arginine 
usually increased rapidly during the early

ripening period, and then often decreased 
as the fruits became ripe to overripe. 
During this latter period of fruit matura­
tion, proline increased markedly, indi­
cating that the synthesis of proline may 
occur at the expense of arginine during 
this phase of fruit development. Such 
changes in the concentrations of arginine 
and proline occurred in several varieties 
in the present study (Tables 3 and 4).

Boulter et al. (1963) found that when 
CH-arginine was fed to bean seedlings, 
label was first found in proline and sub­
sequently _n ornithine and citrulline, indi­
cating that proline may be synthesized 
by reversal of the ornithine cycle. Hen- 
nig (1955) and Nassar et al. (1966) have 
found both citrulline and ornithine in 
the juices of grapes, indicating that the 
ornithine cycle may exist in these fruits.

In addition to the scion and degree of 
fruit maturity, other factors such as root- 
stock, climate, mineral nutrition, crop 
level, trellising system and disease un­
doubtedly influence the concentrations of 
amino acids in grapes. However, since all 
data in this communication were obtained 
from fruits harvested from virus-free 
vines grown under the same climatic, cul­
tural and soil conditions, the reported 
values shoald indicate relative differences 
among varieties when compared at the 
same degree of fruit maturity. The sig­
nificance of the above environmental fac­
tors on the level of free amino acids in 
grapes must await further studies made 
under closely controlled conditions.

The amino acid composition of grape 
must may be of considerable economic 
importance in regard to the rate of fer­
mentation by yeasts and bacteria. Pey- 
naud et al (1961) reported that proline 
and threonine are difficult for yeast to 
assimilate, while arginine, glutamic acid 
and a-alanine are readily utilized sources 
of nitroger. Moat et al. (1965) indicated 
that glutamic acid and aspartic acid are 
equal to ammonia as a nitrogen source 
for yeast growth. Ough et al. (1966) 
found that multiple correlation and re­
gression analysis of fermentation rates 
was considerably superior when total 
nitrogen was used in the equations rather 
than ammonia nitrogen, thus indicating 
the importance of the amino-nitrogen 
fraction for fermentation. Peynaud et al.
(1961) found that as grapes ripen, there 
is an increase in forms of nitrogen that 
are less easily utilized by yeast. This may 
explain why must of overripe grapes 
sometimes ferments slowly.

Comparison of the concentrations of 
the different free amino acids in the 
various varieties indicates that a close 
genetic relationship may exist among 
some varietal groups. This can be seen 
by comparing the levels of amino acids 
in the “Cabernet”-type varieties (“Car- 
bernet-Sauvignon” and “Merlot”) with 
the levels in those varieties that contain 
some V. labrusca in the parentage. Va­
rieties in both of these groups are qualita­
tively and quantitatively similar in amino 
acids.

Total nitrogen and the amino acid 
fraction were, on the average, higher in 
the white-wine varieties than in the red- 
wine varieties, especially at the early har-

T ab le  5— Classification of red- and w hite-w ine varieties of grapes according to th e  predom -
in a n tfre e  am ino acid in th e  juice.

Proline A rginine a-A lanine

Slightly to Slightly to Slightly to Very ripe
m oderately Very ripe to m oderately Very ripe to m oderately to overripe

ripe fruit overripe fruit ripe fruit overripe fruit ripe fruit fruit

Red varieties Red varieties Red varieties W hite varieties Red varieties Red varieties
Alicante Aleatico Aleatico Flora Salvador Scarlet

Bouschet
Cabernet- Alicante Calzin Grey Riesling Scarlet

Sauvignon Bouschet
Carignane Cabernet- Gamay Gewiirztra-

Sauvignon miner
Early Burgundy Calzin Grenache
Gam ay Carignane Pinot noir

Beaujolais
Grignolino Early Pinot St.

Burgundy George
Malbec Gamay Rubired
M ataro Gamay Tinto Cao

Beaujolais
M erlot G renache
Mission Grignolino W hite varieties
Petit Bouschet Malbec Chasselas dore
Petit Sirah M ataro Chenin blanc
Royalty M erlot Emerald

Riesling
Trousseau Mission Flora
Valdepeñas Petit Bouschet Grey Riesling
Zinfandel Petit Sirah Gewiirztra-

Pinot noir m iner
Red Veltliner 
Sauvignon vert

W hite varieties Pinot St.
George

Burger Royalty
Chardonnay Rubired
Feher Szagos Salvador
Green H ungarian T into C ao
La Rienha Trousseau
Malvasia bianca Valdepeñas
Melon Zinfandel
O range M uscat W hite varieties
Palom ino Burger
Peverella Chardonnay
Pinot blanc Chassclas doré
Pinot gris Chenin blanc
Sauvignon blanc Emerald

Riesling
Semilion Feher Szagos
W hite Riesling Green

H ungarian 
La Rienha 
Malvasia 

bianca 
Melón
Orange Muscat 
Palomino 
Peverella 
Pinot blanc 
Pinot gris 
Red Veltliner 
Sauvignon vert 
Sauvignon 

blanc 
Semillon 
White Riesling
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vest (Tables 1 and 2). This may have 
been due to the fact that usually fruits 
from white varieties are earlier maturing 
than fruit from red varieties. Conse­
quently, the white varieties generally 
reached veraison earlier, and had a longer 
ripening period to accumulate nitroge­
nous substances.

Comparison of the concentrations of 
total nitrogen, amino-acid-fraction nitro­
gen (Tables 1 and 2) and individual 
amino acids (Tables 3 and 4) with con­
centrations of titratable acidity, tartrate 
and malate, determined on the same va­
rieties in an earlier investigation (Kliewcr 
et al.. 1967a), failed to show any rela­
tionships. These results are in contrast to 
those of Peynaud et al. (1953), who re­
ported a direct relationship between ti­
tratable acidity and amino nitrogen con­
tent of musts.

The amino acid fraction and the non- 
amino-ac d-fraction nitrogen accounted 
for 53-76% and 23-56% of the total 
Kjeldahl nitrogen, respectively, of the 
various grape varieties. All nitrogeneous 
substances retained by Dowex 50 cation 
exchange resin are included in the amino 
acid fractions. Preliminary investigations 
indicated that, in addition to free amino 
acids, low-molecular-weight peptides were 
complete.y retained by the cation resin; 
and consequently these substances would 
be included as part of the amino-acid- 
fraction nitrogen. The eight amino acids 
in Tables 3 and 4 accounted for 47-96% 
of the amino-acid-fraction nitrogen. The 
nonamino acid fraction includes proteins, 
high-molecular-weight peptides, ammonia 
and nitrate nitrogen. The range in concen­
tration of these substances in grapes has 
been reviewed previously (Kliewer,
1969).
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Variety

Percent o f total N 
accounted for by 8 

determined am ino acids 
Early Late

Percent o f am ino-acid 
fraction N  accounted for by 

8 determ ined am ino acids 
Early Late
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M erlot 50.0 53.0 75.1 80 .4
Mission 30.9 33.3 53.3 52.2
Petit Bouschet 40.9 43.9 69.3 70.5
Petit Sirah 38.3 48.9 66 .0 71.3
Pinot noir 35.9 46.1 58.7 68.8
Pinot St. George 37.8 40.9 63.4 64.7
Royalty 49.3 32.0 69.3 54.8
R ubi red 58.5 55.3 92.5 81 .2
Salvador 44.5 53.0 70.0 73.1
Scarlet 46 .2 38.5 72.7 58.0
T into  C âo 40.1 33.3 58.7 52.2
Trousseau 41.3 44 .2 65.1 61.6
Valdepeñas 32.3 37.8 4 9 .0 67.7
Zinfandel 45 .2 4 9 .6 70.9 65.8

W hite Wine
Burger 66.5 59.7 92.1 86.1
Chardonnav 56.2 68.7 85.8 96 .7
Chasselas doré 55.2 47.5 93 .0 6 8 .0
Chenin blanc 55.7 50.5 87.1 72 .6
Em erald Riesling 56.1 64.3 89.6 95 .9
Feher Szagos 54.9 44.9 78.3 62.5
Flora 30.4 49.3 47 .2 71.1
Grey Riesling 39.2 46.4 52.4 65 .6
Gewiirztram iner 40.1 45 .4 56.8 63.8
Green H ungarian 47.3 43.8 77.1 57.9
La Rienha 55.3 53.0 83.9 78.4
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W hite Riesling 50.1 41.7 65.7 65.6

1 Am ino acids were those given in Tables 3 and 4.
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Pasteurization of Pacific Oysters by Radiation: 
Post-Mortem Changes in Nucleotides During Storage at 0-2°C

S U M M A R Y — T h e  c o n c e n t r a t i o n  o f  n u c l e o t i d e s  w a s  l o w e r  i n  t h e  a d d u c t o r  m u s c l e  o f  t h e  
oyster ( 1 . 6 4  / n m o l e s / g )  t h a n  i n  t h e  r e m a i n i n g  d a r k  t i s s u e s  o f  t h e  o y s t e r  ( 2 . 7 5  / n m o l e s / g ) .  
T h e  c o n c e n t r a t i o n  w a s  l e s s  i n  t h e  w h o l e  o y s t e r  m e a t s  ( 2 . 8 7  /¿mo/es/g) t h a n  i s  u s u a l l y  
f o u n d  i n  f i s h  m u s c l e ,  o r  o t h e r  m a r i n e  i n v e r t e b r a t e s .

I n  a d d i t i o n  t o  t h e  a d e n i n e  n u c l e o t i d e s  a n d  i n o s i n e  m o n o p h o s p h a t e ,  u r i d i n e  t r i p h o s ­

p h a t e ,  g u a n o s i n e  t r i p h o s p h a t e ,  g u a n o s i n e  d i p h o s p h a t e ,  g u a n o s i n e  m o n o p h o s p h a t e  a n d  

g u a n o s i n e  d i p h o s p h a t e - m a n n o s e  w e r e  f o u n d  i n  t h e  f r e s h  o y s t e r s .  S a m p l e s  c o l l e c t e d  i n  
s u m m e r  h a d  g r e a t e r  c o n c e n t r a t i o n s  o f  n u c l e o t i d e s  t h a n  s i m i l a r  w i n t e r  s a m p l e s .  I n o s i n e  
m o n o p h o s p h a t e  f o r m e d  r a p i d l y  f r o m  a d e n o s i n e  t r i p h o s p h a t e  d u r i n g  s t o r a g e  a t  0 ° —2 °C , 
w h i l e  t h e  t u r n o v e r  r a t e  o f  i n o s i n e  m o n o p h o s p h a t e  w a s  s l o w  a n d  r e f l e c t e d  l o w  5 ' - n u c l e o ­

t i d a s e  a c t i v i t y .
H y p o x a n t h i n e ,  i n o s i n e ,  g u a n o s i n e ,  g u a n i n e  a n d  u r a c i l  w e r e  f o r m e d  d u r i n g  i c e  s t o r a g e .  

T h e  n u c l e o t i d e  b r e a k d o w n  i n  o y s t e r s  w a s  n o t  c h a n g e d  b y  2  m r a d s  o f  r a d i a t i o n  d o s e .  
T o t a l  n u c l e o s i d e s  a n d  f r e e  b a s e s  i n c r e a s e d  d u r i n g  s t o r a g e  o f  b o t h  u n i r r a d i a t e d  a n d  i r ­

r a d i a t e d  s a m p l e s .  D u r i n g  t h e  l a t t e r  p a r t  o f  t h e  s t o r a g e  p e r i o d  t h e  c o n c e n t r a t i o n s  o f  
n u c l e o s i d e s  a n d  f r e e  b a s e s  w e r e  c o n s i d e r a b l y  g r e a t e r  i n  t h e  i r r a d i a t e d  s a m p l e s .  T h i s  
d i f f e r e n c e  p r o b a b l y  i s  d u e  t o  t h e  u t i l i z a t i o n  o f  t h e s e  c o m p o u n d s  b y  b a c t e r i a  i n  t h e  u n ­

i r r a d i a t e d  s a m p l e s .  A f t e r  1 5  d a y s  o f  s t o r a g e  b a c t e r i a  h a d  i n c r e a s e d  t o  m o r e  t h a n  10" 
o r g a n i s m s  p e r  g ,  w h i l e  t h e  c o u n t s  f o r  i r r a d i a t e d  s a m p l e s  w e r e  v e r y  l o w  ( l e s s  t h a n  1 0 s 
per g ) .

INTRODUCTION
POST-MORTEM changes in muscle nu­
cleotides are intimately associated with 
the events of rigor. Some products of their 
degradation are believed to contribute to 
typical flavors of flesh products (Jones, 
1961; Wagner et al., 1963; Kuninaka et 
ah, 1964; Shimazono, 1964).

The specific biochemical pathways of 
nucleotide breakdown and the accumula­
tion of their products are of considerable 
interest in studies of post-mortem change. 
Some products of ATP catabolism have 
been proposed as indices of freshness for 
fish (Jones et ah, 1964; Spinelli et ah, 
1964).

In recent years, a great deal of progress 
has been made toward explaining the 
specific reactions involved in the post­
mortem nucleotide degradation in fish and 
other marine animals (Kassemsarn et ah, 
1963; Creelman et ah, 1960; Tarr et ah. 
1962; Tarr et ah, 1964; Tarr, 1955, 1958; 
Saito, 1961; Arai, 1966a, 1966b, 1966c). 
However, there is very little knowledge of 
the post-mortem nucleotide changes in 
oysters and a few other shellfish of com­
mercial importance.

Oysters are rich in glycogen. This gly­
cogen may serve as an energy source for 
regeneration of ATP during storage. In

1 Present address: G eneral Foods Corp., T ech­
nical Center, Tarrytow n, N .Y . 10591.

b Present address: S tate o f H aw aii D ept, of 
A griculture, 1428 So. K ing Street, P .O . Box 
5425, H onolulu, H aw aii 96814.

one study, Wylie et ah (1964) determined 
the composition of the nucleotide fraction 
of Pacific oysters (C. gigas) when they 
were frozen in liquid nitrogen imme­
diately after shucking. These studies were 
limited in scope, as only a small propor­
tion of the total nucleotides present was 
recovered. A more complete examination 
of oysters would provide valuable data on 
the changes during post-shucking storage, 
providing comparison with fish muscles, 
which have poorer glycogen stores.

The present study sought to provide 
data on the concentration of nucleotides 
in oysters. Other objectives were to de­
termine effects of sexual development and 
post-mortem changes in the nucleotides of 
Pacific oysters (C. gigas) during ice stor­
age and the effect of radiation pasteuriza­
tion on these changes.

METHOD & MATERIALS
Oysters

All oysters used were obtained from a 
commercial culture in Burley Lagoon, near 
Purdy, Washington. Oysters from these 
waters are known to reach sexual maturity 
during the summer months but they sel­
dom spawn. Oysters collected in May were 
used for the study of changes in nucleotide 
composition during ice storage. “Summer 
oysters” were collected in August and “win­
ter oysters” in November. These were used 
to describe the effects of sexual maturity.
Sampling

The zero day samples were prepared by

freezing the meats in liquid nitrogen im­
mediately after they were shucked. These 
samples were transported to the laboratory 
in solid C02 and kept at —50°C unt 1 they 
were extracted for analysis. The adductor 
muscles from 10 oysters were separated 
from the rest of the tissue, and both por­
tions were frozen in liquid nitrogen. These 
portions were subsequently treated as the 
previous samples.

For the storage experiment, whole shucked 
oysters were stored at 0-2 "C. Samples were 
withdrawn periodically, frozen in liquid ni­
trogen, and kept at —50°C until ready for 
analysis.
Extraction of nucleotides, nucleosides, 
purine, and pyrimidine bases

The frozen oyster samples were combined 
with two vol of chilled 0.7 N perchloric acid. 
The mixture was blended at high speed in 
a Waring blendor for 60 sec. It was then 
centrifuged for 20 min at 20,000 X G in 
a Servall refrigerated centrifuge. The super­
natant was quantitatively decanted and neu­
tralized with 20% KOH to pH 6.S. The 
neutralized extract was centrifuged after 30 
min of storage at —15°C to allow the po­
tassium perchlorate (KCIO,) to crystallize. 
The resulting solution was somewhat turbid 
compared to the clear extracts obtained from 
fish muscle.

Determination of nucleotides
The neutralized extract, corresponding to

10-20 g of oyster, was analyzed by column 
chromatography, using Bio-Rad analytical 
grade AG1-X8 200-400 mesh formate resin 
(Calbiochem, Los Angeles, California) by 
the method of Jones et al. (1960). The resin 
was used directly as delivered, after the re­
moval of fine particles. The reference nucleo­
tides were obtained from Sigma Chemical 
Company, St. Louis, Missouri. The eluent 
was monitored continuously at 260 vr./i, us­
ing a Vanguard automatic ¿¿v analyzer, 
Model 1056, and collected into 10-ml frac­
tions. The fractions corresponding to one 
peak were pooled, adjusted to pH 2.0 with 
HC1, and their concentrations determined 
by reading against appropriate formate 
blanks (corrected for HC1 addition) in a Hi- 
tachi-Perkin-Elmer Model 139 spectropho­
tometer.

Determination of nucleosides and free bases
The effluent from the formate column, 

which absorbed at 260 m,u when eluted with 
distilled water, v/as frozen immediately and 
retained for later analysis of nucleosides, 
purines and pyrimidines. These samples
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w ere lyophilized  to  reduce th e ir  volu m e. 
A liq u o ts co rresp on d in g  to  5 - 1 0  g o f  oy ster 
w ere analyzed  by th e m eth od  o f  Jo n e s
( i 9 6 0 ) ,  using th e ch lo rid e  a n a ly tica l grade 
A G 1 -X 8  2 0 0 -4 0 0  m esh (C a lb io ch e m , L os 
A n g eles. C a lifo r n ia ) .

T h e  co n cen tra tio n  o f  the indiv idual co m ­
pounds w as d eterm ined  by p o olin g  the f r a c ­
tio n s corresp on d in g  to  o n e  peak  and read ­
in g  d irectly  vs a p ro p er effluent b la n k , using 
a  M od el 139 H ita ch i-P e rk in -E lm e r o r  a 
B eck m an  D B  sp e ctro p h o to m eter. In o sin e  and 
guan osin e eluted  su perim posed . T h e ir  c o n ­
cen tration s w ere d eterm ined  by  read in g  this 
peak  a t 251 and 2 7 5  m^i and  using sim u l­
tan eou s equ atio n s. T h e  m o le cu la r  ab so rb ­
an cy  ind ices used w ere th ose rep orted  by 
B eav en  et a l., ( 1 9 5 5 ) .

Methods used in the confirmation of 
nucleotides and nucleosides

T h e  sam p les w ere co n cen tra ted  u n d er v a c­
uum  in a ro ta ry  ev a p o ra to r to  rem ov e fo r ­
m ic acid  and am m o n iu m  fo rm a te . A lte r ­
n atively , they w ere co n cen tra ted  by ly op h i- 
lizin g under an in frared  so u rce  (H u rlb e rt 
e t  ah , 1 9 5 4 )  fo r  rem o v al o f  fo rm ic  acid  o r  
am m o n iu m  fo rm a te . T h e  sam p les co n ta in in g  
excessive am ou n ts o f  am m o n iu m  fo rm a te  
w ere treated  w ith activ ated  ca rb o n  (B a d - 
d iley  et ah , ( 1 9 5 6 ) .

T h e  U V  spectra  w ere d eterm ined  w ith a 
B eck m a n  D K  o r  D B  sp e ctro p h o to m eter and 
com p ared  w ith published  sp e ctra  (C irc u la r  
O R - 10, P a b st L a b o r a to r ie s ) . T h e  sp ectra  o f  
n u cleosid es and bases w ere read  again st a 
corresp on d in g  effluent b lan k  fro m  the c h lo ­
ride ion exch an g e co lu m n . A ll n u cleo tid e  
p eak s ob ta in ed  fro m  th e ion exch an g e c o l­
u m n s w ere confirm ed  by ch ro m a to g ra p h y  on 
p ap er and th in -lay er p lates. W h atm an  N o . 1 
p ap er w as used in th e  so lv en t system s d e­
scribed  in C ircu la r  O R - 10, P a b s t L a b o r a to ­
ries, and th in -lay er p lates, u sin g  a te rtia ry  
a m y la lco h o l-fo rm ic  acid -w ater so lv en t sys­
tem  (R a n d e ra th , 1 9 6 3 ) .

Identification of adenosine, inosine, 
and guanosine

T h e  fra c tio n s  ab so rb in g  a t 2 6 0  m,u w hich  
w ere not retained  by th e fo rm a te  o r  ch lo rid e  
co lu m n s w ere co n cen tra ted . T h e  sam p les 
w ere spotted on  W h atm an  N o . 1 filter pa­
per and d eveloped , using a  n o rm a l bu tan ol- 
g lac ia l a ce tic  acid -w ater ( 1 0 0 :2 2 :5 0 )  so lv en t 
system  (A m m a n n  et ah , 1 9 6 4 ) .

A d en osin e w as d etected  by sp ray in g  w ith 
a  so lu tion  o f  0 .2 5  g o f  m e rcu ric  a ce ta te  d is­
solved in 100  ml o f  9 5 %  e th an ol co n ta in ­
ing 0 .6  m l o f  g lac ia l a ce tic  acid , and a so lu ­
tion  o f  0 .0 5  g diphenyl ca rb a z o n e  d issolved  
in 9 5 %  eth an ol. (A m m a n n  et ah . 1 9 6 4 ) .  
T h is  m ethod w as sen sitive and  effectiv e fo r  
th e d etection  o f  10  fig o f  ad en osin e. In  ad d i­
tio n , the fra c tio n s  w ere an alyzed  fo r  ad e­
n in e com p ou n d s by th e co lo rim e tric  m eth od  
o f  D av is e t ah ( 1 9 6 3 ) .

T h e  co m b in ed  in o sin e and gu an osin e 
p eaks eluted fro m  the ch lo rid e  co lu m n  w ere 
hyd rolyzed  by the m eth od  o f  K a lc k a r  et ah , 
( 1 9 4 7 ) .  HC1 w as su bstitu ted  fo r  Hi-SO.,. 
T h e  acid  w as rem oved fro m  the sam p le by 
p lacin g  it in an ev ap o ratin g  dish o v e r  pellets 
o f  N a O H  in a vacu u m  d esicca to r. T h e  h y ­
d rolyzed  sam p le  w as ch ro m ato g rap h ed  on  
the n u cleosid e co lu m n  to  sep arate  the gua­
nine and h y p o xan th in e  prod u cts.

Chromatography of sugars
P ap er ch ro m a to g ra p h y  f o r  th e id en tifica­

tio n  o f  su gars w as essen tia lly  th a t o f  Je rm y n  
et ah ( 1 9 4 9 ) .  T h e  sam ples w ere spotted  on  
W h atm an  N o. 1 paper and developed , using 
an eth y l a ceta te-w ater-p y rid in e  ( 2 / 2 / 1 )  so l­
ven t system . T h e  ch ro m a to g ra m s w ere dried 
ov ern igh t. T h e  sugars w ere d etected  by 
sp ray in g  w ith  a reag en t prepared  by d isso lv ­
ing 0 .5  g  o f  ben zid in e in 10 m l o f  ace tic  
acid  and  ad ding 10 m l o f  4 0 %  ( w / v )  aqu e­
ou s tr ich lo ro a ce tic  acid  and 8 0  m l o f  e th ­
an o l (B a c o n  e t  ah , 1 9 5 1 ) ,  and then h eatin g  
the ch ro m a to g ra m  fo r  5 m in in an ov en a t 
1 0 0 °C .

Studies of the structure of the compound 
absorbing at 320

A m in o  groups w ere estim ated  by the nin- 
hydrin m ethod (B lo c k  et ah , 1 9 5 6 ) .  P eptid e 
groups w ere estim ated  by the b iu ret m ethod 
(H aw k  e t  ah, 1 9 4 9 ) .  P h osp h o ru s w as de­
term in ed  by the m eth od  o f  F isk e  e t ah (1 9 2 5 ) 
a fte r  h yd ro lysis o f  the sam p les (L e P a g e ,
1 9 5 7 ) .

T h e  fra c tio n  co n ta in in g  the 3 2 0  m ^  peak 
w as hyd rolyzed  w ith 2  and  0 .1  N HC1 at 
1 0 0 ° C  fo r  15, 3 0 , 6 0  and  2 4 0  m in . T h e  h y ­
d roly sates w ere analyzed  fo r  su g ar as de­
scribed  ab o v e, a fte r  the HC1 w as rem oved 
by ev ap o ra tio n  under vacu um .

RESULTS
A COMPOUND having a maximum ab­
sorbancy at 320 (pH 2, 7 and 12) was 
eluted from the formate column (Jones 
et ah. 1960) between fractions 1 and 50. 
The elution peak for this fraction varied. 
When the nucleosides increased (samples 
held in ice over 4 days) these peaks were 
superimposed. This compound was pres­
ent in all the samples of oyster meats. 
Fractions containing this peak were iso­
lated and rechromatographed on the for­
mate column, using only distilled water 
for elution. In some samples it was pos­
sible to separate this compound from the 
nucleosides and bases, using this proce­
dure. In these cases, the fractions con­
taining the unidentified compound were 
combined and lyophilized to reduce the 
volume and were used for spectrophoto- 
metric study. Hydrolysis in 1.5 N  HC1 for 
15 min at 100°C shifted the maximum 
absorbancy to 328 m^. Hydrolysis in 2 N  
NaOH for 15 min at 100°C destroyed all 
absorption. However, these results could 
not always be duplicated.

Qualitative tests for phosphate and 
biuret were negative, and the ninhydrin 
test for amino groups was strongly posi­
tive. No amino sugars or other sugars 
could be detected by paper chromatogra­
phy. The unknown compound could be 
dialyzed through 18/32 Visking tubing, 
suggesting a low molecular weight. Fur­
ther testing is necessary before identifica­
tion is possible.

GDPM was identified on the basis of 
the following criteria: It eluted from the 
nucleotide column similarly to com­

mercially obtained GDPM. Maximum ab­
sorption at pH 2 was 255 m^. When hy­
drolyzed for 15 min at 100°C in 0.01 N  
HC1 (Cabib et al., 1954), it yielded GDP 
(column chromatography) and a spot at 
the position of mannose (paper chroma­
tography).

Nucleosides and free bases eluted from 
the chloride column in fractions differing 
from those described for the same system 
by Jones (1960). Routinely, the peaks 
eluted 20 fractions (100 ml) later than 
described. This shifted pattern of elution 
did not affect the recovery or the resolu­
tion of the system. The inosine and guano­
sine peaks were superimposed and were 
hydrolyzed and rechromatographed, yield­
ing hypoxanthine and guanine, thus con­
firming the presence of their correspond­
ing nucleosides.

The fraction not retained by either the 
formate or chloride column was chro­
matographed on paper and no adenosine 
was found. Colorimetric determmations 
for adenine containing compounds were 
negative. There were no further attempts 
to identify compounds contained in this 
fraction.

DISCUSSION
IN MOST WESTERN countries only the 
skeletal muscle of fish and selected parts 
of marine mollusks are considered edible. 
The overall nucleotide composition and 
the accumulation of their breakdown 
products were studied in the whole oyster, 
since they are generally consumed in this 
form and these changes would affect their 
eating quality. Comparing post-mortem 
changes in oysters with similar events oc­
curring in the edible portions of other 
marine animals, oysters present a more 
complex system, since their edible por­
tions include organs, muscle, glands and 
stomach contents.

The concentrations of nucleotides 
found in oyster tissues are low as com­
pared to fish muscle or to any of the 
several marine invertebrates reported by 
Arai (1966a). The values found are con­
siderably higher than those reported by 
Wylie et al. (1964). The latter authors 
recognized that nucleotides are incom­
pletely extracted by ethanol and acknowl­
edge that there would be low recovery 
using their chromatographic technique.

The nucleotide concentrations found in 
summer seem to be somewhat higher than 
in winter (Table 1). This difference is due 
to the summer rise of energy-rich adeno­
sine nucleotides, perhaps in the gonadal 
tissue. The adductor muscle tissue was 
lower in nucleotides than the correspond­
ing dark tissues (Table 2).

No UDPG or any other nucleotide 
glucose derivative, known intermediates 
in glycogen synthesis, were found in any 
of the samples analyzed. This finding is
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T ab le  1— N ucleotides in whole oyster 
m eats— seasonal e ffects of sexual d e ve lo p ­
m en t (¿¿moles/g m eat).

Summer, 
Full sexual 

developm ent

W inter, 
no sexual 

development

ATP 0.68 0.55
A D P 0.96 0.67
A M P 0.50 0.26
IM P 0.26 0.12
G TP tr 0.06
G D P tr 0.18
G M P 0.10 0.07
G D PM 0.34 0.32
UTP 0.03 0.10

Total 2.87 2.33

ir =  trace.

similar to that reported by Wylie et al. 
(1964).

The only uridine nucleotide found was 
UTP. Neither UDP nor UMP, expected 
intermediates in the dephosphorylation of 
UTP, was found despite repeated attempts 
to identify these intermediates. Significant 
amounts of uracil detected in oyster meats

Table  2— Nucleotides on oyster m eats—  
distribution betw een adductor m uscle and 
rem aining tissues (^m o les /g  m eat).

W hole
A dductor

muscle
Rem aining

tissue

ATP 0.55 0.16 u n
A D P 0.67 0.71 0.68
AM P 0.26 0.50 0.23
IM P 0.12 0.17 0 .12
G TP 0.06 tr 0.17
G D P 0.18 tr 0 .17
G M P 0.07 0.07 0.06
G D PM 0.32 0.03 0.21
UTP 0.10 ND N D

Total 2.33 1 .64 2.75

N D  =  not detected, 
tr =  trace.

stored in icc for even one day (Table 3) 
suggests that the complete degradation of 
UTP to uracil occurs very quickly. The 
concentrations of uracil during the latter 
part of storage exceed the levels expected 
from the original concentration of UTP. 
At present, there is no reasonable explana­
tion for this increase.

The adenine nucleotides were cephos- 
phorylated and deaminated rapidly to 
IMP. In contrast, IMP disappears very 
slowly from oyster tissues (Table 3). This 
indicates a slow action of the oyster 
5'-nucleotidases when compared with the 
rates of IMP disappearance from fish 
muscle in ice.

This pattern of breakdown differs from 
that proposed by Arai ( 1966a,b,c) for 
several other marine invertebrates which 
show little or no accumulation of IMP 
due to the low adenylic acid deaminase 
activity in their muscles. Furthermore, no 
adenosine was found in the oyster meats 
at any time during storage. The formation 
of this nucleoside via the déphosphoryla­
tion of AMP does not seem to occur in 
oyster tissues.

The changes in nucleotide composition 
of oyster meats during ice storage (Table
3) were not affected significantly by ir­
radiation at 2 mrads. This leads to the 
conclusion that neither the nucleotides 
themselves nor the enzyme systems re­
sponsible for their post-mortem catabo-

Table  3— Concentration of nucleotides and nucleosides (M m oles/g).

Days in icc1
Controls 0 1 2 4 7 15 20 35

U nirradiated
A TP 0.68 tr ND ND ND N D N D N D
A D P 0.96 0.25 0.22 0.18 0.08 0.12 0.08 0.08
A M P 0.50 0.83 0.52 0 .10 0.09 0.14 0.11 0.08
IM P 0.26 1.04 1.26 1.23 1.51 1.02 0.67 0 .6 4
G TP tr N D ND N D N D N D N D N D
G D P tr 0.05 tr ND ND ND N D N D
G M P 0.10 0 .24 0.15 0.11 0.10 0.10 tr 0 . 1
G D PM 0.34 N D N D ND N D N D N D N D
UTP 0.03 N D ND N D N D N D N D N D
Total nucleotides 2.87 2.41 2.15 1 .62 1.78 1.38 0.86 0.91
Inosine tr 0.03 tr 0 .20 0.12 0.34 0.58 tr
H ypoxanthine 0.11 0.17 0.40 0.32 0.16 0.27 0.37 0.23
Guanosine 0.11 0.29 0. 17 0.23 0.23 0.43 0.58 0 .86
G uanine tr N D ND tr tr tr N D 0.06
Uracil 0 .04 0.11 0.04 0.22 0.13 0 09 0.07 0 .12
Total nucleosides & 

free bases 0.26 0.60 0.61 0.97 0.64 1.13 1.60 1.27
Total 3.13 3.01 2.76 2.59 2.42 2.51 2.46 2.18

Recovery as % of 
initial concentration 100 96 88 83 77 80 75 70

Irrad ia ted  2 M r 
ATP 0.68 N D ND ND N D N D ND N D
A D P 0.96 0.27 0. 14 0.30 0.15 0.14 0 .14 0.07
A M P 0.50 1.19 0.60 0.15 0.16 0.18 0.11 0.08
IM P 0.26 1.30 1.38 1.34 1 .41 0.99 0.57 0.39
G TP tr N D ND ND ND N D N D N D
G D P tr N D N D N D ND ND N D N D
G M P 0.10 0 .10 0.12 0.09 0.08 0.10 tr tr
G D PM 0.34 N D ND ND ND ND N D N D
UTP 0.03 N D N D ND N D N D N D N D
Total nucleotides 2.87 2.86 2.24 1.88 1.80 1.41 0.82 0 .5 4
Inosine tr 0 .16 0.49 0.66 0.29 0.10 0.17 0.09
H ypoxanthine 0.11 0.02 0.16 0.18 0.62 0.24 0.33 0.67
G uanosine 0.11 0.29 0.38 0.20 0.53 0.87 1.34 1.16
G uanine tr tr 0.05 0.06 tr tr tr tr
Uracil 0 .04 tr 0.08 0.07 0.12 0.16 0.33 0.39
Total nucleosides & 

free bases 0 .26 0.47 1.16 1.17 1.56 1.37 2.17 2.31
Total 3.13 3.33 3.40 3.05 3.36 2.78 2.99 2.85

Recovery as % 
o f initial concentrations 100 106 108 98 107 89 96 91

1 Pooled samples representing 3-5 shucked Oysters, 
tr =  trace; N D  =  no t detected.
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lism  w ere  a ffec ted  b y  th is level o f  ra d ia ­
tion . L o w er doses o f  ra d ia tio n  w o u ld  n o t 
seem  to  affect these  sam e  system s. T h ese  
find ings a re  s im ila r  to  re su lts  o b ta in e d  
w ith  fish (G u a rd ia  e t a l., 1 9 6 5 ).

T h e  re co v e ry  o f  n u c le o tid e s , n u c le o ­
sides an d  fre e  bases o rig in a lly  p re se n t d id  
n o t d ecrease  fo r  th e  ir ra d ia te d  sam p les 
th ro u g h o u t th e  s to ra g e  p e rio d , b u t  d e ­
c rea se d  s te ad ily  fo r  th e  u n ir ra d ia te d  sa m ­
ples (T a b le  3 ) .  T h e re  w ere  n o  d iffe ren ces 
in  th e  c o n c e n tra tio n  o f  n u c le o tid e s  th e m ­
selves b e tw een  th e  ir ra d ia te d  a n d  u n ir ­
ra d ia te d  sam p le s  d u r in g  20  d a y s ’ s to ra g e  
in  ice. T h e  d e c lin e  in  th e  to ta l a m o u n t o f  
n u c leo tid e s, n u c leo sid es , a n d  free  bases 
in  th e  u n ir ra d ia te d  sam p le s  w as p ro b a b ly  
d u e  to  u tiliza tio n  o f  n u c leo sid es  a n d  free  
bases by  b a c te r ia , w h ic h  w e re  p re se n t in 
v e ry  h igh  n u m b e rs  (m o re  th a n  10° p e r  g) 
(C h u n g  an d  D o lla r , 1965 , u n p u b lish ed  
d a ta . C ollege  o f  F ish e rie s , U n iv . o f  
W a s h .) .

G u a n o s in e  a c c u m u la te d  ra p id ly  w ith  
s im u lta n eo u s  re d u c tio n  in  th e  a m o u n ts  o f  
h y p o x a n th in e  a n d  in o sin e  in  b o th  ir ra d i­
a te d  a n d  u n ir ra d ia te d  sam p le s th ro u g h  15 
d ay s o f  s to rag e . T h e  c o n c e n tra tio n s  o f  
g u a n o sin e  ex ceed ed  th e  co m b in e d  c o n ­
c e n tra tio n s  o f  all g u a n in e -c o n ta in in g  n u ­
c leo tid es in  th e  fre sh ly  sh u c k e d  o y ster. 
T h u s , b a se d  o n  s to ic h io m e tr ic  re la tio n s , 
th e  fo rm a tio n  o f  g u a n o sin e  c a n n o t be 
lim ite d  to  th e  b re a k d o w n  to  g u a n in e -c o n ­
ta in in g  n u c leo tid es.

T h e  ab sen ce  o f  a  p ro p o r tio n a l in crease  
in  o th e r  p u r in e  o r  p y rim id in e -b a se d  c o m ­
p o u n d s  suggests th a t  d e g ra d a tio n  o f  r ib o ­
n u c le ic  acid  c a n n o t be  re sp o n sib le  fo r  th e  
in c re a sed  levels o f  g u an o sin e . P ro b a b ly  
g u a n o sin e  w as fo rm e d  fro m  h y p o x a n -  
th in e -c o n ta in in g  c o m p o u n d s  th ro u g h  e n ­
d o g en o u s  o x id a tio n  a n d  a m in a tio n . T h ese  
system s a re  k n o w n  to  be  p re se n t in m a m ­
m a lian  tissues a n d  h av e  b een  su g g ested  
as re sp o n sib le  fo r  th e  a cc u m u la tio n  o f  
g u an in e  in ice -s to red  co d  a n d  p la ice  m u s­
cle, w h e re  e q u iv a le n t c o n c e n tra tio n s  o f  
th e  c o rre sp o n d in g  g u a n in e  n u c le o tid e s  
w e re  n o t fo u n d  (K a sse m sa rn  e t al., 1 9 6 3 ) .

T h e  v a ria b le  h y p o x a n th in e  c o n c e n tra ­
tio n s  fo u n d  d u rin g  ice s to ra g e  ru le  o u t th e  
feasib ility  o f  u s in g  th is  c o m p o u n d  as a 
q u a lity  in d ex  fo r  e ith e r  i r ra d ia te d  o r  u n ­
ir ra d ia te d  o y sters.

N ish ita  e t a l., (1 9 6 6 )  h a v e  re p o rte d  th e  
p re sen c e  in a b a lo n e  m u sc le  o f  u n id en tif ied  
su b s tan ces  w h ic h  sh o w  th e  a b so rp tio n  
m a x im u m  a t a b o u t 3 3 0  m ^ . T h ese  su b ­
s tan ces  e lu ted  w ith  th e  in itia l w a te r  efflu­
e n t f ro m  th e  fo rm a te  D o w ex  1 c o lu m n , 
as d id  th e  f ra c tio n  fro m  th e  o y s te r  e x tra c t 
w h ich  a b so rb ed  s tro n g ly  a t 3 2 0  m^.. T h is

in te re s tin g  s im ila rity  d ese rv es c lo se r s tu d y .
T h e  c o n c e n tra tio n s  o f  IM P  a n d  G M P  

in o y ste r  tissues d u rin g  e a rly  s to ra g e  w ere  
c o n s id e ra b ly  ab o v e  th e ir  re p o rte d  th re s h ­
o ld  levels fo r  o rg a n o le p tic  d e te c tio n  
(K u n in a k a  et al., 1964; S h im azo n o . 
1 9 6 4 ) . T h e y  c o u ld  c o n tr ib u te  sig n ifican tly  
to  th e  f lav o r o f  fresh  oy ste rs . W a te r  so lu ­
tio n s  o f  G M P  h av e  been  d e sc rib e d  by  
som e o rg a n o le p tic  p an e l m em b e rs  as h a v ­
in g  a n  “ o y s te r-lik e"  flav o r. H a lib u t  m u s­
cle, in  w h ich  s ig n ifican t a m o u n ts  o f  G M P  
h av e  b een  fo u n d , is so m e tim es sa id  to  
h av e  a “sh e llfish -lik e” ta s te .

ABBREVIATIONS USED
ATP, Adenosine Triphosphate; ADP, Adenosine Diphosphate; AMP, Adenosine Monophosphate: UTP, Uridine Triphosphate; UDP, Uridine Diphosphate; UMP, Uridine Monophosphate; UDPG, Uridine Diphos­phate Glucose: GTP, Guanosine Triphos­phate; GDP, Guanosine Diphosphate; GMP; Guanosine Monophosphate; GDPM, Guano­sine Diphosphate Mannose: IMP, Inosine Monophosphate.
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Ethylene Oxide Resistance of Microorganisms 
Important in Spoilage of Acid and High-Acid Foods

SUMMARY— Resistance values were determined for spores of Bacillus coagulans (var. 
thermoacidurans), conidiospores of Aspergillus niger, vegetative cells of Lactobacillus 
brevis, Leuconostcc mesenteroides, Hansenula anómala and Saccharomyces cerevisiae 
(var. tetrasporus) exposed to a mixture of ethylene oxide (12%)and dichlorodifluoro- 
methane (88%). Exposures were made of organisms deposited on glass and paper discs 
at 3 3 %  relative humidity, 30°C and a pressure to give 700 mg per liter of ethylene oxide. 
Spores of B. coagulans were also exposed at 40°, 50° and 60°C. The resistance pa­
rameter D was determined to characterize the resistance of each organism displaying 
logarithmic death. Values of z were determined for spores of B. coagulans. The most 
resistant organism was B. coagulans. The spores of this organism were approximately 
1.8 to 8 times more resistant than the vegetative cells of L. mesenteroides or L. brevis. 
Vegetative cells of H. anómala, S. cerevisiae and conidiospore&bf A. niger displayed non- 
logarithmic death. A. niger was the most resistant of the three.

INTRODUCTION
T H E  U S E  o f  v a p o r  ph ase  s te rila n ts  d a te s  
b a ck  to  th e  la te  1 8 0 0 ’s w hen  su c h  gases 
as fo rm a ld e h y d e  a n d  su lfu r  d io x id e  w ere 
u sed  to  fu m ig a te  sick  ro o m s. T h is  p ra c tic e  
w as d isc o n tin u e d  d u e  to  an  a p p a re n t  lack  
o f  effec tiveness an d  no t u n til re ce n tly  
(o v e r  a p p ro x im a te ly  th e  last 30  y e a rs )  
h a s  re n ew e d  in te re s t o c c u rre d  in th e  use 
o f  v a p o r  p h a se  s te riliz a tio n . T h is  in te res t 
h a s  risen  p r im a rily  f ro m  th e  need s o f  
th e  fo o d , a g r ic u ltu ra l,  m ed ica l a n d  sp ace  
in d u strie s  fo r  m e th o d s  o f  s te riliz in g  item s 
th a t  c a n n o t be  su b je c ted  to  excessive  h e a t, 
liq u id  ch em ica l s te riliz a tio n  o r  ra d ia tio n . 
S ince s te riliz a tio n  w ith  c h em ica ls  in the  
v a p o r  p h ase  m ay  be c a r r ie d  o u t  a t r e la ­
tive ly  low  te m p e ra tu re s  an d  m o is tu re  
levels a n d  b ecau se  m ost s te rila n ts  can  
d iffuse  th ro u g h  p las tic s , p a p e r  o r  fab ric , 
a n d  a re  eas ily  re m o v ed , th e  u se  o f  th is 
m e th o d  offers a d v an tag e s  n o t a ffo rd ed  by 
o th e r  m ea n s  o f  s te riliza tio n .

O f th e  m a n y  v a p o r  s te rilan ts , e th y len e  
o x id e  m ee ts m an y  o f  th e  re q u ire m e n ts  
fo r  an  ideal gas s te rila n t. T h e  c h ie f  d is­
a d v an tag e  o f  f lam m ab ility  is o v e rco m e  by 
d ilu tio n  w ith  in e r t gases su ch  as c a rb o n  
d io x id e , n itro g en  an d  c h lo ro f lu o ro h y d ro -  
ca rb o n s .

M ost o f  th e  w o rk  in v o lv ed  w ith  de fin in g  
e th y le n e  ox id e  s te riliza tio n  p a ra m e te rs  has 
b een  w ith  re s is tan t sp o re  fo rm in g  b a c ­
te r ia  su ch  as B a c il lu s  s u b t i l i s  a n d  C l o s ­
t r id iu m  b o tu l in u m .  T h is  p a p e r  d eals w ith  
re s is tan ce  p a ra m e te rs  fo r  a  se lec t g ro u p  
o f  o rg a n ism s  o f  lo w e r resis tan ce . T h is  
g ro u p  c o n ta in s  re p re se n ta tiv e s  o f  th o se  
m ost s ig n ifican t in th e  sp o ilag e  o f  e ith e r
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acid  fo o d s  (p H  4 .0 -4 .5 )  o r  m o st h igh - 
acid  fo o d s (p H  less th an  4 .0 ) ,  (S tu rn b o ,
1 9 6 5 ) . T h o u g h  th e  g ro u p  has rece iv ed  
fa r  less a tte n tio n  th a n  m o re  re s is tan t o r ­
gan ism s, K irb y  e t al. (1 9 3 6 ) ,  W h e lto n  et 
al. (1 9 4 6 )  a n d  R a u sc h e r  e t al. (1 9 5 7 )  re ­
p o rte d  th e  effec tiveness o f  e th y len e  ox id e  
ag a in st v a rio u s  y easts j m o ld s an d  v e g e ta ­
tive  cells o f  sev era l spec ies o f  b a c te r ia . It 
w as th o u g h t th a t  fu r th e r  w o rk  to  define 
m o re  c losely  th e  re sis tan ce  p a ra m e te rs  o f 
m em b e rs  o f  th e  g ro u p  w o u ld  g re a tly  aid  
in th e  e s ta b lish m e n t o f  p ro c ed u re s  fo r  the 
s te riliz a tio n  o f  c o n ta in e rs  a n d  e q u ip m e n t 
to  be  used  in  c o n ju n c tio n  w ith  asep tic  
p a ck a g in g  o f  fo o d s  w ith  p H  values 
b e lo w  4 .5 .

MATERIALS & METHODS
Microorganisms

Selected fo r study were B a c illu s  c o a g u la n s  
(var. therm oacidurans) A T C C  8038, L a c to ­
b a c il lu s  b r e v is  A T C C  83057, L e u c o n o s to c  
m e s e n te r o id e s  A T C C  83060, A s p e r g i l lu s  
n ig er , S a c c h a r o m y c e s  c e r e v is ia e  (var. te tra ­
sporus) and H a n se n u la  a n o m a la .

Preparation of test suspensions
B. c o a g u la n s . A  50-ml quantity  o f th erm o ­

acidurans b ro th  in a  cotton-plugged Erlen- 
m eyer flask was inoculated and incubated 
fo r  18 hr a t 45°C . Follow ing incubation, a 
10-ml quantity  o f the culture was aseptically 
rem oved and placed in a  sterile screw-capped 
test tube, heated in a w ater bath  at 80°C  fo r 
10 m in and cooled rapidly to room  tem pera­
ture with cold tap  w ater. 1 ml o f  the culture 
was then aseptically  transferred  to  each of 
several screw -capped bottle slants (150 ml 
capacity con tain ing  50 ml o f  therm o­
acidurans ag ar with 10 ppm  added m an­
ganous su lfa te) and spread evenly over the 
surfaces o f the agar. T he inoculated bottle  
slants were incubated a t 45°C  un til a high

percentage of m ature  spores (approxim ately  
92%) was evident. (A pproxim ately  48 hr 
was required  to ob tain  m axim um  sporu la­
tion .) G row th was then rem oved from  each 
bottle with 2 ml o f  cold sterile distilled 
w ater. W ashings so obtained were com bined 
as they were filtered th rough  sterile cheese 
cloth into a sterile polyethylene centrifuge 
tube. The filtered culture was stored o ver­
night a t 4°C .

A fter refrigeration , the crude suspension 
was washed fo u r tim es with cold sterile dis­
tilled water. It was centrifuged betw een 
washings at ab cu t 1000 G  fo r 5 min. each 
time the supernatan t being discarded and the 
cells resuspended in 20 ml o f cold sterile dis­
tilled water. T he viable count o f the suspen­
sion was adjusted to  approxim ately  10" spores 
per ml with sterile distilled w ater and the 
suspension stored at 4°C . T o  prepare a  test 
spore suspension, 1 ml o f the thoroughly  
agitated stock suspension was placed in 9 ml 
o f  sterile distilled w ater and heated fo r 10 
min a t 80°C  in o rd er to kill vegetative cells 
and activate the spores fo r germ ination . T he 
test suspension contained approxim ately  10s 
spores per ml.

L . m e s e n te r o id e s  a n d  L . b r e v is . F o r  each 
organism , a  50-ml quan tity  o f  lactic b ro th  
in a  250-ml cotton-plugged E rlenm eyer flask 
was inoculated and incubated fo r 20 h r  at 
30°C . A t the end o f the incubation  period 
the lactic bro th  cu ltu re  was placed in a 
sterile 50 ml centrifuge tube. T he cells were 
washed fo u r times. E ach tim e the suspension 
was centrifuged a t abou t 7710 G fo r  5 m in, 
the supernatan t discarded and the cells re­
suspended in 10 ml o f sterile M /1 0  phos­
phate buffer. A fter the final w ashing the cells 
were suspended in 50 ml o f sterile M /1 0  
phosphate buffer. T he test suspension con­
tained approxim ately  107 cells per ml. This 
procedure was repeated p rio r to  each series 
o f  exposures.

A . n ig e r  c o n id io s p o r e s .  50 ml o f tryptone 
glucose yeast ex tract b ro th  in a  250-m l co t­
ton-plugged E rlenm eyer flask was inoculated 
and incubated fo r 5 days a t 30°C . T he spent 
bro th  was then discarded leaving the m at o f 
grow th intact. 10 ml o f a 0 .01%  solution of 
sodium  lauryl sulfate were added and the 
flask agitated to separate the condiospores 
from  the m at. T he crude conidiospore sus­
pension was then placed in a sterile 50 ml 
centrifuge tube and washed fo u r times. E ach 
tim e the suspension was centrifuged a t about 
7710 G  fo r 5 m in, the supernatan t discarded 
and the cells resuspended in sterile distilled 
water. T he final suspension was diluted to a 
concentra tion  of approxim ately  107 cells per 
ml as determ ined using a Petroff-H auser
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Table 1—Summary of media and conditions used to determine viable count of survivors.
M edia and 
C ond itions B. coagulans

L. brevis and 
L. mesenteroides

H. anomala and 
S. cerevisiae A. niger

Media Therm oacidurans
agar

Lactic agar W o rt  agar Orange serum 
agar

Incubation  tim e 4C-48 hr 72 hr 48 h r 36 h r
Incubation

temperature
45 °C 30°C 30°C 30°C

D ilu t io n  flu id D is tille d  H ’O, (10 m l 
blanks contained 
1 % D arvan 
N o. I ) 1

Lactic broth 0.1 M phosphate 
buffer

0.01 % sodium 
la u ry l sulfate

1 Used as a dispersing agent.

counting cham ber. This procedure was re­
peated prio r to each series o f  exposures.

S . c e r e v is ia e  a n d  H . a n o m a la . W ort agar 
plates were streaked w ith a sm all am oun t o f 
culture suspended in 1 ml o f  sterile distilled 
water. T he inoculated plates w ere incubated 
a t 30°C  fo r 24 hr. A fte r incubation , growth 
was removed from  each p late w ith approxi­
m ately 10 ml o f cold sterile M /1 0  phosphate 
buffer and com bined in a  sterile 50 m l cen­
trifuge tube. The yeast cells were washed 
four times. E ach tim e the suspension was 
centrifuged a t abou t 7710 G  fo r  5 m in, the 
supernatan t discarded and the cells resus­
pended in 10 ml o f cold sterile M /1 0  phos­
phate buffer. T he suspension was then 
syringed vigorously five tim es through a 
num ber 23 hypoderm ic needle to  break  up 
clum ps o f cells. T he resulting  suspension 
was diluted with M /1 0  phosphate buffer to 
give approxim ately  107 cells per ml as de­
term ined using a  Petroff-H auser counting 
cham ber. This procedure was repeated prior 
to each series o f exposures.

Preparation of inoculated discs
Pyrex glass discs (1 cm d iam eter and 1 

m m  th ick) and c ircu lar paper discs (1 cm 
d iam eter) placed on o th er o f the glass discs 
served as the two carriers fo r  the test sus­
pensions. The discs were sterilized in Petri 
dishes and dried a t 55°C . E ach  disc was then 
inoculated with 0.01 ml o f  the test suspen­
sion.

Exposure system
The apparatus and gases used fo r exposure 

were the sam e as described by L IU  et al.
(1 9 6 8 ). The appara tus consisted o f  three 
stainless steel anaerobic  jars contained in 
therm ostatically  contro lled  baths.

Exposure conditions
A ll organism s were exposed to a m ixture 

o f ethylene oxide (1 2 % ) and dichlorodi- 
fluorom ethane (8 8 % ) a t 33%  R . H ., 30°C  
and a pressure to give 700 m g of ethylene 
oxide per lite r o f  exposure a tm osphere. B . 
c o a g u la n s  spores were also exposed a t 40°, 
50° and 60°C . T he accuracy  o f exposure 
conditions were discussed by L IU  et al.
(1 9 6 8 ).

Exposure procedures
Discs inoculated w ith test suspensions con­

taining 5. c e r e v is ia e , H . a n o m a la ,  L .  b r e v is  or 
L .  m e s e n te r o id e s  were exposed im m ediately 
a fte r inoculating. Those discs inoculated with 
spores o f B . c o a g u la n s  o r A .  n ig e r  were 
allowed to equilibrate a t ab o u t 33%  R .H . fo r 
18 h r p rio r to  exposing. A desiccator con­
taining a beaker o f sa tu rated  m agnesium  
chloride solution served as the equilibrating  
cham ber. Sm all beakers o f sa tu rated  m ag­
nesium  chloride solution were also placed in­
side each petri dish and the desiccator cooled 
to 4 °C  to p revent spore germ ination . T he 
follow ing procedure was used in exposing the 
inoculated discs:

1) The w ater and oil ba ths were adjusted 
to  the desired tem perature. A djustm ent re­
quired  a t least 1 h r  p rio r to  the beginning o f 
an exposure.

2 ) T he heating tape, surrounding  connect­
ing lines and contro lled  by a  therm al regu­
lator, was tu rned  on V . h r p rio r to the be­
ginning o f an exposure.

3 ) W hen the baths were contro lled  a t the 
desired tem peratures, the entire  system  was 
evacuated to approxim ately  30 in. Hg w ith a 
vacuum  pum p.

4) C arbon dioxide was in troduced into the 
system  to a pressure o f 15 psig. The system 
was again evacuated. This procedure  was 
repeated three tim es to rem ove m oisture that 
m ight have collected inside the apparatus.

5) The preconditioning cham bers were then 
separately evacuated to approxim ately  30 in. 
Hg. The sterilant gas was in troduced into 
these cham bers un til the pressure was 15 
psig. The cham bers were then sealed from  
the rest o f the system.

6 ) The exposure cham ber lid was rem oved 
and a petri dish con tain ing  the inoculated 
discs was placed inside the cham ber on an 
inverted glass beaker serving as a stand. The 
Petri dish cover was then rem oved and the 
exposure cham ber lid replaced.

7) The exposure cham ber was evacuated 
to abou t 29 in. Hg.

8 ) Sufficient sterile distilled w ater was in­
troduced into the exposure cham ber, by 
m eans of a syringe th rough  a rubber septum  
on  the inlet line, to m aintain  a relative h u ­
m idity o f 30-35%  th roughou t the exposure 
period. T he relative hum idity  in the exposure 
cham ber was checked by m eans of an elec­
tric hygrom eter.

9 )  T he sterilan t gas was allowed to pass 
from  the preconditioning cham bers into the 
exposure cham ber un til a pressure was 
reached that corresponded to 700 m g of 
ethylene oxide per L  un d er the conditions of 
the test. T im ing o f the exposure period was 
then started.

10) D uring  the exposure period, the pre­
conditioning cham bers w ere refilled with the 
sterilant gas to  a  pressure o f 15 psig.

11) A t the end o f the exposure period 
pressure was relieved by  m eans o f a  w ater 
aspirator.

12) T he exposure cham ber lid was re­
m oved and the discs were taken out.

Determination of survivors
A fter exposure the discs w ere im m ediately 

placed in individual 10 m l dilution blanks. 
The d ilution pour-plate technique was used 
to determ ine the num ber o f survivors o f  all 
organism s. M edia and conditions used for 
each organism  are presented in T able  1. 
W ith the exception o f B . c o a g u la n s , diluting 
and plating was conducted im m ediately a fte r 
the discs were exposed. (T he  10 ml dilution 
b lanks containing discs from  B . c o a g u la n s

exposures were held overnight a t 4 °C  prio r 
to dilution and p lating .)

A ll 10 ml dilu tion  b lanks into w hich the 
exposed paper discs were initially  placed also 
contained three sterile glass discs. These 
blanks contain ing  the discs were agitated 
(usually  15-30 sec) a t m axim um  speed on a 
shaker until the paper discs were pulverized. 
This technique was used to release cells en­
trapped in the paper. A ll 10 ml d ilution 
blanks into which the exposed glass discs 
(w ithout paper discs) were initially placed 
were shaken a t m axim um  speed fo r 15 sec. 
D ilutions were then m ade from  the 10 ml 
blanks and plated in trip licate (using the ap ­
propriate  ag ar) and the plates incubated a t 
the designed tem peratures and tim es. A so­
dium  lauryl su lfate  solution was used as the 
diluting fluid fo r discs contain ing  A .  n ig e r  
conidiospores to aid  in dispersing any cells 
in clum ps.

RESULTS & DISCUSSION
SURVIVOR CURVES for organisms de­posited on paper and glass discs and ex­posed to the sterilant gas are presented in Figures 1-7. Each curve represents an average of three trials (with the exception of A . n iger which represents the average of two trials). During each exposure period three glass and three paper discs were exposed and the survivors on each diluted and plated in triplicate. Therefore, each point on the curves represents the average of 27 plate counts (with the ex­ception of A . n iger for which each point represents 18 plate counts).D values (time required to destroy 90% of the cells present) were deter­mined for those organisms generally dis­playing logarithmic death. The straight lines of best fit were determined by the least squares method and the resulting regression coefficients were used to de­termine the D values.Phillips (1952) first reported that the usual large differences in resistance to heat sterilization between spores and vegetative cells of bacteria were not evi­dent with ethylene oxide sterilization. In this study the resistance of B. coagulans  spores was about 1.8 to 8 times greater than that of vegetative cells of L . m esen ­
tero id es or L . b revis. In contrast the heat resistance of B. coagu lan s spores may be
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6.0-1

EXPOSURE TIME IN MINUTES
Fig. 1— Survivor curves for B. coagulans spores, on paper 

discs, exposed to the sterilant gas at the temperatures indicated.
Fig. 2— Survivor curves for B. coagulans spores, on glass 

discs, exposed to the sterilant gas at the temperatures indicated.

as m u c h  as 2 0 0 ,0 0 0  tim es m o re  th a n  th a t  
o f  L. b r e v i s  o r  L. m e s e n te r o id e s .

S u rv iv o r cu rv es  fo r  H. c in o m a la , S . cere- 
v isiae  a n d  A .  n ig e r  (F ig s . 5 -7 )  w ere  n o t 
s tra ig h t lines. H ia t t  (1 9 6 4 )  g e n era lized  
th e  reaso n s  fo r  su c h  d e p a r tu re s  as due

EXPOSURE TIME IN MINUTES

Fig. 3— Survivor curves for L. mesen­
teroides, on glass and paper discs, exposed 
to the sterilant gas at 30° C.

e ith e r  to  h e te ro g en e ity  o f  th e  m ic ro o rg a ­
n ism s o r  to  fa c to rs  o p e ra tin g  d u rin g  the  
re ac tio n  c au s in g  d e a th . I t  h a s  b een  re ­
p o rted  (C h u rc h  e t a l., 1 9 5 6 ) th a t  the  
sp o re s o f  som e a e ro b ic  bacilli a re  h e te ro ­
g en eo u s w ith  re sp ec t to  e th y le n e  ox id e  rc-

Fig. 4— Survivor curves for L. brevis, on 
glass and paper discs, exposed to the steri­
lant gas at 30°C.

sis tan ce . T h e  sh a p e  o f  th ese  th re e  se ts o f  
cu rv es in d ica te  d e v ia tio n s  w ere  n o t due  
to  h e te ro g en e ity  o f  th e  o rg a n ism s . I f  th e  
o rg an ism s w ere  h e te ro g e n e o u s  w ith  re ­
sp ec t to  e th y le n e  o x id e  re s is tan ce  th e  first 
p o rtio n  o f  a  cu rv e  w o u ld  reced e  c o m p a ra -

Fig. 5— Survivor curves for H. anomala, 
on glass and paper discs, exposed to the 
sterilant gas at 30°.



ETHYLENE OXIDE RESISTANCE OF MICROORGANISM S— 2 9

Paper +-

EXPOSURE TIME IN MINUTES EXPOSURE TIME IN MINUTES EXPOSURE TEMPERATURE °F

Fig. 6— Survivor curves for S. cerevisiae, 
on glass and paper discs, exposed to the 
stsrilant gas at 30°C.

Fig. 7— Survivor curves for A. niger, on 
glass and paper discs, exposed to the steri- 
lant gas at 30°C.

Fig. 8— Thermochemical destruction
curves for B. coagulans spores on glass 
and paper, exposed to the sterilant gas.

tive ly  ra p id ly , in d ic a tin g  d e a th  o f  the  
lo w er re s is tan ce  cells, fo llo w ed  by  a 
f la tte r  p o rtio n  o f  th e  c u rv e  in d ic a tin g  
d e a th  o f  th e  h ig h e r  re s is tan c e  cells.

Several poss ib ilité s  fo r  n o n -lo g a rith m ic  
n a tu re  o f  th e  c u rv es  c an  b e  p o s tu la te d  
fro m  th e  d a ta , e .g .: (1 )  a  co m p le x  re a c ­
tio n , i.e., o th e r  th a n  first o rd e r , is r e ­
sp o n s ib le  fo r  d e a th  o f  th e  o rg a n ism ; (2 )  
c u m u la tiv e  d a m a g e  to  a  sen sitiv e  site  o r  
sites w ith in  th e  cell w as re q u ire d  to  cau se  
d e a th  o f  th e  o rg a n ism s ; (3 )  th e  lag  o r  in ­
d u c tio n  p e r io d  e v id e n t in  e a c h  o f  th e  
cu rv es in d ic a te d  a s te r ila n t gas p e n e tra ­
tio n  tim e  to  re a c h  th e  sen sitiv e  site  o r  
sites w ith in  th e  cell. A d d itio n a l d a ta  w ill 
be re q u ire d  to  d e te rm in e  th e  tru e  cau se  o f  
th e  n o te d  d e v ia tio n s  fro m  s tra ig h t lines.

T h e  ty p e  o f  c a r r ie r  m a te ria l  has an  
effec t on  th e  re s is tan c e  o f  L . m esen ie-  
ro ides, L . b re v is a n d  B. coagulans. T h e  
re s is tan ce  o f  B . coagu lan s d e p o s ite d  o n  
glass w as g re a te r . I t  h a s  b een  th e o riz e d  
(P h illip s  e t  a l., 1 9 4 9 ) th a t  w h e n  su sp en ­
sions o f  m ic ro o rg an ism s  a re  d e s icc a te d , 
h a rd  c ru s ts  a re  fo rm ed , th ic k e r  c ru s ts  
b e in g  fo rm e d  o n  im p e rv io u s  su rfa ce s  a n d  
th in n e r  c ru s ts  o n  su rfa ce s  o f  a b so rb e n t 
m a te ria ls . T h is  w o u ld  a c c o u n t fo r  th e  
g re a te r  re s is tan c e  o n  glass o f  B. coagulans, 
as sp o re s b u r ie d  u n d e r  th ic k e r  c ru s ts  
w o u ld  b e  m o re  p ro te c te d  fro m  th e  s te r i­
la n t gas.

T h e  o p p o site  w as e v id e n t w ith  L .  
b rev is a n d  L. m esen tero id es, i.e ., cells 
d ep o sited  o n  p a p e r  h a d  th e  g re a te r  re ­

sis tan ce . S ince  th ese  d iscs w ere  n o t p re ­
c o n d itio n e d , e x p o su re s  o f m ic ro o rg an ism s 
w ere  a c tu a lly  o f  0 .01  m l su spensions . 
T h u s  e ith e r  o r  b o th  o f  th e  fo llo w in g  co u ld  
a c c o u n t fo r  su c h  an  effec t (1 )  a  g re a te r  
c o n c e n tra tio n  o f  s te r ila n t gas w as p re sen t 
in th e  sm all b u b b le  o n  th e  glass d u e  to  its 
so lu b ility , th e re b y  re su ltin g  in g re a te r  
k illin g  o r  (2 )  th e  p a p e r  o ffered  som e 
p ro te c tio n  fo r  th o se  cells b e lo w  th e  su r ­
face  re su ltin g  in a  g re a te r  n u m b e r  o f  su r ­
v iv o rs  fo r  e q u a l e x p o su re  tim es. N o  te n ­
d e n c y  to w a rd  g re a te r  re s is tan ce  o n  e ith e r  
c a r r ie r  w as ev id e n t fo r  th o se  o rg an ism s 
d isp lay in g  n o n lo g a rith m ic  d e a th .

S p o res o f  B. coagu lans w ere  th e  m ost 
re s is tan t o f  th e  o rg a n ism s  stu d ied . C o m ­
p a re d  to  sp o re s o f  o th e r  b a c te r ia  tes ted  
u n d e r  s im ila r  co n d itio n s , B. coagulans  
sp o re s w ere  m o re  re s is ta n t th a n  sp o re s o f
P . A . 3 6 7 9  (H a u ra n d , 1 9 6 6 ) b u t less r e ­
s is ta n t th a n  sp o re s o f  e ith e r  B. subtilis  
(L IU , e t ah , 1 9 6 8 ) o r  C . bo tu lin u m , T y p e  
A  (K u z m in sk i, 1 9 6 7 ) . In  o rd e r  to  assess 
th e  re la tiv e  re s is tan c e  o f  B. coagulans a t 
v a rio u s  te m p e ra tu re s . D  v a lu es w e re  also  
d e te rm in e d  a t  4 0 ° ,  5 0 °  a n d  6 0 ° C . T h e  
lo g  o f  th ese  D  v a lu es w e re  p lo tte d  ag a in s t 
e x p o su re  te m p e ra tu re s  to  o b ta in  th e  th e r ­
m o c h e m ic a l d e s tru c tio n  cu rv es  in F ig u re
8 . T h e  s tra ig h t lines o f  best fit w ere  ag a in  
d e te rm in e d  b y  th e  least sq u a re s  m eth o d  
a n d  th e  z v a lues, o r  n u m b e r  o f  deg  
F a h re n h e it  re q u ire d  fo r  th ese  cu rv es to  
tra n sv e rse  o n e  lo g  cycle, w e re  d e te r ­
m in e d  fro m  th e  reg re ss io n  coefficien ts.
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Inhibitory Effects of Pseudomonas on Selected 
Salmonella and Bacteria Isolated from Poultry

S U M M A R Y — Th e  in h ib i t o r y  e f fec ts  o f  Pseudomonas on s e le c te d  Salmonella a n d  p o u l t r y  
i s o la te s  w ere  in ve s t ig a te d .  T w o  m e th o d s  o f  d e m o n s t ra t io n  o f  th e  in h ib i t o r y  e f fec ts  were  
used. A p e rp e n d ic u la r  s t re a k  te c h n iq u e  was use d  as a p r e l im in a r y  s c re e n in g  p ro c e d u re  
to  d e te rm in e  re la t ive  degrees o f  i n h ib i t i o n  e x h ib i te d  by  kn o w n  s t ra in s  o f  Pseudomonas 
a g a in s t  se n s i t ive  Salmonella a n d  k n o w n  o rg a n is m s  is o la te d  f r o m  p o u l t r y .  S p e c t ro p h o -  
t o m e t r i c  a n a lys is  was a lso  use d  to  m e a s u re  i n h ib i t o r y  a c t i v i t y  p ro d u c e d  by d i f fe re n t  
c o n c e n t r a t io n s  o f  f i l t r a te s  f r o m  Pseudomonas c u l tu re s  a g a in s t  s e n s i t ive  o rg a n is m s .

In h ib i t i o n  o f  s e n s i t iv e  o rg a n is m s  was m o re  p r o n o u n c e d  w i th  a g a r  p la te s  th a n  w i th  
ce l l  d e n s i ty  m e th o d s  w h ic h  e m p lo y e d  b ro th .  T h e  p ro d u c t io n  o f  p ig m e n t  a p p e a re d  to  be 
re la te d  to  th e  a b i l i t y  o f  d i f fe re n t  Pseudomonas c u l tu re s  to  p r o d u c e  in h ib i t io n .  C o n c e n ­
t r a t io n  o f  s e n s i t iv e  cel ls  d id  n o t  a p p e a r  to  be a l im i t i n g  fa c to r ,  s ince  i n h ib i t i o n  was  
d e m o n s t ra b le  a t  b o th  h igh  a n d  lo w  leve ls  o f  in o cu la .  Pseudomonas s t ra in s  w ere  in ­
h ib i t o r y  to  s t ra in s  o f  Salmonella, Staphylococcus, Escherichia and Streptococcus.

N o n e  o f  th e  i n h ib i t o r y  s t ra in s  o f  Pseudomonas i s o la te d  f r o m  p o u l t r y  w e re  m u tu a l l y  
repress ive . H ow eve r ,  one  s t ra in  o f  Pseudomonas aeruginosa n o t  iso la te d  f r o m  p o u l t r y  
d id  cau se  i n h ib i t i o n  o f  g r o w th  o f  a l l  o f  th e  Pseudomonas i s o la te d  f r o m  p o u l t ry .  The  
p u b l i c  h e a l th  s ig n i f i c a n c e  o f  th is  w o rk  in  re la t io n  to  p o te n t ia l  p a th o g e n s  on p ro ce sse d  
p o u l t r y  is d iscusse d .

INTRODUCTION
THE ROLE of bacterial competition and antagonism has been recognized in micro­bial populations found in natural environ­ments but additional information is needed to support the hypotheses concern­ing these phenomena. In 1947, Waksman discussed mechanisms which may enable one bacterial strain to prevent the growth of others. Among these mechanisms are: competition for nutrients, toxic metab­olites and the production of antibiotic substances.Many studies have also been conducted on competitive growth of other micro­organisms on the development of staphy­lococci (Oberhofer et al., 1961; Peterson et al., 1962; Graves et al., 1963; Trailer et al., 1963a and 1963b; DiGiacinto et al., 1966; and Kao et al., 1966).Kraft et al. (1966) reported on the ef­fects of competitive growth of micro­organisms and fluorescence development

on inoculated poultry during refrigerated storage. Fluorescing bacteria attained large populations on chicken even when 
S t a p h y l o c o c c u s  a u r e u s  initially outnum­bered the fluorescing spoilage organisms by a ratio of 100:1.The ability of P s e u d o m o n a s  spp. to produce antibacterial agents on poultry meat has not been investigated. The pres­ent work was undertaken to examine the effect of P s e u d o m o n a s  on inhibition of 
S a l m o n e l l a  and other bacteria associated with processed poultry.

MATERIALS & METHODS
Organisms

Test organism s included: P s e u d o m o n a s  
f lu o r e s c e n s  (F-21, 2 and 23a) isolated from  
poultry  (D epartm en t o f Food Technology, 
Iow a State University, A m es), P . a e r u g in o s a  
(Pyo G o tze ), and a strain  o f E . c o l i  b 3000 
obtained from  Y. H am on, Inst. Pasteur, 
Paris, F rance. O ther organism s used were:

S tr e p to c o c c u s  ja e c a l is  (M -1 8 ), S . f a e c iu m
(7 ) , S ta p h y lo c o c c u s  a u r e u s  (196 and 2 0 a ), 
and the follow ing S a lm o n e l la  stra ins: S . 
p u l lo r u m ,  S. b r e d e n y , S . t y p h im u r iu m ,  S. 
a n a tu m , S  m o n te v id e o ,  S . th o m p s o n ,  S . 
le x in g to n , S . in fa n t is ,  S . g iv e ,  S . te n n e s s e e  
and S . h e id e lb e r g . W ith the exception o f S . 
a n a tu m  and S ta p h , a u r e u s  196, all o f these 
organism s were from  the departm en tal stock 
culture collection and previously isolated 
from  poultry  products. S . a n a tu m  was ob ­
tained from  the C entral Public H ealth  L ab­
oratory , London, E ngland. S . a u r e u s  196 
was obtained from  M. S. Bergdoll, U n iver­
sity o f W isconsin, M adison.

Survey techniques
Three techniques fo r the dem onstra tion  of 

inhibition were em ployed. A perpendicu lar 
streak m etnod was used fo r p re lim inary  
screening to assay fo r inhib itory  effects of 
various P s e u d o m o n a s  strains against o ther 
organism s. A streak, approx im ately  1 in. 
wide, o f the suspected inhib itory  organism s 
was m ade on brain heart infusion (B H I) 
agar (D ifco ) anc the plates were incubated 
fo r 48 hr at 30°C . A t this tim e, swabs of 
suspected sensitive organism s w ere m ade 
perpendicularly  to the original streak. The 
plates were then incubated fo r  an additional 
24 h r a t 30°C  and the length of the resultant 
clear zones adjacent to the p roducer grow th, 
indicating inhibition, were m easured in cen­
tim eters with a  vernier caliper.

A cell density procedure was also used to 
m easure the inhibition o f various concen­
trations o f P s e u d o m o n a s  filtrates against o r ­
ganism s previously found  to be sensitive by 
the perpendicular streak  survey technique. 
In each analysis, 0.1 ml o f a 12 h r B H I 
broth culture o f sensitive cells was in troduced 
into tubes containing a com bination  of 0.1%  
peptone (D ifco ) buffer, 5 streng th  B H I 
broth  (37 g /2 0 0  m l) , and P s e u d o m o n a s  
filtrate. The final volum e in each case was 
10.0 ml per tube. T able  1 provides a de­
scription o f the quantities o f each com ponent 
used in the spectrcphotom etric  analyses.

The m ixtures were read in B ausch and 
L om b cuvettes (%  in. X 6 in .) a t 540 nm  
in a  B and L Spectronic 20 co lorim eter 
(Bausch and Lom b, Inc., R ochester, N .Y .) . 
P late counts were m ade on B H I ag ar to  de­
term ine num bers of sensitive cells used as 
inocula. C ounts were also m ade to deter­
m ine relative degrees o f grow th of sensitive 
cells during exposure to P s e u d o m o n a s  fil­
trate.

The inhibitory effects o f P s e u d o m o n a s  fil­
trates were dem onstrated  by an additional 
m ethod. T his involved the saturation  of a

Table 1—Combinations of components used in spectrophotometric analyses.

Tube
C u ltu re

(m l)
B H I
(m l)

Butler 
(1 m l)

Buffer in 
c o n tro l1 

(m l)
F iltra te

(m l)
F iltra te

(% )
1 0.1 1 .9 — 0.1 8 .0 80
2 0.1 1.9 1.0 1.1 7 .0 70
3 0. I 1.9 2.0 2.1 6 .0 604 0.1 1.9 3 .0 3.1 5 .0 50
5 0.1 1.9 4 .0 4.1 4 .0 40
6 0.1 1.9 5 ,0 5.1 3 .0 30
7 0.1 1.9 6 .0 6.1 2 .0 208 0.1 1.9 7 .0 7.1 1 .0 10

C o n tro l = tube m inus inoculum .
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sterile strip (72 in. X 4 in.) of filter paper (Whatman No. 40) with filtrate, placing it on a layer of BHI agar in the center of the plate and overlayering the strip again with BHI agar. Plates were stored for 3 days at 15°C to facilitate pigment diffusion through the medium. Sensitive organisms were then swabbed on the surface of the plates. These bacteria failed to show growth in the area of pigment diffusion after 24 hr at 30°C.
Production of filtrates

P s e u d o m o n a s  strains were inoculated into the asparagine broth of Georgia et al. (1931) and incubated for approximately 48 hr at 30°C with shaking in a water bath (Gyra­tory Shaker, New Brunswick Scientific Co.. New Brunswick, N.J., set at 7). The cells were then centrifuged at 14,350 R.C.F. x 
g  for 20 min and the supernatant was filtered in a Seitz apparatus with 0.1 p pore size filter pads (Columbia Filter Co., Hawthorne,N.J.).

Table 2—Measurements (in cm) of zones of inhibition produced by Pseudomonas strains 
on various bacteria.1

Producer Pseudomonas stra ins (cm)
Sensitive organisms Pyo Gotze F-21 23a 2

E. coli b 3000 N o  grow th 1.23 1.36 1.37
Strep, faecalis (M -18) 1.90 1.2 1.00 1.22
Strep, faeeium (7) 0.54 1.13 1 .25 1.32
Staph, aureus 196 1.78 1.11 1.26 1.36
Staph, aureus (20a) 2.85 1.76 1.77 1.83
Salmonella typhimurium 1.09 — ---- - 1.13
Salmonella pullorum 1.92 — 1.74 1.33
Salmone la heidelberg 1.93 1.02 1.16
Salmonella give 1.59 1.23 1.31
Salmonella tennessee 1.49 0.91 0 .80
Salmonella infantis 1.78 1.29 1.05
Salmonella thompson 0.90 0 .60 1.18
Salmonella anaxum 1.40 1.14 1.18
Salmonella lexington 1.44 1.45 1.54
Salmonella monteuideo 1.15 1.14 1.18

1 W ith  the exception o f  P. aeruginosa (Pyo Götze), E. coli b 3000, and Salmonella anatum, a ll organisms 
were previously isolated fro m  p o u ltry  products.

RESULTS & DISCUSSION
T H R O U G H  T H E  U S E  o f  th e  s tre a k  te c h ­
n iq u e , s tra in s  o f  P s e u d o m o n a s  w ere  
sh o w n  to  be in h ib ito ry  to w a rd  s tra in s  o f  
S a l m o n e l l a ,  S t a p h y l o c o c c u s .  S t r e p t o c o c ­
c u s  a n d  E s c h e r i c h i a  c o l i .  F ig u re  1 and  
T ab le  2 give resu lts  o b ta in e d  in a ty p ica l 
e x p e rim e n t u sin g  th e  s tre a k  tec h n iq u e . 
T h e  d iffusion  o f  p ig m e n t p ro d u c e d  by th e  
P seu d o m o n a s  s tra in s  th ro u g h  th e  a g a r 
m ed iu m  a p p e a re d  to  p lay  a ro le  in the  
d eg ree  o f in h ib itio n  d e m o n s tra b le . L im ­

ited  s tu d ies  w ere  th e n  u n d e r ta k e n  to  d e ­
te rm in e  th e  o p tim u m  tim e  a n d  te m p e ra ­
tu re  c o n d itio n s  n ece ssa ry  fo r  m ax im u m  
in h ib itio n . A f te r  e v a lu a tin g  sev era l c o m ­
b in a tio n s  o f  tim e  a n d  te m p e ra tu re , it w as 
fo u n d  th a t  fo r  all o f  th e  P s e u d o m o n a s  
s tra in s  tes ted , in c u b a tio n  fo r  3 6 -4 8  h r  a t 
3 0 ° C  p ro v id ed  m a x im u m  d iffusion  o f  p ig ­
m en t an d  re su lta n t in h ib itio n  o f  sensitive  
o rg an ism s.

W h en  P s e u d o m o n a s  s tra in  F -2 1 , w h ich  
p ro d u c e s  p ig m e n t a t 3 0 ° C , b u t  n o t a t 
3 7 ° C , w as su rv e y ed  ag a in s t sensitive  o r ­

g an ism s, in h ib itio n  w as n o t d e m o n s tra b le  
a t th e  h ig h e r  te m p e ra tu re , b u t  w as c lea rly  
e v id en t a t th e  lo w e r te m p e ra tu re .

S im u lta n eo u s  in o c u la tio n  o f  b o th  in ­
h ib ito ry  a n d  sen sitiv e  o rg a n ism s  re su lted  
in th e  ab sen ce  o f  an y  v isib le  in h ib itio n . 
F u r th e r  in v es tig a tio n  in th is a re a  sh o w ed  
th a t  th e  in h ib ito ry  P s e u d o m o n a s  s tra in s  
re q u ire d  an  1 8 -2 4  h r  g ro w th  a d v an tag e  
b e fo re  a n y  sig n ifican t zo n es o f  in h ib itio n  
w ere  n o tic e ab le .

N o n e  o f  th e  in h ib ito ry  s tra in s  o f  P s e u ­
d o m o n a s  iso la ted  f ro m  p o u ltry  w e re  m u -

Fig. 1— Streak technique. (Fluorescent pigment diffusion un­
der ultraviolet light). Inhibitory effects of Pseudomonas fluo- 
rescens (F-21) on various bacteria, from top to bottom, E. coli 
b 3000, Strep, faecalis (M-18), Staph, aureus (20a), and 
Salmonella pullorum.

HOURS INCUBATED AT 30C

Fig. 2— Inhibition of  E. coll  b 3 0 0 0  by various concentrations
(by vo lum e) of  P s e u d o m o n a s  a e r u g i n o s a  (Pyo Gotze) filtrate.
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Fig. 3— Inhibition of Salmonella pullorum by various con­
centrations (by volume) of Pseudomonas fluorescens (F-21) 
filtrate.

tu a lly  rep ressive . H o w ev e r, P s e u d o m o n a s  
a e r u g in o s a  s tra in  P y o  G o tz e  n o t  iso la ted  
fro m  p o u ltry  d id  cau se  in h ib itio n  o f 
g ro w th  o f  all o f  th e  P s e u d o m o n a s  iso lated  
fro m  p o u ltry .

T h e  in h ib ito ry  a c tiv ity  m ea su re d  by cell 
d en sity  m eth o d s  em p lo y in g  P s e u d o m o n a s  
c u ltu re  f iltra te s  sh o w ed  th a t,  in m o st 
cases, a  level g re a te r  th a n  3 0 %  filtra te  
(by v o lu m e ) p ro d u c e d  m a rk e d  in h ib itio n . 
F ig u re s  2, 3 a n d  4  p re se n t cu rv es fo r  
ty p ica l tu rb id im e tr ic  analyses.

T h e  in o cu la  ra n g e d  fro m  10° to  10s 
sensitive  cells p e r  m l. T h e  v a r io u s  d ilu ­
tio n s  o f  f iltra te  w e re  m a in ta in e d  a t p H  
va lues o f  7 .2  to  7 .4  in  tu b es  1 th ro u g h  8, 
so p H  d id  n o t a p p e a r  to  be  a fa c to r  in the  
in h ib itio n  o b se rv ed .

In h ib itio n  w as d e m o n s tra te d  b y  m ean s 
o f  th e  cell d en sity  p ro c e d u re s , ev en  a f te r  
a u to c la v in g  (1 2 1 ° C  fo r  15 m in ) ,  w ith  th e  
f iltra te  f ro m  P . a e r u g i n o s a  (P y o  G o tz e ) .  
H o w ev e r, th e  d eg ree  o f  in h ib itio n  w as n o t 
as p ro n o u n c e d  as w ith  th e  filtra te  n o t 
a u to c lav e d . I t  is a n tic ip a te d  th a t  e x a m in a ­
tio n  o f  o th e r  P s e u d o m o n a s  f iltra te s  w ill 
y ield  s im ila r  resu lts . A d d itio n a l w o rk  is

Fig. 4— Inhibition of Staphylococcus aureus (20a) by vari­
ous concentrations (by volume) of Pseudomonas fluorescens (2) 
filtrate.

w ill b e  d ire c te d  to w a rd  p u b lic  h e a lth  im ­
p lic a tio n s  in p o u ltry  p ro c ess in g  a n d  u t i­
liza tio n .
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need ed  to  d e te rm in e  if  th e  flu o re sce n t pig-, 
m en t p ro d u c e d  by  p se u d o m o n a d s  is in ­
h ib ito ry  p e r  se. P u rif ic a tio n  a n d  c o n c e n ­
tra tio n  p ro c e d u re s  a re  d e s irab le  b e fo re  the  
n a tu re  o f  th e  in h ib ito ry  su b s ta n c e  m ay  be 
ex ac tly  d e te rm in e d . : *

P re lim in a ry  s tu d ies  o f  th e  n a tu re  o f  th e  
c o m p o n e n t(s )  re sp o n sib le  fo r  in h ib itio n  
in d ic a te  th a t  th e  in h ib ito ry  m a te ria l docs 
n o t a p p e a r  to  b e  p ro te in  in n a tu re ;  in ­
fra re d  a n d  u ltra v io le t  sp ec tra l an a ly ses 
fa iled  to  d e m o n s tra te  p ro te in . A lso , no  
p re c ip ita te  w as o b ta in e d  u p o n  tre a tm e n t 
o f  th e  f iltra te  w ith  a m m o n iu m  su lfa te  ( to  
s a tu ra t io n ) .  B iu re t d e te rm in a tio n s  w e re  
a lso  n eg ativ e . E le c tro p h o re s is  o f  c o n c e n ­
tra te d  (2 0x )  f iltra te  sh o w ed  m ig ra tio n  
to w a rd  th e  a n o d e  b u t  no  ty p ica l p ro te in  
re a c tio n  u p o n  s ta in in g  o v e rn ig h t.

F u r th e r  in v es tig a tio n s  o f  th e  p ro p e rtie s  
o f  th e  f iltra te  a re  in p ro g ress . ,

T h e  a n tib a c te r ia l  a c tiv ity  ex h ib ited  by  
v a rio u s  P s e u d o m o n a s  iso la ted  fro m  p o u l­
try  a n d  fro m  o th e r  so u rces  in th is  s tu d y  
m a y  h e lp  in u n d e rs ta n d in g  th e  m e c h a ­
n ism s w h e reb y  d e v e lo p m en t o f  p o te n tia l  
p a th o g e n s  is su p p re ssed . A d d itio n a l w o rk
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Formation in Beef Stored in Carbon Dioxide 
Enriched and Oxygen Depleted Atmospheres

Metmyoglobin

SUMMARY— A spectroreflectometric technique was used to determine the relative 
percentages of three myoglobin pigments, reduced myoglobin, oxymyoglobin and met­
myoglobin at the surface of fresh beef. It was shown that, at constant humidity, the 
formation of metmyoglobin in beef was maximal at 6 ±  3 mm Hg of oxygen at OcC 
and 7.5 ±  3 mm Hg at 7°C for semitendinosus muscles. Carbon dioxide concentra­
tions of 10% and higher had negligible effect on the formation of metmyoglobin, pro­
vided the oxygen pressure was above about 5%. At high partial pressures of carbon 
dioxide, absorption of carbon dioxide increased and the pH of the surface decreased. In 
air, the formation of metmyoglobin varied widely from muscle to muscle.

INTRODUCTION
FOR TENDERIZING fresh beef by aging, it is necessary to hold the meat at temperatures above the freezing point for several days. Maximal tenderization is obtained at 0 to 2°C in about 14 days, shorter times being adequate at higher temperatures (Kuprianoff, 1964). At these temperatures bacterial spoilage is dependent on the initial population den­sity. Extending storage life by using low relative humidities (Scott, 1936) leads to marked weight loss and discoloration. Haines (1933) and Scott (1938) ex­tended the life of fresh meat by storage in selected atmospheres, low in oxygen and/or enriched with carbon dioxide. The present work was undertaken to deter­mine if any undesirable color changes oc­curred in beef muscle stored at low oxy­gen and/or high carbon dioxide partial pressures, at a high relative humidity.Any undesirable color changes will at­tain increased significance as the size of the joint decreases, thus if half or quarter carcasses are aged any surface discolora­tion will be relatively unimportant after butchering for retail consumption. Limi­tations on storage space often make this method of aging uneconomical and there is an increasing tendency to age in bone­less, retail size cuts. Under these condi­tions surface discolorations are of major importance.In sterile meat, of normal water con­tent, the color is due mainly to the heme proteins myoglobin and hemoglobin. At a high relative humidity (99.3%), any discoloration of sterile, post-rigor meat is due to the oxidation of these pigments to the brown metmyoglobin and methemo- globin. (Myoglobin is the major colored protein in fresh beef and the color changes of myoglobin and hemoglobin are, to a first approximation, the same. Conse­quently the pigment states are generally

analyzed in terms of myoglobin deriva­tives.)Little objective work has been per­formed on the effect of carbon dioxide on color of fresh meat. Brooks (1933) found that up to 20% carbon dioxide tin air) had negligible effect on the oxidation of heme pigments in meat although 30% led to a slightly increased rate of oxida­tion, which he attributed to the reduced oxygen partial pressure. Brooks (1931, 1935) working with ox-blood (hemoglo­bin), and George et al. (1952a. 1952b) using pure horse heart myoglobin, found the rate of oxidation to be very depend­ent on the partial pressure of oxygen in the system. The rate was maximal at low partial pressure.In meat the situation is more complex because (a) the oxidation is quasi-revers- ible as the enzymatic reduction of metmy­oglobin to one of the reduced forms can occur (Stewart et al., 1965b). and (b) it is extremely difficult to determine, ac­curately and non-destructively, the pig­ment states at the meat surface. In the analysis of the pigment states in meat, extraction procedures are cumbersome; they destroy the sample analyzed and possibly cause changes in the relative pro­portions of the three pigments. For these reasons a spectroreflectometric method of analysis was preferred.The three myoglobin pigments, both in meat and in solution, have an isosbestic point at 525 nm (Stewart et al., 1965b). Stewart et al. (1965a) estimated the per­centage metmyoglobin at the surface of minced meat samples from the ratio of K/S values at 572 nm (an isosbestic point for reduced myoglobin and oxy­myoglobin) to that at 525 nm. K/S is defined asn _r s o-- L  (Kubelkaetal.. 1931)
2R*>

where Rx is the reflectivity of an opaque

sample of such a thickness that there is no further change in reflectivity when the thickness is increased further.This technique corrects for any differ­ence in the total concentration of myo­globin pigments in the sample, but does not adequately allow for differences in the scattering (S) and absorption (K) coefficients of the meat matrix itself. Either one or both these coefficients will vary with pH, fat content, surface geom­etry and water content of the sample, as well as with the incident wavelength. The effects are such that the ratios of K/S at 572 nm to K/S at 525 nm are unlikely to be constant for “pigment free meat.”Snyder (1965) attempted to overcome the problem by adjusting all his spectral curves to a common reflectance (in ab­sorbance units) of Ra = 1.0 at 525 nm, and estimating the metmyoglobin content by the reflectance at 572 nm. Unfortu­nately his plot of Ra at 572 nm against percent metmyoglobin, for known mix­tures of oxymyoglobin and metmyoglobin in an aqueous suspension of dried milk was not linear.Using these data Snyder et al. (1967) found that when K/S at 572 nm was plotted against metmyoglobin concentra­tion the predicted linear relationship was obtained. They also found, for 18 beef rounds of known pigment state, that de­terminations of surface metmyoglobin concentration from the ratio of K/S values at 572 and 525 nm and from the K/S value at 572 nm after adjustment of Ra at 525 nm to 1.0 were equally ac­curate although, conceptually, they con­sidered the ratio method to be preferable.
EXPERIMENTAL

Preparation of sterile samples
Discs of 14 mm radius and 15 ± 1 mm thickness were cut under aseptic conditions from a semitendinosus muscle which had been removed from the carcass directly after slaughter. Muscle was extensively flamed and aged for 2 days at 0°C in a closed, ster­ile container. These discs were used in the storage experiments. In initial experiments heme pigments in some of these discs were converted to 100 or 0% metmyoglobin by the action of ferricyanide (1%) and dithio- nite (20%) respectively. Other discs were minced and adjusted to various pH values
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in the  range 5.3 to  6.8 w ith M  HC1 and  M 
N aO H  before  the  pigm ents w ere converted 
to 100 o r 0%  m etm yoglobin.

Gaseous atmospheres
A  continuous flow o f a ir  o r  nitrogen 

(bo th  contain ing  10% carbon  d iox ide), 
m ain tained  a t  a  relative hum id ity  o f  99.3%  
by bubbling th rough  tow ers containing
0.2M  sodium  chloride solu tion , was passed 
th rough  the con tainer holding the sam ples. 
T he w hole system  was sterilized before  use. 
M icrobial con tam inants in incom ing gases 
w ere rem oved by passing the gases th rough  
co tton  wool plugs. E ach system  w as stored 
in a  room  kept a t the appropria te  tem pera­
tu re  (0  o r  7 ° C ) .  A ir contro ls w ere stored 
un d er sim ilar conditions. A t least 9 sam ples 
were stored in each container.

In  som e experim ents m eat slices o f radius 
38 m m  w ere stored in closed, sterile, plastic 
containers leaving a  headspace o f 18 ±  1 
cc. H eadspace sam ples were rem oved 
th rough  sub-a-seals. A flushing arrangem ent 
th rough  the seal allow ed the gas com posi­
tion  in the headspace to be adjusted a t will.

Spectral analysis, gas analysis and pH
T he reflectance spectra o f the m eat sam ­

ples were recorded against a m agnesium  o x ­
ide standard  on  a  H itachi Perkin-E lm er 
Spectrophotom eter, M odel 139, w ith reflect­
ance attachm ent. T he range scanned was 
380 to 770 nm. A fter storage a ll sam ples 
were exposed to a ir (R .H . 99 .3 % ) fo r 2 -  
3 hr, a t the storage tem perature, so th a t any 
reduced m yoglobin a t the surface was oxy­
genated w hile avoiding any detectable change 
in the surface concentra tion  o f m etm yoglo­
bin. Spectra o f  the exposed m eat surfaces 
w ere then recorded a t 8 ±  1 ° C. Sam ples 
were contained in stainless steel cups o f ap ­
p ropria te  dim ensions.

G as analyses were perform ed a t regular 
intervals using a 25V F isher G as Partitioner 
calib ra ted  w ith purified gases. O ne tenth 
m l sam ples o f gas, extracted w ith SG E  gas 
tigh t syringes, were used. A verage equilib­
rium  concentrations are reported.

Surface pH  was m easured w ith a  su r­
face electrode and R adiom eter M odel T T T

IC  T itra to r and p H  m eter.
H em e pigm ent concentra tion  was m ea­

sured according to the  m ethod o f H ornsey
(1 9 5 6 ).

R E S U L T S  &  D IS C U S S IO N

Determination of metmyoglobin at the 
surface

In  p re lim in a ry  e x p e rim e n ts , m in c e d  
se m ite n d in o su s  sam p le s , o f  k n o w n  p ig ­
m en t s ta te  a n d  d iffe re n t p H  v a lu es w ere  
an a ly ze d . In  these  th e  ra tio  o f  K / S  a t 572  
n m  to  K / S  a t 5 2 5  n m , fo r  1 0 0 %  a n d  0 %  
m e tm y o g lo b in  v a r ie d  a n d  th e re  w as 
s lig h tly  b e tte r  c o n sis ten c y  in  th e  K / S  
v a lu es a t 5 7 2  n m  w h e n  R  v a t  5 2 5  n m  
w as a d ju s ted  to  1.0 a b so rb a n c y  u n its . R e ­
su lts  o b ta in e d  w ith  sev e ra l in ta c t sem i­
ten d in o su s  sam p le s o f  k n o w n  p ig m e n t 
s ta te  w e re  co n s is ten t w ith  th o se  o b ta in e d  
on m in ced  sam ples.

F o r  18 sam p le s th e  K / S  v a lu es a t 
5 7 2  nm , a f te r  a d ju s tm e n t o f  R A to  1.0 a t 
525 nm , w ere  re sp ec tiv e ly  2.41 ±  0 .1 9  
(ran g e  2 .1 5 -2 .6 2 )  a n d  6 .0 5  ±  0 .18  
(ran g e  5 .8 0 -6 .3 0 )  fo r  1 0 0 %  a n d  0 %  
m etm y o g lo b in . A ssu m in g  th e  l in e a r  re la ­
tio n sh ip  b e tw een  th e  a d ju s te d  K / S  va lue  
at 572  n m  a n d  th e  p e rc e n ta g e  m e tm y o ­
g lob in . it w as possib le  to  c a lc u la te  m e t­
m y o g lo b in  as a  p e rce n ta g e  o f  th e  to ta l 
su rfa c e  p ig m en ts  to  w ith in  ± 5 % .  T h e  
ra tio  o f  K / S  a t 5 7 2  n m  to  K / S  a t 525 
n m  y ie ld ed  v a lu es o f  1 .450  ±  0 .061  an d  
0 .6 1 5  ±  0 .0 5 0  re sp ec tiv e ly  fo r  100%  
a n d  0 %  m etm y o g lo b in , e n ab lin g  th e  m e t­
m y o g lo b in  a t th e  su rfa c e  to  be  c a lcu la te d  
to  w ith in  6 o r  7 % .

A s e rro rs , d e te rm in e d  by  s ta n d a rd  d e ­
v ia tio n s. w ere  g re a te r  u s in g  th e  ra tio

m e th o d  th e  a d ju s tm e n t te c h n iq u e  w as 
u sed  in  th e  p re se n t s tu d y . T h e  v a lu e s  o b ­
ta in e d  w e re  in d e p e n d e n t o f  th e  a re a  o f  
illu m in a tio n , w h e th e r  th e  su rfa c e  p re ­
se n ted  to  th e  in te g ra tin g  sp h e re  w as flat, 
co n v ex  o r  c o n cav e .

D ifferen ces in sp e c tra  d u e  to  v a r ia tio n s  
in  to ta l  p ig m e n t c o n c e n tra t io n s  a re  n o t 
e lim in a ted  by  th is  te c h n iq u e , b u t  c a lc u la ­
tio n s  sh o w ed  th a t  d iffe ren ces  by  a  fa c to r  
o f  2  in  to ta l c o n c e n tra t io n  sh o u ld  lead  to  
e rro rs  w ith in  th e  ra n g e  o f  th o se  fo u n d  e x ­
p e rim en ta lly . P ig m e n t c o n c e n tra tio n s  
w ere  a lw ay s w ith in  th e  ra n g e  4 .6 -6 .9  m g  
p e r  g  o f  w e t tissu e  fo r  th e  d iffe re n t m u s­
cles s tu d ied .

A n o th e r  e r ro r  c an  a rise  f ro m  th e  fa c t 
th a t  in tra m u sc u la r  fa t  h a s  a  c h a ra c te r is tic  
sp e c tru m . T h u s  it is u n lik e ly  th a t  m u sc les  
w ith  d iffe ren t fa t  c o n te n ts  can  be  c o m ­
p a re d  b y  th is  te c h n iq u e , as th e  “ p ig m e n t-  
f re e ” m ea ts  w ill n o t  y ie ld  th e  a p p ro x i­
m a te ly  p a ra lle l re fle c ta n ce  cu rv es  (in  
a b so rb an c y  u n its )  th a t  a re  n ece ssa ry  fo r  
th is  m e th o d  to  be  v a lid . A ll th e  sp e c tra  
d e te rm in e d , o n  m e a t o f  k n o w n  p ig m e n t 
s ta te , w e re  fo u n d  to  be  su p e rim p o sab le , 
to  a t le a s t ± 4 %  o f  R A in  th e  ra n g e  4 7 0 -  
6 5 0  n m , a n d  so  it w o u ld  a p p e a r  th a t  v a r i­
a tio n s  in th e  fa t  c o n te n ts  o f  th e  lean  m u s­
cles s tu d ied  w ere  n o t  o f  m a jo r  im p o rta n c e .

In  m ea t, o x y m y o g lo b in  a n d  m e tm y o ­
g lo b in  have  a n  iso sb estic  p o in t a t 4 7 4  n m  
(S te w a rt e t  al., 1 9 6 5 b ) a n d  a ll th e  a b o v e  
a rg u m e n ts  w e re  fo u n d  to  b e  v a lid , en  
a b lin g  th e  p e rc e n t  re d u c e d  m y o g lo b in  a t 
th e  su rfa ce  to  b e  d e te rm in e d . T h e  a d ­
ju s ted  K / S  v a lu es a t 4 7 4  n m  w e re  2 .00  
±  0 .0 9  (ra n g e  1 .9 0 -2 .1 2 )  a n d  3 .8 8  ±  
0 .1 0  (ra n g e  3 .7 0 -4 .0 5 )  fo r  1 0 0 %  an d  
0 %  o f  th e  re d u ce d  p ig m e n t re sp ec tiv e ly . 
T h is  e n ab les  p e rc e n t  o f  re d u c e d  r.iyo-

F/g. 1— The effect of 12.0 ±  0.5% C02 on the formation of 
metmyoglobin (Mb') at 0°C and 7°C, on a sterile muscle (pH 
5.58) at a relative humidity of 99.3%.

Fig- 2— The formation of Mb* at 7°C, on sterile muscles in 
various atmospheres at a relative humidity of 99.3%. Sampling 
was discontinued when unavoidable contamination occurred.
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g lo b in  to  be d e te rm in e d  to  a n  a c c u ra c y  o f  
a b o u t 5 % .

Effect of storage on formation of 
metmyoglobin

F ig u re  1 show s th e  ch an g e  in su rfa c e  
m e tm y o g lo b in  c o n c e n tra t io n  as a  fu n c ­
tio n  o f  tim e  fo r  sam p le s  f ro m  th e  sam e 
m uscle  ( p H  5 .5 8 )  s to re d  in  a ir  o r  12%  
C 0 2/ a i r  a t 0  o r  7 ° C  a n d  a  R .H . o f  99 .3  % . 
F ig u re  2 is a  s im ila r  p lo t fo r  sam p le s  o f  
tw o  m uscles ( p H  5 .8 0  a n d  5 .7 4 )  s to re d  
in  th e  a tm o sp h e re s  in d ic a te d , a t 7 ° C . A t 
0 ° C  m e tm y o g lo b in  fo rm a tio n  in  these  
sam p les w as a lso  g re a te r  a t  th e  lo w er 
oxy g en  p a r tia l  p re ssu re s .

F ro m  F ig u re  1 it is seen  th a t  th e  p re s ­
en ce  o f  12%  c a rb o n  d io x id e  h a d  n e g li­
g ible effect u p o n  th e  fo rm a tio n  o f  m e t­
m y o g lo b in . T h is  w as in  a c c o rd  w ith  th e  
o b se rv a tio n  o f  B ro o k s (1 9 3 3 ) .  T h e  in ­
c rea se d  o x id a tio n  fo u n d  a t th e  lo w e r 
oxy g en  p a r tia l  p re ssu re s  (F ig . 2 )  w as in 
g e n e ra l a g re e m e n t w ith  d a ta  o b ta in e d  by 
B ro o k s (1 9 3 5 )  a n d  G e o rg e  e t  al. (1 9 5 2 b )  
w ith  a q u eo u s  h e m o g lo b in  a n d  m y o g lo b in  
so lu tions.

F ig u re s  1 a n d  2 b o th  in d ic a te  th a t  c o n ­
c e n tra tio n  o f  m e tm y o g lo b in  w as v ir tu a lly  
c o n s ta n t a f te r  s to ra g e  fo r  5 days.

W h en  th e  fre sh ly  c u t m e a t  slices w e re  
sea led  in  th e  c o n ta in e rs , c o n c e n tra tio n  o f  
c a rb o n  d io x id e  ro se  to  b e tw ee n  10%  an d  
15%  w hile  c o n c e n tra t io n  o f  o x y g en  fell. 
E q u ilib r iu m  w as e s tab lish e d  w ith in  48  h r. 
T o  e n su re  e q u ilib r iu m , sam p le s  w e re  
s to red  fo r  12 ±  2 days, a c tu a l s to rag e  
tim e  g o v e rn ed  b y  p ra c tic a l ex p ed ien c y . In  
a few  in s tan ces  p re ssu re  in  th e  c o n ta in e r  
w as re d u ce d  b y  re m o v in g  a  m e a su re d  v o l­
um e o f  gas. In  o n e  e x p e rim e n t, m usc le  
w as sliced  a n d  p a c k e d  in  a  n itro g e n  a t­
m o sp h e re  so  th a t  th e  final a tm o sp h e re  
co n sis ted  so le ly  o f  n itro g e n  a n d  c a rb o n  
d iox ide .

T h e  re la tio n sh ip s  b e tw ee n  m etm y o g lo -

Table 1—"Equilibrium" concentration of 
metmyoglobin for different muscles after 
storage in air for 12 ±  2 days.

“ Equilibrium ” percent M b -1 a t the 
surfaceSurface 

pH  of the
muscle 7 CC 0 CC

1. 5.58 35 ±  4 31 — 5
2. 5 .60 22 ±  4 IS ±  4
3. 5.60 2 33.5 ±  5
4. 5 .70 38 ±  5 31.5 ±  5
5. 5 .74 20 ±  4 22 ±  4
6. 5.80 26 ±  4 31.5 ±  5

5.70 — 38.5 ±  4 3
5.72 — 28 ±  3 3

Av. 28.2  ±  8 Av. 26.3 =  6

1 M b : =  metmyoglobin.
2 N ot m easured— sample contam inated.
3 Values no t included in the average as these 

muscles were not used in the experiments reported 
in Figures 3 and 4.

b in  c o n c e n tra t io n  a n d  p a r tia l  p re ssu re  o f  
o x y g en , a t  7  a n d  0 ° C , a re  su m m a riz e d  in 
F ig u re s  3 a n d  4 . A ll v a lu es a re  th e  m ean s 
o b ta in e d  fo r  d u p lic a te  sam p les f ro m  th e  
sam e  slice.

T h e  lo w e r e q u ilib r iu m  c o n ce n tra tio n s  
o f  su rfa c e  m etm y o g lo b in  o n  sam ples 
s to re d  in a ir, w e re  in d e p e n d e n t o f  p H  
(T ab le  1).

B ro o k s (1 9 3 1 )  fo u n d  th a t ra te  o f  o x i­
d a tio n  o f  d iffe re n t sam p le s  o f  o x -b lo o d , at 
2 5 ° C  a n d  c o n s ta n t p H  a n d  io n ic  s tre n g th , 
v a rie d  g rea tly . T h e  p re se n t re su lts  on 
m e a t (T a b le  1) sh o w  sim ila r  d ifferences 
in  th a t  th e  e q u ilib r iu m  c o n c e n tra tio n s  o f 
m e tm y o g lo b in  v a ry  fo r  d iffe ren t sam ples, 
th e  v a r ia tio n  n o t  a p p e a rin g  to  be a fu n c ­
tio n  o f  p H . T h ese  d iffe ren ces m ay  be ex ­

p la in e d  b y  d iffe ren ces in ra te  o f  en zy m atic  
re d u c tio n  o f  m e tm y o g lo b in . S te w a rt e t 
al. (1 9 6 5 b )  h a v e  sh o w n  th a t  th e  m e tm y o ­
g lob in  re d u c in g  a c tiv ity  o f  d iffe re n t sa m ­
ples o f  g ro u n d  b e e f  c a n  v a ry  c o n s id e r­
a b ly  u n d e r  id en tica l s to ra g e  c o n d itio n s .

T h e  d a ta  r e p o rte d  b y  S te w a rt e t  al. 
(1 9 6 5 b )  w e re  o b ta in e d  o n  m e tm y o g lo ­
b in  fo rm e d  b y  fe rr ic y a n id e  o x id a tio n  a n d  
m ay  n o t  re p re se n t  th e  tru e  re d u c tio n  o f  
n a tu ra lly  fo rm e d  m e tm y o g lo b in  as fe r- 
ro c y a n id e  fo rm s  a  c o m p le x  w ith  fe rr ic  
h e m e  p ig m en ts , th is  co m p le x  ca ta ly z in g  
th e  e n z y m a tic  re d u c tio n  (H e g esh  e t  al.,
1 9 6 7 ) .

R e c e n tly  sev e ra l s tu d ies  o n  th e  e n zy ­
m atic  re d u c tio n  o f  f e r r ic  h e m e  p ig m en ts  
h av e  b e en  re p o rte d  a n d  p re se n t ev id en ce  
in d ica te s  th a t  N A D H  p lay s a  v ita l ro le  
(H e g e sh  e t  a l., 1 9 6 7 ) , (W a tts  e t  al.,
1 9 6 6 ) . T h e re fo re  th e  d iffe ren ces m ay  
re p re se n t d iffe re n t “ N A D H  fe rr ih e -  
m o g lo b in  a n d  fe rr im y o g lo b in  re d u c ta s e ” 
a c tiv itie s  in  th e  m u sc le . N o  c o rre c tio n s  
hav e  b e en  a p p lie d  to  th e  e x p erim e n ta lly  
d e te rm in e d  m etm y o g lo b in  c o n c e n tra tio n s  
in F ig u re s  3 a n d  4  to  a llow  fo r  th e  v a r i­
a tio n s  fo u n d  in  th e  a ir  c o n tro ls . If , h o w ­
ever, c o rre c tio n s  w e re  m ad e  th e  fu n d a ­
m en ta l c h a ra c te r  o f  p lo ts  w as u n c h an g e d .

F ig u re s  3 a n d  4  in d ic a te  th a t  fo rm a ­
tio n  o f  m e tm y o g lo b in  w as m ax im a l a t  a 
p a rtia l p re ssu re  o f  o x y g en  o f  7 .5  ±  3 
m m  H g  at 7 ° C  a n d  6 ±  3 m m  H g  a t 
0 CC  fo r  th e  se m ite n d in o su s  m uscles s tu d ­
ied. G e o rg e  e t al. (1 9 5 2 b )  fo u n d , fo r  
p u re  m y o g lo b in  so lu tio n s , th a t  ra te  o f  
a u to x id a tio n  w as m a x im a l a t  a b o u t 1 
m m  H g  o f  o x y g en  a t  3 0 ° C  a n d  p H  5 .69 . 
B ro o k s (1 9 3 1 )  fo u n d  ra te  to  b e  m a x i­
m al a t 20  m m  H g  o f  o x y g en  fo r  ox-

OlO IO 2 0  3 0  4 0  120 130 140 150 160
p 0 2 (mm Hg)

F i g .  3 — T h e  r e l a t i o n s h i p  b e t w e e n  t h e  p a r t i a l  p r e s s u r e  o f  o x y ­
g e n  a n d  M b *  f o r m a t i o n  a t  t h e  s u r f a c e  o f  s t e r i l e  m u s c l e s  a f t e r

s t o r a g e  f o r  1 2  ±  2  d a y s  a t  0 ° C .

Fig. 4-—The relationship between the partial pressure of oxygen 
and Mb* formation at the surface of sterile muscles after stor­
age for 12 ± 2  days at 7°C.
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Table 2—Effect of C02/air concentrations on the formation of metmyoglobin, during 14 
days storage, at 0°C.

Pack
no.

p C 0 2 
init. 

mm Hg

p 0 2
init. 

mm Hg

pCO . 
final 

m m  Hg

pO: 
final 

mm Hg A pH 1
Cone. 

Mb+ %

i 79 106 63 86 0.03 26.0
2- 167 82 46 109 0 29.5
3 190 84 127 84 0.05 32.0
4 273 68 167 74 0.06 32.0
5 312 61 209 68 0.06 31.5
6 403 53 244 64 0.07 31.0
7 471 38 283 59 0.08 36.0
8 578 30 307 50 0.09 40 .0
9 669 15 384 41 0.07 63.5 

(2 .5  hr) 
52 .0  

(24 hr)
10 730 0 535 22 0 .12 70.0 

(2 .5  hr)
51.0  

(24 hr)

1 ApH was the increase in surface pH  of the samples upon removal from  storage; the pH  returned to 
its original value within 2 hr.

- Pack 2 leaked slowly with time.

b lo o d  (h e m o g lo b in )  a t 2 5 ° C  a n d  p H  
5 .69 .

I f  th e  ra tio  o f  m y o g lo b in  to  h e m o g lo ­
b in  v a r ie d  to  a  m a rk e d  d eg ree  b e tw een  
th e  m u sc les  s tu d ied , a  c o m p a riso n  of 
re su lts  w o u ld  n o t  be  v a lid  w h en  ex p ressed  
as a  fu n c tio n  o f  th e  oxy g en  p a r tia l  p re s ­
su re . It w as c o n s id e re d  u n lik e ly  th a t 
su c h  v a r ia tio n s  o c cu rre d . A t low  oxygen  
p a r tia l  p re ssu re s , ra te s  o f  b o th  th e  au to x - 
id a tio n  an d  e n zy m a tic  re d u c tio n s  a re  
in c re a sed  (W a tts  e t a l., 1 9 6 6 ) .  T h e  p re s ­
e n t re su lts  sh o w  th a t  in c rease  in ra te  
o f  o x id a tio n , a t 0  an d  7 ° C , is g re a te r  
th a n  an y  in c re ase  in  th e  e n z y m a tic  r e ­
d u c tio n  a t th e  low  oxy g en  p re ssu re s  s tu d ­
ied (F ig s . 3 a n d  4 ) .

T h is  m ax im al fo rm a tio n  o f  m e tm y o ­
g lob in  o c cu rs  in a ll sam p les, in d e p e n d ­
en t o f  e x te rn a l oxy g en  p re ssu re , p r o ­
v id ed  th is  is ab o v e  th e  c r itic a l v a lu e . 
H o w ev e r, w ith  h ig h e r  oxy g en  p a r tia l  p re s ­
su re s  th e  fo rm a tio n  will o c c u r  b e low  th e  
su rfa ce , th e  d e p th  a t  0 nC  b e in g  a b o u t 5 
m m  in a ir  a n d  v a ry in g  as th e  sq u a re  ro o t 
o f  th e  e x te rn a l oxy g en  p re ssu re  (B ro o k s . 
1 9 2 9 ) . A t th e  lo w e r oxygen  p a rtia l p re s ­
su re s  th e  m etm y o g lo b in  la y e r  w ill th u s  be 
n e a re r  th e  su rfa c e  u n til, a t th e  c ritica l 
p a r tia l  p re ssu re , it is a t  th e  su rfa ce .

W h en  tra n s fe r re d  fro m  th e  oxygen  d e ­
p le te d  a tm o sp h e re s  to  a ir , sam p les w ith  
h ig h  m e tm y o g lo b in  c o n te n ts  te n d e d  to  be  
re d u c e d  w ith  tim e . T h is  re d u c tio n  w as 
a lw ays v e ry  slow , th e  m ax im u m  re d u c ­
tio n  o b se rv ed  w ith in  24  h r  b e in g  fro m  72 
to  6 3 %  a t 7 ° C  w ith  n o  m e a su ra b le  r e ­
d u c tio n  w ith in  th is  p e rio d  a t 0 ° C  (less 
th a n  5 %  a t 5 5 %  c o n c e n tra t io n ) .

Effect of increased carbon 
dioxide concentrations

S te rile  sam p le s  w e re  p a c k e d  in  sealed  
c o n ta in e rs , in  a tm o sp h e re s  o f  v a rio u s

c a rb o n  d io x id e  p a r tia l  p re ssu re s  a t  0 ° C . 
B e fo re  p a c k in g  th e  sam p le s w e re  le f t  in  
a ir  fo r  3 -4  h r  a t  0 ° C  to  a llow  m o st o f 
th e  p h y sica lly  b o u n d  c a rb o n  d io x id e  to  
be re leased . T h e  v o lu m e  o f  m e a t w as 25  
cc  an d  th e  to ta l v o lu m e  85  cc. In  all cases 
th e  c a rb o n  d io x id e  c o n c e n tra tio n s  fell 
d u e  to  a b so rp tio n  w h ile  th e  oxy g en  an d  
n itro g e n  levels rose . E q u ilib r iu m  w as 
re a c h e d  a t 2 4 -4 8  h r . T h e  re su lts  a re  
su m m a riz e d  in  T ab le  2.

T h e  v a lu es g iven  fo r  th e  p e rc e n t o f  
m e tm y o g lo b in  q u o te d  fo r  th e  tw o  h ig h e r 
c o n c e n tra tio n s  o f  c a rb o n  d io x id e  a re  th e  
v a lu es o b ta in e d  a f te r  e x p o su re  to  a ir  fo r  
2 h r. as re d u c tio n  o c c u rre d  o v e r  2 4  h r  
(T ab le  2 ) .  A ll o th e r  v a lu es a rc  av erag es 
o f  4  read in g s , 2  o n  e a c h  o f  2 sam p les, a t
2 .5  a n d  24  h r. T h ese  re su lts  in d ic a te  th a t  
a t  th e  h ig h e r  c a rb o n  d io x id e  a n d  lo w e r 
oxy g en  p a r tia l  p re ssu re s  th e  fo rm a tio n  
o f  m e tm y o g lo b in  in c re ased , p re su m ab ly  
d u e  to  th e  d e c re a sed  o x y g en  p re ssu re s .

T h e  re d u c tio n  o f  m e tm y o g lo b in  fo u n d  
in p a ck s  9 a n d  10 on e x p o su re  to  a ir  
w as g re a te r  th a n  a n y  re d u c tio n  th a t  o c ­
c u rre d  a f te r  s to ra g e  in 10%  c a rb o n  di- 
o x id e /n i tro g e n  m ix tu re s . A lth o u g h  v a r i­
a tio n s b e tw een  m uscles a re  to  be  ex ­
p e c ted  th e  d ec re a se  in  p H  d u r in g  s to rag e  
in h ig h  c a rb o n  d io x id e  c o n c e n tra tio n s  
(T a b le  2 )  m ay  a lso  h e lp  to  ex p la in  th is, 
as a u to x id a tio n  is a c c e le ra te d  a t  lo w er 
p H  v a lu es (B ro o k s , 1 9 3 1 ) w h ile  e n zy ­
m a tic  re d u c tio n  is re ta rd e d  (S te w a rt e t 
al.. 1 9 6 5 b ) .

T h e  in itia l n o n e q u ilib r iu m  o f  th e  gas 
p h ase  in these  p ack s m ad e  in te rp re ta tio n  
o f  re su lts  d ifficu lt d u e  to  th e  in te rre la tio n  
b e tw een  d e c re a sed  p H  a n d  oxy g en  p re s ­
su re . In  fu r th e r  e x p e rim e n ts  a t 0 ° C  v a r i­
o u s  e q u ilib r iu m  gas p h ases o f  c a rb o n  
d io x id e /o x y g e n  w ere  u sed . T h e  oxygen  
p re ssu re  w as a lw ays ab o v e  th e  level n eces­
sa ry  to  cau se  in c re a sed  m e tm y o g lo b in

Table 3—Effect of CO., pressure on the 
formation of metrryoglobin at 0°C.

pCO- 
mm Hg

pO.
mm Hg A pH 1

“ Eq. C one.” 
o f M b+

0 152 ---- 38.5
76 135 0.06 42 .0

190 104 0.05 39 .0
380 76 0 .06 43 .0
510 56 0 .10 43 .0
650 110 0.27 39.5

1 ApH is as per Table 2.

fo rm a tio n . In c re a s in g  th e  c a rb o n  d io x id e  
p re ssu re , a t 0 ° C ,  h ad  n o  effec t o n  f o rm a ­
tio n  o f  m e tm y o g lo b in  d u r in g  15 d ay s  
s to rag e  even  th o u g h  th e  p H  o f  th e  m e a t 
w as m a rk e d .y  d e c re a sed  (T a b le  3 ) .

N o  m ea su ra b le  ch an g e  o c c u r re d  in 
th e  su rfa c e  c o n c e n tra tio n s  o f  m e tm y o g lo ­
b in  on  re -e x p o su re  to  a ir , a t  th e  r e la ­
tiv e ly  low  c o n c e n tra tio n s  o f  m e tm y o g lo ­
b in  u sed  in th is  e x p e rim e n t.

In  th e  first e x p e rim e n t, th e  m e a t in 
h ig h e r  c a rb o n  d io x id e  a tm o sp h e re s  d e ­
v e lo p ed  a  g rey ish  tin g e , w h ic h  m ask ed  
th e  n a tu ra l “ re d n ess” o f  th e  m ea t. T h is  
m ay  h av e  b een  d u e  to  d e c re a se d  p H  o f 
the  m e a t c au s in g  so m e o f  th e  s a rc o p la s ­
m ic  p ro te in s  to  u n d e rg o  p o s t- r ig o r  iso ­
e le c tr ic  p re c ip ita tio n . In  th e  se c o n d  e x ­
p e rim en t, even  th o u g h  th e  m u sc le  w as o f  
s im ila r  p H  (5 .7 2  a n d  5 .7 0 ) ,  th e  m e a t 
a p p e a re d  “ n o rm a l” a t  all th e  c a rb o n  d i­
ox id e  p re ssu re s  s tu d ied . In  su b se q u e n t e x ­
p e r im en ts  th is  “ g re y in g ” p h e n o m e n o n  h as  
been  o b se rv ed  in sam p le s  s to re d  fo r  14 
a n d  28 d ay s in 6 0 %  c a rb o n  d io x id e  a t ­
m o sp h e res , b u t no  e x p la n a tio n  can  be  
o ffered  fo r  its o c c u rre n c e  in o n ly  c e r ta in  
m uscles.

F ro m  th e  re su lts  d e sc rib e d  in  th e  p re s ­
en t p a p e r  it w o u ld  a p p e a r  th a t  th e  s to ra g e  
o f  ste rile  b e e f  in c a rb o n  d io x id e  e n r ic h e d  
a tm o sp h e re s  lead s to  n o  in c re a sed  m e t­
m y o g lo b in  fo rm a tio n , p ro v id e d  th e  o x y ­
gen p a r tia l  p re ssu re  is m a in ta in e d  ab o v e  
a  lim itin g  v a lu e  o f  a b o u t 5 % .
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of Carbonyl Compounds in Moldy 
and Non-moldy Cocoa Beans

Comparison

SUMMARY— Carbonyl compounds in moldy and non-moldy cocoa beans were converted 
to dinitrophenylhydrazones and separated into monocarbonyl classes. Growth of mold 
was always accompanied by relatively large increases in carbonyl concentrations. In­
creases in total monocarbonyl values ranged from 20 to 500% and averaged almost 
300% for the eight pairs of samples analyzed. Compared to non-moldy beans, moldy 
cocoa  beans contained greater concentrations of methyl ketones, 2-enals and 2,4-dienals, 
but saturated aldehyde concentrations were quite often lower. TLC revealed the pres­
ence of C3, Ct, Co, Ci7 and several unidentified methyl ketones. Most of the ketones de­
tected in moldy beans were also found in non-moldy beans but in lower concentrations. 
Qualitatively, the unsaturated aldehyde fractions varied considerably among samples. 
2-Pentenal and 2,4-pentadienal appeared as prominent TLC spots and other 2-enals and 
2,4-dienals were frequently observed in moldy beans. The only unsaturated aldehydes 
detected in non-moldy beans by TLC were 2-pentenal and 2,4-octadienal.

IN T R O D U C T IO N

CONDITIONS for mold attack in the 
tropics are favorable in damaged or im­
properly dried cocoa beans. It would be 
expected that beans are normally highly 
infested with mold spores and with an in­
crease in moisture these spores may ger­
minate and cause undesirable changes to 
occur.

Boyd, et al. (1965) in a study of the 
monocarbonyls of chocolate suggested 
that mold activity might have contributed 
significantly to the observed variation in 
methyl ketone content of cocoa beans. 
Unfortunately, these investigators did not 
have an opportunity to collect supporting 
data by analyzing moldy cocoa beans. It 
was envisioned that if Boyd’s suggestion 
could be verified, a way might be opened 
for the development of an objective chem­
ical procedure to replace the current sub­
jective “cut test” for determining mold 
infestation. At present the cut test involves 
cutting the cocoa bean longitudinally and

visually observing for mold.
The research reported in this paper con­

cerns the differences in total carbonyls, 
total monocarbonyls and relatively con­
centrations of the different monocarbonyl 
classes in moldy and non-moldy cocoa 
beans. The data collected were based on 
the methods of Schwartz, et al. (1963) 
as modified for chocolate products by 
Boyd, et al. (1965). The techniques in­
volved the conversion of carbonyls to
2,4-dinit rophenylhydrazones (DNP-hy-
drazones) followed by separation into the 
following classes: methyl ketones, sat­
urated aldehydes, 2-enals and 2,4-dienals. 
Thin layer chromatography procedures of 
Schwartz, ct al. (1968) were used to 
identify and assess the complexity of each 
class of monocarbonyls.

E X P E R IM E N T A L
Samples

Several sam ples o f  m oldy cocoa beans, 
supplied by chocolate m anufacturers, yielded

unusually  high carbonyl values. Since m any 
variables affect carbonyl concentrations 
(Boyd, 1965), it was decided th a t the best 
experim ental approach  was to  develop m old 
on  beans un d er contro lled  lab o ra to ry  condi­
tions. T his m ade possible com parison of 
carbonyl values before and afte r grow th of 
m old, thereby m inim izing the effect o f  m any 
in terfering  variables.

A s p e r g i l lu s  and P é n ic il l iu m  w ere the  two 
m ain types o f  m old  isolated fro m  cocoa 
beans and w ere used to inoculate non-m oldy 
beans fo r contro l-m olded sam ples. T he A s ­
p e r g i l lu s  and  P é n ic il l iu m  spores w ere re­
m oved from  m oldy cocoa beans w ith sterile 
w ater and then inoculated on to  cocoa beans 
using a sterile, p latinum  loop. T he inocu­
lated cocoa beans were p laced in a  1 q t poly­
ethylene con tainer w ith a sm all m at o f  filter 
paper (1 in. x  1 in. X ’A. in .) sa tu rated  with 
sterile w ater to  induce m old grow th. T he 
beans were stored at approxim ately  2 4 °C  to 
facilitate  m old grow th and sim ulate tropical 
conditions. C ocoa beans from  several o f  the 
m ajo r p roducing countries w ere included in 
the study.

M oldy beans w ere also obtained directly  
fro m  the tropics through the cooperation  of 
the T u rria lb a  E xperim ent S tation, C osta  
R ica. A batch  o f ferm ented  M atim a beans 
had been split and one p o rtion  dried un d er 
no rm al conditions while the o th er h a lf  was 
purposely kep t from  drying fo r several days 
to  allow  m old to  grow. T hese sam ples m ade 
it possible to determ ine the  changes which 
take place as a  resu lt o f  m old  grow th during 
the ferm enting  and drying stages.

Solvents
A ll solvents w ere freshly distilled and 

rendered  carbonyl free (Schw artz, et al.,
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Table 1—Concentrations of total carbonyls and total monocarbonyls of moldy and non- 
moldy cocoa beans.

S a m p l e s

M i c r o m o l e s  p e r  3 0  g  o f  b e a n s

T o t a l  c a r b o n y l s T o t a l  m o n o c a r b o n y l s

N o n - m o l d y M o l d y
I n c r e a s e  

i n  j i M N o n - m o l d y M o l d y
I n c r e a s e  

i n  j i M

B a h i a  A 3 4 . 8 4 4 . 8 10.0 2 . 9 1 1 . 7 8.8
T a b a s c o 3 1 . 0 6 0 . 0 2 9 . 0 4 .  1 21.1 1 7 . 0
C a r a c a s 3 2 . 0 5 2 . 0 20.0 7 . 5 1 7 . 2 9 . 7
S a n c h e z 4 3 . 2 6 4 . 2 21.0 8 . 5 10.2 1 . 7
A c c r a  A 2 6 . 7 4 7 . 8 21.1 1.8 1 0 . 4 8.6
B a h i a  B 3 2 . 0 6 0 . 3 1 8 . 3 5 . 8 12.1 6 . 3
A c c r a  B 2 7 . 7 4 5 . 5 1 7 . 8 8 . 3 112 2 . 9

M a t i m a 4 2 . 0 5 7 .  1 1 5 .1 1 6 . 6 2 3 . 3 6 . 7

1 9 6 1 ) . T h e  use  o f  fre sh ly  p re p a re d  so lven ts 
w as fo u n d  to  be  a b so lu te ly  essen tia l.

Recovery of carbonyls as D N P-hydrazones

30 g o f  she lled , fine ly -pu lverized  b ean s 
w ere  g ro u n d  in a m o r ta r  w ith  C e lite  545 and  
4  to  8 m l o f  w ate r, d e p en d in g  u p o n  th e  in i­
tia l m o is tu re  c o n te n t o f  th e  b e a n s  (m o ld y  
b ean s w ere c h a ra c te r is tic a lly  h ig h e r  in  m o is­
tu r e ) .  T h e  m ix tu re  w as th en  p ack ed  firm ly 
in  a  g lass c o lu m n  an d  th e  ca rb o n y ls  an d  f a t  
w ere  e lu ted  w ith  300 m l o f  h exane. R ecovery  
p ro c e d u re s  w ere a lm o s t id en tica l to  tho se  o f  
B oyd , e t al. (1 9 6 5 ) .

T h e  effluent f ro m  th e  e x tra c tio n  co lu m n  
w as a llow ed  to  d r ip  d irec tly  o n to  a  C e lite  
co lu m n  bed im p re g n a ted  w ith  D N P -h y d ra -  
z ine , H -PO , a n d  H sO  (S c h w artz , e t a l.. 1963) 
to  co n v e r t m o n o c a rb o n y ls  to  D N P -h y d ra ­
zones. T h e  co lu m n  w as r in sed  w ith  200  ml 
o f  h ex an e  to  y ield  500 m l o f  effluent. A  
D N P -h y d ra z o n e  c o n c e n tra tio n  ( to ta l  c a r ­
b o n y ls )  w as o b ta in e d  by find ing  th e  a b s o rb ­
an ce  o f  the  so lu tio n  c o m p a re d  to  h ex an e  a t 
3 4 0  m /r in  a  B e ck m an  D B G  S p e c tro p h o to m ­
e te r  an d  co n v e rtin g  the  read in g  to  m ic ro ­
m o les (g M )  usin g  E  =  22 ,500  (Jo n e s , e t a l., 
1 9 5 6 ).

T h e  D N P -h y d ra z o n e s  w ere  free d  o f  lip id  
m a te r ia l by p assing  th e  h ex an e  so lu tio n  
th ro u g h  a  C e lite  545-Sea S o rb  43 co lu m n  as 
d escrib ed  by  B oyd, e t al. (1 9 6 5 ) . B ecause  o f  
the  g re a te r  ca rb o n y l c o n ten t. 20  g o f  co lu m n  
p a c k in g  w as used  fo r  the  m o ld y  sam ples 
w h ereas  o n ly  12 g w as need ed  fo r  th e  c o n ­
tro l sam ples. T h e  co lu m n  w as e ssen tia lly  fa t 
fre e  a f te r  flush ing  w ith  250  m l o f  h exane. 
A d so rb e d  h y d ra z o n e s  o f  m o n o c a rb o n y ls  
w ere  e lu ted  w ith  150 m l o f  3 :1  c h lo ro fo rm : 
n itro m e th a n e  a n d  a f te r  e v a p o ra tio n  o f  the  
so lv en t u n d e r  N = the  residue  w as d isso lved  in
5 -1 0  m l o f  hexane.

R em oval of ketoglvcerides and 
class separation

M o n o c a rb o n y l d e riv a tiv es  w ere  se p a ra te d  
f ro m  k e to g ly cerid e  D N P -h y d ra z o n e s  on  a 
co lu m n  o f  w eak a lu m in a  (S c h w artz , e t al..
1 9 6 3 ). 20 g o f  a lu m in a  w as used  fo r  c a r ­
b o n y ls  f ro m  m o ld y  sam p les an d  10 g w as 
em p lo y ed  fo r  the  n o n -m o ld y  c o n tro l. M o n o ­
c a rb o n y ls  w ere  e lu ted  w ith  120 m l o f  h ex an e  
fo llo w ed  by 120 m l o f  ben zen e . T h e  m o n o ­
ca rb o n y l so lu tio n  w as ta k e n  to  d ry n ess u n d e r  
Na an d  th en  a d ju s te d  to  a  250 m l v o lu m e  
w ith  h ex an e  a f te r  w h ich  a q u a n tita tiv e  v a lu e  
fo r  m o n o c a rb o n y ls  w as o b ta in e d  a t 350 m,u.

T h e  so lv e n t w as ag a in  e v a p o ra te d  an d  th e  
m o n o c a rb o n y l resid u e  w as d isso lved  in 10 
m l o f  h ex an e  an d  ap p lied  to  a co lu m n  co n ­
ta in in g  12 g o r  1 6 g o f 1:1 C e lite  545 (h ea ted  
fo r  24  h r  a t 15 0 0C )  an d  Sea S o rb  43 w h ich  
h ad  been slu rr ied  in h ex an e  an d  pack ed  w ith  
lig h t a i r  p ressu re . A  th in  co lu m n  (V= in. x  
18 in .)  w as used  to  fa v o r  good se p a ra tio n  o f  
the  m o n o c a rb o n y l classes. E ffluent w as c o l­
lec ted  in 10 m l a liq u o ts  u sing  an L K B  f ra c ­
tio n  co llec to r. S ep a ra tio n  o f  th e  fo u r  D N P - 
h y d ra z o n e  classes (m e th y l ke tones, sa tu ra te d  
a ld eh y d es . 2 -enals. an d  2 ,4 -d ien a ls)  w as o b ­
ta in ed  using  the  fo llo w in g  seq u en ce  o f  so l­
v en ts : 100 m l q u a n titie s  o f  20, 40, 60 an d  
80%  c h lo ro fo rm  in h ex an e : 150 ml o f  100%  
c h lo ro fo rm : 100 m l q u a n titie s  o f  0 .5 . 1, 2. 
5 a n d  10%  m eth an o l in c h lo ro fo rm : and  
fina lly , 150 ml o f  35%  n itro m e th a n e  in 
c h lo ro fo rm .

In d iv id u a l tu b es fro m  the  f ra c tio n  co llec to r  
w ere  ta k e n  to  d ry n ess u n d e r  N~ an d  th en  
ad ju s te d  to  a  10 m l v o lu m e w ith  c h lo ro fo rm . 
E a c h  tu b e  w as ch eck ed  sp e c tro p h o to m e tr i-  
ca lly  f o r  p u r ity  an d  class a u th e n tic ity  on th e  
basis o f  th e  fo llo w in g  a b so rp tio n  m ax im a  
(m ,ii): m eth y l k e to n es , 365: s a tu ra te d  a ld e ­
hydes; 355: 2 -enals. 373; 2 .4 -d ienals, 390. 
T h e  tu b es w ere  p o o led  an d  q u a n tita tiv e  v a l­
ues c a lc u la te d  fo r  each  class w ith  a p p lic a ­
tio n  o f  the  p ro p e r  m o la r  ex tin c tio n  coeffi­
c ien t (Jo n e s , e t a l., 1956).

Separation  of individual com ponents 
w ithin a class

T h e  se p a ra tio n  o f  the  in d iv id u a l m ethy l 
ke tones, sa tu ra te d  a ldeh y d es . 2 -enals an d
2 ,4 -d ien a ls  w as a c c o rd in g  to  th e  p ro ced u res  
d escrib ed  by S ch w artz , et al. (1 9 6 8 ) , w ith  
m o d ifica tio n s . A p p ro x im a te ly  6.3 m l o f  p o ly ­
e th y len e  g lycol 400 . 35 m l 1% K O FI in 
m e th a n o l an d  7.5 g o f  M ic ro  C el T -38  
(h ea ted  100°C  fo r  24 h r )  w ere  v ig o ro u sly  
m ixed  to g e th e r  b e fo re  th e  c h ro m a to g ra p h ic  
p la tes  w ere  p re p a re d . T h e  T L C  p la tes  (0 .25  
m m  th ic k )  w ere  a ir  d ried  fo r  5 -1 0  m in  and  
th en  p laced  in a d e s ic c a to r  o v e r asca rite .

T h e  ca rb o n y l f ra c tio n , d isso lved  in b en ­
zene , w as sp o tted  o n  the  T L C  p la te s  and  
se p a ra te d  u sin g  th e  fo llo w in g  so lv en t sys­
tem s: m e th y l ke to n es , h ex an e  sa tu ra te d  w ith  
p o ly e th y len e  g lyco l 400  o r  94%  h ex an e  an d  
6 %  b en zen e  s a tu ra te d  w ith  p o ly e th y len e  g ly ­
col 400 : sa tu ra te d  a ld eh y d es , 85%  h ex an e  
an d  15%  b en zen e  sa tu ra te d  w ith  p o ly e th y l­
ene g lyco l 400 : 2 -enals an d  2 ,4 -d ienals. u sing  
e ith e r  6 5%  h ex an e  an d  35%  b en zen e  o r

equ a l vo lu m es o f  each  sa tu ra te d  w ith  p o ly ­
e th y len e  g lycol 400.

T h e  d iffe ren t c lasses o f  h y d ra z o n e s  em itted  
c h a ra c te r is tic  c o lo r  o n  K O H  tre a te d  p la tes : 
ro se-red  fo r  2 ,4 -d ien a l, p in k ish -re d  fo r
2-enals, ta n  fo r  sa tu ra te d  a ld e h y d e s  and  
b ro w n  fo r  m e th y l ke to n es . W ith  th ese  c o lo r  
d ifferences it w as po ss ib le  to  assess th e  p u r ity  
o f  a  c a rb o n y l class.

T o  o b ta in  fu r th e r  ev id en ce  c o n c e rn in g  the 
id en tity  o f  in d iv id u a l co m p o u n d s . T L C  p r e ­
p a ra tiv e  c h ro m a to g ra p h y  w as used  to  o b ta in  
en o u g h  m a te ria l f o r  a d d itio n a l tes tin g . T h e  
p re p a ra tiv e  p la te s  w 'ere s im ila r  to  th o se  
p rev io u sly  d esc rib ed  ex cep t th a t  p u re  m e th ­
an o l rep laced  the  m e th a n o lic  1%  K O H  so lu ­
tio n . E ach  D N P -h y d ra z o n e  b a n d  f ro m  a d e ­
v eloped  p la te  w as sc rap e d  an d  p la c e d  in a 
p a s te u r  d isp o sab le  p ip e tte  o v e r  ’ /« in . o f 
a lu m in a . T h e  D N P -h y d ra z o n e  w as e x tra c te d  
f ro m  th e  T L C  a b so rb e n t b y  e lu tio n  w ith  
b enzene , a n d  a f te r  c o n c e n tra tio n  u n d e r  N -. 
th e  d eriv a tiv e  w as sp o tted  a lo n g  side o f  an d  
in m ix tu re  w ith  (c o -c h ro m a to g ra p h y )  the  
suspected  k n o w n  o n  K O H  p la tes .

F o r  m eth y l ke tones, if  an  u n k n o w n  did 
n o t se p a ra te  f ro m  a  k n o w n  re fe re n c e  d e r iv a ­
tive by c o -c h ro m a to g ra p h y  th en  a d d itio n a l 
c o n f irm a to ry  ev idence  w as o b ta in e d  by  sp o t­
tin g  th e  tw o  co m p o u n d s , in d iv id u a lly  a r d  as 
a  m ix tu re , on AgNCL p la te s  (Schw 'artz . et 
a l., 1 9 6 8 ).

N o rm a l p a r t i tio n  system s d esc rib ed  in th e  
li te ra tu re  f c r  se p a ra tin g  a se ries o f  re ac ted  
k e to n es w ill u su a lly  se p a ra te  o n ly  u p  to  
trid e can o n e  ( C ,;;) . T o  reso lve  th e  h ig h e r  m o ­
le c u la r  w eig h t m eth y l k e to n es , re v e rse  p h ase  
p a r titio n  c h ro m a to g ra p h y  w as a tte m p te d . B e­
cau se  o f  so lu b ility  p ro b le m s asso c ia ted  w ith  
h ig h e r m o le c u la r  w eigh t k e to n es , s e p a ra tin g  
by  reverse  p h ase  c h ro m a to g ra p h y  w as n o t 
to ta lly  effective. H o w ev er, d esp ite  its in ­
ad eq u ac ie s, c lues c o n c e rn in g  th e  id en tity  o f  
som e m em b ers  co u ld  s till be  o b ta in e d .

T h e  p la te s  fo r  rev erse  p h a se  c h ro m a to g ­
ra p h y  w ere  p re p a re d  u s in g  a  m ix tu re  o f  1 5 g 
o f  M ic ro  Cel T -3 8  in 90 m l o f  h ex an e  an d  
5 m l o f N u jo l ( a  b ra n d  o f  h e a v y  m in e ra l 
o i l ) .  S ince th e  p la te  w as to  be  p laced  u p sid e  
do w n  in th e  ta n k  d u r in g  a n  e q u ilib ra tio n  
p erio d  (1 h r )  it w as n ecessa ry  to  sc ra p e  
th a t  p o rtio n  w h ich  w o u ld  be  im m ersed  in 
th e  so lven t. A fte r  e q u ilib ra tio n  th e  p la te  w as 
tu rn e d  a ro u n d  an d  a llo w ed  to  d ev e lo p  in 
a c e to n itr i le :w a te r  8 5 :1 5 .

R E S U L T S  & D IS C U S S IO N
T H E  C O N C E N T R A T IO N S  o f  to ta l c a r ­
bo n y ls in several v a rie tie s  o f  m o ld y  co co a  
beans c o m p a re d  to  n o n -m o ld y  c o n tro ls  
a re  re c o rd e d  in T a b le  1. In  e v e ry  in ­
sta n ce , g ro w th  o f  m o ld  re su lte d  in  s t r ik ­
ing in c reases  in c a rb o n y l v a lu es. “T o ta l 
c a rb o n y ls” re p re se n ts  th e  c o m b in e d  c o n ­
tr ib u tio n s  o f  k e to g ly c erid es . m o n c c a r -  
bo n y ls an d  th o se  c o m p o u n d s  re ta in e d  on  
th e  d e f a t t i r g  c o lu m n  su c h  as k e to  acid s 
a n d  d ica rb o n y ls . F o r  th e  e ig h t sam p le s  
re co rd e d  in T ab le  1, th e  a v e ra g e  fo r  to ta l 
c a rb o n y ls  o f  th e  m o ld y  b e a n s  w as 54  
w h ich  w as 20  p M  o r  5 9 %  g re a te r  th a n  in 
th e  co n tro l b ean s . T o ta l m o n o c a rb o n y ls  
fo r  m o ld y  b ean s av era g ed  14.6 /(M  w h ich  
w as d o u b le  th e  av erag e  fo r  n o n -m o ld y
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co n tro l beans. Table 2—Concentration of monocarbonyl classes in raw moldy and non-moldy cocoa beans.

M icrom oles per 30 g o f beans 

Saturated
aldehydes 2-enal 2,4-dienal

1.77 . 138 .388
.70 .115 .001
.72 .360 .290
.21 .061 .028
.02 .450 .125
.17 .110 .020
.83 .450 .265

1.30 .180 .400

by  a n  in c re a se  in m eth y l k e to n e  c o n c e n ­
tra tio n . F o r  th e  fo u r  p a irs  o f  sam p le s  re ­
p o rte d  in  T a b le  2 , th e  in c re ases  w e re  3.2 ,
5 .2 , 7 .2  an d  8.3 p e r  30  g o f  b ean s . 
T h e  g re a te s t q u a n tita tiv e  ch an g e  in  m eth y l 
k e to n e  c o n c e n tra t io n  o c c u rre d  in  B a h ia  
A  a n d  A c c ra  A  w h ich , as m e n tio n e d  p re ­
v iously , a p p e a re d  to  h a v e  shells th a t  w ere  
n o t as firm ly  a tta c h e d  as in  th e  “ B :’ bean s .

M e th y l k e to n e  sy n th esis  p ro b a b ly  o c ­
c u rre d  v ia  th e  sam e  th re e  en zy m atic  
m ec h an ism s in v o lv ed  in m e th y l k e to n e  
fo rm a tio n  in m o ld  r ip e n e d  ch eese  as d e ­
sc rib ed  b y  H a w k e , e t  al. ( 1 9 6 6 ) :  ( a )  
lib e ra tio n  o f  f re e  fa tty  ac id s f ro m  th e  
trig ly c e rid es  o f  fa t  b y  lip ase ; (b )  o x id a ­
tio n  o f  th e  free  fa tty  ac id s to  f$-keto  acids; 
an d , ( c )  d e c a rb o x y la tio n  o f  /3-k e to  acids 
to  m eth y l k e to n e s . B o th  c o co a  b e an s  an d  
R o q u e fo rt  ch eese  h a v e  h ig h  c o n c e n tra ­
tio n s o f  fa t  w h ic h  is a n  ex ce llen t so u rce  
o f  e n e rg y  fo r  th e  m old .

Fig. 1-—Thin-layer chromatoplate of 2,4-dinitrophenylhydra- 
zone methyl ketones from moldy and non-moldy cocoa beans. 
(A) non-moldy Bahia A, (B) moldy Bahia A, (C ) moldy Bahia B, 
(D) non-moldy Bahia B, (E) moldy Accra, (F) non-moldy Accra, 
(G) Ci, Cs, C T, Co, Cu, C u, C,r. methyl ketones.

Fig. 2— Thin-layer chromatoplate of 2,4-dinitrophenylhydra- 
zones of saturated aldehydes, 2-enals and 2,4-dienals from 
moldy and non-moldy Bahia cocoa beans. Non-moldy: (A) sat­
urated aldehydes, (B) 2-enals, (C )  2,4-dienals. Standards: (D) 
saturated aldehydes C3, », 7, », (E) 2-enals C»-Cu, (F) 2.4-di-
enals C», -, », 10, u ,  1», n ,  ic. Moldy beans: (G) saturated aldehydes, 
(H) 2-enals, (I and J) 2,4-dienals. The first portion of the dienal 
fraction eluted from the class separation column is represented 
by (I). Very little DNP hydrazone was found in (I) and is evidence 
that a good  separation of the enal and dienal fractions was ob­
tained.

In  n o rm a l c o co a  b ean s m o st o f  th e  
to ta l c a rb o n y l v a lu e  is c o n tr ib u te d  b y  
k e to g ly cerid es  (B o y d , e t a l., 1 9 6 5 ) . H o w ­
ever, it is like ly  th a t  o th e r  c o m p o u n d s  
a re  p r im a rily  re sp o n sib le  fo r  th e  g re a t in ­
c rease  in  to ta l  c a rb o n y ls  in m o ld y  bean s . 
R e fe rr in g  to  T ab le  1, it is re ad ily  a p p a r ­
e n t th a t th e  c o n tr ib u tio n  o f  m o n o c a r­
bonyls to  th e  in c re ase  in  to ta l  c a rb o n y ls  
v a ried  m a rk e d ly  a m o n g  th e  sam p le s a n a ­
lyzed.

F o r  ex am p le , in B ah ia  A  8 8 %  o f  the  
10 juM in c rease  w as c o n tr ib u te d  by  m o n o ­
c a rb o n y ls . w h e rea s  in S a n c h ez  b ean s 
m o n o ca rb o n y ls  c o n tr ib u te d  less th a n  10%  
o f  th e  d iffe ren ce  in to ta l c a rb o n y ls  b e ­
tw een  m o ld y  a n d  n o n -m o ld y  b ean s . I t  is 
re aso n a b le  to  e x p e c t th a t  su c h  fa c to rs  as 
p H  o f  th e  co co a  b ean , she ll a d h e re n c e  to  
th e  c o ty le d o n  a n d  th e  p ro p o r t io n  o f  d a m ­
aged  b ean s in  a  sam p le  c o u ld  in fluence  
th e  a c tiv ity  o f  th e  m o ld  a n d  th e  c o m ­
p o u n d s th ey  p ro d u c e .

In te re s tin g ly , th e  sm a lle s t in c rease  i:r 
m o n o ca rb o n y ls  o c c u rre d  in S a n c h ez  
beans, a  v a r ie ty  w h ich  u su a lly  does n o t 
u n d e rg o  a  fe rm e n ta tio n . T h a t  th e  shell 
c an  fu n c tio n  as a  p ro tec tiv e  b a r r ie r  
ag a in st m o ld  a tta c k  is su g g ested  f ro m  th e

Samples Methyl ketones

Moldy Bahia A 9 .4 4
N on-m oldy Bahia A 2.15
Moldy Bahia B 10.73
Non-m oldy Bahia B 5.55
Moldy Accra A 9 .82
N on-m oldy A ccra A 1.55
Moldy Accra B 9.65
Non-moldy Accra B 6.43

d a ta  sh o w in g  g re a te r  in c re ases  in  m o n o ­
c a rb o n y l v a lu es fo r  B a h ia  A  a n d  A c c ra  A  
in c o m p a r iso n  to  B ah ia  B a n d  A c c ra  B. 
In  th e  “ A ” sam p les v isu a l in sp e c tio n  in d i­
c a ted  th a t th e  sh e lls  w e re  n o t as firm ly  
b o u n d  to  th e  c o ty le d o n s  as w as th e  case  
w ith  th e  “ B ” sam ples.

Q u a n tita tiv e  d a ta  f ro m  th e  c lass s e p a ra ­
tio n  o f  th e  m o n o c a rb o n y ls  in to  m eth y l 
k e to n e , sa tu ra te d  a ld e h y d e , 2 -en a l an d
2 ,4 -d ien a l p o rtio n s  a re  re c o rd e d  in T ab le
2. Q u a n tita tiv e ly , th e  m o st p ro n o u n c e d  
ch an g e  a m o n g  th e  m o n o c a rb o n y ls  o c ­
c u rre d  in th e  m e th y l k e to n e  fra c tio n . In 
ev ery  e x p e rim e n t th e  d e v e lo p m e n t o f  
m o ld  on  c o co a  b e an s  w as acc o m p a n ied
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T h e  o rig in  o f  th e  m ethy l k e to n e s  fo u n d  
in c o co a  b ean s w h ic h  d id  n o t sh o w  v isib le  
ev id en ce  o f  m o ld  g ro w th  c a n n o t be  read ily  
ex p la in ed . T h e  use  o f  th e  te rm  n o n -m o ld y  
is p e rh a p s  m is lead in g  s ince  so m e m o ld  
g ro w th  in ev itab ly  o c cu rs  d u r in g  fe rm e n ­
ta tio n  o f  c o co a  bean s . W hile  s lig h t m o ld  
in fec tio n  m ay  n o t be v isu a lly  d e te c ta b le  
in b ean s as rece iv ed  by  th e  c h o co la te  
m a n u fa c tu re r ,  th e re  m ay  h a v e  been  
e n o u g h  a c tiv ity  to  a c c o u n t fo r  th e  m eth y l 
k e to n e s  c h em ica lly  d e te c te d  in “ non- 
m o ld ly '’ c o co a  bean s .

T h e  effect o f  m o ld  in fec tio n  o n  th e  
c o n c e n tra tio n  o f  s a tu ra te d  a ld eh y d es in 
c o co a  b e an s  w as fo u n d  to  be  less p r e ­
d ic ta b le  th a n  w as th e  case  fo r  m e th y l 
k e to n es . F o r  th e  sam p le s re p o rte d  in 
T a b le  2. m o ld  a c tiv ity  re su lte d  in an  in ­
c rea se  in c o n c e n tra t io n  o f  sa tu ra te d  a ld e ­
h y d es  in th e  B ah ia  b ean s w h e rea s  a  d e ­
c rea se  w as o b se rv ed  fo r  th e  tw o  A c c ra  
sam p les. O th e r  d a ta  co lle c ted  d u r in g  th e  
in v es tig a tio n  b u t n o t re p o rte d  h e re in  in ­
d ica te  th a t  sa tu ra te d  a ld e h y d e  c o n c e n tra ­
tio n  is m o re  like ly  to  d ec rease  w h en  co co a  
b e an s  b e co m e  m oldy .

T h e  u n sa tu ra te d  a ld e h y d e  c o n c e n tra ­
tio n  a lm o s t a lw ay s in c re a sed  w h en  m o ld  
w as a llo w ed  to  d ev elo p  o n  c o co a  bean s . 
S ince  th e  2 -en als  a n d  2 .4 -d ien a ls  a re  p o ­
te n t  a ro m a  e m ittin g  c o m p o u n d s , e v en  a 
sm all in c rease  in th e ir  c o n c e n tra tio n  c o u ld  
h av e  a  s ig n ifican t effect o n  flavor.

T h e  in c re ase  in 2 -en als  a n d  2 ,4 -d ien a ls  
m o st lik e ly  in v o lv ed  th e  a u to x id a tio n  o f  
u n s a tu ra te d  fa tty  acids. C o co a  fa t  c o n ­
ta in s  1 .2 -2 .8 %  lin o le ic  acid  a n d  0 .1 -
1 .0 %  lin o le n ic  ac id  a n d  u p o n  o x id a tio n  
w ill y ie ld  2 -en als . 2 .4 -d ie n a ls  a n d  o th e r  
d e g ra d a tio n  p ro d u c ts . A s re p o rte d  by  
D illa rd , e t al. (1961  ), lip o x id ase  h a s  g rea t 
c a ta ly tic  a c tiv ity  fo r  th e  p e ro x id a tio n  o f  
u n sa tu ra te d  fa tty  acids.

F ig u re  1 is a re p ro d u c tio n  o f  a  ty p ica l 
th in - la y e r  c h ro m a to g ra m  o f  m eth y l k e ­
to n e  f ra c tio n s  fro m  e q u a l a m o u n ts  o f  
m o ld y  a n d  n o n -m o ld y  c o co a  b ean s . M o st 
o f  th e  k e to n e s  p re se n t in  m o ld y  co co a  
b e an s  w ere  a lso  fo u n d  in n o n -m o ld y  b ean s 
b u t in lo w e r c o n c e n tra tio n s . In  tw o  o f  
th e  th re e  sam p le s show n  in F ig u re  1 (C  
a n d  E ) ,  k e to n e s  w ith  re te n tio n  tim es n e a r  
p e n ta n -2 -o n e  a n d  h e p ta n -2 -o n e  w ere  
p re se n t in  re la tiv e ly  la rg e  a m o u n ts . T h is  
p a tte rn  w as m o st ty p ic a l o f  th e  n u m e ro u s  
sam p le s a n a ly zed  in th e  in v estig a tio n s. 
H o w ev e r, e x cep tio n s  w e re  e n c o u n te re d  
(S a m p le  B. F ig u re  1 ) . T h is  sa m p le  w as 
d o m in a te d  by  m ethy l k e to n es n o t  p re se n t 
in o th e r  sam ples.

T h e  m o ld y  sam p le  A c c ra  ( E )  w as u sed  
as so u rc e  m a te ria l fo r  th e  id en tific a tio n  o f  
in d iv id u a l m e th y l k e to n es . Id e n tif ic a tio n  
w as c o n firm ed  by  c o -c h ro m a to g ra p h in g

o n  A g N O :l o r  K O H  tre a te d  M ic ro  C el 
T -3 8  a f te r  re c o v e rin g  pu rified  k e to n es  
se p a ra te d  on p re p a ra tiv e  p la tes. P o sitiv e  
id en tific a tio n  by  th ese  p ro c e d u re s  w as 
o b ta in e d  fo r  th e  fo llo w in g  m eth y l k e to n e s; 
a ce to n e , b u ta n o n e , h e x an o n e  a n d  h e p ta -  
d e ca n o n e . T h e  tw o  sp o ts  ju st above h e x ­
a n o n e  o n  th e  T I .C  p la te s  w ere  m o st likely  
b ra n c h e d  c h a in  k e to n es.

F ig u re  2 show s a  ty p ica l T L C  se p a ra ­
tion  o f  th e  sa tu ra te d  a ld e h y d e , 2 -en a l an d
2 .4 -d ien a l frac tio n s . A s p rev io u s ly  d is­
cu ssed , sp e c tro p h o to m e tr ic  m ea su re m e n ts  
rev ea led  th a t,  in v ariab ly , th e  c o n c e n tra ­
tion  o f  s a tu ra te d  a ld eh y d es  in m o ld y  
b e an s  w as less th a n  in n o rm a l b e a n  sa m ­
ples. T h is  is read ily  a p p a re n t  by  visual 
co m p a riso n  o f  th e  sa tu ra te d  a ld e h y d e  sep ­
a ra tio n  o f  co n tro l ( A )  a n d  m o ld y  ( G )  
b e a n s  in F ig u re  2. In  th e  m o ld y  b ean  
sa m p le  o n ly  th re e  sa tu ra te d  a ld eh y d es 
w e re  p re se n t in suffic ient c o n c e n tra tio n s  
to  be rev ea led  by  T L C . T w o  o f  th e  c o m ­
p o u n d s  h a d  R f  v a lu es c o rre sp o n d in g  to  
a ce ta ld e h y d e  a n d  p e n ta n a l. T h e  n o n - 
m o ld y  c o n tro l also  sh o w ed  th e  p re sen ce  
o f  th e  ab o v e  m e n tio n e d  a ld eh y d es an d  in 
a d d itio n  c o n ta in e d  sev e ra l o th e rs  u p  to  
C 1(., w ith  th e  g re a te s t c o n c e n tra tio n  b e in g  
in  th e  reg io n  c o rre sp o n d in g  to  p e n ta n a l 
a n d  h e p ta n a l. I t  is to  b e  re m e m b e re d  th a t  
th e  b ean s e x am in ed  in  th is in v es tig a tio n  
h a d  n o t b een  ro a s ted , a  t r e a tm e n t w h ich  
lead s to  th e  fo rm a tio n  o f  s ig n ifican t 
a m o u n ts  o f  a ld e h y d e  v ia  th e  S L e ck e r 
d e g ra d a tio n  o f  a m in o  ac id s (B a iley , e t al.,
1 9 6 2 ) . B oyd , e t al. (1 9 6 5 )  in  a  s tu d y  o f  
ro a s te d  b ean s fo u n d  e ig h t to  te n  sa tu ra te d  
a ld eh y d es  w ith  th e  g rea tes t c o n c e n tra tio n  
b e in g  in th e  b u ta n a l to  h ex an a l re g io n  on 
T L C  p la tes.

In  F ig u re  2 th e  c o n tro l b ean  sam p le  is 
sh o w n  as h a v in g  a  m u c h  lo w e r c o n c e n ­
tra tio n  o f  2 -enals th a n  th e  m o ld y  bean s . 
T h e  2 -enal p re se n t in  g re a te s t  c o n c e n tra ­
tio n  w as 2 -p en ten a l w h ic h  c o u ld  o r ig in a te  
f ro m  th e  a u to x id a tio n  o f  lin o le n ic  acid . 
F a in t  so p ts  c o rre sp o n d in g  to  2 -h ex cn a l 
a n d  2 -h e p te n a l w e re  a lso  e v id e n t a n d  a 
c o n s id e ra b le  a m o u n t o f  m ate ria l m ig ra te d  
to  th e  so lv en t f ro n t  in d ic a tin g  th e  p re s ­
e n ce  o f  2 -enals g re a te r  th an  u n d e ce n a l. 
D ifficu lty  w as e n c o u n te re d  w ith  s tre a k in g  
o f  th e  2 -en al f ra c tio n  on  th e  p la te  a n d  
th is  p re c lu d e d  a  m o re  ex ten siv e  id en tific a ­
tio n  o f  th ese  a ld eh y d es .

A s w as th e  case  w ith  th e  2 -en al f r a c ­
tio n s , m o ld y  b ean s a lm o s t a lw ays c o n ­
ta in e d  a  g re a te r  c o n c e n tra tio n  o f  2 .4 - 
d ien a ls  th a n  d id  th e  c o n tro l bean s . T h e  
o n ly  sp o t a p p e a r in g  in th e  2 ,4 -d ien a l 
f ra c t io n  o f  n o n -m o ld y  b e an s  c o rre sp o n d e d  
to  2 ,4 -o c tad ie n a l w h ich  w as te n ta tiv e ly  
id en tified  b y  B o y d , e t al. (1 9 6 5 ) .  M o ld y  
b ean s a lso  c o n ta in e d  th is  2 ,4 -d ien a l an d ,

in  ad d itio n , sev era l o th e r  c o m p o u n d s  
w ere  p re se n : in a p p re c ia b le  c o n c e n tra tio n . 
U s in g  p re p a ra tiv e  p la te s  a n d  c o -c h ro m a ­
to g ra p h in g  w ith  th e  s ta n d a rd . 2 .4 -p e :ita -  
d ien a l w as id en tified . T h is  w as th e  o n ly
2 .4 - d iena l p re sen t in  su ffic ien t c o n c e n tr a ­
tio n  to  m ak e  possib le  th is  m o re  rig o ro u s  
id en tif ic a tio n . O th e r  2 .4 -d ie n a ls  w e re  d e ­
tec ted  a n d  w ere  c o n c e n tra te d  o n  th e  tn in -  
la y e r  p la te  b e tw een  th e  p o s itio n  o c c u p ie d  
by  C ];, a n d  C M 2 ,4 -d ie n a l s ta n d a rd s .

W h ile  th e  m eth y l k e to n e  f ra c tio n s  o f  
m o st m o ld y  co co a  b e a n  sam p le s  se p a ra te d  
by  T L C  w ere  q u a lita tiv e ly  very' s im ila r , 
such  w as n o t th e  case  w ith  th e  2 -en a l a n d
2 .4 -  d ien a l frac tio n s . C o n s id e ra b le  v a r ia ­
tio n  w as o b se rv ed  in  re sp e c t to  th e  c o m ­
p o u n d s  p re se n t a n d  th e ir  re la tiv e  c o n c e n ­
tra tio n s . T h e  b e an  sam p le  u se d  fo r  illu s­
tra tiv e  p u rp o se s  in  F ig u re  2 sh o w s m o re
2 .4 - d iena l th a n  2 -en al. H o w e v e r , in  o th e r  
sam p le s  th e  2 -en als  w e re  p re se n t in g re a t­
est c o n c e n tra tio n  a n d  in  o th e rs  th e  tw o  
u n sa tu ra te d  a ld e h y d e  f ra c tio n s  w e re  a l­
m o st id en tica l w ith  re sp e c t to  a m o u n ts  
p re sen t. In  o n e  sam p le , 2 ,4 -p e n ta d ie n a l 
w as th e  o n ly  d ien a l d e te c te d . T h e  re a so n s  
fo r  th e  c o n s id e ra b le  v a r ia tio n  in  th e  u n ­
sa tu ra te d  a ld e h y d e  f ra c tio n  a re  u n k n o w n .
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Pigments in Tinto Cào GrapesAnthocyanin
SUMMARY— The anthocyanin pigments present in the skins of Tinto cao grapes were 
extracted with 0.1% HCI in methanol. The pigments were purified by Dowex 50 W-X4 
cation exchange resin, and separated into individual pigments by two-dimensional paper 
chromatography with n-butanol-acetic acid-water (4:1:5, v /v) and acetic acid-water- 
HCI (15:82:3, v/v) as solvent systems. Partial acid hydrolysis revealed the number of 
sugar molecules in each pigment. Acyl components and sugar moieties were identified 
through acid hydrolysis and spectral measurement.

The Rt measurement of the pigments and their hydrolysis products, together with the 
alkaline degradation of the aglycone, confirmed the chemical structures of the antho- 
cyanins as malvidin 3-monoglucoside, peonidin 3-monoglucoside, cyanidin 3-monoglu- 
coside, petunidin 3-monoglucoside, petunidin 3-monoglucoside acylated with caffeic acid, 
malvidin 3-monoglucoside acylated with caffeic acid, malvidin 3-monoglucoside acylated 
with p-coumaric acid, peonidin 3-monoglucoside acylated with p-coumaric acid, and 
cyanidin 3-monoglucoside acylated with caffeic acid.

Malvidin and peonidin were n o t present in the original sample. They were formed 
during the extraction and purification procedures. Malvidin 3-monoglucoside and 
malvidin 3-monoglucoside acylated with p-coumaric acid were the dominant antho- 
cyanins present in Tinto-cao grapes.

IN T R O D U C T IO N

THE ANTHOCYANIN pigments con­
tribute to the visual appeal of many fruits, 
juices, jellies and wines. Some grape va­
rieties are richer in anthocyanins than 
others, and are used for amelioration of 
color in wines and grape concentrates.

30 V itis v in ifera  varieties of grapes 
were examined by Ribereau-Gayon et al.
(1955). They concluded that the pig­
ments were principally monoglucosides 
with only traces of diglucosides. Ribereau- 
Gayon et al. (1958) showed that digluco­
sides were completely absent in V . v in i­
fera  varieties. Rankine et al. (1958) sur­
veyed anthocyanins in 42 V . v in ifera  va­
rieties and found the same pigment as pre­
senting the major amount in all the va­
rieties with some variation in concentra­
tion of other pigments.

An additional 125 varieties of V . v in i­
fe ra  grapes were examined by Albach et 
al. (1959). They reported 8  pigments, and 
malvidin 3 -monoglucoside was present in 
greatest amount. Other V . v in ifera  va­
rieties such as Flame Tokay, Emperor, 
Red Malaga and Cabernet-Sauvignon 
have been studied by Akiyoshi et al.
(1963) and Somaatmadja et al. (1963); 
six anthocyanins were found in these va­
rieties as monoglucosides. Their results 
are in agreement with the conclusion 
given by Ribereau-Gayon et al. (1955;
1958). Reuther (1961) reported that 
diglucosides were characteristic of V . ri- 
paria  and V . rupestris.

In these species, diglucosides served as 
a dominant genetic marker, while mono-

glucoside was a genetic marker in V . v in i­
fe ra  varieties. Albach et al. (1963) re­
ported that both caffeic and p-coumaric 
acids were present as acyl components 
of anthocyanidin monoglucosides. Chloro- 
genic acid was found by Somaatmadja et 
al. (1963) to be an acyl component of an­
thocyanin in Cabernet-Sauvignon grapes. 
Smith et al. (1965) investigated the an­
thocyanin pigments in the hybrid grape 
variety Rubired. Chen et al. (1967) in­
vestigated anthocyanins in Royalty grape, 
a hybrid from crossing Alicante Ganzin 
and Trousseau varieties.

The Tinto cao variety, which was orig­
inated in Portugal, has been chosen as a 
breeding stock because of its vigor and 
quality characteristics for port wine. The 
chemistry of the anthocyanins in this va­
riety is not known.

This work describes the identification 
of anthocyanin pigments in Tinto cao 
grapes.

E X P E R IM E N T A L
Grapes

R ipe T in to  cao grapes were supplied by 
Professor H. P. O lm o and A. K oyam a of 
the V iticulture  and Enology D epartm ent of 
the U niversity  o f C alifornia. T hey  were 
harvested from  10-year-old vines grow n in 
the U niversity  V ineyard a t Davis. T he berries 
were stored a t 0 °C  fo r  48 hr, w ashed twice 
w ith tap  water, stem m ed, sealed in plastic 
bags and then deep frozen a t —18°C. A naly­
sis o f the m ature  T in to  cao grapes revealed 
the follow ing characteristics: w eight per 100 
berries, 157.1 g; Brix a t 20°C , 19.8; pH , 
4.05; to ta l acidity, 0.89%  as tarta ric  acid.

Extraction and purification of pigments
500 g o f grapes were thaw ed. T he skin 

portion  was m acerated  in a  W aring b lendor 
w ith 200 m l o f  0.1%  (v /v )  cone. H C I in 
absolu te m ethanol fo r 5 m in  un d er a  n itro ­
gen a tm osphere. T he m acerate  was filtered 
in a B uchner funnel th rough  W hatm an  N o. 
1 paper. T he residue was extracted  fo u r tim es 
w ith the sam e solvent. A  sufficient am oun t 
o f  D ow ex 50W -X4 cation  exchange resin in 
the hydrogen  form  was added to  the com ­
bined ex tract w ith occasional stirring. Shortly  
a fte r the adsorption , the  supernatan t was 
decanted, and the resin was washed several 
tim es w ith distilled w ater to rem ove free 
sugars, and then  w ith absolute m ethanol to 
rem ove organic com pounds o th er th an  a n ­
thocyanins.

T he pigm ents w ere eluted fro m  the resin 
w ith a  to ta l o f 6 1 o f  acidified m ethanol. The 
concentra tion  of H C I in the  m ethanol was 
increased gradually  from  0.1 to  1% (v /v ) .

T he com bined eluate  was concentra ted  in 
a flash ev apora to r under vacuum  to  alm ost 
dryness and then  redissolved in a  m inim um  
am o u n t o f 0.1%  H C I in m ethanol. T he crude 
ex tract was stored a t 0 °F  in the dark  under 
a  n itrogen atm osphere.

Two-dimensional paper chromatography
T he tw o-dim ensional paper ch rom ato ­

graphic  technique was used fo r separation  of 
the  an thocyanins. 200 W hatm an  N o. 3 M M  
papers (67 X 46.5cm ) w ere used to separate 
the pigm ents. T he paper was developed with 
BAW  solvent in the  sh o rt d irection  and 
A W H  in the long one. T he like spots were 
cu t from  the  alm ost-dried  paper and  eluted 
several tim es in a  beaker w ith  the sam e 
solvent used in extraction . T he eluate was 
concentra ted  to a  sm all volum e in  a  flash 
ev apora to r and stored un d er nitrogen in the 
cold room  u n til needed fo r identification.

Som e o f the pigm ents did no t separate 
satisfactorily , especially the acylated ones. 
So som e o f the pigm ents fro m  the two di­
m ensional ch rom atogram s were separated on 
the paper again w ith BAW  solvent to get 
sufficient purified sam ple fo r spectral m ea­
surem ents and o th er studies.

T he solvent system s used fo r separation  
and identification o f the pigm ents a re  listed 
in T able  1.

F o r  separation  o f an thocyanins, freshly 
p repared  «-butanol-acetic  acid-w ater (BAW , 
4 :1 :5  v /v )  was used. F o r  R f m easurem ent, 
the solvent m ixture was allow ed to  stand fo r 
3 days a fte r  shaking vigorously.

Chromogenic reagents
The chrom ogenic reagent fo r the sugar 

spots on the paper ch rom atogram  was an

Volume 35 (1970)—JOURNAL OF FOOD SCIENCE— 41



4 2 — JOURNAL OF FOOD SCIENCE— V olum e 3 5  ( 1 9 7 0 )

Table 1—Solvent systems for paper chromatography of anthocyanins, sugars and phenolic 
acids.

A bbreviation Com position
R atio Layer
(v/v) used

C om pound Time,
detected hr

BAW «-butanol : HOAc :H>0 4 :1 :5 Upper Anthocyanin
Aglycone
Sugar
Acid

AW H HOAc :H »0: cone. HCI 15:82:3 Miscible Anthocyanin
Aglycone

1 % HC1 cone. HCI : H 2O 3:97 Miscible A nthocyanin
Forestal H O A c :H20 : cone. HCI 30:10:3 Miscible Aglycone
Form ic Form ic acid :conc. HCI :H >0 5 :2 :3 Miscible Aglycone
Et-H O A c-W Ethylacetatc : HOAc : H 2O 3:1 :3 Miscible Sugar
Bu-Py-W n-butanol : pyridine :H ;0 Upper Sugar Sugar
2%  HOAc HOAc :H?0 2:98 Miscible Acid

Rt =  D istance o f substance from  origin/distance o f solvent front from  origin. 
/?« =  D istance o f substance from  origin/distance o f glucose from  origin.

17
17
17 (R f) 
16 
1 0  
10 
4 

15 
6

15(R«)
36(7«)

3

Table 2— Color characterist ics  and a lu m i­
num  chloride reaction of  a n th o cy a n in s  from
Tinto ca o  grapes .

Pig-
ment

Visible
color

C olor under 
UV radiation

C olor 
change 
u ith 

AICL

1 Magenta Dull mauve -
2 Orange pink Dull m agenta —
3 Fair.t m agenta Purplish pink 1-
4 Faint magenta Light purple 4-
5 Faint magenta Purple
6 Orange red Dull red -
7 Magenta Dull mauve —
8 Orange pink Dull mauve -
9 F aint m agenta Purplish pink 4-

10 Magenta Dull mauve —
II Orange pink Pink -

alcoholic  solution of aniline hydrogen phthal- 
ate (Partridge , 1948, 1949). D P N A  (di- 
azotized p -n itroan iline) was used as the chro- 
m ogenic reagent fo r  the phenolic com pounds 
as described by Sw ain (1 9 5 3 ). T he reagent 
was freshly prepared  in an ice bath  by m ix­
ing 0.5%  ( v /v )  p-n itroaniline in 2  iV HC1, 
5%  sodium  n itrite , and 20%  sodium  acetate 
in a  ra tio  o f 1 :10:30.

A bsorp tion  spectra

T he absorp tion  spectra o f the pigm ents in 
m ethanol, bo th  in the visible and u ltrav io le t 
region, w ere recorded with a B eckm an DB 
recording spectrophotom eter, using absolute 
m ethanol as a blank. I t  is im portan t to avoid 
too m uch  acid in the sam ple (G eissm an,
1955). Spectral sh ift after adding 3 drops 
o f  5%  A lC h in e thanol was also m easured 
shortly  afte r adding the reagent.

P artia l acid hydrolysis

Partial acid hydrolysis o f individual an ­
thocyanins was done w ith 1 N  HC1 afte r the 
m ethod  o f A be e t al. (1 9 5 6 ). T he detail o f 
this m ethod was described by C hen e t al.
(1967).

Identification of the acyl com ponents

W hen the pa rtia l acid hydrolysis was com ­
pleted, the rem aining m ixture in the flask 
was cooled and extracted several tim es with 
anhydrous ether. T he ether ex tract was 
spotted  on W hatm an N o. 1 papers, along 
with au then tic  sam ples o f caffeic, p-coum aric, 
feru lic  and chlorogenic acids. T he papers 
were ch rom atographed  in a descending di­
rection w ith BAW  fo r  16 hr and w ith 2%  
acetic acid fo r 3 hr. If  the sam ple used fo r 
hydrolysis contained two o r m ore pigm ents, 
tw o-dim ensional chrom atography  of the ether 
ex tract was applied, using BAW  as the first 
solvent and 2%  acetic acid as the second. 
T he dried ch rom atogram  was exam ined u n ­
der long wave u ltravio let rad ia tion  before 
and a fte r exposure to am m onia  as described 
by Swain (1 9 5 3 ). T he D P N A  chrom ogenic 
reagent was used to identify  the individual 
phenolic acids. (L ynn et al., 1964).

Sugar m oieties o f anthocyanins

Sufficient D ow ex 50W -X4 cation exchange 
resin in the hydrogen form  and Dow ex 1-X8 
an ion  exchange resin in the acetate form

were added to the hydrolysate after extrac­
tion with ether. These resins rem ove the 
aglycone and HC1. T he clear solution was 
spotted  on W hatm an N o. 1 papers along 
w ith au then tic  sam ples o f  glucose, arab i- 
nose, galactose, xylose and rham nose. T he 
chrom atogram s were developed w ith BAW 
fo r 17 and 36 hr respectively, Bu-Py-W  fo r 
36 h r and E t-H O A C -W  fo r 15 hr. T he sugar 
spots were visualized by spraying w ith an i­
line-hydrogen ph thala te  reagent and h eat­
ing a t 105°C fo r 5 min (Partridge, 1948, 
1949). T he R f and R s values o f  the sugar 
m oiety were com pared w ith those o f know n 
sugars (L uh et al., 1965; C hen et al., 1967).

Identification of anthocyanidins

T he resin containing the anthocyanidin  
was washed w ith distilled w ater, eluted with 
m ethanol containing 3%  cone. HC1 (v /v ) ,  
and then  concentrated  in a flash evaporator. 
The anthocyanidin  was chrom atographed 
on W hatm an N o. 1 papers w ith BAW  fo r 17 
hr, Foresta l solvent fo r  15 hr, and F orm ic 
solvent fo r 6 hr, respectively.

A lkaline degradation  of anthocyanidins

T he barium  hydroxide degradation  m ethod 
described by H sia e t al. (1965) was used to 
study the chem ical structures o f  the an th o ­
cyanidins.

Photodensitometric measurement of pigment
Photodensitom etric  m easurem ents of the 

pigm ents on W hatm an 3 M M  paper strips 
cut from  a two dim ensional chrom atogram  
were recorded with a Photovolt D ensitom ­
eter M odel 525 (P ho tovo lt C orporation , 111 
Broadway, N ew  Y ork  10, N .Y .) . A  green 
filter was used. T he areas under the peaks 
were m easured w ith a  p lanim eter.

R E S U L T S
Two-dimensional chromatography

Figure 1 is a two-dimensional paper 
chromatogram of anthocyanin pigments 
in Tinto cao grapes. Spots outlined in 
solid line were the major pigments while 
those in dotted lines were present in small 
amounts. Pigments 1 0  and 1 1  did not ap­
pear on all the chromatograms; they ap­
peared only when a higher concentration

of acid was used in the extraction. Thus 
pigments 1 0  and 1 1  might be degrada­
tion products of acylated pigments. Ac­
cording to Dodds et al. (1955) the bonds 
between acyl groups and sugar moieties 
are labile. They were readily hydrolyzed 
to yield deacylated pigment.

Pigments 3 and 4 were present only in 
small amounts. 2 0 0  sheets of chromato­
graphic papers were used to get enough 
amounts for identification. Pigments 5, 6  

and 9 were also minor pigments. It was 
extremely difficult to get a sufficient quan­
tity in purified form for chemical identifi­
cation. They were easily contaminated 
with pigments 7 and 8 . On the two-di­
mensional paper chromatogram, pigments 
1 and 2, 7 and 8 , 10 and 11 were adja­
cent, thus the second separation with 
BAW solvent system was needed in order 
to get the purified sample for chemical 
identification.

Fig. 1— Two-dimensional chromatogram 
of anthocyanins from Tinto cao grapes.



ANTHOCYANIN PIGMENTS IN TINTO CAO GRAPES— 4 3

Table 3—Rf values of anthocyanin pig­
ments from Tinto cào grapes.

Rf values of 
anthocyanins at 

20°C
Pig­
ment Identification

BAW
1 'i HCI AWH

1 Malvidin 3G 0.40 0.06 0.33
2 Peonidin 3G 0.41 0.09 0.33
3 Cyanidin 3 G 0.40 0.07 0.26
4 Petunidin 3G 0.37 0.04 0.22
5 Petunidin 3G

—caffeic acid 0.60 — 0.21
6 Malvidin 3G

—caffeic acid 0.63 — 0.24
7 Malvidin 3G

—/?-coumaric acid 0.65 0.03 0.30
8 Peonidin 3 G

—p-coumaric acid 0 66 0.04 0.30
9 Cyanidin 3 G

—caffeic acid 0.65 — 0.24
10 Malvidin 0.72
11 Peonidin 0.73

Reported (Harborne, 1958a)
Malvidin 3G 0.38 0.06 0.29
Peonidin 3G 0.41 0.09 0.33
Cvanidin 3G 0.38 0.04 0.26
Petunidin 3 G 0.35 0.04 0.22

Aluminum chloride reaction and 
properties of anthocyanins
Table 2 lists the visible color of the in­dividual pigments, their color under ul­traviolet radiation, and their ability to change to a blue color when sprayed with ' A1C1:! reagent. Some of the anthocyanins show color shades different from others. It is important to differentiate them as a clue to the type of aglycone in the pig­ments. Examination under ultraviolet ra­diation was also of value. The ability of some anthocyanins to fluoresce provide a means to their identification.It appears that there was no C5-glyco- sidated anthocyanins in Tinto câo grapes. Presence of sugar moiety at the 5-po­sition of the ring A, would show intense fluorescence under ultraviolet radiation. None of the pigments in this variety shows such a phenomenon. Pigments 3, 4, 5 and 9 turn blue when sprayed with AlCI;i reagent. These pigments belong to the group of anthocyanins having two hy­droxyl groups at the ortho position such as cyanindin, delphinidin and petunidin (Harborne, 1958a). The other pigments did rot show a positive color change. They may have pelargonidin, peonidin, or malvidin as aglycones.Table 3 lists the Rf values of the an­thocyanin pigments from Tinto câo grapes in three solvent systems: BAW, \ %  HCI, and AWH, together with those reported by Harborne (1958a).

Photodensitometric measurement
Table 4 lists the relative amounts of in­dividual anthocyanin pigments in Tinto cào grapes. Pigments 1 (malvidin 3 G) and 7 (malvidin 3 G acylated with p-

Table 4—Relative density of anthocyanin 
pigments in Tinto câo grapes.

Pigment Identification
Percent­

age
i Malvidin 3G 52.95-> Peonidin 3G 0.31
3 Cyanidin 3G 0.96
4 Petunidin 3G 0.47
5 Petunidin 3G—

caffeic acid
6 Malvidin 3G—

caffeic acid
7 Malvidin 3G— 43.19

p-coumaric acid
8 Peonidin 3G— 0.42

/»-coumaric acid
9 Cvanidin 3G—

caffeic acid
5 + 6 Petunidin 3G—

+ 9 caffeic acid
Malvidin 3G—

caffeic acid 1.70
Cvanidin 3G—

caffeic acid
Total 100.00

coumaric acid) were present in larger amounts than others.
Absorption spectra of the anthocyanin 
pigments
The absorption spectra of the individual pigments were measured in absolute meth­anol. The shift in absorption peaks after adding A1C1:; was also studied. Table 5 lists the absorption maxima of the in­dividual anthocyanins in the visible and ultraviolet regions. The ratio of the op­tical density at 440 nip. to that at the maximum were also reported. Harborne (1958b) reported that O.D. 440 trip/O.D. max of 5-substituted anthocyanin was approximately half that of the correspond­ing anthocyanin in which the 5-hydroxyl group is free. The ratio provides a good means of distinguishing between 3- and3,5-diglucosides,

The presence or absence of acyl com­ponent could also be read from the ratio of the optical density at the absorption peak in the ultraviolet region to that in the visible region. The anthocyanins acy­lated with p-coumaric show two peaks in the ultraviolet region at 289 and 310 mp, those acylated with caffeic acid at 330 m p .  From the absorption maxima to­gether with the O.D.f44o m„)/O.D.ma*. ratios, pigment 1 was identified as malvi­din 3-monoglucoside, pigment 2 as peoni­din 3-monoglucoside, pigment 3 as cy- anidin 3-monoglucoside and pigment 4 as petunidin 3-monoglucoside. The ab­sorption peak of pigment 3 shifted from 530 to 564 mp and that of pigment 4 from 538 to 562 nip when A1C13 was added.From the absorption maxima and ra­tios of O.D. 440/m̂ /O.D. max pigment 7 was identified as malvidin 3-monogluco­side and pigment 8 as peonidin 3-mono­glucoside. The ratio max (üv)/max. (visi­ble) seemed to differ somewhat from those reported in the literature. The ab­sorption maxima at 305 mp correspond to those for p-coumaric acid. Thus pigments 7 and 8 were acylated with p-coumaric acid.
Partial acid hydrolysis
The partial acid hydrolysis technique was applied to determine the number of sugar molecules in the individual pig­ments. Sugar residues are generally at­tached to hydroxyl groups at the 3-posi­tion or at the 3- and 5-positions of the A ring. Those pigments with the 5-OH in ring A linked with sugar exhibit fluores­cent characteristics under ultraviolet ra­diation. A 3-monoglycoside differs from3,5-diglycoside in the number of inter­mediate products on partial acid hydroly­sis.Partial acid dehydrolysis was done only

Table 5—Absorption maxima of anthocyanin pigments in methanol from Tinto cao grapes.
O.D. X440 O.D. max

Xmax m >‘ __(uy) AlCh
Pigment Identification (mg) O.D. Xmax O.D. Xmax Shift

1 Malvidin 3G 535 18.4% — 0
2 Peonidin 3 G 520 28.1 — 0
3 Cyanidin 3G 530 21.8 — + 34mp
4 Petunidin 3 G 538 20.2 — + 24mp
7 Malvidin 3G— 

/7-coumaric acid
280, 305, 

534
16.2 83% 0

8
Reported (Harborne 

1958b)

Peonidin 3 G— 
/7-coumaric acid

280, 303, 
524

27.7 0

Malvidin 3G — 535 18 — 0
Malvidin 3,5G — 535 12 — 0
Peonidin 3G — 523 26 — 0
Peonidin 3,5G — 523 13 — 0
Cyanidin 3G — 525 22 — + 18mg
Cyanidin 3,5G 522 13 —

Petunidin 3G — 535 18 — + 24mg
Petunidin 3,5G — 533 10 —

Malvidin 3G— 
/7-coumaric acid

282, 308, 
535

71% 0
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T a b le  6— Rf a n d  color  c h a r a c t e r i s t i c s  o f  t h e  acyl c o m p o n e n t  of  a n t h o c y a n l n  p i g m e n t s  f rom  T in to  c a o  g r a p e s .

Rt Color
Pigment BAW 2% HOAc Under UV UV + nh3 with DPNA DPNA + NH- Identification

1 — — — — — — No acid
2 — — — — — — No acid
3 — — — — — — No acid
4 — — — — — — No acid
5, 6, 9 0.80 0.31 Blue F Blue F1 Tan Brown Caffeic acid
7, 8 0.85 0.41 — Blue F Light orange Purple /j-coumaric acid
10, 1! — — — — — — No acid

Total extract 0.81 0.34 Blue F Blue F Tan Tan Caffeic acid
Reported

0.87 0.44 — Blue F Light orange Purple />-coumaric acid
/7-coumaric acid 0.86 0.44 — Blue F Light orange Purple
Caffeic acid 0.80 0.33 Blue F Blue F Tan Brown
Ferulic acid 0.82 0.39 Blue F Blue F Red Purplish blue
Chlorogenic acid 0.58 0.62 Blue F Blue F Tan Tan
1 Fluorescence.

on pigments 1, 2, 3, 4. 7 and 8. They were isolated in sufficient quantities for acid hydrolysis work.Pigments 1, 2 and 4 were mono­glycosides. They gave rise to only one hy­drolysis product, namely the aglvcone after the sugar residue was removed. Since the original pigments did not fluoresce under UV radiation, it was reasonable to conclude that pigments 1, 2 and 4 were3-monoglycosides.Pigments 7 and 8 did not fluoresce un­der UV radiation. From their R( values, it appears that they could not be 3,5-di­glycosides. Besides the aglycone, there were 2 spots going together. According to Harborne (1958a), this was the most characteristic feature of acylated pigment, in that the deacylated pigments had a higher R, value in aqueous solvents than the original acylated ones. Attempts had been made to spray the paper with DPNA to look for the acyl component. With the acid, which would be identified later, pig­ments 7 and 8 were acylated derivatives of 3-monoglycosides. The fact that the deacylated pigment came out earlier than the aglycone showed that the acyl linkage to the anthocyanin is more labile than the sugar linkage.Pigment 3 did not fluoresce. It could neither be an acylated pigment nor a di­glycoside. The aglycone of pigment 3 turned blue when sprayed with the AICI:, reagent. Spraying with DPNA was also tried, but it failed to show any acid. So it appears that pigment 3 was a non-acylated3-monoglycoside.
Sugar moiety in the anthocyanin pigments
The Rf and Rg values of sugar moieties of the individual pigments were deter­mined in three solvent systems. Glucose was identified as the sugar moiety of pig­ments 1 to 9 by cochromatography with an authentic sample. Arabinose was also found on almost every chromatogram. Harborne et al. (1957) reported that arabinose was an artifact resulting from

Table 7—Rf values of anthocyidins from 
Tinto cao grape anthocyanins.

Rf

Pigment BAW
For­
estal

For­
mic

Identi­
fication

i 0.58 0.59 0.27 Malvidin
2 0.69 0.63 0.29 Peonidin
3 0.68 0.50 0.21 Cyanidin
4 0.55 0.48 0.20 Petunidin
7 0.58 0.60 0.27 Malvidin
8

Reported
0.69 0.63 0.30 Peonidin

Malvidin 0.58 0.60 0.27
Peonidin 0.71 0.63 0.30
Cyanidin 0.68 0.49 0.22
Petunidin 0.52 0.46 0.20

the action on paper of mineral acid pres­ent in the solvent system. This explains the presence of arabinose on every chro­matogram whenever the pigment was purified by paper chromatography.To confirm this point, acid hydrolysis of total pigment extract which had not been chromatographed on paper was carried out. No arabinose was found in the hydrolysate. It was concluded that glucose was the only sugar present in the anthocyanins of Tinto cao grapes. The results are in agreement with the observa­tions made on Royalty grapes (Chen et al.. 1967).In the case of acid hydrolysates of pig­ments 10 and 11, there was no sugar ap­pearing on the chromatogram. This con­firmed the observation in a previous sec­tion that they were degradation products of pigments 1 and 2, or pigments 7 and 8.
Acyl components of anthocyanins
Diazotizcd p-nitroaniline (DPNA) is an excellent spray reagent for identifying phenolic acids. The R( values and color characteristics of the acyl groups in the anthocyanins are shown in Table 6. There were no acyl groups in pigments 1, 2, 3 and 4. p-Coumaric acid was the acyl com­ponent of pigments 7 and 8, and caffeic

acid was that of pigments 5, 6 and 9. Since there was no acyl group and sugar in samples 10 and 11, it is reasonable to conclude that they were aglycones derived from pigments 1. 2. 7 and 8.
Identification of anthocyanidins
Anthocyanidins are less stable than anthocyanins at higher pH values. It is advisable to wash the chromatographic paper first with diluted hydrochloric acid if the chromatograms are to be developed with the BAW solvent. The other two solvent systems gave satisfactory results. Table 7 shows the Rf values of aglycones derived from anthocyanins in Tinto cao grapes.

Alkaline degradation of anthocyanidins
The identification of the alkaline degra­dation products serves to confirm "he chemical structure of the anthocyanin pig­ments. None of the degradation products shows fluorescence under UV radiation. Phloroglucinol was the only one that fluoresced after exposure to ammonia vapor. The Rf values and color charac­teristics of the spots and spray reagents are shown in Table 8.The aglycone of pigments 1 and 7 was malvidin; pigments 2 and 8, peonidin; pig­ment 3, cyanidin; and pigment 4. pe- tunidin. Similar results were obtained when separate samples of pigments 7 and 8 were degraded with Ba(OH)2. From the Rr values of pigments 5, 6 and 9, together with those of the alkaline degradation products on a two-dimensional chromato­grams, it was concluded that pigment 9 was the acylated derivative of cyanidin3-monoglucoside. and pigment 5 was the acylated derivative of petunidin 3-mono- glucoside.Pigment 10 was shown to be malvidin: and pigment 11. peonidin. They did rot appear on every chromatogram but onlv in samples with excessive acidity. They did not contain sugar and yielded no acyl groups on acid hydrolysis. Thus it is rea-
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T a b le  8— Rf v a lu e s  a n d  co lor  c h a r a c t e r i s t i c s  of  t h e  a lka l ine  d e g r a d a t io n  p r o d u c t s  of a g ly c o n e s  f ro m  T in to  c a o  g r a p e s .

Pigment
Rf Color

IdentificationBAW 2 % HOAc uv UV + NHs DPNA DPNA + NH3
i 0.69 0.62 — Blue F Orange Deep orange Phloroglucinol0.85 0.54 — — Orange Blue Syringic acid2 0.69 0.62 — Blue F Orange Deep orange Phloroglucinol0.86 0.57 — — Yellow Bright purple Vanillic acid3 0.69 0.62 — Blue F Orange Deep orange Phloroglucinol0.81 0.54 — — Tan Dull purple Protocatechuic acid4 0.69 0.62 — Blue F Orange Deep orange Phloroglucinol0.78 0.50 — — Orange pink Red purple 3-O-methylgallic acid5, 6, 9 0.69 0.62 — Blue F Orange Deep orange Phloroglucinol0.81 0.54 — — Tan Dull purple Protocatechuic acid0.78 0.50 — — Orange pink Red purple 3-O-methylgallic acid0.85 0.54 — — Orange Blue Syringic acid7, 8 0.69 0.62 - Blue F Orange Deep orange Phloroglucinol0.85 0.54 — — Orange Blue Syringic acid0.86 0.57 — — Yellow Bright purple Vanillic acid10, 11 0.69 0.62 — Blue F Orange Deep orange Phloroglucinol0.85 0.54 — — Orange Blue Syringic acid0.86 0.57 — — Yellow Bright purple Vanillic acid

Phloroglucinol 0.70 0.62 — Blue F Orange Deep orange
Syringic acid 0.83 0.53 — — Orange Blue
Vanillic acid 0.88 0.56 — — Yellow Bright purple
Protocatechuic acid 0.80 0.54 — — Tan Dull purple
3-O-methylgallic acid 0.79 0.50 — — Orange pink Red purple

sonable to assume that pigment ] 0 was an artifact derived from pigments 1 and 7, and pigment 11 an artifact from pigment 2 and 8.
DISCUSSION

THE GENETIC relationship among V. 
v in ifera  varieties with regard to antho- cyanin pigments in grapes has been dis­cussed by Ribereau-Gayon et al. (1958). It was concluded that V. v in ifera  varieties contain only monoglycosides of antho- cyanidins. Diglycosides of anthocyanidins are present only in V . v iparia  and V . 
rupestris. From investigation of the pig­ments of grape skins from two hybrid seedling grapes (crosses of V . v in ifera  and
V . riparia) Reuther (1961) concluded that the anthocyanins could be divided into the monoglucosides as a genetic marker in hybrids for V . v in ifera , and di­glycosides as genetic markers for V . 
riparia.The present study indicates that the Tinto cao grapes contain monoglucosides of malvidin, peonidin, cyanidin and pe- tunidin. The presence of p-coumaric and caffeic acyl groups in the pigments is also indicated. It appears that Tinto cao be­longs to the V . v in ife ra  variety.Tinto cao is considered one of the most ancient grape varieties in the Douro port wine region of Portugal (Olmo et al., 1962). It yields high quality wine and adds great color stability to the port wine blend. The Tinto cao grapevine has high tolerance to powdery mildew and red spider. Its great vigor and minimum care requirement were utilized to produce the new variety, Rubired, by crossing with Alicante Ganzin (Olmo et al., 1962). The

Rubired variety is rich in anthocyanin pigments and can be used to improve the color of grape concentrates and red wines. The chemistry of anthocyanin pigments in Alicante Ganzin grapes from which the Rubired variety was derived is yet to be investigated.The anthocyanin pigments in Tinto cao grapes were adsorbed on a Dowex 50W- X4 cation exchange column from which the interfering impurities were effectively removed by washing with water and methanol. Purification of the individual pigments rests largely on two-dimensional paper chromatographic separation with BAW and AWH solvent systems. Through acid hydrolysis, the sugar moiety and the acyl group in the pigments were identified. By the Rf values of the pigments and their hydrolysis products in various solvent sys­tems, together with the alkali degradation of the aglycones, the chemical structures of the anthocyanins in Tinto cao grapes were identified as Malvidin 3-monogluco- side (#1), Peonidin 3-monoglucoside (#2), Cyanidin 3-monoglucoside (#3), Petunidin 3-monoglucoside (#4), Pe- tunidin 3-monoglucoside acylated with caffeic acid (#5), Malvidin 3-monogluco- side acylated with caffeic acid (#6), Mal­vidin 3-monoglucoside acylated with p-coumaric acid (#7), Peonidin 3-mono­glucoside acylated with p-coumaric acid (#8), Cyanidin 3-monoglucoside acylated with caffeic acid (#9), Malvidin (#10), and Peonidin (#11).
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Respiration of Potato Mitochondria and Whole 
Tubers and Relation to Sugar Accumulation

SUMMARY— We have m ade a q u a n tita tive  assessm ent of the changes in reduc ing  and  
non-reduc ing  sugar con ten ts  and resp ira tion  in s to red  W hite Rose po ta to  tube rs  as a 
fu n c tio n  o f te m pe ra tu re  o f storage. The increase in sugar co n te n t w ith  decrease in s to r­
age tem pe ra tu re  and the decrease in sugars w ith  increase in  tem pe ra tu re  is accoun ted  
fo r  in on ly  a m in o r way by the  corresponding decrease o r increase in resp ira to ry ' ac tiv ity  
o f the  tubers. The m ax im a l possib le  c o n trib u tio n  o f resp ira to ry  a c tiv ity  to  the  changes 
in  sugar co n te n t varied from  less than 1 %  to  1 3 %  depend ing on the  p a rtic u la r s torage  
cond itions . The tem perature -dependence o f resp ira to ry  a c tiv ity  o f po ta to  m itoch on d ria  
was com pared  to  th a t o f whole  tubers, and a q u a n tita tive  com parison  was m ade o f the  
p o te n tia l resp ira to ry  a c tiv ity  o f the  m ito ch o n d ria  to  resp ira tion  o f the  whole tubers . The 
p o te n tia l m ito ch o n d ria l a c tiv ity  is such th a t resp ira tion  o f whole tube rs  w ou ld  n o t be 
lim ite d  by th is  fa c to r a t any tem pe ra tu re  s tud ied  a lthough  it  is recognized th a t the  
e ffec t o f m ito ch o n d ria l a c tiv ity  cou ld  be an in d ire c t one. U n like  whole tubers , m ito ­
chond ria  d isp layed a tem pe ra tu re  response typ ica l o f an enzym ic reaction w ith  an a p ­
p a ren t energy o f ac tiva tio n  o f 14 ,000  c a l/m o le  w ith  succina te  as substra te . The te m ­
perature -dependence o f po ta to  m ito ch o n d ria l resp ira tion  is typ ica l o f th a t fo u n d  fo r o th e r 
p la n t m ito ch o n d ria l system s b u t d iffe rs  m arked ly  from  th a t o f m itoch on d ria  o f m am m als  
and  p o ik ilo the rm s.

INTRODUCTION
IT IS OFTEN desirable to store potato tubers for extended periods of time with minimal losses due to sprouting, infection and loss of water. The undesirable effects can be inhibited by the use of low tem­peratures. However, if the potatoes are to be used for certain processed products, such as potato chips or French fries, the accumulation of sugars at the low tem­peratures may lead to excessive browning during processing. The build-up of sugars in potato tubers at low temperatures has been extensively documented, and the early literature has been reviewed by James (1953).The accumulation of sugars at low temperatures is accomplished at the ex­pense of starch. When tubers are removed from low temperature storage and placed at higher temperatures, the amount of

“Present address: Kellogg De Mexico, Quere- 
taro, Qro., Mexico.

sugar decreases. Several attempts have been made to elucidate the mechanism of the increase in sugar at low temperatures.When temperature of storage is low­ered, the respiratory rate of post-harvest plant tissue is lowered. The question arises, therefore, as to whether the in­crease in sugars in potato tubers at low temperatures is due to the lowering of the respiratory rate or to other factors re­lated to the rate of production of the sugars. Tishel et al. (1966) studied this problem with halved White Rose potatoes and showed that the amount of glucose accumulated at 2°C after four days of storage was greater than could be ex­pected from the build-up of sugars if respiration were completely eliminated by the low temperature. In this way, they showed that no more than 44% of the sugar build-up could possibly be due to change in respiration.Since respiration is not eliminated at this temperature (2°C), the contribution

of the slowing down of respiration to the increase in sugar would actually be less than this value. In a similar way, the de­crease in sugars in potatoes placed at high temperatures is in excess of the COa produced by respiration (James, 1953). Because of this and because there was no significant growth, the excess sugar is presumed to have reconverted to starch.When we began this study in 1965, the work of Tishel et al. (1966) had not been published, and there was no report which dealt with the problem of the extent of involvement the decrease in respiration at low temperatures had with the increase in sugars. As was stated above, the work of Tishel et al. (1966) only set an upper limit and employed halved tubers.We have studied the changes in sugars in White Rose potato tubers stored at various temperatures. We have compared these changes with respiration to deter­mine the possible extent of involvement of respiration in the process of sugar ac­cumulation. We have also examined the effect of temperature on isolated potato mitochondria to determine how the re­spiratory activity of the subcellular par­ticles responsible for respiration compares to that of the whole tubers.
EXPERIMENTAL

Materials

Potatoes o f  the W hite R ose varie ty  w ere 
purchased th rough  a local retail outlet. O nly 
sound tubers w eighing betw een 180 and 250 
g w ere used. T he potatoes w ere held  fo r  2 
weeks a t 55° to  60° F  and a  relative hum id ity  
o f 8 0 -90%  to im prove o r develop new  peri­
derm  (the  curing p rocess). A fte r this p re ­
lim inary  period  of storage, the tubers w ere 
divided a t random  into fo u r lots o f 40 lb 
each and placed a t 34°, 40°, 55°, and 70°F .
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Potatoes were rem oved at the tim e intervals 
indicated below  fo r resp irato ry  studies and 
chem ical analyses.

In general, m itochondria  w ere prepared  
from  tubers stored a t 5 5 °F. T he on ly  excep­
tion was when we tested to see if m ito­
chondria from  tubers stored a t 34° o r 4 0 °F  
were dam aged during  the period o f storage.

Sodium  succinate, bovine serum  album in 
( BSA' F rac tion  V, cytochrom e c, Type V I 
from  horse heart, and hexokinase Type III 
from  yeast were products o f Sigm a Chem ical 
Co. A D P was purchased from  P-L Biochem ­
icals, Tnc. and labeled phosphoric acid (P 3Z). 
carrier-free, was obtained from  N ew  England 
N uclear C orp. All o th er reagents were the 
purest com m ercially  ob tainable.

Methods

Determination of Respiratory Activity of 
Tubers. C arbon  dioxide production  o f whole 
tubers was determ ined by absorption  o f the 
gas in sodium  hydroxide, precip itation  o f the 
carbonate  w ith barium  chloride, and titra tion  
o f excess hydroxide w ith hydroch loric  acid.

Sugar Analyses. A pproxim ately  1.5 lb of 
potatoes were chosen at random  from  a given 
batch peeled and pulped. T he sugars were 
extracted in boiling ethanol, the extracts 
filtered and the ethanol rem oved by heating. 
T he ; queous ex tract was clarified with neu­
tral lead acetate and the excess lead rem oved 
with sodium  oxalate. A fter filtration, the 
clarified aqueous extracts were analyzed for 
reducing and non-reducing sugars fthe  latter 
afte r acid hydrolysis) by the M unson-W alker 
technique. All procedures were carried  out 
according to  m ethods described in the 
A .O.A.C . (I960). T hroughou t this report we 
make the assum ption th a t the predom inant 
non-reducing sugar is sucrose (Schw im m er 
et al., 1954), and we use the term s sucrose 
and non-reducing sugar interchangeably.

Determination of pH. T he pH  was m ea­
sured directly  on the pulped potatoes using 
the glass electrode o f a  R adiom eter pH  
m eter, M odel 28.

Isolation of Mitochondria. T he m itochon­
dria were isolated by a procedure sim ilar to 
that used by V erleur (1 9 6 5 ). Po ta toes p re ­
viously stored a t 5 5 °F  were chilled fo r about 
2 h r a t 0 ° -4 ° C . All subsequent procedures 
were carried ou t at this tem perature. The 
central core o f the p o ta to  was used fo r ex­
traction o f m itochondria  a fte r very thin slic­
ing. T issue sam ples o f 150 g were hom oge­
nized in 300 ml o f m edium  contain ing  a final 
concentration  of 0.5A/ m annito l: 0.01M  
phosphate. pH 7.2: 1 m M  ethylenediam ino- 
tetraacetate (E D T A ); and 0.1%  bovine 
serum  album in (B S A ). T he m ixture was 
blended in a W aring b lendor a t low speed fo r 
23 see and at full speed fo r 7 sec.

A fter hom ogenization, the m ixture was 
filtered through cheesecloth: the pH o f  the 
filtrate was m aintained at 7.0 to  7.2 by the 
dropwise addition  of 5/V N aO H  solution 
using a R adiom eter pH  m eter. M odel 28, to 
m onitor the system. T he filtrate was centri­
fuged a t 1000 G  fo r 10 m in and the sedim ent 
discarded. T he supernatan t fraction  was then 
centrifuged a t 12,100 G  fo r 20 m in. The 
yellow sedim ent was resuspended in the sam e 
m edium  as described above. C ysteine was 
added to  the hom ogenizing m edium  im­
m ediately before  use to a final concentra tion

Fig. 1— Changes in  reduc ing  and non-reduc ing  sugars and resp ira tion  w ith  tim e  fo r  
po ta toes s to red  a t d iffe re n t tem pe ra tu res : 3 4 °F  (a ); 4 0 °F  (b ); 5 5 °F  (c ); 7 0 °F  (d). 
R espira tion , — • —• — ; sucrose; - x --------x - reduc ing  s u rg a rs ,------- ■ ----- ------■__ .

o f  2 m M , and to the washing m edium  at a 
concentra tion  of 1 m M . T he suspension was 
recentrifuged a t 12,000 G fo r 10 m in and the 
final sedim ent resuspended in a  know n vol­
um e of the washing m edium  (usually  7.5 m l) 
to give the m itochondria l suspension used in 
the experim ents.

Mitochondrial Respiration
M itochondria l respiration  was m easured 

m anom etrically  (U m b reit et al., 1959) using 
succinate as substrate  in a G ilson Differential 
R espirom eter. T he reaction  m edium  con­
tained m annito l, 0.5M ; potassium  phosphate 
buffer, pH  7.2, 0 .0 I M ;  E D T A , 0.5 m M ;  
cytochrom e c, 6 X 10~*M; succinate, 4  m M ;  
A D P, 0.1 m M ;  M gC b, 10 m M ; and bovine 
serum  album in (B S A ), 0 .1% . G enerally  1 
ml o f the m itochondria l suspension was used 
per flask (to ta l volum e o f 3 m l) , and the 
readings were taken a t  10 m in intervals fo r 
1 h r a fte r equilibration  and m ixing o f the 
flask contents.

Phosphorylation
Esterification o f inorganic phosphate was 

determ ined by the procedure o f L indberg et 
al. (1960) as m odified by Penniall (1 9 6 6 ). 
H exokinase and glucose were used as a 
trapp ing  system  fo r the A T P form ed (Slater,
1967). A  N uclear-C hicago M odel 7200 liquid 
scintillation counter was used fo r  counting  
the radioactivity . A  0.2 m l a liquot o f sam ple 
to  be counted was blown into a counting vial 
contain ing  10.8 ml o f  scintillation solution 
(6 g o f 2 ,5-diphenyloxazole (P P O ) and 0.1

g o f p-W i2-(5-phenyloxazolyl)-benzene
(P O P O P ) in 1 L of to luene) and 4 m l of 
absolute e thanol (R apkin , 1963).

Determination of Protein
Protein  in the m itochondria l fractions were 

determ ined according to the procedure  of 
I.ow ry et al. (1951 ).

RESULTS
THE SUMMATION of the changes in reducing and non-reducing sugars and respiration for each batch of potatoes stored at the different temperatures after curing at 55°F is given in Figure 1 (a-d). These data are similar to those observed by other workers, and since it was not the purpose of this work to merely repeat previous experiments, we shall not dwell on these results. One interesting point to be pointed out, however is the initial drop in respiration when the potatoes were first moved from the curing tem­perature (55°F) to 34° or 40°F. This initial decrease brings the respiratory ac­tivity of the tubers to a lower value than that found after equilibrium is established and probably represents a period of ad­justment of the tubers to the cold tem­perature. James (1953) reported that downward changes of temperature showed only a drop to the new level without this temporary acceleration. The temporary
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acceleration has its counterpart in an ex­cessive increase in respiration when the tubers are moved from 55° to 70°F.Our results with pH parallel those of other workers. The initial pH of the cured potatoes was 6.2. This rapidly decreased

Fig. 2— Changes in reduc ing  and  non­
red uc ing  sugars and  resp ira tio n  when p o ­
ta toe s  p re v io us ly  s to red  a t  low  tem pe ra ­
tu res  are m oved to  70°F . P revious storage  
tem pe ra tu re : 3 4 °F  (a ); 4 0 °F  (b ); 5 5 °F (c).
R esp ira tion , ■—• — • — ; sucrose, - x ------x-
reduc ing  s u g a rs ;------■— -------- ■ —

to 6 within 24 hr after removal of the tubers to storage at 34° or 40°F where they remained approximately constant throughout the storage period of 36 days. Tubers stored at 55°F maintained their initial pH of 6.2 while those at 70°F slowly increased in pH to 6.3.In Figure 2 (a-c) are the changes ob­served in sugar contents and respiratory activities when potatoes stored at the lower temperatures were placed at 70°F. There is a general decrease in sugar con­centration, the decrease being greater the lower the previous temperature of stor­age. viz., the higher the sugar content when placed at 70°F. The initial burst in respiration when the tubers are placed at the higher temperature is apparent as is the fact that the extent of this respiratory burst is related to the previous tempera­ture of storage, decreasing with increasing temperature. These results confirm those reported earlier (Craft, 1963). The pH of tubers previously held at 34°F in­creased from 6 to 6.4 during storage at 70°F, that of tubers from 40°F storage from 6 to 6.2, and from tubers at 55°F the pH remained constant at 6.2.Although many investigators have stud­ied the changes in sugars and respiration of potato tubers in storage at various tem­peratures and there have been suggestions as to the possible relation between changes in sugars and respiration, the exact rela­tion between the two is not at all clear. The basic question which we were at­tempting to answer was whether the in­crease in sugar content of potatoes stored at low temperatures is due to the decrease in respiration caused by lowering the tem­perature. And, conversely, whether the decrease in sugar content at high tempera­ture is caused by the increase in respira­tion. We felt it necessary to get exact quantitative data on sugars and respira­tion to fully answer this question.To determine exactly how much of the

sugar lost or accumulated in the tubers could be accounted for by the respiratory changes, the following method was used. Each group of potatoes gave a particular respiratory pattern when moved to a different temperature from the 55°F at which they were cured. When these changes in respiration are plotted against time, the area between the graphs for any two storage temperatures is a measure of the difference in total respiration between the two which is a function of the temper­ature of storage. This is illustrated graph­ically in Figure 3 where respiratory pat­terns are plotted for three temperatures, 34°, 55°, and 70°F. The uppermost curve is that for 70°F, the center line for 55°F, and the lower line for 34°F. The check­ered area represents, therefore, the differ­ence in total respiration over the 36-day storage period between tubers stored at 34° and 55°F, the area shaded with slanted lines the difference between 55° and 70°F, and the total of both the differ­ence between 34° and 70°F. The graph for 40 °F storage was omitted for the sake of clarity, but it too could be graphically represented and the differences in respira­tion between any two storage temperatures determined.Since all potatoes had initially the same sugar content, differences in levels of sugars at the end of the storage period between tubers stored at different tem­peratures can be compared to the differ­ences in total respiration between the tubers. In this way it is possible to de­termine whether changes in respiration with temperature can account for the dif­ferences in sugar contents or at least the maximal contribution that differences in respiration could make towards differ­ences in sugar concentrations. We assume in these calculations that 6 moles of COo are equivalent to 1 mole of reducing monosaccharide.In Table 1, the maximal percentage

Fig. 3— R espira tion w ith  tim e  as a fu n c tio n  o f  tem pe ra tu re  o f 
the  s to red  tubers. The area between any tw o curves represents  
the  d iffe rence  in to ta l resp ira tion  between tub e rs  s to red  a t those  
tem pera tu res. Top curve— 70 °F ; m id d le  curve— 55°F; bo ttom  
curve— 34°F .
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Table 1—Possible maximal contributions 
of differences in respiration to changes in 
sugar contents of stored White Rose po­
tatoes.

Differential 
temperatures in 

storage

% Maximal sugar change due 
to respiratory differential1

Reducing sugars Total sugars
34-40 0.4 0.1
34-55 4.7 1.7
34-70 4.8 1.8
40-55 11.0 3.7
40-70 9.6 3.8
55-70 13.0 4.0

1 The comparison of the increase or decrease of 
sugar content to decrease or increase in respiration 
was made or. the basis of both reducing and the 
total of reducing and non-reducing sugars.

contribution of change in respiration to change (increase or decrease) in sugar content between any two temperatures of storage is given. In comparing a lower to higher temperature, it always represents an increase in sugar content and a de­crease in total respiratory activity. Cal­culations based on total sugars are also included in the Table. These data indicate that under our experimental conditions, respiratory changes have a relatively minor role in determining the sugar con­tent of potato tubers.When the tubers were placed at 70°F after the initial storage for 36 days at the lower temperatures, they showed an in­crease in respiration inversely propor­tional to the previous storage temperature. Since sugar content at time of transfer was also inversely proportional to pre­vious storage temperature, respiration was compared to the sugar content of the tubers at the time of transfer as shown

Sugcr Content ( g/IOOg tissue)

Fig. 4— R esp ira to ry  ra te  o f po ta to  tube rs  
a t 7 0 °F a fte r p rev ious sto rage  a t low  tem ­
perature vs. sugar con ten t o f the  tubers a t 
t im e  o f rem oval from  the  low  tem pe ra tu re . 
The h ighest resp ira to ry  rate corresponds to  
the  low est te m pe ra tu re  o f s torage (3 4 °F ), 
the  in te rm ed ia te  to  40°F , a n d  th e  lowest 
rate to  the  h ighes t tem pe ra tu re  (5 5 °F ).

Table 2— Effect of temperature on respira­
tory activity of tubers and m itochondria and 
P/O ratio of mitochondria.

Mitochondria
respiration

Temper­
ature
(CF)

Tubers respiration 
(mg CO2. kg/hr) 

Steady-
state1 Maximal2

Ml Or
hr/mg
protein

N PO
34 1 . 3 3.8 48 0.9
40 1 . 3 3.5 55 1.0
55 2.3 2.8 108 1.0
70 T } - - 208 0.9
86 — — 520 1.0
1 The steady-state activities were determined at 

the indicated temperature after a constant rate was 
achieved.

2 The maximal activities were all determined 
at 70°F, 24 hr after being placed at that tempera­
ture from the previous storage temperature as 
indicated in the left-hand column.

in Figure 4. The relation between reduc­ing sugars and respiratory activity is linear, that with sucrose is not, but res­piration nevertheless increases with in­creasing sucrose content. However, the linear relationship between respiration and content of reducing sugars in Figure 4 may be coincidental since only three con­ditions were examined. Also, the rates of respiration and sugar contents are chang­ing fast, and the data in Figure 4 repre­sent sugar contents at the time of change of storage temperature while the respira­tory rates were obtained 24 hr later.One might with caution suggest that under certain specified conditions the amount of sugar in the tubers will influ­ence respiratory activity. One cannot ig­nore the possibility that increase or de­crease in respiration and the opposing de­crease or increase in sugar contents are manifestations of other effects, i.e.. neither is the cause of the other but both are effects of some other cause. Also, a simple direct relationship between respiration and sugar content is negated because respira­tion returns to normal after moving the tubers to 70 °F from a lower temperature long before the sugar content does. In other words, the same level of respiratory activity was observed at two different levels of sugar depending on whether the potatoes had undergone previous storage at low temperature.The respiratory activities and ratios of moles of phosphate esterified to atoms of oxygen consumed (P/O) were deter­mined at several temperatures for mito­chondria isolated from tubers stored at 55°F, and the results are presented in Table 2. When an Arrhenius plot of the data is made, the apparent energy of activation for this reaction with succinate as substrate is approximately 14,000 cal­ories. The corresponding Q10 (°C) values were around 2 at the lower temperatures and somewhat higher (to about 2.5) at

the higher temperatures studied. We ob­served no change in P/O ratios at tem­peratures from 34° to 86°F; the values were constant at about 1. Apparently there is no uncoupling effect of tempera­ture p e r  se over the range studied, and the increase in respiration at higher tem­peratures is in no way a result of un­coupling. Beevers et al. (1964) observed a constancy of P/ O ratios with corn mito­chondria over the range from 20° to 40°C (68°-104°F) although above this temper­ature there was a rapid drop.In Table 2 we have also summarized the respiratory activities of the whole White Rose tubers used in our study. In the “steady-state” column are presented the values after a relatively constant level of activity has been reached at each tem­perature of storage. The “maximal rate” column gives the rates of respiration ob­tained at 70°F one day after the tubers were moved from the temperature indi­cated; in other words, the data in this column varied because of previous stor­age temperature.The values found by us were approxi­mately one-half of those reported by Tishel et al. (1966) for whole White Rose potatoes. This difference is possibly due in part to a different stage of maturity and what were probably significant differences in handling and prior storage. The con­stant steady-state values at the two lower and the two higher temperatures indicate that the rate of respiration is not con­trolled by a single reaction and that many factors are probably involved. It was re­ported by Hopkins (1924) many years ago that potato tubers exhibited a mini­mal rate of respiration at 37.4°F and there was an increase in respiration at 32°F.To compare the respiration of whole tubers to mitochondrial respiration, we converted the respiratory activities of the potato mitochondria to the same basis as that of the tubers. To do this we made the assumption that 1 mole of 02 consumed by the mitochondria was equivalent to 1 mole of C02 given off by the whole tu­bers. This is based on the assumption that 02 uptake by the whole tubers is a mea­sure of mitochondrial activity in the tu­bers and on the observed fact that C02 evolution and 02 uptake of whole tubers are identical (Craft, 1963).The activity of the mitochondria is then expressed on the basis of the weight of tissue from which they were extracted and compared to the data for whole tubers (Table 2). This comparison is shown in Table 3.Figures in Table 3 indicate that the respiration of whole tubers should not be limited by a lack of mitochondrial activity at any of the temperatures studied. This includes even the maximal respiration seen during the “respiratory burst” of
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Table 3—Quantitative comparison of res­
piration of whole tubers and m itochondria.

Respiration (mg CO: per
Temperature of _____ kg per hr)________

assay (CF) Whole tubers Mitochondria1
34 1.3 2.5
40 1.3 2.8
55 2.3 5.5
70 2.3 10.6
70 3.8-

1 The respiratory activity of the mitochondria is 
calculated on the basis of the weight of the potato 
from which the mitochondria were derived and 
utilizing succinate as oxidizable substrate. Assay- 
conditions and methods of calculation are given
in the text.

2 This value represents the peak of the respira­
tory burst after potatoes which had been stored at 
34CF were moved to storage at 70 1. This was 
the maximal respiratory rate which we observed.

cold-stored tubers moved to a warm tem­perature. We believe that measurement of mitochondrial respiration with succinate represents a true indication of mitochon­drial potential since Van Dam (1966) has shown that reducing equivalents from DPNH compete with those from succi­nate in the respiratory chain. Presumably, the presentation of a variety of substrates to the mitochondria would have little ef­fect on total respiratory' activity.Another possible problem which must be considered with respect to this quanti­tative assessment is that of the state of the mitochondria. Mitochondria which have been uncoupled (the oxidation of substrate is “uncoupled” from phosphate esterification) exhibit higher respiratory rates. We do not have data relating to respiratory control ratios (the ratio of mitochondrial activity in the presence of ADP to that in its absence) which is the best measure of uncoupling. But the sig­nificant P/O ratios which we did observe indicate that coupling is reasonably good and we certainly are not dealing with a completely uncoupled system. Uncoupling plant mitochondria with dinitrophenol. which produces very low P/O ratios (Childress et al., 1965). will give an in­crease in respiration of only 20 to 100%, (for example, see Abdul-Baki et al., 1965; Childress et al., 1965: Lance et al., 1965; Wiskich, 1966; and Wiskich et al., 1964).If we reduce our observed mitochon­drial respiratory levels on the basis that we might have this degree of uncoupling, there would still be an excess of mito­chondrial activity over that which cor­responds to the activity of whole tubers. In other words assuming a 100% increase in mitochondrial respiration due to un­coupling, we would divide the mitochon­drial activities in the second column of Table 3 by 2 to obtain the true activity. Since our P/ O ratios were approximately 1, it is unlikely that we have this degree of uncoupling. Further, no estimate has

been made for the amount of mitochon­dria lost during preparation. We have as­sumed 100% retention which is obviously not correct. Adjustments for any losses would increase the yield of mitochondrial activity per kg of tissue and further sup­port the proposition that mitochondrial potential activity does not limit whole tuber respiration.One further point was checked. All mitochondrial samples were obtained from potatoes stored at one temperature (55°F). This was done to eliminate pos­sible variations due to temperature of storage of the tubers on mitochondrial activity and to make sure that differences observed were solely due to differences in temperature of assay. However, in our study of respiration and sugar accumula­tion, it was necessary to store the tubers at constant low temperatures; hence we felt it necessary to determine whether such low temperature storage had any effect on the properties of the mitochon­dria. Lieberman et al. (1958) have re­ported that P/O ratios of sweet potato mitochondria declined with time when chilling temperatures were employed, and Lyons et al. (1964) have suggested that chilling injury in cold-sensitive plants might be caused by changes in the rela­tively inflexible membranes of the mito­chondria of these species.Our results with mitochondria prepared from tubers stored at 34°, 40°, or 55°F for 15 weeks showed no significant differ­ences in respiratory activities with suc­cinate as substrate or in P/O ratios among these conditions of temperature. Craft (1966) found similar results with potato mitochondria in that Oo consump­tion in a normal medium and P/O ratios were not affected by storage of the tubers at 0°C for 3 months when compared to tubers stored at 12.8°C. He also found that mitochondrial reduction of the dye,2,3,5,-triphcnyltetrazolium chloride, with succinate as substrate was not affected by previous low temperature storage of the tubers. However, dye reduction was greater with mitochondria stored at the lower temperature with either citrate or tt-ketoglutarate as substrate, and oxygen consumption by mitochondria from cold- stored tubers was inhibited to a lesser extent by hypertonic concentrations of KC1 than that from tubers stored at 12.8°C. The significance of these results is not clear.
DISCUSSION

POTATO TUBERS accumulate sugars at low temperatures. This is a general char­acteristic of many plant tissues and is possibly related to a protective action against frost damage (Pressey et al., 1966). We studied the question of how much the slowing down of respiration

could contribute to the accumulation of sugars and conclude that the decrease in respiration is not a major factor in the change in reducing (or total) sugars with decreasing temperature. Also, the increase in respiration when tubers are moved to 70°F is only a small fraction of the de­crease in sugars occurring under the same conditions. Tishel et al. (1966) have shown that with halved White Rose po­tatoes total elimination of respiration would only account for 44% of the in­crease in glucose after 4 days of storage at 2CC. By measuring respiration con­tinuously at both the high and low tem­peratures we have obtained exact quanti­tative data and have shown that under several conditions of storage temperature with whole White Rose tubers the pos­sible maximal value is much lower, rang­ing from less than 1% to approximately 13% depending on the temperatures at which the comparisons are made.Surprisingly little work has been done concerning the temperature-dependent ac­tivity of mitochondria. Newell (1966) has shown that the respiratory activity o: mi­tochondria prepared from several polkilo- therms varied in an unusual way. As the temperature increased there was a slow increase in respiratory rate (Q = 1.3) until a certain “break-point” was reached whence there was a very sharp increase in respiration. This was later followed at still higher temperatures by a decrease. The “break-point” temperature varied from 10° to 35°C depending on the species, and it was suggested that the “break-point” temperature corresponded to the maximal temperature that the species was likely to encounter.In a similar way Newell et al. (1966) showed that the activity of mammalian mitochondria was roughly constant (Q](l = 1.0 to 1.1) over the range of tempera­ture from 5° to 35°C after which a sharp increase occurred. They suggested that the lack of response at the lower tempera­tures was due to a physical phenomenon, probably a restriction on substrate pene­tration to the active sites. At the higher temperatures changes occur in the mito­chondrial membranes which remove this restriction and the effect of temperature then becomes that expected for a chemi­cal reaction. In both of these reports it made no difference whether succinate, pyruvate, or malatc was used as the oxi­dizable substrate.Contrary to these findings, Beevers et al. (1964) found a continuous increase of respiratory activity over the temperature range of 10° to 45°C for mitochondria prepared from com shoots or roots. Above this temperature there was a rather rapid decline. These authors observed a Q10 value of about 2. Klickoff (1966) reported the mitochondrial respiratory ac­tivity of high and low altitude plants over
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a range of temperatures from 20° to 40'C. He found that mitochondria of plants from higher altitudes (lower en­vironmental temperatures) had higher ox­idative rates at lower temperatures than did those of plants from lower altitudes. Although the absolute respiratory values varied with the species and the Q10 values differed somewhat, all samples exhibited an increase over the range of temperature studied. Q10 values varied from 2 to 3.Our results are similar to these studies with plant mitochondria both as regards specific Q]0 values and, more importantly, the general nature of the reaction in that a continuous and relatively constant change occurs over a wide temperature range. It is possible that there is a funda­mental difference between plant and ani­mal mitochondria which could be related to adaptability to temperatures and ability to carry out metabolic functions at vari­ous temperatures. These results showing a greater temperature-sensitivity of plant mitochondria might be a manifestation of lower order of control of internal environ­ment by plants as compared to animals.However, one must use caution in any interpretation involving plant mitochon­dria. The well-known difficulties of ob­taining plant mitochondria without exces­sive inactivation is an indication of the se­vere effects caused by such plant constitu­ents as organic acids and tannins. If the suggestion of Newell et al. (1966) is cor­rect that physical barriers to substrate penetration are responsible for the low Q10 values of animal mitochondria at low temperatures, then destruction of these physical barriers of plant mitochondria during isolation could have produced the observed results. The problem of whether plant mitochondria have this different temperature-dependence than animal mi­tochondria is important and research toward solving it is greatly needed.We conclude that it is highly probable that there is sufficient mitochondria with sufficient potential activity in potatoes so as not to limit respiration of whole tubers. The patterns of respiration as a function of temperature of tubers and mitochon­dria are not alike, and we must conclude that there is no simple, direct relation­ship between mitochondrial and whole tuber respiration. However, we must be careful not to conclude that the differen­tial temperature response of mitochon­dria is not a governing force on the re­

sponse of whole tubers to temperature. Relatively small changes in substrate or cofactor concentrations or in environ­mental conditions such as pH or cation concentrations, which could be a re­flection of mitochondrial response to temperature, could have major effects on other metabolic systems which might control sugar concentrations. A mito­chondrial response to temperature could thus indirectly affect whole tuber respi­ration.The increase of respiratory activity with temperature which we observed with our potato mitochondria (Q10 of 2 to 3) is similar to that found for other plant mitochondria ( Beevers et al., 1964; Klickoff. 1966). In addition, the appar­ent energy of activation of mitochon­drial respiration with succinate (14,000 cal) is similar to the value of 12.000 cal found for fresh and aged thin disks (0.75mm) and fresh thick disks (up to 3 mm) of potato tubers where 02 diffusion is not rate-limiting. Also, the diffusion of CL is not rate-limiting in respiration of whole tubers stored in air (MacDonald, 1967). This close similarity between the re­sponse of mitochondria and cut tissue (the so-called wound respiration) to tem­perature deserves further study since it points out the possibility that wound res­piration may be limited by potential mi­tochondrial activity.
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Sodium Chloride Effect on Autoxidation of the
Lard Component of a Gel

S U M M A R Y — S ta b le  ge ls  c o m p o s e d  o f  la rd ,  s o d iu m  c a rb o m e th o x y  ce l lu lo se  a n d  w a te r  
w ere  use d  fo r  th e  e x a m in a t io n  o f  fa c to rs  in v o lv e d  in  th e  p r o - a n d  a n t i o x id a n t  a c t iv i t ie s  
o f  s o d iu m  c h lo r id e ,  o th e r  in o rg a n ic  sa l ts ,  h e m e  c o m p o u n d s ,  m e a t  f r a c t io n s  a n d  o th e r  
a d d i t ive s .  A u to x id a t io n  p ro ce sse s  w ere  e v a lu a te d  by p e ro x id e  a n d  m o n o c a r b o n y l  d e ­
te r m in a t io n s .  Th e  s o l id  t r a n s lu c e n t  ge ls , in  w h ic h  a d d i t i v e s  had  been in c o rp o ra te d ,  
w ere  s to r e d  f rozen ,  f re eze -d r ie d  o r  a l lo w e d  t o  o x id ize  w i t h o u t  p h y s ic a l  change. The  
h y d ra te d  ge ls  w e re  w e l l  a e ra te d  in  p re p a r a t io n  a n d  o x id ize d  in  th e  da rk  a t  a c o n v e n ie n t  
p a c e  a t  2 0 ° C. W hen th e  ge l  was f reeze -d r ied ,  a sp o n g e - l ike  s t r u c tu r e  was o b ta in e d  
w h ich ,  a f t e r  an  in d u c t io n  p e r iod ,  a u to x id iz e d  ra p id ly .  F reeze r-s to red  ge ls  a u to x id iz e d  a t  
a ra te  ro u g h ly  s im i l a r  to f re e ze r -s to re d  m e a t .  S o d iu m  c h lo r id e  ha d  a d i r e c t  p r o -o x id a n t  
a c t io n  on  th e  la rd  o f  f re e ze r -s to re d  a n d  d e h y d ra te d  ge ls . H y d ra te d  ge ls  c o n ta in in g  NaCI  
w h e n  s to r e d  a t  2 0 ° C  h a d  an  i n h ib i t i n g  a u to x id a t io n  p a t te rn  s o m e w h a t  s im i l a r  to  th e  
q u a n t i t a t i v e  in f lu e n c e  o f  N aCI on  p H .  E th y le n e -d ia m in e te t ra a c e ta te  (E D TA ) h a d  a p o w e r ­
f u l  a n t i o x id a n t  in f lu e n ce .  S o d iu m  c h lo r id e  a cce le ra te d  h e m e  ca ta ly s is  rega rd less  o f  th e  
p re s e n c e  o f  a n t i o x id a n t  o r  c h e la to r .  In t e re s t in g  d i f fe re n ce s  in  m o n o c a r b o n y l  p a t te rn s  a n d  
m o n o c a r b o n y l / p e r o x id e  ra t ios  as in f lu e n c e d  b y  a d d i t i v e s  a n d  m o is tu re  c o n te n t  o f  th e  
ge ls  w e re  o b se rved .

INTRODUCTION
THE MECHANISM of the pro-oxidant effect of NaCI on triglycerides in meat has not been completely elucidated. Back­ground and earlier research efforts on this anomalous meat preservation effect (Mabrouk et al., 1960; Watts, 1962; Castell et ah, 1965) have been recently reviewed (Ellis et ah, 1968a). Ellis et ah(1968) probed factors involved in the pro-oxidant action on pork cuts and mix­tures of backfat and lean. It was found that NaCI, either acting directly or in- depedently and/or by sensitizing catalysts in the meat, seemed to have the effect of changing some of the autoxidation characteristics of the triglycerides.The main problems appear at this time to concentrate to the following objectives: (1) Investigation of the existence of an independent oxidative effect of NaCI on fats; (2) investigation of the effect of NaCI on powerful catalysts such as heme pigments; and (3) observation of the char­acteristics of fat autoxidation promoted by the heme pigments in terms of hy­droperoxide breakdown, specificity of fatty acid attack and monocarbonyl com­pound patterns.For such a study a rapid means of fat autoxidation was required which would permit the isolation of factors responsible for glyceride fatty acid breakdown in meat. Bishov et al. (1960) used sodium carbomethoxy cellulose to considerable advantage in the preparation of stable emulsions for study of model systems under dehydrated conditions. This model

system was utilized in this investigation.
EXPERIMENTAL

Materials
S o d i u m  c a r b o m e t h o x y  c e l l u l o s e  g u m  

( C M C - 7 H 3 S F )  w a s  d o n a t e d  b y  H e r c u l e s  
P o w d e r  C o .

H e m o g l o b i n  ( H b ) ,  m y o g l o b i n  ( M b ) ,  c y t o ­
c h r o m e  C , a n d  t e t r a s o d i u m  e t h y l e n e d i a m i n e -  
t e t r a a c e t a t e  ( E D T A )  w e r e  o b t a i n e d  f r o m  
N u t r i t i o n a l  B i o c h e m i c a l s  C o r p .

L a r d  w a s  r e n d e r e d  a s  d e s c r i b e d  b y  G a d d i s  
e t  a l .  ( 1 9 6 6 ) .  F o u r  l o t s  w e r e  u s e d  in  t h e  e x ­
p e r i m e n t s  d i s c u s s e d  in  t h i s  p a p e r .  T h e  n u m ­
b e r  o f  s e p a r a t e  e x p e r i m e n t s  c a r r i e d  o u t  
a m o u n t e d  to  6 4 .

S o l i d  t r a n s l u c e n t  g e l s  w e r e  m a d e  u p  w i t h  
c o m b i n a t i o n s  o f  1 : 2 : 4 0  b y  w e i g h t  o f  C M C ,  
l a r d  a n d  w a t e r .  T h e  f o l l o w i n g  s e q u e n c e  w a s  
u s e d  in  p r e p a r i n g  t h e  g e ls :  W a t e r  w a s  p l a c e d  
in  a  W a r i n g  b l e n d o r  a n d  a d d i t i v e s ,  s u c h  a s  
N a C I  o r  H b .  w e r e  c o m b i n e d  w i t h  t h e  w a t e r ;  
t h e  l a r d  w a s  a d d e d  a n d  t h e  m i x t u r e  w a s  
b l e n d e d  b r ie f l y .  C M C  w a s  a d d e d  a n d  th e  
c o m p o n e n t s  w e r e  b l e n d e d  t h o r o u g h l y  f o r  1 
m i n .  T h e  r e s u l t i n g  g e l w a s  u s e d  in  t h e  h y ­
d r a t e d  f o r m  o r  f r e e z e - d r i e d .  T h e  f r e e z e - d r i e d  
p r o d u c t s  w e r e  g r o u n d  in  t h e  W a r i n g  b l e n d o r  
b e f o r e  s t o r a g e .  C o n t r o l s  w e r e  r u n  in  e a c h  
e x p e r i m e n t  a n d  e x p e r i m e n t s  r e p e a t e d  s e v e r a l  
t im e s  t o  c h e c k  r e p r o d u c i b i l i t y .

O x i d a t i o n  o f  t h e  f r e e z e - d r i e d  a n d  h y d r a t e d  
g e ls  w a s  f o l l o w e d  b y  d e t e r m i n a t i o n  o f  p e r ­
o x i d e  v a lu e s  ( P V )  b y  t h e  m e t h o d  o f  K e n a s -  
t o n  e t  a l .  ( 1 9 5 5 ) .  P V 's  w e r e  c a l c u l a t e d  a s  
m e q / 1 ,0 0 0  g  l a r d .  S a m p l e s  o f  f a t  f o r  io d o -  
m e t r i c  m e a s u r e m e n t  o f  P V  w e r e  o b t a i n e d  b y  
e x t r a c t i o n  o f  t h e  g e l  w i t h  c h l o r o f o r m .

M o n o c a r b o n y l s  w e r e  d e t e r m i n e d  a s  2 ,4 -  
d i n i t r o p h e n y l h y d r a z o n e  d e r iv a t iv e s .  F a t  a n d  
o x i d a t i o n  p r o d u c t s  w e r e  e x t r a c t e d  f r o m  th e

o x i d i z e d  g e ls  w i t h  h e x a n e .  A n  a l i q u o t  o f  t h e  
h e x a n e  e x t r a c t ,  r e p r e s e n t i n g  5 .0  g  o f  l a r d ,  
w a s  r e a c t e d  w i th  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  
o n  th e  S c h w a r t z  c o l u m n  ( S c h w a r t z  e t  a l . .
1 9 6 3 ) .  T h e  r e s u l t i n g  c a r b o n y l  d e r i v a t i v e s  
w e r e  s e p a r a t e d  f r o m  t h e  l a r d  a n d  f r a c t i o n ­
a t e d  to  s im p le  m o n o c a r b o n y l  d e r i v a t i v e s  a s  
d e s c r i b e d  b y  S c h w a r t z  e t  a l .  ( 1 9 6 3 ) .  M i l d e r  
v a c u u m  d i s t i l l a t i o n  m e t h o d s  ( G a d d i s  e t  a l . .  
1 9 6 6 )  c o u ld  n o t  b e  u s e d  b e c a u s e  o f  t h e  
t e n a c i t y  o f  t h e  g e l  w h i c h  m a d e  q u a n t i t a t i v e  
r e m o v a l  o f  t h e  f r e e  v o l a t i l e  c a r b o n y l s  u n ­
c e r t a i n .  H o w e v e r ,  t h e  m e t h o d  e m p l o y e d  w a s  
c o n s i d e r e d  s u i t a b l e  f o r  c o m p a r a t i v e  p u r p o s e s .

R e c o v e r y  e x p e r i m e n t s  o f  k n o w n  m o n o ­
c a r b o n y l  c o m p o u n d s  i n d i c a t e d  s a lv a g e  o f  
m i c r o  q u a n t i t i e s  in  t h e  r a n g e  o f  8 5 - 9 0 % .  
M o n o c a r b o n y l  h y d r a z o n e s  w e r e  s e p a r a t e d  
i n t o  a l k a n a l ,  a lk - 2 - e n a l ,  a n d  a l k - 2 ,4 - d i e n a l  
c la s s e s  b y  t h e  m e t h o d  o f  G a d d i s  e t  a l .  ( 1 9 5 9 ) .  
T h i s  d a t a  e n a b l e d  d e t e r m i n a t i o n  o f  p r o p o r ­
t i o n s  o f  c la s s e s  o f  m o n o c a r b o n y l  c o m p o u n d s .  
E a c h  c la s s  w a s  s e p a r a t e d  i n t o  i n d i v i d u a l  
c o m p o u n d s  a n d  t h e  c o m p o u n d s  w e r e  e s t i ­
m a t e d  a s  d e s c r i b e d  b y  E l l i s  e t  a l .  ( 1 9 5 9 ) .

RESULTS & DISCUSSION
H ydrated gels

The hydrated gels autoxidized rapidly at 20°C. Storage in the dark was neces­sary to obtain a moderate and experi­mentally convenient rate of oxidation. Table 1 indicates the precision obtained with 23 control samples of hydrated gel representing four different lard lots. The unit of time employed was one day inter­vals. The greatest variability in time was ±1.17 days at PV 40 with an cverall average of ±0.77. Precision was very good during the induction period and in the early stages of autoxidation. For samples set up simultaneously, the pre-

Table 1—Precision of gel method: Ex­
pressed in variability in Peroxide values; 
average deviation from mean.

D a y s  o f  
s t o r a g e

P e r o x i d e
v a l u e s

5 ± 0 . 3 1
10 ± 0 . 4 3
2 0 ± 0 . 8 5
3 0 ± 1 . 0
4 0 ± 1 . 1 7
5 0 ± 0 . 8 2
6 0 ^ 0 . 8 2
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cision is believed much closer than indi­cated in Table 1. The relative ease of lard autoxidation under these conditions is attributed to an ample distribution and even contact with air throughout the gel samples.
The incorporation of NaCl in hydrated gels with storage at 20CC resulted in re­tarded autoxidation. At PV’s of 20. 40 and 60 controls had times of 4. 8 and 11 days: 2.3% NaCl. 9. 12 and 14 days; 4.5% NaCl, 8, 13 and 16 days; and 10.8% NaCl. 11. 15 and 19 days. This indicates that increased amounts of NaCl produced a progressively greater inhibi­tion of autoxidation rates. This does not hold up for higher concentrations of NaCl.
A second experiment with greater amounts of NaCl up to saturation in­dicated a leveling off in the inhibition at concentrations of from 8 to 10% NaCl. The saturated NaCl did not accelerate autoxidation. This does not agree with the report of Chang et al. (1950) in which higher concentrations of NaCl ac­celerated f i t oxidation.Mabrouk et al. (1960) in studies of oxygen absorption by phosphate-buf­fered NaCl emulsions of methyl linoleate observed progressive inhibition related to salt concentration. Their explanation of this was a decrease in oxygen avail­ability by NaCl. Salt had this depressing effect even though it lowers the pH (Coleman, 1951: Castell et al., 1965). Mabrouk et al. (1960) observed an increased oxidation rate of the linoleate with decreasing pH values as regulated by buffers.A powe-ful influence by NaCl in de­creasing the pH value of the gels has been observed in this work. As shown in Figure 1. pH of the hydrated gel de­creased with increased NaCl up to about 8% concentration, after which values leveled off. The acidifying effect of NaCl

could not be readily controlled by the use of 1.10M phosphate buffer (pH 6.7).In meat, a decrease in pH generally accelerates lipid oxidation, and this may occur even in emulsions of linoleate (Mabrouk et al., 1960). Castell et al.(1965) have observed an effect of NaCl on the lipid oxidation of fish muscle which was believed independent of the pH. However, in the hydrated gel the NaCl inhibited the oxidation. Potassium chloride in 2.9% concentration inhibited autoxidation. A gel containing 2.9% KC1 had a peroxide value of 20 at 11 days of storage compared with 8 days for 2.3% NaCl and 5 days for the control. Amounts of KC1 and NaCl used here were molar equivalents.Addition of micro amounts of Hb. Mb and cytochrome C to the hydrated gels resulted in acceleration of autoxidation at 20°C. An example is the effect of 9 mg Mb/20 g lard or 0.002% Mb in the gel. This gel had PV 20 at 3 days. PV 40 at 6 days, and PV 60 at 9 days. The control required 4. 8 and 10 days to reach PV's of 20, 40 and 60. respectivelv. Addition of 2.3% NaCl to 0.002% Mb resulted in greater acceleration of oxida­tion of oxidation. The gel reached PV 20 at 2 days. PV 40 at 5 days and PV 60 at 7 days. KCI also accelerated the pro- oxidative effect of the heme pigments.Moderate amounts of NaCl accelerated autoxidation catalyzed by heme pigments, but high NaCl quantities caused a de­pression or leveling off. A control gel had PV 20 at 8 days, PV 40 at 18 days and PV 60 at 22 days. A gel containing 0.005% Hb had PV 20 at 3 days. PV 40 at 16 days and PV 60 at 19 days. Addition of 2.3% salt to 0.005% Hb gel resulted in somewhat greater oxida­tion with PV 20 at 3 days. PV 40 at 13 days and PV 60 at 18 days.

Increasing NaCl to 10.4% inhibited the 0.005% Hb catalysis. This gel had PV 20 at 3 days, PV 40 at 17 days and PV 60 at 21 days. The above relationship was observed in repeated experiments. Voleman (1951) showed NaCl accelerated oxidation of Hb and Mb to the ferric form. The heme pigments were used as received from the chemical house and were possibly in the oxidized (met) form.Ferric chloride (FeCl3,6H.,C>) had a pro-oxidative effect on the lard in the hydrated gel and this increased with con­centration. In this series of experiments 0.047% FeCl̂ bHoO had practically the same pro-oxidative effect as that of 0.0063% Mb. However, addition of 0.0047% and 0.012% FeCl3-6H.,0 had no significant effect on the oxidation promoted by 0.0063% Mb. There was little effect by 0.0023%. 0.0047% and 0.012% FeCl3’6H20 on the retarding in­fluence of 2.3% NaCl. It is interesting to compare this with the report of Mos- kovits et al. (1960) which showed a powerful pro-oxidant effect of FeCl3 and NaCl alone and in combination on sausage.When added in microgram amounts, small increases in heme pigments pro­duced a more rapid rate of autoxidation. However, relatively large amounts of Hb resulted in an inhibition or slowing of the rate of autoxidation to much less than that of the uncatalyzed control. The results of an experiment of this type are shown in Figure 3. A very interesting observation here was that combination of the inhibitory amount of Hb with NaCl produced an increase in the rate of autoxidation. The amounts of reactants used in this particular experiment still did not restore the oxidation rate to as great as that of the uncatalyzed control. Sodium chloride appears therefore to

Fig. l — Influence of NaCl concentration on pH of hydrated Fig. 2— Effect of EDTA on Hb and NaCl pro oxidant activities
I on a hydrated gel.
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have the power of reducing the effect of oxidation inhibiting amounts of Hb or heme pigments.Banks et al. (1961) reported that cytochrome C in 1.75 X 1(L3M  concen­tration was an active catalyst, but at higher concentrations (3.5 X 10 3M) it inhibited autoxidation. The effect was considered due to peroxide breakdown to inactive compounds. Lewis et al. (1963) have observed similar inhibitory effects with Hb, hemin and tissue homogenates.The mechanism of the effect of NaCl in counteracting inhibitory amounts of Hb is not clear. There is some indication that the key to the pro-oxidant effect of NaCl could be in part due to its pH-lower- ing action. However, Banks et al. (1961 ) have observed that cytochrome C was particularly active at pH’s above 6.0. Wills (1965) has shown that pH has little influence on heme catalysis, but a marked effect on metal catalysis.Uncured meat, stored in the freezer, oxidizes very slowly although abundant quantities of heme pigments are present. The addition of NaCl causes a compara­tively rapid rate of autoxidation in freezer-stored meat. The effect of NaCl on unfrozen meat has not been determined because of masking deteriorative changes due principally to microoragnisms. The influence of NaCl on meat tissue is prob­ably manifold; however, a direct effect of

NaCl on potential pro-oxidant catalysts operates. Lewis et al. (1963) observed that homogenates of liver, heart and spleen were catalytic of linoleic acid oxi­dation in dilute suspensions and inhibi­tory in high concentrations.These results permit the postulation that the pro-oxidant effect of NaCl on meat may be due in some degree to a modification of the inhibitory action of relatively high concentrations of heme pigments and other components.
Freezer storage of hydrated gels
The hydrated gel remained physically stable when frozen and appeared appli­cable for use as a model system in the study of autoxidation factors under con­ditions of freezer storage. A comparison was made of the rate of peroxidation in the hydrated gel with and without 2.27% NaCl at 25 °F. Autoxidation was ex­tremely slow and reminiscent of freezer- stored meat in its pace. Appreciable PV's did not appear until after several months of storage. At the termination of six months, the NaCl-treated sample had a PV of 45 as compared to 5 for the con­trol.Thus, freezing converted an oxidation- inhibiting influence of NaCl to a pro- oxidative function, and this would seem to represent a direct action by the NaCl. Such experimental conditions should

prove valuable in further study of factors influencing autoxidation in freezer-stored meats.
Storage of freeze-dried gels
Freeze drying the gels produced a spongy solid which could be ground into fluffy, fine particles. This preparation oxidized readily. However, induction periods were frequently longer than those of the hydrated gels.Sodium chloride accelerated the autoxi­dation of lard in the freeze-dried solid. A sample containing 25% NaCl (2.3% NaCl as hydrated) reached a PV of 30 in 4 days as compared to a control’s time of 9 days. This was a direct effect un­aided by any agent unless it were trace metals. However, the possible influence of trace metals appears to be ruled out by the use of EDTA. Use of 2.59% EDTA (0.093% EDTA as hydrated) on the control increased the time to reach PV 30 from 9 to 14 days. Employment of 2.59% EDTA and 24.5% NaCl re­versed the time from 14 to 10 days. This demonstrates that the chelator did not eliminate the pro-oxidant effect of NaCl.Thus, inhibition by NaCl existed ir. the hydrated form and acceleration under de­hydrated conditions (including frozen). Influence of pH would not be a factor here. These results agree with the re­search findings of Chang et al. (1950).In other experiments results were es­sentially similar to those reported for the hydrated gels. Hb and Mb accelerated the autoxidation and were sensitized to a greater acceleration by NaCl. These re­sults seem to definitely indicate that pH is not the only factor involved in the action of NaCl on heme pigments and meat.An interesting and significant result was obtained when pork lean juice, pork lean aqueous extract and pork lean were incorporated with the lard gel. These experiments were set up only for the freeze-dried gel to avoid

Fig. 3 — E ffec t  o f  N a C l  on  o x id a t io n  i n h ib i t i n g  a m o u n t s  o f  H b  
in  a h y d ra te d  gel.

Fig. 4 — E ffec t  o f  m e a t  f r a c t io n s  a n d  N a C l  on  th e  a u to x id a ­
t io n  o f  f re eze -d r ied  gels.
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microbiological spoilage. Meat juice was obtained by freezing and thawing pork lean. The aqueous extract was prepared by blending 10 g of lean pork for 2 min with 400 ml of water and filtering.The results of those exploratory experi­ments are shown in Figure 4. The aque­ous extract of the lean and the ground lean inhibited autoxidation. Addition of 2.3% NaCl to the aqueous extract pro­duced an acceleration of oxidation. The pork juice accelerated oxidation. Experi­ments of this type should prove useful in further studies. The results indicate the possible presence of inhibitors and acti­vators other than the heme compounds.
Autoxidation characteristics and 
m onocarbonyl patterns

Monocarbonyl compounds generated were determined in some of the experi­ments. In the hydrated gels, in which NaCl inhibited autoxidation, there was little effect on the monocarbonyl/PV ratios and the individual monocarbonyl patterns. Mb, Hb and cytochrome C. which strongly accelerated autoxidation, had decreased monocarbonyl/PV ratios. This was surprising, since Ellis et al. (1968b) noted that, beginning with adi­pose tissue and increasing quantities of pork lean tissue, there was a progressive increase in monocarbonyl/PV ratios. Since the mechanism of heme catalysis involves hydroperoxide breakdown, it is apparent that much of the decomposition must be to nonmonocarbonylic secondary products.The experimental data are shown in Table 2. When NaCl was used to ac­celerate the heme catalysis, the mono­carbonyl/PV ratios increased but still were much lower than the controls. Dif­ferences in the individual monocarbonyl patterns were small, and more data would be necessary to determine their signifi­cance. The use of EDTA with Mb and NaCl-activated Mb produced a dramatic change in the major linoleate enal from C8 to C9 as shown in Table 2. This might indicate an influence of trace metals on hydroperoxide decomposition.The monocarbonyl patterns of the oxi­dized freeze-dried gels differed from those of the hydrated samples. As shown in Table 3, the enal class was in greater proportion, and the C9 enal was the major compound in that class. The C9 enal was particularly dominant in the heme pigment catalyzed oxidations. In these cases, the quantity of C9 enal was nearly as great as the C6 alkanal. Both of these originate from linoleate hydro­peroxide (Gaddis et al., 1961; Ellis et al.,
1968).Ordinarily in the oxidation of lino­leate, C6 alkanal is formed in very high percentages with very small quanti­ties of C7, Cs and C9 enals and C10 di-

Table 2—The effect of additives on oxidation characteristics of hydrated lard gel.
L a r d

O . S . b a c k f a t ,  
h y d r a t e d  (2 0  g ) H e m e

A d d i t i v e

(8 )

N a C l

< % ) P V

,um
M o n o c a r

b o n y l
M o n o c a r ­
b o n y l / P V C 7

E n a l  /am  

C8 C 9
E x p e r i m e n t  4 5

16  d a y s — — 51 1 1 .1 1 0 . 2 2 0 . 3 8 1 .2 1 0 .4 3
81 m g  H b — — 5 7 4 . 9 2 0 . 0 9 0 .1 1 0 . 5 6 0 . 1 6

“ — 2 . 2 7 6 0 9 . 7 9 0 , 1 6 0 . 3 5 0 . 8 0 0 . 2 4

E x p e r im e n t  4 7
17  d a y s 81 m g  H b 0 . 2  E D T A 31 1 .4 5 0 . 0 5 — t r 1 0 .2 3
12  d a y s “ 2 . 2 7 28 2 . 3 7 0 . 0 8 0 . 0 9 0 . 1 5 0 . 2 4

“ “ 4 . 5 4 3 6 2 . 8 0 0 . 0 8 0 . 1 6 0 . 2 0 0 . 2 6
“ “ 6  81 4 6 3 .7 1 0 . 0 8 0 . 1 5 0 . 2 0 0 .3 1

E x p e r im e n t  5 2
9  d a v s — — — 41 4 . 2 6 0 . 1 0 0 . 1 9 0 . 4 6 0 . 2 0

c y t o c h r o m e  C — — 5 0 2 . 6 8 0 . 0 5 0 . 0 9 0 . 1 6 0 . 1 4
“ — 2 . 2 7 5 2 2 .8 3 0 . 0 6 0 . 0 7 0 . 1 4 0 . 1 2

21  d a y s — — — 186 2 3 . 2 6 0 .1 3 t r 2 . 6 2 1 .0 8
c y t o c h r o m e  C — — 201 1 1 . 1 6 0 . 0 6 t r 1 .0 2 0 . 5 4

— 2 . 2 7 2 1 5 1 2 .1 6 0 . 0 6 — — —

1 t r — t r a c e .

Table 3—The effect of muscle and its fractions on autoxidation characterisitcs of freeze- 
dried gel.

L a r d
f r e e z e - d r ie d  

(4 0  g) H e m e A d d i t i v e
N a C l
( % ) P V

Mm
M o n o ­

c a r b o n y l

M o n o
c a r b o n y l ,

P V
A l k a n a l

C s C i

E n a l  ,

C s

urn

C s

E x p e r im e n t  
6  d a y s

4 0
3 4 1 .2 7 0 . 0 4 0 . 6 7 0 . 0 9 0 . 2 4

8 d a y s — — — 80 3 .3 1 0 . 0 4 3 . 9 4 — 0 . 1 6 0 .5 1
2 d a y s 2 0  m g  M b — 2 .2 7 73 3 . 4 4 0 . 0 5 1 .2 6 t r t r 1 .1 9
3 d a y s “ — 2 .2 7 13 6 4 . 3 9 0 .0 3 1 .8 1 — t r 1 .4 2

E x p e r im e n t  
6  d a y s

4 2
_ — 2 .2 7 4 8 2 . 2 7 0 . 0 5 1 .0 7 _ 0.11 0 .3 1

E x p e r im e n t  
4  d a y s

3 4
M u s c le _ 5 8 3 . 2 8 0 . 0 6 1 .2 8 t r t r 1 .1 3

7  d a v s _ _
ju i c e

___ 103 6 .5 5 0 . 0 6 2 . 6 0 t r t r 2 . 1 6
21 d a v s — L e a n — 29 4 . 2 7 0 . 1 5 1 .8 7 t r t r 1 .0 8

E x p e r im e n t  
18 d a y s

5 5

m u s c l e

M u s c le 3 0 7 .5 8 0 . 2 5 3 . 5 7 t r t r 2 .1 1

4  d a y s —
e x t r a c t

2 .2 7 82 8 .5 3 0 . 1 0 3 . 6 4 t r t r 2 .8 3

enals. A mechanism by which such large amounts of C9 enal might be formed is difficult to explain. This study indicates that the presence of water during autoxi­dation and hydroperoxide breakdown may have considerable influence on the monocarbonyls generated. Determina­tion is needed of the effects of polarity, moisture and physical state since these conditions may obscure the influence of pro- and antioxidant additives.The monocarbonyl data in Table 3 on the pork lean, pork lean juice and pork lean aqueous extract were of consider­able interest and significance. Muscle juice had low monocarbonyl/PV ratios, and aqueous lean extract and lean had high ratios. Determination of the full significance of these results needs further investigation. However, the effect of the muscle juice resembles that of heme pig­ments. As referred to in Figure 4, the gels

containing extract of lean were much more stable. The high monocarbonyl/PV ratios of these gels resemble those found by Ellis et al. (1968b) with pork backfat and lean mixtures.Sodium chloride greatly decreased the stability of the lean extract gel, but the monocarbonyl/PV ratio remained high. The data are insufficient to determine whether this effect of lean and lean ex­tracts is due to high proportion of heme compounds, protective factors or the presence of other prooxidant entities.This investigation has indicated the value of lard CMC gels for the study of factors influencing the autoxidation of triglycerides. Such a model system re­sembled meat in some respects and ap­peared particularly adaptable for freezer storage investigations. Not all of the ob­jectives of this study have been achieved, but progress has been made toward a
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better understanding of the pro-oxidant activity of NaCl.
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Studies in Meat Tenderness. 
8 . Ultra-structural Changes in Meat During Aging

S U M M A R Y — D u r in g  th e  a g in g  o f  beef,  th e  e x te rn a l  lo a d in g  re q u i re d  to  s t re tc h  s te rn o -  
m a n d ib u la r i s  m u s c le  to  i ts  f u l le s t  e x te n t  d e c l in es  5 - 1 0 - f o l d  f r o m  th e  m a x im u m  o f  2  
K g / c m "  m u s c le  a t t a in e d  a t  r ig o r  on se t .  Th is  loss  o f  te n s i le  s t r e n g th  is d u e  t o  a w e a k ­
e n in g  o f  th e  m y o f i b r i l l a r  s t r u c tu re s  a t  th e  ju n c t io n  o f  th e  I f i l a m e n ts  w i th  th e  Z  d iscs  
o f  th e  s a rc o m e re s .  T h e  Z  d iscs  u n d e rg o  p ro g re s s iv e  cha nges  a n d  lose  g r o u n d  s u b s ta n c e  
as a g in g  p roceed s .  T h e re  is n o  o b v io u s  s t r u c tu r a l  c h a n g e  in th e  I f i l a m e n ts  d u r in g  a g in g  
a l th o u g h  a w e a k e n in g  in  th e  a s s o c ia t io n  o f  th e  c o n s t i t u e n t  p ro te in s  o f  th e se  s t r u c tu re s  
a p p a re n t l y  occu rs .

INTRODUCTION
THE TENDERIZING that occurs in meat during storage above freezing tem­perature— so-called meat aging— has been the subject of two comprehensive reviews (Bate-Smith, 1948; Whitaker, 1959) and a number of research papers (Weinberg et al., 1960; Kahn et al., 1964; Fujimaki et al., 1965; Aberle et al., 1966; Davey et al., 1968a). Although a great variety of chemical and physical changes have been shown to accompany aging, a clear view of changes specifically associated with the phenomenon has only become possible now that more precise knowledge of muscle ultrastructure is available.There are essentially three parallel com­ponents associated with muscle fiber— the myofibrils, the enveloping sarcolemma

and the loosely-fitting endomysial sheath (Walls. 1960). These components are called upon to withstand considerable ten­sions in the living muscle of at least 4 Kg/cm2 muscle (Weber et al., 1952) and for this reason alone are likely, in the cooked state, to offer considerable re­sistance to transverse shearing forces. Underlying changes of meat aging un­doubtedly occur in one or more of these components.Previous chemical and microscopic studies have shown that a number of distinct changes probably related to ag­ing occur within the myofibrillar struc­tures ( Davey et al., 1967b, 1968a, 1968b, 1969a; Fukazawa et al., 1967). The first is a loss of adhesion of myofibrils nor­mally held together through attachments of their Z discs to shared elements of the

sarcoplasmic reticulum. The second is the loss of association of actin and tropo­myosin within the I filaments of the sarcomeres. The third is a loss of ma­terial from the Z discs leading in some cases to a complete dissolution of these structures.An electron-microscopic study of these changes within the myofibrillar compo­nents has now been made. The signifi­cance of the various changes in determi­ning the increased tenderness of aged meat is discussed.
EXPERIMENTAL

Meat sampling

Bovine sternomandibularis muscles from animals 2—4 years old were prepared for ex­perimental treatment within 90 min of slaughter under aseptic conditions (Davey et al., 1966). The initial length (Lo) of muscle strips (at least 15 cm long x 5 cm 
X  5 cm) was measured according to Davey et al. (1969b). The horizontally-supported strips were brought either to a cold-short­ened state (Davey et al., 1969b) or to a slightly stretched state. Stretching was achieved by holding each strip between two
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c l a m p s ,  o n e  o f  w h i c h  w a s  f ix e d  w h i l e  t h e  
o t h e r  w a s  a t t a c h e d  t h r o u g h  a  c o r d  a n d  p u l ­
l e y  t o  a  v e r t i c a l l y - h a n g i n g  w e i g h t  ( 1 0  g . ) .

W i th  t h e  o n s e t  o f  r i g o r  m o r t i s  t h e  m e a t  
s a m p l e s  b e c a m e  s e t  a t  t h e  l e n g t h  ( L )  s o  t h a t  
t h e  t e r m  S  =  1 —  L / L >  d e f in e d  t h e  d e ­
g r e e  o f  s h o r t e n i n g  ( - j - v e )  o r  s t r e t c h i n g  
( — v e ) .

S a m p le s  w e r e  t a k e n  f o r  f u r t h e r  s tu d y  
f r o m  p r e - r i g o r  m u s c l e ,  1 .5  h r  p o s t  m o r t e m  
( P M ) ,  a n d  f r o m  m u s c l e  s t o r e d  a t  1 5 ° C  f o r  
3 0  h r  P M .  T h e s e  l a t t e r  w e r e  c o n s i d e r e d  t o  
b e  f u l l y  i n  r i g o r  m o r t i s ,  ( t h r o u g h  a t t a i n m e n t  
o f  t h e  u l t i m a t e  p H  v a l u e )  b u t  w i t h  a s  l i t t l e  
a g in g  a s  p o s s ib l e .  S a m p l e s  w e r e  a l s o  t a k e n  
f r o m  m u s c l e  s t o r e d  a t  1 5 ° C  f o r  9 0  h r  P M  
a n d  th u s  a p p r o a c h e d  th e  m a x i m u m  l i m i t  o f  
a g in g  ( D a v e y  e t a l . ,  1 9 6 7 a ) .

S in c e  s a m p l e s  s t o r e d  f o r  9 0  h r  P M  w e r e  
p r o n e  t o  m i c r o b i o l o g i c a l  s p o i l a g e  a n d  t o  
d e h y d r a t i o n ,  t h e y  w e r e  s p r a y e d  2 4  h r  P M  
w i th  a u r e o m y c i n  ( 1 0 0  p p m )  a n d  c h l o r ­
a m p h e n i c o l  ( 1 0 0  p p m )  a n d  s t o r e d  a t  1 5 ° C  
a n d  8 0 - 8 5 %  r e l a t i v e  h u m i d i t y  i n  a  c o n -  
t r o l l e d - c l i m a t e  c h a m b e r .  T h i s  p r o c e d u r e  e n ­
s u r e d  t h a t  b a c t e r i a l  n u m b e r s ,  m e a s u r e d  a c ­
c o r d i n g  t o  D a v e y  e t  a l .  ( 1 9 6 6 )  w e r e  c o n ­
t a i n e d  a t  t h e  l o w  le v e l  o f  <  1 0 2 o r g a n i s m s / g  
m u s c l e  s t o r e d  f o r  1 0 0  h r  a t  1 5 ° C .

Extension versus load determinations
M u s c le  s t r i p s  o f  u n i f o r m  c r o s s  s e c t i o n  ( a t  

l e a s t  1 0  c m  lo n g  x  1 .5  c m  x  1 .5  c m )  w i t h  
f ib e r s  p a r a l l e l  t o  t h e  l o n g  a x i s  w e r e  c u t  f r o m  
t h e  m u s c l e s  a t  1 .5 , 3 0  a n d  9 0  h r  P M .  E a c h  
s t r i p  w a s  h u n g  v e r t i c a l l y  w i t h  a  p a n  c l a m p e d  
t o  t h e  b o t t o m  e n d  f o r  t h e  a d d i t i o n  o f  
w e ig h ts .  A  s a m p l e  l e n g t h  f o r  a  g iv e n  l o a d  
w a s  m e a s u r e d  b e tw e e n  t w o  h o r i z o n t a l  s t r i p s  
o f  g o lc . l e a f  p l a c e d  o n  t h e  m u s c l e  s u r f a c e  
o n e  a b o v e  t h e  o t h e r  a n d  2 - 3  c m  a p a r t .  F o r

Fig. 1— E x te n s io n  ve rsu s  lo a d  cu rve s  f o r  s t r ip s  o f  bo v in e  
s te r n o m a n d ib u la r i s  m u s c le  a t  d i f f e re n t  t im e s  p o s t  m o r te m .  
C urve  I: P re - r ig o r  m u sc le ,  1 .5  h r  P M ; C urve  II : U n a g e d  m e a t ,  3 0  
h r  PM; C u rve  I I I :  A g e d  m e a t ,  9 0  h r  P M ; (B ro k e n  l ines ,  re tu rn  
cu rve s  w i th  re d u c in g  lo a d s . )

Preparation of samples for 
microscopic examination

Fixing and embedding. F i b e r - p i e c e  s u s ­
p e n s i o n s  ( 1 0  m l )  t a k e n  a t  i n t e r v a l s  d u r i n g  
5 0  d a y s  o f  s t o r a g e  w e r e  c e n t r i f u g e d  ( 1 0  
m in .  6 0 0  X  g )  a n d  th e  s u p e r n a t a n t  f lu id  d i s ­
c a r d e d .  T h e  s e d i m e n t  w a s  r e s u s p e n d e d  in  a  
2 %  s o l u t i o n  o f  o s m i u m  t e t r o x i d e  in  0 .0 5 M 
c a c o d y l a t e  b u f f e r  ( p H  7 .4 )  f o r  6 0  m i n  a t  
2 0 ° C  w i t h  g e n t l e  a g i t a t i o n  to  p r e v e n t  c l u m p ­
in g .  D e h y d r a t i o n  w a s  c a r r i e d  o u t  o v e r  a  
p e r i o d  o f  6 0  m i n  a t  2 0 ° C  in  a n  e t h a n o l  
s e r ie s  t o  1 0 0 %  e t h a n o l .

A f t e r  b r i e f  c e n t r i f u g a t i o n  ( 5  m i n ,  6 0 0  X  
t h e  e t h a n o l  w a s  d i s c a r d e d  a n d  r e p l a c e d  

w i t h  a c e t o n e .  T w o  m i x t u r e s  o f  a c e t o n e  a n d  
a r a l d i t e  ( 1 : 1  a n d  1 :9  b y  v o l u m e )  w e r e  t h e n  
u s e d  in  s e q u e n c e  to  i n f i l t r a t e  t h e  f i b e r  p ie c e s  
w h i c h  w e r e  f i n a l ly  e m b e d d e d  in  1 0 0 %  A r a l ­
d i t e  a s  a  s h a l l o w  l a y e r .  T h e  t h i n  b lo c k s  o f

b

Fig. 2 — Light p h o to m ic r o g r a p h s  o f  lo n g i tu d in a l  s e c t io n s  f r o m  
ag ed  m e a t ,  9 0  h r  PM, c lose  to  r e s t in g  leng th ,  S =  0 .1 3 .  (a )  N o t  
s u b je c te d  to  e x te n s io n ,  (b )  A f t e r  e x te n d in g  to  a p p ro x im a te ly  
S =  —2.0 .  A l th o u g h  s o m e  o b l iq u e  s e c t io n in g  oc c u rs  in  the  
ra th e r  d iso rgan ized ,  e x te n d e d  s a m p le s ,  d e a r  b reaks  a re  o b v io us  
in  th e  m y o f ib r i l l a r  m a te r ia l  o f  th e  f ibe rs ,  w h ic h  are s t i l l  e n v e l ­
o p e d  in  a th in  sh e a th  (a r ro w ) .  (M a g n i f i c a t io n  x 3 5 0 ) .

c o n s i s t e n c y  a l l  e x t e n s i o n s  w e r e  m e a s u r e d  1 
r n in  a f t e r  t h e  a p p l i c a t i o n  o f  e a c h  lo a d .

Fiber-piece preparation

M u s c l e  s e t  i n  r i g o r ,  3 0  h r  P M ,  w a s  h o ­
m o g e n i z e d  u n d e r  a s e p t i c  c o n d i t i o n s  in  a  
W a r i n g  b l e n d o r  f o r  1 m in  w i t h  5  v o l  ic e -  
c o l d  0 .1  M  K C 1  c o n t a i n i n g  0 .0 4 M  s o d iu m  
p h o s p h a t e  b u f f e r ,  p H  6 .4 9 .  M i c r o s c o p i c a l  
e x a m i n a t i o n  s h o w e d  t h a t  e x c e p t  f o r  th e  
p r e s e n c e  o f  v a r i o u s  c e l l  c o m p o n e n t s  a n d  
d e b r i s ,  t h e  p r e p a r a t i o n s  c o n t a i n e d  a  s m a l l  
p r o p o r t i o n  o f  d i s c r e t e  m y o f i b r i l l a r  u n i t s  a n d  
a  l a r g e r  p r o p o r t i o n  o f  f ib e r  p ie c e s  c o n s i s t i n g  
o f  l a t e r a l l y - a l i g n e d  m y o f i b r i l s  u p  t o  4 0  in  
n u m b e r .  T h e s e  f i b e r - p ie c e  s u s p e n s i o n s  w e r e  
s t o r e d  a t  2 ° C  in  s e a l e d  tu b e s  c o n t a i n i n g  
c h l o r a m p h e n i c o l  ( 5 0  p p m )  a n d  a u r e o m y c i n  
(5 0  p p m )  f o r  p e r i o d s  o f  u p  to  5 5  d a v s  a t  
2 ° C .
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e m b e d d e d  m a t e r i a l  ( 0 . 2  c m )  w e r e  i n s p e c t e d  
w i t h  a  p h a s e - c o n t r a s t  m i c r o s c o p e  a n d  t y p i ­
c a l  f i b e r s  s e l e c t e d  a n d  t r i m m e d  f o r  s e c t i o n ­
in g .

W h o l e  m u s c l e  s a m p l e s  ( 1 .5 ,  3 0  a n d  9 0  h r  
P M )  w e r e  f ix e d  a s  t h i n  s t r i p s  o f  p a r a l l e l  
f ib e r s  ( a t  l e a s t  6  c m  x 0 .2  c m  x  0 .2  c m )  
c u t  f r o m  t h e  b o d y  o f  t h e  m e a t .  S a m p le s  
s u b j e c t e d  t o  a  f o r c i b l e  e x t e n s i o n  w e r e  m a i n ­
t a i n e d  a t  a p p r o x i m a t e l y  2  Lo b y  t y i n g  t h e m  
u n d e r  t e n s i o n  t o  g l a s s  r o d s .  F i x a t i o n  w a s  
c a r r i e d  o u t  in  tw o  c h a n g e s  o f  5 %  g l u t a r a l d e -  
h y d e  o v e r  a  4  h r  p e r io d .

A l l  s a m p l e s  w e r e  c u t  i n t o  s m a l l  p ie c e s ,  
f ix e d  f o r  2  h r  m o r e  i n  f r e s h  g l u t a r a l d e h y d e  
a n d  f i n a l ly  w a s h e d  in  0 . 1 M  p h o s p h a t e  b u f ­
f e r  ( p H  7 .4 )  f o r  1 2  h r .  A  f u r t h e r  f ix a t io n  
f o r  2 0  m i n  w a s  c a r r i e d  o u t  in  2 %  o s m i u m  
t e t r o x i d e  f o l l o w e d  b y  a  p o s t - f i x a t iv e  t r e a t ­
m e n t  ( 2 0  m i n )  in  2 %  a q u e o u s  u r a n y l  a c e ­
t a t e .

Sectioning, staining and microscopy. S a m ­

p le s  f o r  e l e c t r o n  m i c r o s c o p y  w e r e  c u t  w i t h  
d i a m o n d  k n iv e s  o n  a n  L K B  u l t r a t o m e .  A f ­
t e r  e x p a n s i o n  w i t h  a  t r i c h l o r o e t h y l e n e  v a ­
p o u r ,  t h e  s e c t i o n s  w e r e  m o u n t e d  o n  c a r b o n -  
c o l l o d i o n  f i lm s  s u p p o r t e d  b y  2 0 0  m e s h  
g r id s ,  o r  w i t h o u t  a  s u p p o r t i n g  f i lm ,  o n  4 8 3  
g r id s .  T h i c k e r  l o n g i t u d i n a l  s e c t i o n s  f o r  l i g h t  
m i c r o s c o p y  w e r e  c u t  f r o m  b o t h  u n s t r e t c h e d  
a n d  s t r e t c h e d ,  e m b e d d e d  s a m p l e s  a n d  a f ­
t e r  m o u n t i n g  w e r e  t r e a t e d  w i th  V a n  G ie -  
s e n 's  s t a i n .  A  P h i l i p s  E M  2 0 0  w i th  H T  v o l t ­
a g e  o f  6 0  K v  w a s  u s e d  f o r  t h e  e l e c t r o n - m i ­
c r o s c o p i c  s tu d y .  L i g h t  m i c r o g r a p h s  w e r e  
o b t a i n e d  w i t h  a  Z e i s s  p h o t o  m i c r o s c o p e .

Sarcomere-length determinations
C l e a r l y - r e s o l v e d  s t r i a t i o n s  w e r e  o b s e r v e d  

in  t h e  l i g h t  m i c r o s c o p e  a t  a  m a g n i f i c a t i o n  o f  
( x  1 5 0 )  a l l o w i n g  s a r c o m e r e  l e n g t h s  t o  b e  
m e a s u r e d  o n  th e  m i c r o g r a p h i c  n e g a t iv e s  
w i t h  a  N i k o n  C o m p a r a t o r .  M e a n  v a lu e s  o f  
s a r c o m e r e  l e n g th s ,  t o g e t h e r  w i th  s t a n d a r d

d e v i a t i o n  v a lu e s  w e r e  d e t e r m i n e d  f r o m  a t  
l e a s t  8 0 0  m e a s u r e m e n t s  c o v e r i n g  m i c r o ­
g r a p h s  o f  e i g h t  r a n d o m l y - c h o s e n  f i e ld s  f r o m  
s e c t io n s  o f  e a c h  m u s c l e  s a m p l e .

RESULTS
THE LOAD-EXTENSION characteris­tics of muscle along its fiber direction are highly variable, changing with the physio­logical states of the material. Figure 1, typical of numerous such experiments, re­cords the effect of external load on the degree or extension in muscle strips 1.5, 30 and 90 hr PM. In pre-rigor muscle,1.5 hr PM 'C u rv e  I) the expected resting length-tension relationship was obtained. The stretching was freely reversible with little hysteresis. Since the muscle was held vertically, it stretched to an approximate

a

b

Fig. 3 — L o n g i tu d in a l  s e c t io n  o f  ag e d  m e a t ,  9 0  h r  PM, (S =  
0 .1 6 )  e x te n d e d  to  a p p r o x im a te ly  S =  —2.0. E x te n s io n  has  n o t  
p r o d u c e d  an  inc re ase  in  s a r c o m e r e  leng th ,  b u t  b reakag es  have  
o c c u r re d  be s id e  th e  Z  d iscs .  (M a g n i f i c a t io n  (a )  x 3 ,0 0 0 ; (b )  
X  2 0 ,0 0 0 ) .

b

Fig. 4 — L o n g i tu d in a l  s e c t io n  o f  a g e d  m e a t ,  9 0  h r  PM, (S — 
—0 .0 5 ) e x te n d e d  to  a p p ro x im a te ly  S =  —2.0. (a )  A p r e p o n d e r ­
a n c e  o f  b reakag es  has a p p e a re d  a t  th e  ju n c t io n  o f  th e  Z  d iscs  
a n d  I f i la m e n ts ,  (b )  O c c a s io n a l  p a r t ia l  b reakag es  (a r ro w s )  are  
e n c o u n te re d  a t  th e  A band-1 zon e  ju n c t io n .  On e x te n d in g ,  th e  I 
f i l a m e n ts  d id  n o t  w i th d r a w  f r o m  b e tw e e n  th e  m y o s in  ro ds  o f  th e  
A b a nds .  (M a g n i f i c a t io n  x 2 0 ,0 0 0 ) .



STUDIES IN MEAT TENDERNESS. 8 . - 5 9

S valve of —0.2 under its own weight.By comparison, meat in rigor 30 hr PM, was refractory and approached full extension (S = — 1.0) only at loadings of more than 2 Kg/cm2 (Curve II). Figure 1 shows that an entirely different pattern of extension is obtained with aged meat, 90 hr PM. Although such meat did not stretch under its own weight, it extended irreversibly (Curve III) at very small ex­ternal loads (20-50 g/cm2). In all cases the limit of extension under load was vir­tually the same (S = —1.0 approxi­mately) indicating that the connective tissue components had become fully stretched.The ease with which aged meat sam­ples extended when lightly loaded pre­sumably resulted from weaknesses that appeared in the myofibrillar structures

on storage. This is verified in Figure 2 which shows light micrographs of aged meat, 90 hr PM, before and after stretch­ing. In the unstretched sample (Fig. 2a) the muscle fibers were aligned in parallel and unbroken order and had a mean sarcomere length of 2.30 ¡t, (SD ±  0.18).On the other hand, in the stretched sample (Fig. 2b) many breakages had occurred in the myofibrillar material along the muscle fibers which, however, remained surrounded by a stretched sar- colemma. The sarcomeres did not lengthen with stretching but remained at2.30 ¡i (SD ± 0.22) characteristic of the unstretched meat.The sites of fracture produced within the sarcomere on stretching are deter­mined to some extent by the degree of muscle shortening during rigor onset. In

the electron micrographs (Fig. 3) of a shortened sample (S = 0.16) breakages occurred solely in the shortened I zones. If muscle enters rigor in a slightly stretched state, (S = —0.05) the precise location of fracture on further forcible stretching in the I zone is more readily determined and occurs largely beside the 
Z discs (Fig. 4a) and also to some small degree at the A band-I zone junction (Fig. 4b).Thus the much-reduced tensile strength of the myofibrils of aged meat, 90 hr PM. is associated with a weakening of sar­comere linkages largely between I fila­ments and Z discs. This weakening may be due either to a change in the Z discs or to a change in the I filaments them- sleves. In the Z discs at least it has been shown by phase-contrast microscopy that

Fig. 5— Longitudinal section of a fiber piece from a suspen­
sion aged 40 days, 2°C. A general leaching out of ground mate­
rial from the Z disc has occurred. The I filaments have lost their 
precise parallel alignment. (Magnification (a) x  10,000 (b) 
X39.000).

b
Fig. 6— Longitudinal section of whole meat, (S =  0.23) (a) 

Unaged, 30 hr PM. (b) Aged, 90 hr PM. Through aging Z discs 
have become less distinct and more wavy in appearance. (Mag­
nification x  10,000).
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there is a progressive disintegration of ma­terial during aging (Davey et al., 1969a).This is confirmed in the electron micro­graph of fiber-piece preparation aged for 55 days at 2°C (Fig. 5). Z discs are shown to have virtually disappeared through a loss of opaque ground sub­stance while fibrous material in some dis­array remained attached across the I zone.Loss of Z discs in whole meat, 90 hr PM, is usually not so complete. However, it is shown in Figure 6 that discs remain­ing were not only much reduced in in­tensity through aging, but also had be­come more diffusive and wavy in appear­ance.No discernible alteration in I filament ultrastructure has been encountered dur­ing storage for 90 hr PM (Figs. 5 and6), although the increased disorder and loss of parallel alignment of the I fila­ments may well reflect some change.
DISCUSSION

CONSIDERABLE evidence of both a chemical and microscopic nature has now accumulated to suggest that during aging two distinct changes occur in the myo­fibrillar components of meat. The first is a weakening of lateral attachments which maintain myofibrils in precise register within the muscle fibers, probably at the level of the Z discs and involving ele­ments of the sarcoplasmic reticulum (Davey et al., 1969a, Walker et al..1968). The second is a weakening of the myofibrils themselves, resulting in a break­ing at the I filament-Z disc junction and occasionally at the edge of the A band. How can these changes be of significance in describing the increased tenderness of aged meat?We envisage that with the loss of the lateral inter-myofibrillar linkages, there will be a more limited dissipation of an applied shearing force throughout the body of the meat. With the resultant, more intense build-up of the stresses, aged meat will cleave at a lower shearing force than unaged meat. Expressed in terms of the breakages occurring on longitudinal stretching, it is envisaged that in the absence of lateral linkages tension will not build up uniformly but

progressively among the myofibrils. For this reason each myofibril, to be released from its external stress, will break, thus allowing tension to be passed to the myo­fibril next in the progression.If aging is due entirely to a loss of these lateral linkages, the sites within the sarcomere that yield on stretching will be the same for both unaged and aged meat. However, it has been clearly shown (Davey et al., unpublished data) that unaged meat, 30 hr PM, yields on forcible stretching (loadings 1-3 Kg/cm2) largely through a withdrawal of I filaments from between the myosin rods of the A bands. On the other hand in aged meat a separa­tion of I filaments from Z discs occurs under very low tensions indeed (50 g/cm2 muscle), since the Z disc I-filament link­age is now the weakest link in the myo­fibrils.From this evidence we conclude that meat aging is due largely to a loss of tensile strength within the meat fiber, through a weakening of the Z disc-I fila­ment linkages, with the loss of lateral linkages among myofibrils playing a lesser role.It remains to consider whether the Z disc-I filament weakening is due to changes in the properties of the Z-disc material or to changes in the I filaments. The present results show that the Z discs undoubtedly undergo progressive changes during aging. Fibrous components of the Z disc appear to be held together in rigid order by ground substance which disinte­grates during prolonged storage. Unchar­acterized proteins that may be derived from such material have been shown to leach from myofibrils coincident with the disappearance of the Z-disc structures (Davey et al., 1968b).However, it must be kept in mind that the increased ease with which I filaments pull away from Z discs on stretching aged meat may actually be due to a change in the properties of the I filaments. Indeed, the close association between actin, tropo­myosin and troponin within the I fila­ments is lost during prolonged aging (Davey et al., 1968b; Valin 1968).
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Infection Routes of Bacteria into Chicken Eggs

S U M M A R Y — The area  m o s t  p r o n e  to  in fe c t io n  a n d  c o n s e q u e n t  s p o i la g e  o f  eggs  was Id e n ­
t i f ied .  D i f fe r e n t  a reas  o f  t h e  egg  w e re  c o a te d  w i th  p a ra f f in  wax. Th e  w a x e d  eggs w ere  ex­
posed tc i n fe c t io n  by  Pseudomonas aeruginosa a n d  s p o i la g e  s tu d ie d  b y  u l t r a v io le t  l ig h t  
c an d l ing .  The b lu n t  e n d  w as  f o u n d  to  be m o s t  v u ln e ra b le  fo l lo w e d  by  th e  e q u i to r ia l  re ­
g io n  a n d  th e  s m a l l  end.

IN TR O D U C TIO N
IN  R E C E N T  Y E A R S , in c re a se d  a tte n ­
tio n  h as  b een  g iven  to  th e  m o d e  o f  in fe c ­
tio n  o f  eggs b y  b a c te r ia . T h e  o rg a n ism s  
used  m o st o f te n  fo r  in o c u la tio n  h a v e  
b een  v a rio u s  sp ec ies  o f  P s e u d o m o n a s .  
T h ese  o rg a n ism s a re  p r im a ry  in v ad e rs  
a n d  are  re la tiv e ly  easy  to  d e tec t.

A tte m p ts  h a v e  b e en  m a d e  b y  sev e ra l 
w o rk e rs  to  c o rre la te  egg  she ll p o ro s ity  
w ith  b a c te r ia l  p e n e tra t io n  (W a ld e n  e t  al., 
1956, F ro m m  e t a l., 1960 , R e in k e  e t  a l., 
1 9 6 6 ) . R o m an o ff (1 9 4 3 )  s ta te s  th a t  th e  
b lu n t e n d  o f  eggs a re  m o re  p o ro u s  th a n  
th e  sh a rp  end , h o w e v e r, H a r tu n g  e t  al. 
(1 9 6 3 )  re p o rte d  n o  d iffe ren ce  b e tw ee n  
e x trem e  p o ro s ity  a n d  in d ic a te d  th a t  c a p a ­
c ity  to  re s is t p e n e tra t io n  w as n o t  a  f u n c ­
tio n  o f  p o ro sity .

T y le r  (1 9 6 1 a )  d e te rm in e d  th e  egg shell 
th ick n ess b y  sev e ra l m e th o d s  a n d  re p o rte d  
th a t  th e  b ro a d  a n d  n a r ro w  e n d  o f  th e  egg 
shell h a d  a  th ic k n e ss  g re a te r  th a n  m o st 
in te rm ed ia te  la titu d e s . T h e  v a r ia tio n  in  
th e  shell m e m b ra n e  th ic k n e ss  o v e r v a rio u s  
p a r ts  o f  th e  she ll w e re  re p o rte d  to  b e  c o n ­
sid e rab le  b y  T y le r  ( 1 9 6 1 b ) ,  h o w ev er, 
th e re  w as n o  re la tio n sh ip  b e tw ee n  m e m ­
b ra n e  th ic k n e ss  a n d  shell th ick n ess. 
R e in k e  e t al. ( 1 9 6 6 ) ,  u s in g  c a rb o n  d io x ­
ide  p e n e tra t io n  d a ta , sh o w ed  a  lo w  n e g a ­
tiv e  c o rre la tio n  b e tw ee n  c a rb o n  d io x id e  
p e rm e a b ility  a n d  b a c te r ia l  p e n e tra t io n  fo r  
to p , b o tto m  a n d  e q u ito r ia l  she ll sec tio n s 
o f  c h ic k en  eggs.

T h is  la b o ra to ry  fo u n d  th a t  eggs a rtif i­
c ia lly  ex p o sed  to  P s e u d o m o n a s  a e r u g i ­
n o s a  o f :en  rev ea l a  d e fin ite  g reen ish  a re a  
o f  b a c te r ia l g ro w th  a t th e  b lu n t  ( a ir  ce ll) 
end . T h is  s tu d y  w as u n d e r ta k e n  to  d e ­
te rm in e  if  th e re  is a n y  p re fe re n tia l  a re a  
o n  an  egg  fo r  b a c te r ia l  p e n e tra t io n  a n d  
g ro w th  re su ltin g  in spo ilage .

M A TE R IA LS  &  M ETH O D S
Eggs

A ll eggs used in this experim ent w ere from  
one strain  o f  W hite Leghorn  hens fro m  the 
C ornell U niversity  farm . T he eggs were o f 
the sam e size and were one day old when 
used.

Washing of eggs
T he eggs were w ashed in an  im m ersion 

type w asher using a sanitizer-detergent fo r  3 
m in  a t 45 °C. T he eggs w ere then  rinsed in 
w ater (4 0 °C ) to rem ove residual sanitizer- 
detergent. T hey were dried a t room  tem pera­
ture.

Dipping of eggs in molten wax
T he washed, air dried eggs were dipped in 

m olten  paraffin wax th a t the  unw axed area  
consisted of the b lun t end, sm all end, bo th  
ends and equitorial region. T he detailed 
schem atic fo r  dipping is show n in F igure  1. 
E xtrem e care was taken to  expose a sim ilar 
am oun t o f shell surface  to  paraffin w ax 
w ithin each treatm ent. T he eggs were stored 
in a  35°C  incubator for lV j-2  h r before ex­
posure to infection.

Exposure to infection
T he waxed eggs were a t  abou t 35 °C  when 

rem oved fro m  the incubator. T hey  were 
dipped in w ater, infected w ith approxim ately 
1 m illion cells of P . a e r u g in o s a  per ml. T he 
tem perature  o f the dip w ater was 15°C  and 
the tim e of exposure to infection was 5 m in. 
A fter exposure to infection, the eggs were 
rem oved and stored a t room  tem perature  
(2 1 -2 3 °C ).

Spoilage study
T he infected eggs were stored a t room

A B C D

E F G H

[ ~] = w axed  area

Fig. 1— D ia g ra m  o f  eggs s h o w in g  d i f f e r ­
e n t  a reas  c o ve re d  w i th  p a ra f f in  wax.

tem perature  and the spoilage follow ed by 
candling  every day using u ltrav io le t light. 
Eggs show ing greenish florescence were con­
sidered positive fo r  spoilage.

R ESU LTS &  D ISCUSSIO N
T A B L E  1 g ives th e  re su lts  o f  b a c te r io lo g ­
ica l e x a m in a tio n  o f  th e  eggs th a t  w ere  
w a x ed  in  d iffe re n t a rea s  a n d  w ere  ex p o sed  
a rtif ic ia lly  to  in fe c tio n  b y  P . a e r u g in o s a .  
T h e  eggs w e re  in c u b a te d  a t ro o m  te m p e ra ­
tu re  ( 2 1 - 2 3 ° C )  fo r  a  m a x im u m  p e r io d  o f  
30  d ays. S p o ilag e  w as c o n s id e ra b ly  lo w er 
w h e n  th e  eggs w e re  c o a te d  w ith  w ax  a t 
th e  b lu n t  e n d  o r  w h e n  all th e  she ll w as 
c o v e re d  w ith  w a x  e x ce p t th e  sm all end . 
S p o ilag e  w as a lso  m in im a l w h e n  th e  
eggs w e re  e n tire ly  c o v e re d  w ith  w ax.

T h e re  w as so m e  sp o ilag e  ev en  w h en  
th e  she ll w as c o m p le te ly  c o v e re d  w ith  
w ax. T h is  c o u ld  b e  d u e  to  so m e  m in u te  
a re a s  o f  th e  she ll w h ic h  w e re  n o t  c o v ­
e re d  w ith  w a x  o r  d u e  to  so m e  n a tiv e  
b a c te r ia  w h ic h  w e re  on  th e  she ll b e fo re  
w ax in g . S p o ilag e  w as v e ry  h ig h  w h en  th e  
sm all e n d  w as w ax ed . S im ila r  re su lts  w ere  
o b ta in e d  w h e n  b o th  en d s w e re  le ft un - 
w a x ed  o r  th e  b lu n t e n d  w as n o t w axed . 
H o w ev e r, sp o ilag e  w as in  b e tw ee n  th e  
tw o  e x tre m e s  w h e n  b o th  en d s w ere  
c o v e re d  w ith  w ax .

R esu lts  sh o w  th e  a ir  cell e n d  is th e  
a re a  m o st v u ln e ra b le  to  in fec tio n . T h e  de-

Table 1—Effect of various treatments as 
shown in Figure 1 on the spoilage of egg by 
Pseudomonas aeruginosa.

T r e a t m e n t

D a y s  o f  i n c u b a t i o n

1 0  15 2 0 25 3 0

N u m b e r  sh o w in g  s p o ila g e 1

A —  — 7 14 17
—  — 4 7 11

B —  i 9 21 3 2
—  3 11 2 4 3 9

C —  1 2 4 7
2  4 9 12 18

D —  6 13 19 4 0
—  2 15 21 31

E —  1 11 2 4 3 5
1 3 13 2 6 3 9

F 1 2 4 5 7
—  3 3 7 9

G ---- ---- 1 4 6
---- ---- 2 5 9

H —  3 12 2 4 3 5
—  5 16 2 8 3 8

1 T w o  t r i a l s ,  4 0  e g g s  i n  e a c h  t r i a l .  
—  N o  s p o i l a g e .
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g ree  o f  sp o ilag e  d ec reases  c o n s id e ra b ly  if 
th e  b lu n t  e n d  is c o v e re d  b u t  it is n o t  a b ­
so lu te . T h e  sm all e n d  a p p e a rs  to  be th e  
m o s t re s is ta n t to  p e n e tra t io n  even  w h en  
th is  is th e  o n ly  ex p o sed  a re a . T h e  th ree  
reg io n s ra te d  a c c o rd in g  to  th e ir  su sce p ti­
b ility  a re  as fo llo w s: ( a )  b lu n t en d , (b )  
e q u ito r ia l  re g io n  a n d  (c )  sm all en d .

K r a f t  e t  al. (1 9 5 8 )  a n d  R e in k e  e t al.
(1 9 6 6 )  re p o rte d  a  p o o r  c o rre la tio n  b e ­
tw een  p o ro s ity  a n d  sp o ilag e . R e in k e  e t  al.
(1 9 6 6 )  re m o v e d  th e  m e m b ra n e s  a n d  w ere  
p r im a r ily  s tu d y in g  th e  effec t o f  she ll 
p o ro sity . H o w ev e r, in  th is  s tu d y , th e  effect 
o f  all th e  e x te r io r  b a r r ie rs  in c lu d in g  c u ­
tic le , she ll a n d  th e  tw o  shell m e m b ra n e s  
w e re  in vo lved . H a r tu n g  e t  al. (1963) 
sh o w ed  th a t  m e m b ra n e s  fro m  eggs o f 
v a r ie d  she ll p o ro sitie s  d id  n o t  d iffe r in 
th e ir  c a p a c ity  to  re s is t p e n e tra t io n  by  
P s e u d o m o n a s  f lu o r e s c e n c e .  W a ld en  e t al.
(1 9 5 6 ) ,  in d ic a te d  th a t  she ll a t th e  b lu n t 
e n d  c o n ta in  a  g re a te r  n u m b e r  o f  p o re s  
a n d  w as m o re  p e rm e ab le  th a n  th e  n a rro w

end . I t  w o u ld  a p p e a r  th a t  th e  m ec h an ism  
o f  b a c te r ia l  p e n e tra tio n  m ay  n o t invo lve  
p e rm e a b ility  effect.

T h e  d a ta  p re sen te d  h e re  in d ic a te  th a t  
eggs spo il fa s te r  if  in fec tio n  tak es  p lace  
a t th e  b lu n t e n d  as c o m p a re d  to  o th e r  
reg io n s o n  th e  egg. T h ic k n ess  o f  th e  shell 
a n d  th e  m em b ran e s  a re  n o t c ritic a l f a c ­
to rs  in p e n e tra tio n . T y le r  (1 9 6 1 b )  re ­
p o r te d  th a t  she ll th ic k n e ss  w as g rea tes t 
a t  th e  b ro a d  e n d , h o w ev er, re su lts  in d ic a te  
th a t  th is a re a  is m o st v u ln e ra b le  to  in ­
fec tio n . I t  is m o re  p ro b a b le  th a t  th e  a ir  
cell cau ses a v a cu u m  o r  su c tio n  effect, 
th e re b y  fa c ili ta tin g  th e  p assag e  o f  th e  
o rg an ism s. T h e  b lu n t e n d  m ay  p ro v id e  
b e tte r  e n v iro n m e n ta l co n d itio n s  fo r  
g ro w th  a n d  m u ltip lic a tio n  o f  th e  o rg a ­
n ism s o n ce  p e n e tra tio n  h as  ta k e n  p lace .
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Chemical Destruction of Aspergillus niger Conidiospores
S U M M A R Y — D e s t r u c t io n  o f  A. niger c o n id io s p o re s  a t  2 0 ° C  ( 6 8 ° F )  by  2 0  p p m  NaCIO  an d  
2 0  p p m  io d in e  as io d o p h o r  y ie ld e d  D va lue s  o f  0 .6 1  m in  a n d  0 .8 6 ,  re sp e c t ive ly  a t  p H  
3 .0  a n d  1.31 a n d  2 .0 4  m in ,  re s p e c t ive ly  a t  p H  7.0 . On th e  bas is  o f  m o la r  c o n c e n t ra t io n s ,  
i o d in e  was s l ig h t l y  m o re  e f fe c t ive  th a n  c h lo r in e .  A D va lu e  o f  0 .0 2 6  m in  was o b ta in e d  
w i th  4 %  N a O H  a t  6 0 ° C  ( 1 4 0 ° F )  in d ic a t in g  4 %  N a O H  a t  60 °C  to be fa r  m o re  g e rm ic id a l  
th a n  2 0  p p m  o f  e i t h e r  h a lo gen  c o m p o u n d  a t  2 0 °C .  One p e r  c e n t  N aO H  a t  3 0 °C  re s u l te d  
in an  im m e d ia te  a n d  ra p id  re lease o f  a m in o  a c id s  p r e s u m a b ly  f r o m  th e  spore w a l l  d u r in g  
th e  f i r s t  2  m in  o f  c o n ta c t  a n d  a s lo w e r  ra te  o f  re lease  o f  RNA, w i th  D N A  re leased  a t  
th e  s lo w e s t  ra te .

IN TR O D U C TIO N
I N  T H E  A S E P T IC  p ro c ess in g  o f  single  
s tre n g th  o ra n g e  ju ice  tw o  p r in c ip a l m e th ­
o d s  a re  p re se n tly  in  use  fo r  re n d e rin g  
glass c o n ta in e rs  fre e  o f  sp o ilag e  m ic ro ­
o rg an ism s. O n e  m e th o d  uses a  4 %  N a O H  
w a sh  fo llo w ed  by  a  c h lo r in a te d  w a te r  
rin se  (L u n d  e t a l., 1 9 6 6 ) :  th e  seco n d  
m eth o d  uses a  rin se  w ith  15 p p m  io d o p h o r  
(N eeb  e t al., 1 9 6 7 ) . T h e  p u rp o se  o f  th is 
in v es tig a tio n  w as to  d e te rm in e  th e  re la tiv e  
g e rm ic id a l effec tiveness o f  th ese  tw o  
m e th o d s  fo r  re n d e rin g  glass c o n ta in e rs  
free  o f  v iab le  m o ld  sp o re s a n d  to  assess 
th e  e x te n t o f  m a rg in a l asepsis a n d  p o ­
te n tia l  sp o ilag e  e n g e n d e re d  b y  b o th  
m eth o d s .

M A TE R IA LS  &  M ETH O D S
Preparation of conidiospores

F rozen  orange concentrate was reconsti­
tu ted  w ith distilled w ater and  clarified by 
vacuum  filtration th rough  a bed o f Hyflo- 
Super-Cel. F ifty  m l o f the clarified orange 
juice w ere autoclaved fo r 10 m in at 121 °C 
in 250 m l E rlenm eyer flasks. They were then 
inoculated w ith a  stock culture o f A . n ig e r  
and incubated  statically  for one week a t 
30°C  fo r  developm ent o f m ature  conidio­
spores. T he spent juice was carefully  poured 
off leaving the m at o f grow th intact. D is­
tilled w ater (100 m l) was slowly added be­
low  the m at and then  decanted to  rem ove 
rem aining juice and solids.

Sodium  laury l sulfate (100 m l o f 0 .1 % ) 
was added and the flask vigorously agitated

to separate conidiospores from  the m at. T he 
spore suspension v/as then  poured  in to  a 250 
ml E rlenm eyer flask contain ing  glass beads 
and the flask was agitated  a t room  tem p era ­
tu re  fo r  15 m in on  a ro tary  shaker to d is­
perse clum ps. T he concentra tion  o f the 
spore suspension was then  determ ined with 
a Petroff H ausser b acteria  counting  ch am ­
ber and adjusted to 3.3 x  10“ spores per 
m illiliter.

Determination of destruction rates
C onidiospores o f A . n ig e r  w ere subjected 

to  1, 2, 3 and 4%  N aO H  a t six different 
tem peratures (20, 30, 40, 50, 60 and  7 0 ° C ) . 
T he destruction  of A . n ig e r  conidiospores 
by halogen com pounds a t concen tra tions o f 
1, 3, 6, 10, 15 and 20 ppm  was studied at 
20 °C. A  500 ml three  neck flask (L evine et 
al., 1927) was used fo r determ ining destruc­
tion rates. One neck of the flask was equipped 
w ith a therm om eter, one w ith a  stirring  
rod and blade and the th ird  w ith a stopper 
to perm it aseptic sam pling o f the flask co n ­
tents.

The flask was autoclaved, 299 ml of 
sterilizing solution added  and placed in a 
F isher U nitized  W ater Bath previously ad ­
justed to the desired tem perature, then  1 ml 
o f a  spore suspension contain ing  3.3 X 10“
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spores was added. One ml sam ples were 
removed periodically  and transferred  to 9 
ml o f appropria te  chilled chem ical inacti­
vator (0.1 M  N a iS j0 3 fo r halogens and 0.1 
M  to  0.4 M  KH -POj fo r N aO H  so lu tions).

W hen destruction rates were too rapid to 
allow sufficient tim e fo r  germ icidal inac­
tivation w ith the flask m ethod tubes were 
used fo r destruction studies. A series o f 22 
X 175 m m  presterilized tubes w ere placed 
in the w ater bath , 9.9 ml o f germ icidal agent 
added, the tem perature  o f the tubes allowed 
to  becom e constant, then 0.1 ml o f a spore 
suspension containing 1 X 10“ spores per 
m illiliter was added and shaken vigorously 
to give a uniform  suspension.

A fter predeterm ined tim e periods, an 
equal volum e of chilled K H sP 0 4 o r Na-S20 3 
solution was rapidly added to inactivate the 
germicidal solution. Spore suspensions were 
fu rth er diluted using 9 ml dilution blanks 
of clarified orange juice a t pH  4.0. One 
ml o f the 10 \ 10“ and 103 d ilutions was 
plated in duplicate using orange serum  agar 
(D ifco) to determ ine survivors. Plates were 
incubated at 30°C  fo r two days.

Preparation of germicidal solutions
The concentra tion  o f N aO H  solutions in 

distilled w ater was determ ined by potassium  
acid ph thala te  titra tion  (H orw itz  et al., 
1965). Solutions of a com m ercial iodophor 
(15%  Butoxy polypropoxy ethanol-iodine 
complex, providing 1.75% available iodine, 
9%  phosphoric acid and 75.5%  inactive in­
gredients) and sodium  hypochlorite  were 
prepared in buffer solutions. M ixtures o f 0.1 
M  H ;,PO„ 0.1 M  K H .PO i and 0.1 M  
K»HPO, were used as buffers to m aintain 
the pH  values (3, 5 and 7 ) o f the halogen 
solutions constant. lodom etric  titra tion  was 
used to determ ine the concentra tions o f free 
chlorine (A m erican  Public H ealth  A ssocia­
tion, 1965). Free iodine concentra tions were 
determ ined by starch-th iosulfate titra tion  
(H ays et al., 1967).

Assays for cell leakage
The m ethod o f Lowry et al. (1951) was 

used fo r the assay o f ninhydrin  positive 
am ino acids using bovine serum  album in 
fo r a standard  curve. R ibonucleic acid was 
determ ined by the orcinol m ethod of Mej- 
baum  (1939). D eoxyribonucleic acid was 
determ ined w ith the diphenylam ine m ethod 
of Burton (1956).

Leakage studies
C onidiospores were grown and harvested 

as previously described, w ashed three  tim es 
with 100 m l o f  0.1%  sodium  Iauryl sulfate, 
once w ith 100 m l distilled w ater, and then 
adjusted to 1 x  10” spores/m l w ith distilled 
water. A series o f  22 x 175 m m  tubes was 
placed in a w ater bath , 5 ml o f 1% N aO H  
added, the tem perature  allow ed to rise to 
constant value (3 0 °C ), then 1 m l o f the 
pretem pered spore suspension was added and 
shaken vigorously to give a un ifo rm  cell 
suspension.

A fter predeterm ined tim e periods, an 
equim olar am ount o f chilled HC1 was rapidly 
added to inactivate the N aO H  solution and 
filtered im m ediately th rough  a 0.45 m icron 
porosity  m illipore filter. T he filtrates were 
refrigerated overnight before leakage as­

says were perform ed. Zero tim e assays were 
perform ed by adding  1 ml o f  the spore sus­
pension to chilled and previously neutralized 
1 N  N aO H  prior to filtration. T he use o f 
phosphate o r T ris buffer to neutralize the 
1.0% N aO H  in w hich the spores were sus­
pended resulted in the release o f consider­
able d ark  brow n pigm ent from  the spores 
w hich necessitated the direct addition  of 
chilled HC1 w ithout a buffer fo r neu tra liza­
tion.

R ESU LTS &  D ISCUSSION
D estruction by sodium hydroxide

D e s tru c tio n  ra te s  fo r  A .  n ig e r  c o n id io ­
sp o re s sh o w ed  n o  lag  a n d  w ere  e x p o n e n ­
tia l in 1. 2. 3 a n d  4 %  N a O H  a t a ll te m ­
p e ra tu re s  used  (F ig s . 1 - 4 ) .  W ith  1 .0%  
N a O H  th e  D  v a lu e  ( t im e  in m in  to  d e ­
s tro y  9 0 %  o f  sp o re s )  a t 2 0 ° C  w as 81 .09  
m in  w h ile  a t 6 0 ° C  th e  D  v a lu e  w as 0 .2 6  
m in. W ith  4 %  N a O H  th e  D  v a lu e  at 
2 0 ° C  w as 0 .3 4  m in  w h ile  a t 6 0 ° C  th e  D  
v a lu e  e x tra p o la te s  to  0 .0 2 6  m m  (T a b le  1 
a n d  F ig . 5 ) .  T h e  ra te s  o f  d e s tru c tio n  w ith

Fig. 1— D e s t r u c t io n  o f  A. niger c o n id io ­
spo res  a t  va r io u s  te m p e r a tu r e s  by  1 %  
N aO H .

Fig. 2 — D e s t ru c t io n  o f  A. niger c o n id io ­
spo res  a t  va r io u s  te m p e r a tu r e s  by  2 %  
N aOH .

Table 1—Summary of D values for A. niger 
in sodium hydroxide.

T e m ­
p e r a t u r e ,

° C

D  v a l u e s  in  m i n

1 %
N a O H

2 %
N a O H

3 %
N a O H

4 %
N a O H

2 0 8 1 .0 9 2 . 6 6 0 . 6 6 0 . 3 4
3 0 31 .3 3 1 .7 2 0 . 3 0 0 .1 8
4 0 1 0 .5 2 0 . 8 7 0 . 2 4 0 . 1 0
5 0 1 .3 8 0 .1 9 0 .1 1 0 .0 5
6 0 0 . 2 6 0 .0 8 0 . 0 6 0 . 0 2 6 t
7 0 0 . 1 2

1 O b t a i n e d  b y  e x t r a p o l a t i o n  f r o m  th e r m a l  d e ­
s t r u c t i o n  c u r v e  ( F ig .  5 ).

2 an d  3 %  N a O H  a t 7 0 CC  a n d  w ith  4 %  
N a O H  a t 60  a n d  7 0 CC  w ere  to o  ra p id  to  
d e te rm in e  e x p e rim e n ta lly  w ith  th e  m e th ­
ods used .

T h e  z v a lu es (n u m b e r  o f  d eg rees F a h r ­
e n h e it re q u ire d  to  a lte r  th e  D  v a lu es 10 
fo ld )  fo r  th e  d e s tru c tio n  o f  A .  n ig e r  
c o n id io sp o re s  in 1. 2. 3 a n d  4 %  N a O H  
w ere  2 9 .5 . 4 5 .0 , 6 9 .0  a n d  6 7 .0 , resp ec-

Fig. 3 — D e s t ru c t io n  o f  A. niger c o n id io ­
spo res  a t  v a r io u s  te m p e r a tu r e s  by  3 %  
N aO H .

__I___________I___________I___________1_
2 0 40 60 80

SECONDS
Fig. 4 — D e s t r u c t io n  o f  A. niger c o n id io ­

sp o re s  a t  v a r io u s  te m p e r a tu r e s  by  4 %  
N aO H .
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Fig. 5 — T h e rm a l  d e s t ru c t io n  cu rves  o f  A. 
niger c o n id io s p o re s  f o r  v a r io u s  c o n c e n t r a ­
t io n s  o f  N aO H .

Fig. 8— D e s t r u c t io n  o f  A. niger c o n id io ­
spo res  by  v a r io u s  c o n c e n t r a t io n s  o f  NaCIO  
a t  p H  3.0 .

Fig. 1 1 — D e s t ru c t io n  o f  A. niger c o n id io ­
sp o re s  by  v a r io u s  c o n c e n t r a t io n s  o f  io d in e  
a t  pH  3 .0 .

Fig. 6— G e rm ic id a l  e f f ic ie n cy  o f  N aO H  
a g a in s t  A. niger c o n id io s p o re s . Fig. 9 — D e s t ru c t io n  o f  A. niger c o n id io ­

spo res  by  v a r io u s  c o n c e n t r a t io n s  o f  NaCIO  
a t  p H  5 .0 .

I2 ■ pH 5

Fig. 1 2 — D e s t ru c t io n  o f  A. niger c o n i ­
d io s p o re s  by  va r io u s  c o n c e n t r a t io n s  o f  
i o d in e  a t  p H  5.0.

Fig. 7— R elease o f  a m in o  ac ids ,  RNA  
a n d  D N A  f r o m  A. niger c o n id io s p o re s  by  
1 . 0 %  N a O H  a t 3 0 ° C .

Fig. 1 0 — D e s t r u c t io n  o f  A. niger c o n id io ­
sp o re s  b y  va r io u s  c o n c e n t r a t io n s  o f  NaCIO  
a t  p H  7.0.

Fig. 1 3 — D e s t r u c t io n  o f  A. niger c o n i ­
d io s p o re s  by  v a r io u s  c o n c e n t r a t io n s  o f  
io d in e  a t  p H  7.0.
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Table 2—Summary of D values of A. niger conidiospores in halogen solutions at 20°C.

D  v a lu e s ,  m i n

C o n c e n t r a t i o n
o f h a l o a e n s .  P H  3 p H  5 p H  7

p p m N a C I O y 2 i 2 N a C I O 1 i . N a C I O 1 0 [„

1 5 5 . 5 6 4 0 . 8 2 6 9 . 4 0 5 6 .8 2 1 0 0 .0 0 9 0 . 9 0
3 1 0 .1 0 1 0 .3 7 1 3 .5 0 10 .8 9 22 12 1 9 .2 3
6 3 . 2 0 3 . 7 6 4 . 1 7 4 , 0 0 4 . 8 5 4 . 7 7

10 1 .4 9 1 .4 1 2 . 0 0 2_ 5 6 2 .3 8 2 .8 1
15 0 . 7 8 0 . 9 4 1 .2 1 i . 61 1 .7 1 2 . 3 2
2 0 0 .6 1 0 . 8 6 1 .0 4 i . 15 1 .3 1 2 . 0 4

tively  (F ig . 5 ) .  O f in te re s t  a re  th e  n e a rly  
id en tica l z  v a lu es o b ta in e d  w ith  3 a n d  4 %  
N a O H  w h ic h  in d ic a te s  a  c o n s ta n t  te m ­
p e ra tu re  c h a ra c te ris tic  fo r  d e s tru c tio n  a t 
these  tw o  c o n c e n tra tio n s . T h is , h o w ev er, 
sh o u ld  n o t be  in te rp re te d  as in d ic a tin g  
s im ila r  d e s tru c tio n  ra te s  w ith  3 a n d  4 %  
N a O H  a t a  g iven  te m p e ra tu re . A t 2 0 ° C  
th e  D value  w ith  3 %  N a O H  w as 0 .6 6  m in  
w h e reas  w ith  4 %  N a O H  th e  D v a lu e  w as 
0 .3 4  m in ; a p p ly in g  a n  id en tica l z  v a lu e  to  
th ese  in itia l D v a lu es w ill n o t  a lte r  th e  
a p p ro x im a te ly  tw o fo ld  d iffe ren ce  in d e ­
s tru c tio n  ra te s  (D  v a lu e s )  m a in ta in e d  a t 
a n y  g iven te m p e ra tu re  b e tw ee n  th e  tw o  
c o n ce n tra tio n s .

T h e  re la tio n sh ip  b e tw e e n  th e  lo g a rith m  
o f  th e  c o n c e n tra tio n  o f  N a O H  a n d  th e  
lo g a rith m  o f  th e  D v a lu es w as fo u n d  to  be 
lin e a r  (F ig . 6 ) .  T h is  re la tio n sh ip  w as first 
ex p ressed  b y  W a tso n  (1 9 0 8 )  in th e  fo rm  
O  • t =  a  c o n s ta n t, w h e re  t  is th e  tim e  to  
d e s tro y  a  spec ified  n u m b e r  o f  o rg a n ism s 
b y  c o n c e n tra tio n  C  ( o f  d is in fe c ta n t)  an d  
n  is a  c o n s ta n t. F o r  p u rp o se s  o f  c a lc u la ­
tio n  th is ex p ress io n  m a y  b e  w r itte n  :

n  lo g  C  +  lo g  t  =  c o n s ta n t

a n d  in d ic a te s  a  l in e a r  re la tio n sh ip  b e ­
tw een  lo g  C  a n d  lo g  t. E q u a tio n s  e x p re ss ­
in g  th ese  re la tio n sh ip s  fo r  9 0 %  d e s tru c ­
tio n  b y  so lu tio n s  o f  N a O H  w e re  fo u n d  to  
be :

a t 2 0 DC  l o g t  =  1 .95  - 4 . 2 6  lo g  C  
a t 3 0 3C  lo g  t =  1 .36  — 3 .6 5  lo g  C
a t 4 0 ° C  lo g  t  =  0 .7 7  -  3 .0 7  lo g  C
a t 5 0 'C  lo g  t  =  0 . 1 8 - 2 . 4 6  lo g  C
a t 6 0 ’ C  lo g  t =  0 .4 3  -  1 .78 lo g  C

O n ce  e s tab lish ed , th ese  e q u a tio n s  c an  
be  used  to  c a lc u la te  th e  tim e  re q u ire d  to  
d e s tro y  a n y  n u m b e r  o f  th e  o rg a n ism  by  
a n y  specific  c o n c e n tra t io n  o f  g e rm ic id a l 
a g en t a t th e  spec ified  te m p e ra tu re .

Leakage studies
S tud ies on  cell lea k ag e  w ere  d esig n ed  

to  d e te rm in e  th e  e x te n t o f  d a m a g e  to  th e  
sp o re  m e m b ra n e  a n d  cell w all b y  e x p o su re  
o f  c o n id io sp o re s  to  1 %  N a O H  a t 3 0 ° C . 
T h is  c o n c e n tra tio n  a n d  te m p e ra tu re  w ere  
ch o se n  fro m  p re v io u s  d e s tru c tio n  s tu d ies  
so  th a t  a p p ro x im a te ly  5 0 %  sp o re  d e s tru c ­
tio n  w o u ld  re su lt  in  10 m in . In  th is  m a n ­

n e r  leak ag e  o f  m a te ria l w o u ld  n o t  arise  
f ro m  ex ten siv e  d a m a g e  o f  th e  e n tire  c y to ­
p lasm ic  m e m b ra n e , o u te r  w all a n d  co a t 
b u t w o u ld  re flec t c o n c u r re n t  d e a th  o f  on ly  
h a lf  th e  cells b y  c o n tro lle d  c h em ica l d e ­
s tru c tio n .

A  ra p id  in c re a se  in  e x tra c e llu la r  n in - 
h y d rin  p o sitiv e  a m in o  acid s d u r in g  th e  
first 2 m in  o f  c o n ta c t  w ith  th e  1 %  N a O H  
o c c u rre d  fo llo w ed  b y  a  s lo w er ra te  o f  in ­
c rea se  (F ig . 7 ) .  S ince  th e re  is no  su ch  
ch an g e  in th e  ra te  o f  sp o re  d e s tru c tio n  it 
is a ssu m ed  th a t  th e  re lease  o f  p ro te in  o r  
a m in o  acid s d u r in g  th e  first 2 m in  is f ro m  
th e  sp o re  w all a n d  ex te rn a l co a t. T h is  is 
c o n sis ten t w ith  th e  w o rk  o f  H o rik o sh i et 
a l. (1 9 6 4 )  w h o  fo u n d  th e  sp o re  c o a t o f  
A . o ry za e to  co n sis t in p a r t  o f  p rc te in . 
T h e  ra te  o f  re le ase  o f  R N A  a n d  D N A  
fro m  c o n id io sp o re s  in  c o n ta c t  w ith  1 %  
N a O H  w as m u c h  s lo w er th a n  th e  re lease  
o f  p ro te in , w ith  D N A  re leased  a t th e  
slow est ra te .

D e s tru c tio n  o f  m ic ro o rg a n ism s  by  
N a O H  c an  re ad ily  b e  a ttr ib u te d  to  the  
l ip o p ro te in  n a tu re  o f  c y to p la sm ic  m e m ­
b ra n e s  a n d  th e  ch em ica l affin ity  o f  N a O H  
fo r  lip ids. T h e  s tru c tu ra l a sp ec ts  o f  lip ids 
in  b io lo g ica l m e m b ra n e s  a re  d iscu ssed  by  
v an  D e e n e n  (1 9 6 6 )  w h o  o b se rv ed  th e  
lysis o f  trie cell m e m b ra n e s  o f  N e u ro sp o m  
crassa by p o ly en e  a n tib io tic s  d u e  to  th e ir  
affin ity  to r  c h o le s te ro l in th e  m em b ran e . 
T h e  d ra s tic  d e g ra d a tio n  in th e  cell w all 
s tru c tu re  o f  m ic ro o rg an ism s  b y  N a O H  is 
e v id en ced  fro m  th e  re su lts  o f  N o r th c o te  
e t  al. (1 9 5 8 )  w h o  o b se rv ed  p a r tia l  d is­
so lu tio n  o f  th e  cell w all o f  C h lcre lla  
p yren o id o sa w ith  0 .5 -3 .0 %  N a O H , re ­
su ltin g  in an  u n m a sk in g  o f  th e  s tru c tu ra l 
m ic ro fib rills  o f  th e  w all.

D estruction by halogen solutions
S o lu tio n s  o f  so d iu m  h y p o c h lo r ite  an d  

io d o p h o r  w e re  fo u n d  m o st e ffective  a t  low  
p H  v a lu es a n d  h ig h  c o n c e n tra t io n s  (F ig s.
8 -1 3 , T a b le  2 ) .  O n  th e  basis o f  p p m  free  
h a lo g e n , c h lo r in e  w as  m o re  effec tive ly  
sp o ric id a l th a n  io d in e . T h e  re la tio n sh ip  
b e tw een  th e  lo g a r ith m  o f  th e  m o la r  c o n ­
c e n tra tio n s  o f  th e  h a lo g e n s  a n d  th e  lo g a ­
r ith m  o f  th e  D v a lu es w as fo u n d  to  be  
l in e a r  (F ig s . 1 4 - 1 6 ) .  T h e  e q u a tio n s  o f  
th ese  lines w e re  fo u n d  to  b e :

fo r  so d iu m  h y p o c h lo r ite  (u M  N a C lO /l)  
a t p H  3 .0

lo g  t =  3 .43  -  1 .50 log C
a t p H  5 .0

l o g t  =  3 .4 4  -  1.43 log C
a t p H  7 .0

l o g t  =  3 .7 0  -  1 .50 log C
fo r  io d in e  as io d o p h o r  (u M  V ., I 2/ l )  

a t  p H  3 .0
l o g t  =  2.71 -  1 .36 lo g C

a t p H  5 .0
lo g t  =  2 .73  -  1.28 log  C

a t p H  7 .0
log  t =  2 .8 9  -  1 .30 log  C

A t p H  3 .0 , 1 p p m  N a C IO  a n d  1 p p m  
io d in e  y ie ld ed  D v a lu es o f  5 5 .5 6  a n d  
4 0 .8 2  m in , re sp ec tiv e ly : 20  p p m  N a C IO  
y ie ld ed  a D v a lu e  o f  0.61 m in  a n d  20  p p m  
io d in e  y ie ld ed  a  D v a lu e  o f  0 .8 6  m in . A t 
p H  7 .0 , 1 p p m  N a C IO  a n d  1 p p m  iod ine  
y ie ld ed  D v a lu es o f  10 0 .0  a n d  9 0 .0  m in, 
re sp ec tiv e ly , w h ile  20  p p m  y ie ld ed  D  
v a lu es o f  1.31 m in  w ith  N a C IO  a n d  2 .0 4  
m in  w ith  io d in e  (T a b le  2 ) .  T h ese  D  
va lues a re  all g re a te r  th a n  th o se  o b ta in e d  
w ith  4 %  N a O H  a t 2 0 ° C  a n d  ab o v e  
(T ab le  1 ) .

C a lc u la tio n  show s:

1 p p m  V ., I.) =  7 .9  jiM  V ., I.,
1 p p m  N aC IO " =  13 .4  juM 'A , CL,

A p p ly in g  th e  ra tio  o f  1 3 .4 /7 .9  =  1.7 to  
th e  d a ta  in  T a b le  2 in d ic a te s  th a t  on  a 
m o la r  b asis io d in e  su p p lied  as io d o p h o r  is 
e q u a l to  o r  s lig h tly  m o re  e ffec tive  th a n  
c h lo r in e  in  d e s tro y in g  A . n iger co n id io ­
sp o res.

T s u k a h a ra  e t  al. (1 9 6 5 ) in an  e le c tro n  
m ic ro g ra p h ic  s tu d y  o f  th e  s tru c tu re  o f 
u l tra th in  se c tio n s  o f  A . n iger co n id io ­
sp o re s  d e m o n s tra te d  th e  p re se n c e  o f  a 
th ic k -w a lle d  s tru c tu re  a t  th e  o u te r  su rfa ce  
te rm e d  th e  o u te r  h u ll. T h e  o u te r  hu ll w as 
sh o w n  to  v a ry  in  th ic k n e ss  f ro m  0.1 to  0 .5  
m ic ro n s . T h e  a u th o rs  su g g est th a t  th e  
fu n c tio n  o f  th e  o u te r  hu ll is to  p ro te c t  th e  
c o n id ia  f ro m  h a rm fu l  p h y sica l a n d  c h e m ­
ical ag en ts . T h e  sp o re  c o a t  o r  w all ly in g  
d ire c tly  b e n e a th  th e  o u te r  h u ll w as o b ­
se rv ed  b y  th e  a u th o rs  to  v a ry  in  th ick n ess  
f ro m  a b o u t 0 .0 5 -0 .1 0  m ic ro n s  d e p en d in g  
o n  th e  s tag e  o f  m a tu ra tio n . A  b ro a d  in te r ­
m ed ia te  sp a c e  s e p a ra t in g  th e  sp o re  c o a t 
f ro m  th e  sp o re  m e m b ra n e  w as o b se rv ed  
to  v a ry  in  th ic k n e ss  f ro m  0 .7 0  to  0 .3 0  
m ic ro n s.

F r o m  th e  su m  o f  th e  m e a n  v a lu es o f  
th ese  m e a su re m e n ts  th e  sp o re  m e m b ra n e  
is fo u n d  to  lie  a t  a  m ea n  d is tan c e  o f  1.2 
m ic ro n s  fro m  th e  o u te r  su r fa c e  o f  th e  
o u te r  h u ll. T h is  re p re se n ts  a  c o n s id e ra b le  
d is tan c e  fo r  p e n e tra t io n  o f  a  g e rm ic id a l 
a g en t a n d  m a y  a c c o u n t f o r  th e  g re a te r  
g e rm ic id a l re s is tan c e  o f  co n id io sp o re s  
c o m p a re d  to  v eg e ta tiv e  b a c te r ia l  cells 
(H ay s, 1 9 6 7 ) .  T a n a k a  (1 9 6 6 )  m en tio n s  
th e  d ifficu lties e n c o u n te re d  in  fix ing  a n d  
e m b e d d in g  m a tu re  c o n id io sp o re s  w h ic h
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Fig. 1 4 — G e rm ic id a l  e f f ic ie n c y  o f  NaCIO  
a n d  io d in e  a g a in s t  A. niger c o n id io s p o re s  
a t  p H  3.0 .

a re  n o t e n c o u n te re d  w ith  im m a tu re  sp o res 
d u e  po ss ib ly  to  th e  g re a te r  th ick n ess  an d  
d en sity  o f  th e  w a lls o f  o ld e r  spo res.

T h e  s im ila r ity  in sen sitiv ity  b e tw een  
v eg e ta tiv e  cells o f  S . c e r e v i s ia e  a n d  n o n ­
sp o re fo rm in g  b a c te r ia  (H a y s  e t al., 1967) 
to w a rd  io d in e  a n d  c h lo r in e  in d ica te s  fa il­
u re  o f  th e  th ic k e r  cell w alls o f  S . c e r e ­
v i s ia e  to  e n h a n c e  g e rm ic id a l re sis tan ce . 
S ince  th e  cell w alls o f  y eas ts  a p p ro x im a te  
th e  th ic k n e ss  o f  c o n id io sp o re  w a lls and  
fro m  th e  ease  v eg eta tiv e  y eas t cells m ay  
b e  fixed  an d  e m b e d d ed  (B a rth o lo m e w  et 
a l., 1 9 5 5 ) v eg e ta tiv e  y e as t cell w alls a p ­
p e a r  f a r  m o re  p e rm e a b le  to  g e rm ic id a l 
ag en ts  th a n  c o n id io sp o re  w alls . S u ch  a 
d iffe ren ce  in p e rm e a b ility  m ay  a lso  be  re ­
flec ted  in  th e  f a r  g re a te r  re s is tan c e  c o ­
n id io sp o res  ex h ib it to w a rd  u ltra so n ic a tio n  
th a n  d o  y eas t v eg eta tiv e  cells (u n p u b lish ed  
d a t a ) .

A .  n ig e r  co n id io sp o re s  w e re  used  
th ro u g h o u t th is s tu d y  as re p re se n ta tiv e  o f 
a c o m m o n  m o ld  e n c o u n te re d  in glass c o n ­
ta in e rs . M o ld s w ith  less f re q u e n tly  o c c u r ­
rin g  s tru c tu re s  a re  k n o w n  to  be  h ig h ly  
re s is tan t to  g e rm icid es. T h e  m a rk e d  r e ­
sis tan ce  o f  N e u r o s p o r a  c r a s s a  a sco sp o res 
to  N a C IO  allow s th e  a p p lic a tio n  o f  th is 
g e rm ic id e  a t a  c o n c e n tra tio n  o f  1 .5 %  to  
a sco sp o res  as a  m ea n s  o f  se lec tiv e ly  k illing  
c o n ta m in a tin g  c o n id ia  in  a sc o sp o re  p re p ­
a ra tio n s  (E m e rso n , 1 9 4 8 ) .

L 06  C (jjM)

Fig. 1 5 — G e r m ic id a l  e f f ic ie n cy  o f  NaCIO  
a n d  io d in e  a g a in s t  A. niger c o n id io s p o re s  
a t  p H  5 .0 .

C O N C LU SIO N S
T H E  G E R M IC ID A L  effic iency aga in st 
m o ld  sp o re s  o f  h a lo g en  so lu tio n s  p ro v id ­
in g  20  p p m  o r  less o f  N aC IO  o r  io d in e  a t 
2 0 ° C  a p p e a rs  m arg in a l. T h e  ap p lic a tio n  
o f  4 %  N a O H  a t 1 4 5 ° F  fo llo w ed  b y  r in s­
in g  w ith  c h lo r in a te d  w a te r  a p p ea rs  to  be  
th e  b est m e th o d  o f  c h o ice  fo r  effic ien t 
d e s tru c tio n  o f  A .  n ig e r  c o n id io sp o re s  in 
g lass c o n ta in e rs .
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Factors Affecting the Distribution of Lactate Dehydrogenase Between
Particulate and Soluble Phases of Homogenized

Trout Skeletal Muscle
S U M M A R Y — S ke le ta l  m u s c le  o f  b ro w n  t r o u t  c o n ta in e d  one  e le c t ro p h o re t i c a l l y  d is t in g u is h ­
ab le  la c ta te  d e h y d ro g e n a s e  (L D H )  isozym e . In  h o m o g e n a te s  o f  th e  m u sc le ,  re lease  o f  
th e  e n zym e  in to  th e  s o lu b le  p h a s e  was fa v o re d  by  h ig h  io n ic  s t r e n g th  a n d  h igh  pH. 
D P N H  s o lu b i l iz e d  the enzyme a n d  p re v e n te d  b in d in g  o f  s o lu b le  e n z y m e  to  p a r t ic u la te  
m a t te r  a t  c o n c e n t r a t io n s  w h ic h  c o n t r i b u t e d  on ly  n e g l ig ib ly  to  th e  io n ic  s t r e n g th  o f  th e  
s u s p e n d in g  m e d iu m .  T h e  o th e r  c o m p o u n d s  in v o lv e d  in th e  L D H -c a ta ly z e d  re ac t ion ,  DPN*,  
py ruva te ,  a n d  lac ta te ,  w e re  less e f fec t ive .  The e f fe c t  o f  th e  la t te r  tw o  was d u e  c h ie f ly  to  
th e i r  c o n t r ib u t io n  to  th e  io n ic  s t r e n g th  o f  th e  m e d iu m .  Pyruva te ,  how e ve r ,  use d  w i th  
e i th e r  D P N H  o r  D P N * e x h ib i te d  a s y n e rg is t ic  a c t iv i ty .  E f fec t ive  s o lu b i l iz a t io n  s h o w e d  re ­
m a rk a b le  s p e c i f ic i t y  f o r  D P N H  a n d  T P N H . S o lu b i l i z a t io n  by  D P N H  w as  a lso  d e p e n d e n t  
on  th e  t i s s u e  c o n c e n t r a t io n  o f  th e  s u s p e n d in g  m e d iu m .  Th e  lo w e r  th e  t i s s u e  c o n c e n t r a ­
t ion ,  th e  m o re  re a d i ly  L D H  is s o lu b i l iz e d  by  D P N H . In  a d d i t io n  to  c e r ta in  m e ta b o l i c  i m ­
p l ica t io n s ,  th is  i n f o r m a t io n  m a y  be use d  t o  d e f ine  a ssa y  c o n d i t io n s  to  a l lo w  th e  s tu d y  
o f  th e  k in e t ic s  o f  L D H  in b o u n d  a n d  s o lu b le  fo rm s .

IN TR O D U C TIO N

AS T A R R  (1 9 6 6 )  p o in te d  o u t in a  re ­
cen t rev iew , “ th e  a c c u m u la tio n  o f  la c tic  
acid  in fish m uscles a f te r  d e a th  is o f  c o n ­
sid e rab le  im p o rta n c e  te c h n o lo g ic a lly .” 
Som e im p o r ta n t  asp ec ts  in c lu d e  th e  effect 
o f  the  d ro p  in p H  o n  b a c te r ia l  g ro w th , 
o n  s tru v ite  fo rm a tio n  in c a n n e d  fish, on  
w a te r-h o ld in g  c a p a c ity  a n d  su b seq u e n t 
d rip , an d  p ro d u c tio n  o f  a  c h a lk y  c o n d i­
tio n  in som e fish. T h e  su g a rs  a n d  su g a r  
p h o sp h a te s  f ro m  w h ich  th e  lac tic  ac id  is 
d e riv ed  w ill d e c re a se  c o n c o m ita n tly  w ith  
the  in crease  in lac tic  acid . T h is  m ay  cau se  
a  loss o f  sw eetness in th e  flesh, a n d  w o u ld  
a lso  hav e  a n  e ffec t o n  th e  te n d e n c y  o f  th e  
fish to  b ro w n  if it w ere  to  be c a n n e d  o r  
d e h y d ra ted .

A n o th e r  a sp e c t o f  th e  p ro b lem  is th a t  
th e  a cc u m u la tio n  o f  la c tic  acid  is a p ­
p a re n tly  a  re su lt o f  an  a tte m p t by  th e  
m uscle  cell to  m a in ta in  a  h ig h  level o f  
A T P . W h en  th e  m u sc le  c a n  no  lo n g er 
p ro d u c e  la c tic  acid , th e  A T P  d isa p p ea rs  
an d  e v en tu a lly  h y p o x a n th in e  is p ro d u c e d  
w ith  its c o rre sp o n d in g  b itte r  ta s te  (K a s-  
sem sa rn  e t a l., 1 9 6 3 ) .

In  p o st-m o rte m  m uscle , th e  p rin c ip a l 
system  fo r m a in ta in in g  a  h ig h  A T P  level 
(w h ic h  a t  th e  sam e  tim e  p ro d u c e s  the  
lac tic  a c id )  is g lyco lysis. L a c ta te  d e h y ­
d ro g en ase  ca ta ly zes  th e  o x id a tio n  o f  re ­
d u c ed  d ip h o sp h o p y rid in e  n u c leo tid e  
(D P N H )  to  th e  o x id ized  fo rm  (D P N  + ) 
u tiliz in g  p y ru v a te  as su b s tra te  a n d  p ro ­
d u c in g  lac ta te . A s su ch , it is an  im p o r­
ta n t p a r t  o f  th e  g ly co ly tic  seq u en ce . If  
D P N H  w ere  n o t o x id ized , it w ou ld

q u ick ly  a c c u m u la te  to  levels suffic ien t to  
in h ib it 3 -p h o sp h o g ly c e ra ld e h y d e  d e h y d ro ­
genase  a n d  so  s to p  g ly co ly tic  ac tiv ity  and  
th e  m an y  c o n c o m ita n t c h an g e s  th a t  a c ­
c o m p a n y  g lyco lysis in m uscle .

T h e  c o n ce p t o f  th e  g ly co ly tic  en zy m es 
as so lu b le , c y to p la sm ic  en titie s  h a s  been  
su b je c ted  to  re -in v estig a tio n  w ith in  re ­
c en t y ears . G re e n  c t al. (1 9 6 5 )  p o stu la te d  
th a t  all m a jo r  m e ta b o lic  p a th w ay s are  
a c tu a lly  m e m b ra n e  b o u n d  in v ivo  a n d  it 
is th e  m a n ip u la tiv e  p ro c e d u re s  le ad in g  to  
cell ru p tu re  w h ich  a re  resp o n sib le  fo r  
th e  so lu b iliz a tio n  o f  th e  en zym es.

P a ig en  e t a l., (1 9 6 2 )  fo u n d  L D H  in 
th e  so lu b le  f ra c tio n  o f  tissue  h o m o g en a tes . 
H o w ev e r, by  re d u c in g  th e  io n ic  s tre n g th  
o f  th e  m ed iu m  th e  cell p a rtic le s  c o u ld  a d ­
so rb  th is en y m e. T h e  p a r tic u la te  n a tu re  
o f  L D H  in v itro  a p p e a re d  to  be the  r e ­
su lt o f  a  rev ersib le  a d so rp tio n  w ith  th e  
p o in t o f  e q u ilib r iu m  b e tw een  th e  b o u n d  
a n d  so lu b le  fo rm s to  be  d e p e n d e n t on 
th e  sa lt c o n c e n tra tio n s  o f  th e  im m ed ia te  
e n v iro n m e n t. T h e  a u th o rs  re aso n e d  th a t  
th e  io n ic  s tre n g th  p re v a ilin g  in liv ing  cells 
w o u ld  th u s  resu lt in a lm o st co m p le te  
so lu b iliz a tio n  o f  th e  L D H . A m b e rso n  et 
al. (1 9 6 5 )  hav e  c o n c lu d ed  th a t L D H  is 
b o u n d  to  th e  fib ro u s p ro te in s  o f  th e  m y o ­
fibrils s ince  th e y  fo u n d  9 8 %  o f  th e  L D H  
a c tiv ity  a sso c ia ted  w ith  p ressed  m uscle  
an d  2 %  w ith  th e  p ress ju ice .

B in d in g  o f  o th e r  g ly co ly tic  en zy m es 
has a lso  been  sh o w n  to  hav e  a p H  an d  
io n ic  s tre n g th  d e p en d e n cy . R o o d y n  (1957) 
c la im ed  th a t  p H  flu c tu a tio n s  in th e  ex ­
tra c tin g  m ed ia  w ere  re sp o n sib le  fo r  the  
d is tr ib u tio n  o f  a ld o la se  b e tw een  p a r tic u ­

late  a n d  so lu b le  f rac tio n s . By in c reas in g  
th e  io n ic  s tre n g th  o f  th e  m ed ia  he n o ted  
a g re a te r  e x tra c tio n  o f  th e  en zy m e. H e r ­
n a n d e z  e t  al. (1 9 6 6 )  sh o w ed  th a t th e  
e q u ilib r iu m  be tw een  th e  so lu b le  an d  p a r ­
tic u la te  f ra c tio n s  o f  h e x o k in a se  w as d e ­
p e n d e n t on  sa lt c o n c e n tra tio n  a n d  p H . 
T h ese  w o rk e rs  d e m o n s tra te d  th a t  sa lts 
c o u ld  in d u ce  a  rev ersib le  so lu b iliza tio n  
o f  th is  en zy m e.

R ose  e t al. (1 9 6 7 )  fo u n d  h ex o k in ase  
to  be so lu b iliz ed  by  g lu co se -6 -p h o sp h a te , 
A T P  o r  by  sa lts  w ith  d iffe rin g  pH  d e ­
p en d en c ies . M a g n e siu m  cau sed  re b in d in g  
o f  the  en zy m e  in d e p e n d e n t o f  the  c o n ­
fo rm a tio n a l ch an g e  im p o sed  by  g lucose-
6 -p h o sp h a te .

In th is la b o ra to ry  th e  so lu b iliz a tio n  o f  
L D H  in h o m o g en a te s  f ro m  ch ic k en  b re a s t 
m uscle  w as sh o w n  to  in c rease  w ith  in ­
c rea s in g  p H  an d  in c reas in g  io n ic  s tre n g th  
(H u lt in  e t a l., 1 9 6 6 a ) .  T h ese  b asic  fa c ­
to rs  c a n  e x p la in  th e  d iffe ren ce  in d istri- 
b u t :on  o f  th e  en zy m e  b e tw een  su p e r­
n a ta n t  a n d  p a r tic u la te  f ra c tio n s  p re p a re d  
u n d e r  d iffe ren t c o n d itio n s  su ch  as c o n ­
c e n tra tio n  o f  tissue  d u r in g  h o m o g en iz a ­
tio n , tim e  o f  p o s t-m o rte m  ag ing , e tc .

H u ltin  e t al. (1 9 6 7 ) ru led  o u t  th e  p o ss i­
b ilities o f  iso e lec tric  p re c ip ita tio n  an d  e n ­
tra p m e n t as cau sa tiv e  fa c to rs  fo r  th e  a s­
so c ia tio n  o f  L D H  w ith  cell p a r tic u la te  
m a tte r . R e te n tio n  a n d  d is tr ib u tio n  o f  L D H  
o b ta in e d  d irec tly  f ro m  a m uscle  h o m o g e ­
n a te  w ere  fo u n d  to  be  s im ila r  to  th o se  
c au sed  by  b in d in g  so lu b le  L D H  to  a p a r ­
tic u la te  m u sc le  frac tio n  p re v io u s lv  freed  
o f  L D H  (H u ltin  e t a l., 1 9 6 6 b ) . T h is  led  
to  th e  sp e c u la tio n  th a t  th e  so lu b le  e n ­
zym e m ay  h av e  b e en  a d so rb ed  to  th e  
p a r tic u la te  f ra c tio n  d u r in g  h o m o g en iz a ­
tio n . T h u s , L D H  m ay  ex ist in th e  cells: 
(1 ) so lu b le  in th e  c y to p la sm ic  m a trix ,
(2 )  b o u n d  to  th e  su b c e llu la r  p a rtic le s , o r
(3 )  in e q u ilib r iu m  b e tw een  so lu b le  and  
n o n -so lu b le  p h ases o f  th e  cell.

T h is  s tu d y  c h a ra c te riz e d  th e  fa c to rs  
w h :ch  affec t th e  a sso c ia tio n  o f  L D H  w ith  
cell p a r tic u la te  m a tte r  in h o m o g en a te s  
p re p a re d  f ro m  sk e le ta l m u sc le  o f  b ro w n  
tro u t. In  a d d itio n  to  p H  a n d  ion ic  
s tre n g th , c e r ta in  cell m e ta b o lite s  w ere  
o b se rv ed  to  in fluence  th is  a sso c ia tio n .

Volume 35 (1 9 7 0 )— JOURNAL OF FOOD SCIENCE— 67



6 8 — JO U R N A L  OF FOOD SCIENCE— V o lu m e  3 5  ( 1 9 7 0 )

T h e  p u rp o se  o f  th is  w o rk  w as to  ( I )  d e ­
te rm in e  th e  s im ila rity  o f  th e  fish m uscle  
to  th e  av ian  (2 )  define  c o n d itio n s  w h ich  
w o u ld  a llo w  c o n tro l o f  th e  p a r ti t io n  o f 
th e  en zy m e  be tw een  so lu b le  a n d  p a r ­
tic u la te  p h ases  o f  th e  h o m o g e n a te  (3) 
p ro v id e  d a ta  to  h o p e fu lly  a llo w  e x tra p o la ­
tio n  fro m  h o m o g en a te s  to  c o n d itio n s  in 
s itu  a n d  (4 )  p ro v id e  b as ic  in fo rm a tio n  
so  th a t  th e  k in e tic s  o f  th e  a c tiv ity  o f  L D H  
c o u ld  be s tu d ied  w ith  th e  e n y m e  in so lub le  
a n d  b o u n d  fo rm s. A  p re lim in a ry  re p o rt  
o f  so m e  p h ases o f  th is  w o rk  h as  been  
m ad e  (M e ln ic k  e t ah , 1 9 6 8 ) .

E X P E R IM E N TA L
Materials

B r o w n  t r o u t  ( S o  I m o  I r n l ta  L i n n a e u s )  
( 9 - i n .  l e n g t h )  w e r e  o b t a i n e d  f r o m  t h e  M a s s a ­

c h u s e t t s  S t a t e  H a t c h e r y  in  S u n d e r l a n d .  
M a s s a c h u s e t t s .  R e d u c e d  d i p h o s p h o p y r i d i n e  
n u c l e o t i d e  ( D P N H ) ,  o x i d i z e d  d i p h o s p h o p y r i ­
d i n e  n u c l e o t i d e  ( D P N +) a n d  a d e n o s i n e  t r i ­
p h o s p h a t e  ( A T P )  w e r e  p u r c h a s e d  f r o m  P - I .  

B i o c h e m i c a l s  I n c .  P y r u v a t e  a n d  o x i d i z e d  t r i -  
p h o s p h o p y r i d i n e  n u c l e o t i d e  ( T P N * )  w e r e  
p r o d u c t s  o f  S i g m a  C h e m i c a l  C o m p a n y .  R e ­
d u c e d  t r i p h o s p h o p y r i d i n e  n u c l e o t i d e  ( T P N H )  

a n d  a d e n o s i n e  w e r e  o b t a i n e d  f r o m  N u t r i ­
t i o n a l  B i o c h e m i c a l s  C o r p o r a t i o n .

Methods
Centrifugation. A l l  c e n t r i f u g a t i o n s  w e r e  

p e r f o r m e d  a t  4 0 , 0 0 0  r p m  f o r  3 0  m i n  in  a  N o .  

4 0  r o t o r  o f  t h e  B e c k m a n  M o d e l  L  o r  L - 2  
u l t r a c e n t r i f u g e .  T h i s  is  e q u i v a l e n t  t o  a  m a x i ­

m a l  f o r c e  o f  1 4 4 . 0 0 0  G .
Preparation of bound and soluble LDH. 

E a c h  d a y  t h a t  a  p r e p a r a t i o n  w a s  m a d e ,  a  f i s h  
w a s  r e m o v e d  f r o m  a n  a q u a r i u m  m a i n t a i n e d  
a t  4 ° C  a n d  s a c r i f i c e d  b y  s t u n n i n g .  T h e  s k e l e ­
t a l  m u s c l e  w a s  i m m e d i a t e l y  c u t  o u t .  w e i g h e d  
a n d  p l a c e d  in  t h e  p r o p e r  h o m o g e n i z i n g  
m e d i u m .  A l l  p r e p a r a t i v e  o p e r a t i o n s  w e r e  

c a r r i e d  o u t  a t  0 - 4 ° C .  T h e  w h o l e  h o m o g e n a t e  

w a s  o b t a i n e d  b y  b l e n d i n g  t h e  m i x t u r e  o f  f i s h  
p l u s  m e d i u m  f o r  3 0  s e c  in  a  W a r i n g  b l e n d o r  
a t  f u l l  s p e e d .  T h e  l e v e l  o f  t i s s u e  in  t h e  h o ­

m o g e n a t e  w a s  5 %  ( w e i g h t  o f  t i s s u e / v o l u m e  
o f  d i s t i l l e d  w a t e r )  u n l e s s  o t h e r w - i s e  s t a t e d .  
S a m p l e s  o f  t h e  w h o l e  h o m o g e n a t e  w e r e  c e n ­
t r i f u g e d .

T h e  p a r t i c u l a t e  o r  b o u n d  L D H  f r a c t i o n  
w a s  d e f i n e d  a s  t h a t  p o r t i o n  o f  t h e  e n z y m e  
w h i c h  s e d i m e n t e d ,  w h i l e  t h e  s o l u b l e  L D H  
f r a c t i o n  w a s  t h a t  p o r t i o n  o f  t h e  w h o l e  h o ­
m o g e n a t e  w 'h i c h  f a i l e d  t o  s e d i m e n t  u n d e r  
s u c h  c o n d i t i o n s .  T h e  b o u n d  f r a c t i o n  w a s  r e ­
s u s p e n d e d  i n  m e d i a  e q u a l  in  v o l u m e  t o  t h e  
d e c a n t e d  s o l u b l e  p o r t i o n .

LDH isozymic pattern
L D H  i s o z y m e s  w e r e  c h a r a c t e r i z e d  b y  t h e i r  

e l e c t r o p h o r e t i c  p a t t e r n  o n  c e l l u l o s e  a c e t a t e  
s t r i p s  u s i n g  p h o s p h a t e - c i t r a t e  b u f f e r  a t  p H  7 . 0  
( 0 . 0 6 7 M  i n  p h o s p h a t e  a n d  0 . 0 1 3 A /  i n  c i t r a t e )  
( P r e s t o n  e t  a l . ,  1 9 6 5 ) .

Influence of pH and ionic strength 
on binding LDH

L D H - r i c h  s e d i m e n t s  f r o m  a  5 %  ( w e i g h t  
o f  t i s s u e / v o l u m e  o f  h o m o g e n i z i n g  m e d i u m )  

h o m o g e n a t e  w e r e  r e h o m o g e n i z e d  i n  s o l u t i o n s

b u f f e r e d  w i t h  i m i d a z o l e  ( 1 5 m M )  a t  p H  
v a l u e s  r a n g i n g  f r o m  6 .3  t o  7 . 5 .  P a r t i c u l a t e  
L D H - r i c h  f r a c t i o n s  w e r e  a l s o  r e h o m o g e n i z e d  

in  s o l u t i o n s  o f  v a r y i n g  i o n i c  s t r e n g t h  ( 0 . 0 1 0 -
0 . 1 0 0 ) ,  o b t a i n e d  w i t h  s o d i u m  c h l o r i d e  a n d  

c a l c i u m  c h l o r i d e  a s  s o l u t e s ,  i n  15  m M  i m ­
i d a z o l e  b u f f e r .  p H  6 . 7 .  T h e  r e h o m o g e n i z e d  

s o l u t i o n s  w e r e  a g a i n  c e n t r i f u g e d  t o  o b t a i n  
s u p e r n a t a n t  a n d  s e d i m e n t e d  f r a c t i o n s  w i t h  
L D H  d i s t r i b u t e d  b e t w e e n  t h e m  a s  a  f u n c ­

t i o n  o f  p H  o r  i o n i c  s t r e n g t h .

Influence of cell metabolites on LDH binding
L D H - r i c h  s e d i m e n t s  w e r e  r e h o m o g e n i z e d  

in  1 0  m M  i m i d a z o l e  b u f f e r ,  p H  6 . 7 ,  w i t h  t h e  
f o l l o w i n g  c e l l  m e t a b o l i t e s :  D P N H ,  D P N \  

p y r u v a t e ,  l a c t a t e ,  T P N H .  T P N * .  A T P ,  A T P  
- f  M g C I . ,  a d e n o s i n e ,  n i c o t i n a m i d e ,  p y r o ­
p h o s p h a t e  a n d  c o m b i n a t i o n s  o f  D P N H .  

D P N * .  p y r u v a t e  a n d  l a c t a t e .  T h e  r e h o m o g e ­
n i z e d  s o l u t i o n s  w e r e  c e n t r i f u g e d ,  a f t e r  w h i c h  
t h e  s u p e r n a t a n t  a n d  s e d i m e n t e d  f r a c t i o n s  

w e r e  a s s a y e d  t o  d e t e r m i n e  t h e  e f f e c t s  o f  t h e s e  
a g e n t s  o n  t h e  s o l u b i l i z a t i o n  o f  L D H  f r o m  

c e l l  p a r t i c u l a t e  m a t t e r .
L D H - r i c h  s e d i m e n t s  w e r e  f r e e d  o f  L D H  

b y  r e h o m o g e n i z i n g  t h e m  in  0 .1  M  N a C l  a n d  
c e n t r i f u g i n g  a s  a b o v e .  T h e  s o l u b i l i z e d  e n ­
z y m e  o b t a i n e d  a f t e r  c e n t r i f u g a t i o n  w a s  d i a ­

l y z e d  o v e r n i g h t  a g a i n s t  d i s t i l l e d  w a t e r .  T h e  
d i a l y z e d  e n z y m e  s o l u t i o n  w a s  r e h o m o g e n i z e d  
w i t h  L D H - f r e e  s e d i m e n t s  i n  t h e  p r e s e n c e  o f  

D P N * .  D P N H ,  p y r u v a t e  a n d  l a c t a t e .  T h e  r e ­
h o m o g e n i z e d  s o l u t i o n s  w e r e  c e n t r i f u g e d ,  

a f t e r  w h i c h  t h e  s u p e r n a t a n t  a n d  s e d i m e n t e d  

f r a c t i o n s  w e r e  a s s a y e d  t o  d e t e r m i n e  t h e  e f ­
f e c t  o f  t h e s e  a g e n t s  o n  t h e  p r e v e n t i o n  o f  
r e b i n d i n g  o f  L D H  t o  p a r t i c u l a t e  m a t t e r .

Assay for LDH
L D H  a c t i v i t y  w a s  d e t e r m i n e d  b y  t h e  

m e t h o d  o f  W u  e t  a l .  ( 1 9 5 9 )  a t  p H  7 . 4 .  I t  

w a s  f o u n d  t h a t  t r o u t  m u s c l e  L D H  d i s p l a y s  a  
c o n s t a n t  a c t i v i t y  o v e r  t h e  p H  r a n g e  o f  6 . 2 -
7 . 4  w h e n  s a t u r a t i n g  l e v e l s  o f  p y r u v a t e  a r e  
u s e d .  T h e  s u m  o f  t h e  a c t i v i t i e s  o f  t h e  s u p e r ­
n a t a n t  a n d  s e d i m e n t e d  f r a c t i o n s  w e r e  c o m ­

p a r e d  t o  t h e  a c t i v i t y  o f  t h e  h o m o g e n a t e  t o  
c h e c k  o n  r e c o v e r i e s .

R ESU LTS &  D ISCUSSIO N

LD H  isozymic pattern

F ro m  th e  e le c tro p h o re tic  s tu d ies  it w as 
c o n c lu d ed  th a t  sk e le ta l m u sc le  o f  b ro w n  
t ro u t  c o n ta in s  o n ly  th e  m u sc le  ty p e  o f  
L D H  isozym e. T h is  c o n c lu s io n  w as based  
o n  th e  o b se rv a tio n  o f  o n ly  o n e  b a n d  fo r 
th e  w ho le  h o m o g e n a te , th e  so lu b le  f r a c ­
tion  an d  th e  p a r tic u la te  f ra c tio n , all t r a ­
v e rs in g  an  eq u al d is tan c e  a n d  all less 
a n o d ic  th a n  th e  L D H  iso zy m e fro m  tro u t  
h e a rt.

A  m ix tu re  o f  L D H  o b ta in e d  from  
m uscle  a n d  h e a r t  tissue  sh o w ed  a defin ite  
se p a ra tio n  in th e  e le c tro p h o re tic  test. 
F u r th e rm o re ,  e le c tro p h o re tic  d e te rm in a ­
tio n s o f  h e a r t-  a n d  m u sc le -d e riv ed  L D H  
isozym es fro ze n  a n d  th a w e d  to g e th e r  in 
n e u tra l  p h o sp h a te  b u ffer c o n ta in in g  m o la r  
N a C l fa iled  to  sh o w  th e  p re sen ce  o f  th e  
in te rm e d ia te  h y b rid s.

Table 1— Retention of LDH on particulate 
matter as a function of concentraticn of 
tissue in homogenate.

C o n c e n t r a t i o n  o f  f is h  m u s c l e  
in  w h o le  h o m o g e n a t e 1

( % ) 3

L D H  in  s e d i m e n t - 
( %  o f  t o t a l  L D H ) 4

2 3 7
5 2 6

10 2 0
2 0 13

1 W h o l e  h o m o g e n a t e  w a s  p r e p a r e d  in  d i s t i l l e d -  
d e i o n iz e d  w a te r .

2 S e d im e n t  f r a c t i o n  w a s  o b t a i n e d  b y  c e n t r i f u g a ­
t i o n  o f  w h o le  h o m o g e n a t e  a t  4 0 ,0 0 0  r p m  f o r  3 0  
m in .

3 E x p r e s s e d  a s  w e ig h t  p e r  1 0 0  p a r t s  o f  a d d e d  
w a te r .

4 T h i s  v a l u e  w a s  d e t e r m i n e d  b y  d iv i d in g  th e  
L D H  a c t iv i ty  in  t h e  s e d i m e n t  f r a c t i o n  b y  t h e  L D H  
a c t iv i t y  in  t h e  s u p e r n a t a n t  a n d  s e d i m e n t  f r a c t i o n s  
a n d  m u l t i p l y in g  X  1 0 0 . T h e  r e c o v e r y  o f  L D H  
in  t h e  s e p a r a t e d  f r a c t i o n s  c o m p a r e d  t o  t h e  w h o le  
h o m o g e n a t e  w a s  1 0 0  ±  1 0 % .

T h is  fin d in g  a lo n g  w ith  th a t  o f  th e  s in ­
gle iso zy m ic  fo rm  o f  L D H  is in a g re e ­
m en t w ith  th e  o b se rv a tio n  m ad e  by  
F o n d y  e t al. (1 9 6 5 ) th a t  sp ec ies  w h ic h  d id  
n o t possess h y b rid s  in v ivo  c o u ld  n o t 
fo rm  h y b rid s  in v itro  f ro m  th e  h e a r t  an d  
m u sc le  isozym es o f  th a t  sam e  spec ies. 
F u r th e rm o re ,  M a rk e t  e t al. (1 9 6 5 ) r e ­
p o rted  th a t  m o s t t ro u t  sp ec ies  d isp lay  
o n ly  tw o  o r  th re e  isozym ic  b a n d s  in e lec ­
tro p h o re tic  tests. H o w ev e r. B o u c k  e t al.
(1 9 6 8 ) h av e  re p o rte d  15 iso zy m ic  fo rm s  
o f  L D H  in ra in b o w , lak e  a n d  b ro o k  t ro u t  
an d  27 in a  b ro o k -b ro w n  h y b rid . T h e y  
d id  n o t e x am in e  b ro w n  tro u t.

Distribution of LD H  between fractions

T ab le  1 show s th e  re la tio n sh ip  b e tw een  
th e  %  o f  m uscle  in th e  w h o le  h o m o g ­
e n a te  (e x p -e ssed  as g 100 ml w a te r )  an d  
th e  %  o f  L D H  re ta in e d  on  th e  p a r t ic u ­
la te  m a tte r . T h e  p H  fo r  w h o le  h o m o g ­
e n a te s  v a ried  b e tw een  7 .05  a n d  7 .2 5 . a n d  
th e re  w ere  n o  c o n sis ten t d iffe ren ces  w ith  
tissue c o n c e n tra tio n . T h e  g re a te r  th e  t is ­
sue c o n c e n tra tio n , th e  g re a te r  w as th e  
re lease  (so lu b iliz a tio n )  o f  L D H  fro m  
th e  b o u n d  fra c tio n . F o r  f u r th e r  s tu d ies , 
th e  5 %  c o n c e n tra tio n  w as c h o se n  since  
it p ro v id ed  a  d e s irab le  re te n tio n  o f  L D H  
in th e  sed im en t, w ith  suffic ien t tis su e  a n d  
e n zy m ic  a c tiv ity  to  m in im ize  e x p e rim e n ta l 
e rro r .

Influence of pH  and ionic strength on 
solubilization

T h e  tw o  fa c to rs  in th e  h o m o g e n iz in g  
m ed ia  c o n tr ib u tin g  m o st to  th e  b in d in g  
o f  L D H  to  th e  p a r tic u la te  m a t te r  o f  
m uscle  h o m o g en a te s  a re  p H  a n d  io n ic  
s tre n g th  (H u ltin  e t a l., 1 9 6 6 a ) .  P a r t ic u ­
la te  f ra c tio n s  c o n ta in in g  L D H  w ere  re ­
h o m o g en iz ed  in m ed ia  b u ffe red  fro m  p H
6.3 to  7 .5  w ith  im id azo le . T h e  b u ffe r  
c o n c e n tra t io n  w as m a in ta in e d  a t 15 m M  
to  k eep  th e  io n ic  s tre n g th  o f  th e  m ed ia
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Fig. 1— S o lu b i l i z a t io n  o f  L D H  as a f u n c ­
t io n  o f  pH .  B o u n d  L D H  f ra c t io n s  f r o m  a 
5 %  w h o le  h o m o g e n a te  w ere  re h o m o g e ­
n ized  in  1 5  m M  im id a z o le  b u f fe re d  a t  v a r i ­
ous  p H  va lues . The s o lu t io n s  w ere  c e n t r i ­
fu g e d  fo r  3 0  m in  a t  4 0 , 0 0 0  rp m .  %  LD H  
in  th e  s u p e r n a ta n t  exp resses  th e  L D H  a c ­
t i v i t y  in  th e  s u p e r n a ta n t  f r a c t io n  d iv id e d  
by  th e  s u m  o f  th e  L D H  a c t iv i t ie s  in  the  
s u p e rn a ta n t  a n d  s e d im e n te d  f ra c t io n s .

low yet provide sufficient buffering ca­pacity The pH of the media caused a redistribution of LDH between the soluble and particulate fractions. By assaying each of these fractions, a measure of the release of the bound LDH as a function of pH was determined.In Figure 1 the % of the original par­ticulate LDH released into the superna­tant fraction was plotted against the pH of the suspending media. More LDH was re­leased from particulate matter as the pH increased, and a break-point occurred at a PH of approximately 6.7. The ionic strength of these suspensions varied slightly due to the differing ionizing ca­pacity of imidazole as a function of pH. The maximal value would be at the lowest pH; thus any adjustment in the curve to be made for this slight change in ionic strength would be to give less solu­bilization at the lower pH values and more at the higher. In other words, the effect of pH shown in Figure 1 was a minimal effect.Particulate LDH-rich fractions were homogenized in solutions of varying ionic strengths. Figure 2 shows the % of the original particulate LDH solubilized into the supernatant fraction as a func­tion of ionic strength. Sodium chloride and calcium chloride were used as the solutes. The pH in these experiments was maintained at 6.7. Similarity in results obtained with these two solutes indicated that it was the ionic strength of the two salts in solution which was responsible for the release of the enzyme. The con­tribution of the tissue was not taken into account in these experiments, but it was assumed to be small since the super­natant fraction from the original homog­enate which probably contained most of the soluble salts of the tissue had been

discarded and we worked only with the particulate LDH-rich fraction.The contribution to ionic strength of the imidazole buffer was ignored in these experiments since the main interest was in seeing if there was an effect of ionic strength and in comparing a monovalent and a divalent cation. Recovery of en­zymic activity was 80-90%.The effect of the release of LDH by different molar concentrations of imida­zole at pH 6.7 (the pH just at the break point of increased solubilization of LDH) was determined with the results shown in Figure 3. Although the higher concen­trations afforded better buffering capacity, they also caused more enzyme release. From this figure a medium could be formulated to retain over 90% of the LDH in association with cell particulate matter. Such a medium would consist of imidazole buffer at a 10 mM concentra­tion and a pH of 6.7. At pH 6.7, ap­proximately 70% of the imidazole was in the protonated form, i.e., the ionic

Fig. 2— S o lu b i l i z a t io n  o f  L D H  as a f u n c ­
t io n  o f  io n ic  s t re n g th .  B o u n d  L D H  f ra c t io n s  
f r o m  a 5 %  w h o le  h o m o g e n a te  w ere  re- 
h o m o g e n iz e d  in N aCI a n d  CaCL s o lu t io n s .  
Th e  s o lu t io n s  w e re  c e n t r i f u g e d  fo r  3 0  m in  
a t  4 0 ,0 0 0  rp m  to  o b ta in  s u p e r n a ta n t  a n d  
s e d im e n te d  f ra c t io n s .

strength of the imidazole solution was 70% of the molarity.What appeared to be a lower solu­bilization in Figure 3 compared to the ionic strength obtained with NaCI or CaCL as seen in Figure 2 was due to the fact that the contribution to the ionic strength by the buffer in the experiments of Figure 2 (approximately 0.01) was not taken into account.
Influence of cell metabolites on 
solubilization of LDH
The substrates and products of the LDH-catalyzed reaction were examined to see whether they could solubilize the enzyme (Table 2).A concentration normally used for the assay of LDH activity (1 X 10'4M  DPNH) caused solubilization of about 70% of the enzyme. The contribution of

Table 2—Solubilization of LDH by DPNH, 
D P N +, pyruvate, and lactate.

R e a g e n t
M o l a r

c o n c e n t r a t i o n
%  in

s u p e r n a t a n t

D P N H 0 . 0 0 7 . 8
2  X  10  = 2 4 .9
5 X  10  » 4 3 . 6
1 X  10  4 7 9 . 0
1 X  10  3 9 0 . 5

D P N * 0 . 0 0 8 . 6
1 X  1 0-= 18 3
1 X  1 0 4 3 9 . 4
2  X  10  4 4 4 . 8
3 X  1 0 - 4 4 7 . 2

P y r u v a te 0 . 0 0 7 . 5
3 X  10  3 2 2 . 8

L a c t a t e 0 . 0 0 7 . 5
3 X  1 0 -= 1 8 .0

N a C I 0 . 0 0 4 . 5
3 X  1 0 3 1 4 .4

L D H - r i c h  s e d im e n t s  w e r e  r e h o m o g e n i z e d  in  
10  m M  i m id a z o le  b u f f e r ,  p H  6 .7 ,  w i th  t h e  t e s t  
r e a g e n t s .  T h e  r e a g e n t s  w e r e  m a d e  u p  in  0 .0 2 M  
t r i s  b u f f e r ,  p H  7 . 4 .  T h e  d i l u t i o n  o f  t h e  r e a g e n t s  
w a s  s u c h  t h a t  t h e r e  w a s  n o  e f f e c t  o n  th e  p H  o f  t h e  
s u s p e n s i o n s  w h ic h  r e m a i n e d  a t  p H  6 . 7 .  T h e  r e ­
h o m o g e n iz e d  s o l u t i o n s  w e r e  c e n t r i f u g e d  a t  4 0 ,0 0 0  
r p m  f o r  3 0  m i n  t o  o b t a i n  s u p e r n a t a n t  a n d  s e d i ­
m e n t e d  f r a c t i o n s .  T h e  p e r c e n t a g e  in  t h e  s u p e r ­
n a t a n t  f r a c t i o n  is  t h e  L D H  a c t iv i t y  in  t h e  s u p e r ­
n a t a n t  f r a c t i o n  d iv i d e d  b y  t h e  s u m  o f  t h e  L D H  
a c t iv i t y  i n  t h e  s u p e r n a t a n t  a n d  s e d im e n te d  f r a c ­
t i o n s .

this concentration of DPNH to the ionic strength of the medium is negligible. The effects by pyruvate and lactate were small, most likely due to their contribution to the ionic strength of the media. DPN+ appeared capable of releasing somewhat less than half of the bound enzyme.Experiments were conducted to see whether or not combinations of the sub­strates and products of the LDH-cata­lyzed reaction modified the respective ef­fects of each on solubilization of the en­zyme. In Table 3 the observed values for the combination of DPN+ plus DPNH agree rather closely with the calculated

Fig. 3 — S o lu b i l i z a t io n  o f  L D H  a t  d i f f e r ­
e n t  c o n c e n t r a t io n s  o f  im id a z o le  b u f fe r .  
B o u n d  L D H  f ra c t io n s  f r o m  a 5 %  w h o le  
h o m o g e n a te  w ere  re h o m o g e n iz e d  in  s o lu ­
t io n s  o f  im id a z o le  b u f fe r  ( p H  6 .7 )  a t  se v ­
e ra l  c o n c e n t r a t io n s .  Th e  s o lu t io n s  w ere  
c e n t r i f u g e d  f o r  3 0  m in  a t  4 0 , 0 0 0  r p m  to  
o b ta in  s u p e r n a ta n t  a n d  s e d im e n te d  f r a c ­
t ion s .
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Table 3—Solubilization of LDH by com-
binations of DPNH, 
lactate.1

DPN+, pyruvate and

Reagent and 
concentration

Solubilization (%)
Observed Expected2

2 X  10-;MDPNH + 
5 X  10-5M DPN+

51.6 57.4

2 X  10_5M DPNH + 
1 X  10 4 .'Vf DPN*

68.0 72.7

2 X  10~5.V/ DPNH +
3 X  lO W  Pyruvate

80.7 54.5

2 X  tO-5A/DPNH +
3 X  lO'-W Lactate

61 1 53.5

5 X  10-W  DPN* +  
3 X  10 3A/ Pyruvate

7 9 . 8 58.7

5 X  1 0 DPN+ +  
3 X  10“3A/ Lactate

63 1 56.5

1 S a m e  t e s t  c o n d i t i o n s  w e r e  u s e d  a s  d e s c r i b e d  
in  T a b le  2.

2 C a l c u l a t e d  f r o m  s o lu b i l i z a t i o n  v a lu e s  f o r  e a c h  
r e a g e n t  m e a s u r e d  i n d i v id u a l ly  a t  t h e  t i m e  o f  th e  
e x p e r i m e n t .

p e rce n ta g e s  fo r  re lease . T h e  c a lcu la te d  
v a lu es a re  th e  va lues o b ta in e d  b y  a d d in g  
th e  se p a ra te  e ffects o f  e ach  co m p o u n d .

T h e  c o m b in a tio n  o f  D P N H  o r  D P N *  
p lus p y ru v a te  o r  la c ta te  cau sed  m o re  so lu ­
b iliz a tio n  th a n  w as ex p ec te d . T h is  effect 
w as esp ec ia lly  p ro n o u n c e d  fo r  p y ru v a te . 
P re su m a b ly  th e  b in d in g  o f D P N H  (a n d  
D P N  + ) to  L D H  resu lts  in c o n fo rm a ­
tio n a l c h an g es  w h ich  affect th e  b in d in g  
o f  th e  en zy m e  to  th e  p a r tic u la te  s tru c ­
tu res . B in d in g  o f  su b s tra te  th en  leads to  
fu r th e r  c o n fo rm a tio n a l c h an g es  in th e  e n ­
zym e w h ic h  a ffec t b in d in g  still fu r th e r . 
P y ru v a te  a n d  lac ta te  c an  p ro b a b ly  on ly  
affect b in d in g  in a  s ig n ifican t w ay  in the  
p re sen ce  o f  c o fa c to r  s ince  it is n ecessa ry  
fo r  the  p y rid in e  n u c leo tid e  to  b in d  b e fo re  
th e  p y ru v a te  o r  la c ta te  c an  (B o lo tin a  et 
a l., 1 9 6 7 ) . T h e  g re a te r  affin ity  o f  th e  e n ­
zym e fo r  p y ru v a te  versus la c ta te  p ro b a b ly  
ex p la in s  w h y  th e  sy n e rg is tic  effec t on 
so lu b iliz a tio n  is g re a te r  w ith  p y ru v a te .

T h e  sp ec ific ity  o f  th e  so lu b iliz in g  
ag en ts  a n d  th e  c o rre la tio n  b e tw een  b in d ­
ing  affin ities o f  th ese  c o m p o u n d s  w ith  
L D H  (B o lo tin a  e t al., 19 6 7 ) a n d  th e ir  
e ffic iency  as so lu b iliz ers  in d ica te  th a t  th e  
in te ra c tio n  o f  th ese  c o m p o u n d s  is w ith  
th e  L D H  en zy m e  ra th e r  th a n  w ith  sites 
on  th e  p a r tic u la te  s tru c tu re s .

T o  d e te rm in e  w h e th e r  a  p o rtio n  o r  all 
o f  th e  c o fa c to r  m o lecu le  w as in v o lv ed  in 
th e  so lu b iliz a tio n , d iffe ren t cell m e ta b o ­
lites w ith  s tru c tu ra l s im ila ritie s  to  D P N H  
w ere  tes ted  fo r  th e ir  effect on  so lu b iliz a ­
tio n  o f  L D H . F ro m  th e  va lues in T ab le  
4  it w as c o n c lu d ed  th a t  th e  p h o sp h a te  
g ro u p s  o f  th e  D P N H  m o lecu le  w ere  m o re  
invo lved  th a n  n ic o tin a m id e  o r  th e  n u c le o ­
tid e , a d en o s in e . H o w ev e r, th e  p h o sp h a te  
g ro u p  a lo n e  gave o n ly  2 0 -2 5 %  release . 
T P N H  w as as e ffective  as D P N H  in 
cau s in g  so lu b iliz a tio n . T h u s  so lu b iliz a tio n  
re q u ire s  a  s tru c tu ra l  co n fig u ra tio n  s im ila r

Table 4—Solubilization of LDF1 by cell 
metabolites structurally related to DPNH.1

M e t a b o l i t e 2 %  in  s u p e r n a t a n t

N o n e 5 . 5
D P N H 8 7 .7
T P N H 9 0 . 7
A T P 1 4 .9
A T P  +  M g *  ’ 2 3 . 2
A d e n o s in e 6 . 2
N i c o t i n a m i d e 6 . 8
P y r o p h o s p h a t e 2 2 .8
T P N  *■ 3 2 . 2

1 S a m e  te s t  c o n d i t i o n s  w e r e  u s e d  a s  d e s c r i b e d  in  
T a b le  2.

- A ll c o n c e n t r a t i o n s  w e r e  4  X  l O W .

to  D P N H  o r  T P N H , b u t  is n o t so  sp e ­
cific as to  d iffe re n tia te  th e  tw o.

T h e  c h a rg e  on  th e  so lu b iliz in g  a g en t is 
a lso im p o r ta n t as seen  by th e  d iffe ren t 
so lu b iliz a tio n  p a tte rn s  o f  D P N +  c o m ­
p a re d  to  D P N H  (T a b le  2 ) an d  T P N  + 
c o m p a re d  to  T P N H . T h is  d iffe ren ce  m ay  
be due  to  th e  f irm er a sso c ia tio n  o f  th e  
re d u ce d  n u c leo tid e s  w ith  L D H  (B o lo ­
tin a  et a l., 1 9 6 7 ) . T h e  level o f  T P N H  in 
sk e le ta l m usc le  is low  in c o m p a riso n  to  
D P N H , a n d  it tak es  p a r t  in th e  L D H - 
c a ta ly z cd  re ac tio n  o n ly  o n e  h u n d re d th  as 
effec tive ly  as D P N H . H o w ev e r, th e  e f ­
fec tiv en ess o f  T P N H  in c au s in g  so lu ­
b iliza tio n  to g e th e r  w ith  its possib le  in ­
v o lv em en t in L D H  c a ta ly sis  (N a v a z io  et 
a l.. 19 5 7 ) m ay  h av e  im p lica tio n s  in 
m e ta b o lic  c o n tro l o f  th e  p en to se  sh u n t.

A f te r  find ing  th a t  th e  b in d in g  o f  I .D H  
w as d e p e n d e n t on  th e  level o f  D P N H  in 
the  m ed iu m , fu r th e r  s tu d ies  w ere  c o n ­
d u c te d  to  re la te  th e  so lu b iliz a tio n  o f  L D H  
by D P N H  at d iffe ren t tissue  c o n c e n tra ­
tio n s . In fo rm a tio n  a t low  p ro te in  c o n ­
c e n tra tio n s  w o u ld  e n ab le  us to  ju d g e  
w h e th e r  th e  en zy m e  re m a in e d  b o u n d  d u r ­
ing th e  assay , w h ile  resu lts  a t h igh  p ro ­
te in  c o n c e n tra tio n s  m ig h t a id  in e x tra p o ­
la tin g  resu lts  in v itro  to  a c tu a l co n d itio n s  
in situ .

F ig u re  4 show s th a t  as th e  tissue c o n ­
c e n tra tio n  w as lo w ered  fro m  36 to  0 .5 % , 
L D H  w as m o re  re ad ily  so lu b iliz ed  a t 
eq u al c o n c e n tra tio n s  o f  D P N H . T h ese  
d a ta  s tro n g ly  in d ic a te  th a t  in th e  assay  c u ­
v e tte  th e  en zy m e  is p re sen t so le ly  in its 
so lu b le  s ta te  even  in the  p re sen ce  o f  p a r ­
tic u la te  m a tte r  a n d  a t a p H  a n d  io n ic  
s tre n g th  w h ich  a lo n e  w o u ld  n o t cau se  
so lu b iliz a tio n .

In th e  assay , th e  ra n g e  o f  D P N H  c o n ­
c e n tra tio n  w as th e  sam e  as w as used  fo r  
th is so lu b iliz a tio n  s tu d y , b u t th e  en zy m e- 
tissue  c o n c e n tra t io n  w as m u c h  less, by 
as m u ch  as 5 0 0  to  100 0  tim es re la tiv e  to  
th e  5 %  p re p a ra tio n . T h e  en zy m e  in th e  
assay  w as p re se n t a t su ch  lo w  c o n c e n ­
tra tio n s  to  in su re  th a t  it w o u ld  be s a tu ­
ra te d  w ith  su b s tra te  d u rin g  th e  co u rse  o f 
th e  re a c tio n  a n d  give a re ad in g  w h ich  
w as no t to o  fast to  be  fo llow ed . T o  re-

Table 5—Rebinding capacity of LDH In the 
presence of DPNH, DPN+, pyruvate, and 
lactate.

R e a g e n t
M o l a r

c o n c e n t r a t i o n %  R e b o u n d

D P N H 0.00 8 0 . 8
2  X  IO " 11 4 8 .1
5 X  IO "» 2 8 .1
1 X  10 4 8 . 5
1 X  I O - 3 4 . 4

D P N  * 0.00 9 0 . 0
1 X  1 0 -5 8 2 . 0
5 X  10  5 5 9 . 5
1 X  i o - 4 6 0 . 7

P y r u v a t e 0 . 0 0 8 4 .5
3 X  1 0 ~ 3 7 7 . 7

L a c t a t e 0.00 9 1 . 0
3 X  I O - 3 8 2 . 6

E n z y m e  s o l u t i o n s  d ia ly z e d  a g a i n s t  d i s t i l l e d  
w a te r  w e r e  r e h o m o g e n i z e d  w i th  L D H - f r e e  s e d i ­
m e n t s  in  t h e  p r e s e n c e  o f  t h e  t e s t  r e a g e n t s .  T h e  
r e a g e n t s  w e r e  m a d e  u p  in  0 .0 2 A F  t r i s - H C l  b u f f e r ,  
p H  7 . 4 .  T h e  p H  v a l u e s  f o r  a l l  o f  t h e  r e h o m o g e ­
n iz e d  s o l u t i o n s  w e r e  a p p r o x i m a t e l y  6 . 7 .  T i e s e  
s o l u t i o n s  w e r e  c e n t r  f u g e d  f o r  3 0  m i n  a t  4 0 ,0 0 0  
r p m  to  o b t a i n  s u p e r n a t a n t  a n d  s e d i m e n t e d  f r a c ­
t i o n s .  %  r e b o u n d  e q u a l s  L D H  a c t iv i t y  in  t h e  
s e d im e n te d  f r a c t i o n  d iv i d e d  b y  th e  s u m  o f  t h e  
L D H  a c t iv i t i e s  in  t h e  s u p e r n a t a n t  a n d  s e d i m e i t e d  
f r a c t i o n s .

ta in  g re a te r  th an  9 0 %  o f  th e  en zy m e  on  
th e  p a r tic u la te  s tru c tu re s  d u r in g  th e  a s­
say , th e  tissue c o n c e n tra tio n  h a d  to  be  
k ep t a t a b o u t 2 0 %  a n d  th e  D P N H  c o n ­
c e n tra tio n  b e lo w  0.01 m M .

T h e  effect o f tissu e  c o n c e n tra t io n  on  
so lu b iliz a tio n  b y  D P N H  w as d ire c tly  o p ­
po sed  to  o b se rv a tio n s  o n  th e  effec t o f  tis­
sue c o n c e n tra tio n  in th e  o rig in a l w h o le  
h o m o g en a te  (T a b le  1 ) . It m u st b e  e m ­
p h asized , h o w ev er, th a t th e  c o n d itio n s  
w ere  d iffe ren t in th e  tw o  se ts o f  e x p e r i­
m en ts. T h e  m o la r  sa lt c o n c e n tra t io n  in 
th e  e x p e rim e n ts  o f  F ig u re  4  w as h e ld  
c o n s tan t, w h ile  in th e  e x p e rim e n ts  o f  
T a b ic  1, it v a rie d  d irec tly  w ith  tissu e  c o n ­
c en tra tio n . T h is  w o u ld  in d ic a te  th a t  so lu ­
b iliza tio n  by  sa lt  w as a g re a te r  fa c to r  
th a n  so lu b iliz a tio n  by  a n y  D P N H  (o r  
T P N H )  in  th e  t ssuc in th e  la t te r  case . 
F u r th e r ,  o n e  w o u ld  e x p ec t th a t  m o st o f 
the  D P N  in th e  h o m o g en iz ed  m u sc le  t is ­
su e  w o u ld  be p re se n t in th e  o x id iz e d  
fo rm  (L o n g , 1 9 6 1 ) . T h is  w o u ld  m a k e  it 
fa r  less e ffective  as a so lu b iliz in g  a g en t.

W e h a d  p re v io u s ly  sh o w n  th a t  so lu ­
b ilized  L D H  fro m  ch ic k en  m u sc le  c o u ld  
b in d  to  th e  p a r tic u la te  f ra c tio n  w a sh e d  
free  o f  th e  en zy m e  (H u lt in  e t  a l., 1 9 6 6 b ) .  
W e s tu d ied  th e  e ffec tiveness o f  th e  m e ­
tab o lite s  in v o lv ed  in th e  L D H -c a ta ly z e d  
re a c tio n  in  in h ib itin g  th is  b in d in g . T a b le  
5 c o m p a re s  th e  re b in d in g  c a p a c ity  o f  
so lu b iliz ed  L D H  in th e  p re sen c e  o f  
D P N H , D P N + ,  p y ru v a te  a n d  lac ta te . 
D P N H  in h ib ited  b in d in g  a t c o n c e n tra ­
tio n s w h ic h  w o u ld  cau se  o n ly  a neg lig ib le  
c o n tr ib u tio n  to  th e  io n ic  s tre n g th  o f  th e  
m ed iu m . T h e  la t te r  th ree  a g en ts  w e re  n o t
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as effective as D P N H  in  p re v en tin g  re ­
b in d in g . A g a in  th e  e ffec ts g iven  by  p y ­
ru v a te  a n d  la c ta te  w e re  sm a ll e n o u g h  to  
be th e  re su lt o f  th e ir  c o n tr ib u tio n  to  th e  
io n ic  s tre n g th  o f  th e  m ed ia .

Heat lability of bound and soluble LDH
H e a t in ac tiv a tio n  c h a ra c te ris tic s  o f  

va rio u s fo rm s  o f  L D H  w ere  s tu d ied  to  d e ­
te rm in e  w h e th e r  b in d in g  im p a rte d  in ­
c reased  s tab ility  to  th e  en zy m e  an d  th u s  
o ffered  a  re aso n  fo r  L D H  b in d in g  in s itu . 
F ig u re  5 show s th e  h e a t lab ility  o f  fo u r  
fo rm s o f  L D H  w ith  tim e  a t 4 6 ° C .

T h e  “so lu b le ” f ra c t io n , as o p p o se d  to  
th e  “ b o u n d ” fra c tio n , is th a t  n o t b o u n d  
to  p a rtic le s  d u r in g  th e  o rig in a l h o m o g en i­
za tio n  a n d  c e n tr ifu g a tio n . T h e  o th e r  tw o  
frac tio n s  h av e  b een  so lu b ilized  fro m  th e  
“ b o u n d "  f ra c tio n  by  D P N H  o r  N aC I. T h e  
L D H  frac tio n  so lu b iliz ed  by  D P N H  is 
a p p a re n tly  th e  m o st stab le  w h ile  th e  
so lub le  a n d  b o u n d  f ra c tio n s  a re  th e  least. 
W ith  re sp ec t to  h e a t s tab ility , D P N H  
seem s to  m ak e  m u sc le -ty p e  L D H  re ­
sem ble  th e  h e a r t- ty p e  (F o n d y  et al., 
19 6 5 ) T h u s , D P N H  s im u lta n eo u s ly  in ­
creases th e  h e a t  s tab ility  an d  d ecreases  
th e  b in d in g  ab ility  o f  m u sc le -ty p e  L D H . 
P re su m a b ly  these  e ffects a re  b ro u g h t 
ab o u t by  c o n fo rm a tio n a l c h an g es  in d u ced  
by th e  D P N H . W e h av e  n o t b een  ab le  to  
d e m o n s tra te  b in d in g  o f  h e a r t- ty p e  L D H  
to  c e llu la r  p a r tic u la te  s tru c tu re s .

A n e le c tro p h o re tic  analy sis  d e m o n ­
s tra te d  th a t  b ro w n  t ro u t  sk e le ta l m uscle  
c o n ta in ed  o n ly  o n e  L D H  isozym e, i.e., 
th e  m uscle  ty p e . O n ly  2 5 %  o f  th is e n ­
zym e w as fo u n d  to  b in d  to  cell p a r tic u la te  
m a tte r  in  a 5 %  w h o le  h o m o g e n a te  p re ­

p a re d  in d is tilled  w a te r . T h is  b tid ing  
v a lu e  c o u ld  be c h an g e d  by v a ry in g  th e  
tissue c o n c e n tra tio n  in th e  w h o le  h o m o g e ­
n a te . T h e  g re a te r  th e  tissue  c o n c e n tra ­
tio n , th e  g re a te r  w as th e  so lu b iliz a tio n  o f  
L D H  fro m  th e  p a r tic u la te  m a tte r .

T h e  lim itin g  fa c to r  in th e  b in d in g  
n o ted  ab o v e  ( 2 5 % )  w as a p p a re n tly  no t 
th e  n u m b e r  o f  b in d in g  sites on  th e  p a r ­
tic u la te  m a tte r  s ince  if  a  m o re  c o n c e n ­
tra te d  en zy m e  so lu tio n  ( th a t  o b ta in e d  
fro m  a 2 0 %  h o m o g e n a te )  is re b o u n d  to  
L D H -fre e  p a rtic le s , g re a te r  L D H  a c ­
tiv ity  is a sso c ia ted  w ith  th e  p a r tic u la te  
f rac tio n .

H o m o g e n iz ed  ch ic k en  b re a s t m uscle  at 
a 5 %  c o n c e n tra t io n  re ta in s  9 8 -9 9 %  o f  
its L D H  w ith  th e  p a r tic u la te  f ra c tio n  
(H u ltin  e t a l., 1966b) b u t h a s  a  lo w e r p H  
th an  th a t o f  th e  t ro u t  m u sc le  h o m o g en a te  
w h ich  is a b o u t 7 .0 . T h is  lo w er p H  is p o s­
sib ly  c au sed  by h ig h e r  g lycogen  levels in 
th e  ch ic k en  m u sc le  s ince  th e  fish o rd i­
n a rily  w ere  fa s ted  b e fo re  th e y  w ere  sa c ri­
ficed. H o w ev e r, th e  p H  o f  th e  w ho le  
h o m o g en a te  w as ru led  o u t as th e  cau se  
fo r  th e  re s tr ic te d  b in d in g  in th e  tro u t 
m uscle  h o m o g e n a te  s ince  a w h o le  h o m o g e ­
n a te  o f  fish m u sc le  b u ffe red  a t  p H  6 4 , th e  
p H  o f  a  ty p ica l ch ic k en  h o m o g en a te , d id  
n o t re ta in  a h ig h e r  p e rc e n ta g e  o f  L D H  on 
the  p a r tic u la te  m a tte r .

S ince c e r ta in  m eta b o lite s  ( D P N H , 
T P N H , D P N  1 . e tc .)  c an  cau se  so lu b iliz a ­
tio n  o f  L D H . it is possib le  th a t  th e ir  
p re sen ce  in th e  h o m o g e n a te , to g e th e r  w ith  
th e  p H  a n d  io n ic  s tre n g th , m ay  re n d e r  a 
c o n sid e ra b le  a m o u n t o f  th e  en zy m e

so lub le . I t  a p p e a rs  th a t  th e  L D H  fro m  
tro u t m u sc le  is m o re  eas ily  so lu b ilized  
th a n  th a t  f ro m  c h ick en .

T o  s tu d y  th e  k in e tic  b e h a v io r  o f  L D H  
w h en  it is b o u n d  to  p a rtic le s , th e  tissue  
level w o u ld  h a v e  to  be  k e p t a t a b o u t 2 0 %  
a n d  th e  D P N H  c o n c e n tra t io n  b e low  0.01 
m M . H o w ev e r, u n d e r  these  co n d itio n s  th e  
s ta n d a rd  sp e c tro p h o to m e tr ic  assay  p ro ­
c ed u re s  c a n n o t be  e m p lo y ed . A t su ch  a 
h ig h  ra tio  o f  en zy m e  to  su b s tra te , th e  
D P N H  w o u ld  be o x id ized  to o  rap id ly  to  
p e rm it a c c u ra te  ra te  d e te rm in a tio n s  an d  
th e  level o f  in so lu b le  p ro te in  w o u ld  be 
to o  h ig h  to  a llo w  use o f  a  s ta n d a rd  sp e c ­
tro p h o to m e te r . T h e  a c tiv ity  o f  b o u n d  
L D H  will th e re fo re  hav e  to  b e  fo llo w ed  
by  a  m e th o d  w h ich  w ill a llow  m e a su re ­
m en t u n d e r  th ese  co n d itio n s .
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Physicochemical Nature of Banana Pseudostem Starch
SUMMARY-—Starch was isolated from banana pseudostem and its properties were com­
pared with those of potato, corn and tapioca. The starch granules are irregular in shape 
and are bigger in size than those of the fruit starch. At 60°C, the granules start to 
swell, gradually increase in size, attain their maximum size at 75°C and do not rupture 
even after heating to 100°C. The intrinsic viscosity of the starch (2.05) is similar to 
that of potato starch (2.00). The amylose content of the starch compares well with 
that of banana fruit and potato (tuber) starch (21%). In general, banana pseudostem 
starch resembles potato starch.

INTRODUCTION
T H E  B A N A N A  p se u d o ste m  c o n ta in s  2 -  
3 %  s ta rc h  o f  g o o d  q u a lity  an d  it can  be 
re ad ily  e x tra c te d  (S u b ra h m a n y a n  e t al
1957). In  view  o f  th e  im p o rta n c e  o f  m e e t­
ing  th e  cerea l fo o d  sh o rta g e  in th is  an d  
o th e r  co u n trie s , an y  new  so u rc e  o f  s ta rc h  
is w e lco m e. T h e  b a n a n a  p seu d o stem , 
w h ich  is o th e rw ise  a  w aste  m a te ria l a f te r  
th e  f ru it  is h a rv es te d , is a u se fu l so u rce  o f 
a d d itio n a l s ta rc h . I t  w as, th e re fo re , o f  in ­
te re s t to  c o m p a re  th is  s ta rc h  w ith  o th e r  
w e ll-k n o w n  c e re a l a n d  tu b e r  s ta rch e s  so 
th a t it c o u ld  be  p ro fita b ly  u tilize d  in v a r i­
ous w ays. T h e  d a ta  co lle c ted  d u rin g  th is 
in v estig a tio n  are  p re sen te d  in th is  p a p e r.

MATERIAL & METHODS
ST A R C H  was extracted from  the pseudo­
stem  o f the M aduranga variety  by the 
m ethod of Subrahm anyan  e t al. (1957). The 
m ateria l was disintegrated in a  W aring 
B lendor and passed th rough  a 100 m esh 
sieve. T he slu rry  was channeled, and the 
starch  collected was dried a t 70°C . T he 
starch  was defatted  w ith ether and taken for 
analysis.

Analytical methods
Ash, m oisture and starch  were determ ined 

by standard  AO  A C  (1965) m ethods. P ro ­
tein was estim ated by “K jeldahl’s m ethod” 
(M a et al. 1942).

Swelling property. This was determ ined as 
follow s: 0.5 g of starch  was suspended in 
30 ml w ater, heated to different tem peratures 
( Fig. 1) and m aintained a t the desired tem ­
perature  fo r  15 min. I t  was then  cooled to 
room  tem perature  (2 5 -2 8 ° C ) , and the vo l­
um e m ade up to 50 ml. T he suspension was 
then centrifuged in a g raduated  tube and 
the volum e of starch  in the tube noted.

V olum e of granules %  =
V olum e of centrifuged granules X 100 

T otal volum e of suspension

Intrinsic viscosity. This was determ ined by 
the m ethod o f Lansky et al. as m entioned by 
K err (1 9 5 0 ). An Ostw ald p ipette N o. 1, 
m aintained at 35 ±  1°C  in a therm ostat, 
was em ployed fo r  determ ining the specific 
viscosity.

Alkali number. T his was determ ined by 
follow ing the procedure  given in K err, 1950.

Action of Takadiastase. T o m easure the 
change in the blue color o f starch-iodine re­
action  during  the enzym ic breakdow n of 
starch  by  Takadiastase, 100 m l o f 1%

starch  suspension were p repared  in a 250-m l 
flask and its pH  adjusted to 4.5 with aceta te  
buffer. T he suspension was heated  to  5 5 °C, 
0.1 g o f T akadiastase  added and th e  reac ­
tion m ixture m aintained a t 55°C  in a  th e r­
m ostat. A t intervals o f 0, 5, 10, 15, 20, 25 
and 30 m in, 5 ml a liquots o f  the  reaction  
m ixture were rem oved, the enzym e destroyed 
by boiling and the volum e m ade u p  to  50 
ml with water. T o  10 m l of this, 2 ml o f 
N /5 0 0  iodine solution were added, the vol­
um e m ade up to  25 ml and its light tran s­
m ission m easured a : 650 p  in a L um etron  
colorim eter.

Fractionation of starch. 20 g of defatted  
starch, suspended in 80 ml o f  w ater, were 
slowly added with constant stirring  to a 
boiling m ixture o f b u tan o h w ate r (1 :1 0 ) , 
heated on a steam  bath. T he paste was au to ­
claved fo r 3 h r a t 18 lb pressure. T o  the 
suspension, a 1:1 m ixture o f buty l and 
am yl a lcohol was added, and the  suspension 
cooled slowly to 25 °C, the beaker being 
w rapped with cotton fo r slow cooling. T he 
supernatan t was siphoned off carefully . T he 
precip itated  am ylose was separated  by cen­
trifuging the left-over suspension. T h e  pre­
cipitate was washed and centrifuged repea t­
edly with bu tanol-sa turated  w ater. I t  was 
recrystallized from  boiling w ater in the p res­
ence of bu tanol. A m ylopectin  was precip i­
tated  from  the supernatan t by  addition  of 
an excess o f  m ethanol and dried by trea ting  
with fresh m ethanol.

A  standard  curve was draw n according to 
the m ethod of K err et al. (1 9 4 3 ), using d if­
fe ren t ratios o f am ylose and am ylopectin  o f 
pseudostem  starch. C om position  o f different 
starches was determ ined by m aking use o f 
this curve.
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RESULTS & DISCUSSION
Microscopic structure

T h e  b a n a n a  p se u d o ste m  s ta rc h  g ra n ­
ules (F ig . 3 )  re sem b led  th o se  o f  C u rc u m a  
s ta rch , b u t w ere  sm a lle r  in  size (w id th  
7 ¡u len g th  53 ¡i), m a n y  o f  th e m  b e in g  in 
th e  ran g e  o f  3 0 -5 0  ¡x. T h e ir  sh a p e  v a ried  
c o n sid e rab ly , so m e  o f  th e m  h a v in g  q u a ­
d ra n g u la r , tr ia n g u la r , p ea r-lik e , c u rv ed  
an d  ir re g u la r  sh ap es. L ay e rs  w e re  n o t as 
d is tin c t as in th e  case  o f  f ru i t  s ta rch , 
w hose  g ra n u le s  w e re  sm a lle r  (7 -3 3  ¡x) an d  
less ir re g u la r  in sh ap e .

Composition of isolated 
pseudostem starch

T h e  co m p o s itio n  o f  th is  s ta rc h  w as as 
fo llow s: M o is tu re  1 1 .3 0 % , ash  0 .3 0 % , 
p ro te in  ( N  X  6 .2 5 )  0 .1 9  a n d  s ta rch  va lue  
8 7 .8 % .

Fig. 2— Action of Takadiastase on
starch. O................O Banana starch (fruit);
O—   --------- - — O Banana starch (pseudo­
stem); o— X —  X —• X —  X — o Potato 
starch.

Swelling property
T h e  re la tiv e  in c re ase  in vo lu m e w ith  

in crease  in te m p e ra tu re  in th e  case  o f  
b a n a n a  p se u d o s te m  s ta rc h  is sh o w n  in 
F ig u re  1. T h e  s ta rc h  g ran u le s , w h ich  
s ta r t  sw ellin g  a t  6 0 ° C , g ra d u a lly  in crease  
in size a n d  a tta in  th e ir  m ax im u m  size a t 
7 5 ° C  an d  ab o v e . T h e y  d o  no t, h o w ev er, 
ru p tu re  even  w h en  h e a te d  to  1 0 0 "C

Intrinsic viscosity
T ab le  1 sh o w s th a t  th e  in tr in s ic  v iscos­

ity o f  b a n a n a  p seu d o stem  s ta rc h  (2 .05 ) is 
lo w er th a n  th a t  o f  ta p io c a  s ta rc h  (2 .55 ) 
a n d  h ig h e r  th a n  th a t  o f  co rn  s ta rc h  T .5 5 ) . 
b u t n e a r ly  id en tica l to  th a t o f  p o ta to  
s ta rc h  (2 .0 0 ) .

Table 1—Intrinsic viscosity, alkali number 
and amylose content of banana pseudostem 
starch as compared with other starches.

S o u r c e  o f  
s t a r c h

I n t r i n s i c
v is c o s i ty

A lk a l i
n u m b e r

P e r  c e n t  
a m y lo s e

B a n a n a  p s e u d o ­
s t e m  s t a r c h 2 .0 5 4 .7 5 2 1 . 0

B a n a n a  f r u i t  s t a r c h  2 .0 5 2 .0 5 2 1 . 0
T a p i o c a 2 .5 5 6 . 0 0 1 6 .5
P o t a t o 2 . 0 0 6 . 0 0 2 1 . 0
C o r n 1 .5 5 1 0 .6 0 2 6 . 0

Alkali number
In  its a lk a li n u m b e r  (T a b le  1 ) ,  th e  

p seu d o stem  s ta rc h  a p p ro ac h es  ta p io c a  an d  
p o ta to .

Color with iodine
T h e  ch an g e  in th e  o p tic a l d e n s ity  o f  

the  s ta rc h -io d in e  re a c tio n  c o lo r  w ith  th e  
p ro g ress  o f  e n zy m ic  b re a k d o w n  o f  s ta rc h  
by  T a k a d ia s ta se  is sh o w n  in  F ig u re  2. 
T h e  p se u d o s te m  s ta rc h  b e h av es  p ra c ti­
cally  th e  sam e  as p o ta to  s ta rc h  an d  
b a n a n a  f ru i t  s ta rc h  in re g a rd  to  en zy m e  
hyd ro ly sis .

Starch fractions
T h e  b u ta n o l-p re c ip ita te d  am y lo se  f ra c ­

tio n  o f  th e  p se u d o ste m  s ta rc h  h a d  a  6- 
lo b ed  p e ta l-lik e  s tru c tu re  a n d  re sem b led  
th a t  o f  am y lo se  in p o ta to  s ta rc h  (F ig . 4). 
T ab le  1 sh o w s th a t  th e  p se u d o ste m  s ta rc h  
c o m p a re s  w ell in its am y lo se  c o n te n t w ith  
o th e r  w e ll-k n o w n  tu b e r  s ta rch e s . A c c o rd ­
ing  to  th e  d a ta  re p o rte d  in  th e  p a p e r , 
b a n a n a  p se u d o s te m  s ta rc h  is s im ila r  to  
p o ta to  s ta rc h  in m a n y  resp ec ts , b u t d if ­
fe re n t f ro m  th a t  o f  tap io c a  a n d  co rn .
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Fig. 3— Banana pseudostem starch granules.
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p se u d o s te m  s ta rc h .
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Accumulation of Starch in Banana Pseudostem and Fruit
SUMMARY— The rhizome, pseudostem and the unripe fruit of the banana have a high 
starch content. Its concentration is higher in the middle fleshy leaf sheaths and in­
creases gradually towards the rhizome downward along the length of the pseudostem. 
During the growth of the plant, starch accumulates in the pseudostem and reaches its 
maximum at the time of inflorescence and remains practically constant thereafter 
until the harvesting of the mature bunch. After the removal of the mature bunch, 
there is a gradual decrease in the accumulated starch, when the stem is allowed to 
stand in the field. If, however, it is felled and stored in the shade, the decrease in 
starch content is rapid and even after a period of two days, the starch content is re­
duced to such a great extent that its extraction becomes rather uneconomical. It is, 
therefore, necessary to utilize the pseudostem for processing soon after harvest of the 
bunch. This is a highly important consideration in the economic utilization of the 
pseudostem. Removal of the inflorescence, with a view to increase the starch con­
tent in the pseudostem by arresting its transfer to the fruit, is neither feasible nor 
economical.

INTRODUCTION
G R E A T  E C O N O M IC  im p o rta n c e  is a t ­
ta c h ed  to  th e  g ro w in g  o f  b a n a n a s  in m an y  
o f  th e  tro p ic a l c o u n tr ie s  o f  th e  A m ericas , 
A fr ic a  an d  A sia . A n n u a l p ro d u c tio n  in 
In d ia  v a ries b e tw een  1.7 a n d  2 .0  m illion  
ton s. W o rld  p ro d u c tio n  is a b o u t 2 0  m il­
lion ton s. O n ce  th e  p la n t h as b o rn e  fru it, 
th e  b u n c h  is c u t a n d  th e  t ru n k  is g e n e r­
ally  left to  d e co m p o se  in th e  field. I t  has

Table 1—Distribution of starch in different 
parts of mature banana plant—(Var. Rasa- 
bale)—Age: 15 months.1

re ce n tly  been  sh o w n  th a t  th e  t ru n k  o r 
p seu d o stem , w h ich  p ro d u c es  fibers o f  
goo d  q u a lity , is a lso  a  so u rc e  o f  h igh  
q u a lity  s ta rch .

P ro d u c tio n  o f  s ta rc h  fro m  th is so u rce  
is. th e re fo re , an  e co n o m ica lly  im p o rta n t 
d ev e lo p m en t. In  v iew  o f  th e  p o ten tia litie s  
o f  b a n a n a  p se u d o s te m  as a b a s ic  raw  m a ­
te ria l fo r  s ta rch  a n d  p a p e r  p u lp , a  sys­
tem a tic  in v es tig a tio n  w as u n d e r ta k e n  to  
s tu d y  th e  c o u rse  o f  d e v e lo p m en t an d  d is­
tr ib u tio n  o f  s ta rc h  in d iffe ren t p a r ts  o f  
th e  p lan t, to  d e te rm in e  th e  tim e  as w ell 
as p a tte rn  o f  its m a x im u m  a cc u m u la tio n  
a n d  the  c h an g es  th a t  tak e  p lace  in th e

s ta rch  c o n te n t a f te r  th e  b u n c h  is h a r ­
vested . T h e  effec t o f  rem o v a l o f  in flo ­
rescen ce  a t  th e  v e ry  o u tse t, on  th e  a c ­
c u m u la tio n  o f  s ta rc h  in  th e  p seu d o stem  
w as a lso  s tu d ied . T h e  re su lts  o f  th e  in ­
v estig a tio n  are  p re sen te d  a n d  d iscu ssed  
in th is p ap er.

MATERIALS & METHODS
TW O V A R IE T IE S of banana, M a d iim n g a  
( M u s a  p a ra d is ia c a  L inn) and R a s a b a le  
(M u s a  sa p ie n tu m  L in n ), were selected from  
a  4-acre p lan ta tion  in the local m unicipal 
farm . T he plants were cultivated un d er n o r­
m al com m ercial conditions o f cultivation . 
The entire plant, including the rh izom e and 
leaves, was rem oved a t each stage and the 
different portions were sam pled fo r  an a ly ­
sis. These included leaf, leaf stalk , leaf 
sheath (w hich constitutes the pseudostem ), 
central core, bract, flower, fru it and rhizom e. 
T he num ber o f plants taken in each case is 
indicated in the tables.

T he fresh weight o f a p lant ranged from  
1 to 30 kg, depending upon  the age o f :he 
p lan t and variety, as is show n in T ables 4 
and 5. Portions of different parts o f the 
p lan t were cut into sm all pieces and in each 
case random  lots taken fo r fu rth er cutting  
into sm aller pieces. F rom  the latter, repre­
sentative sam ples were taken a t random  on

F r e s h  
w e ig h t  
o f  d if - T o t a l

Table 2—Variation in starch content from the core to the outermost sheath (Var. 
—Age; 6 months. Dry weight basis.

Rasabale)

f e r e n t  
p o r ­
t i o n s  

o f  th e  
p l a n t  
(k g )

s t a r c h  
p r e s e n t  
in  d i f ­
f e r e n t  
p a r t s  

(g>

P l a n t  N o .  1 P l a n t  N o .  2

S a m p le

M o is ­
t u r e
( % )

o n  d r y  
w e ig h t  

b a s is

(%„)

S h e a t h
n u m b e r 1

F r e s h
w e ig h t

(g )

T o t a l
s t a r c h

(g )

S ta r c h
c o n t e n t

(% >

F r e s h
w e ig h t

(g )

T o t a l
s t a r c h

(g )

S ta r c h
c o n t e n t

( % )

C e n t r a l  c o r e 5 0 0 . 2 8 1 0 .2 0 75 0 . 5 0 1 4 .0 0
L e a f 1 2 .0 0 6 8 .7 147 3 . 9 0 i 1 7 0 1 .0 9 1 1 .9 0 180 1 .1 4 1 2 .7 0
L e a f  b a s e  
L e a f  s h e a t h

2 . 0 0 9 1 . 5 1 7 .5 1 0 .3 0 2
3

2 8 0
2 9 0

2 .3 8
3 . 5 0

1 5 .7 5
1 7 .2 5

2 4 0
2 3 5

1 .1 0
2 . 4 6

1 4 .8 5
1 7 .5 0

( P s e u d o - s t e m ) 2 4 .0 0 8 6 . 5 0 8 3 2 2 5 . 5 0 4 3 0 0 4 . 1 0 1 9 .6 0 2 3 5 3 . 0 4 1 7 .7 5
C e n t r a l  c o r e 0 . 1 2 9 4 . 8 0 1 .1 8 1 9 .0 0 5 3 0 0 4 . 3 6 2 0 .8 0 185 2 . 5 0 1 8 .6 0
R h iz o m e 7 . 0 0 9 0 . 4 0 2 1 2 3 1 . 6 0 6 2 8 0 4 . 8 6 2 1 .7 5 1 3 0 1 .8 7 1 9 .5 0
F lo w e r 0 .2 5 8 8 . 4 0 3 . 3 6 1 1 .2 0 7 2 5 0 3 . 4 0 2 2 .7 5 1 3 0 2 .2 5 2 1 . 7 0
B r a c t
F r u i t

0 . 6 0
9 . 0 0

9 1 . 2 0
6 6 . 8 0

1 0 .8
1773

2 0 .0 0
5 9 . 6 0

8 195 2 . 9 4 2 4 .2 0 10 0 2 . 0 6 2 7 . 5 0

-------------  -----------  ' S h e a t h  n u m b e r s  1 - 8  r e p r e s e n t  th e  o r d e r  o f  l e a f  s h e a t h ,  s h e a t h  I , b e i n g  th e  i n n e r  m o s t  a n d  s h e a t h  8 ,
1 D a t a  a r e  t h e  a v e r a g e s  f o r  4  p l a n t s .  o u t e r m o s t .
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fresh weight basis.
Starch content o f these was determ ined by 

the Takadiastase m ethod (A llen , 1948) and 
sugars by Som ogyi's m ethod (H odge et al. 
1952). The analytical da ta  a re  presented in 
tabu lar form . Table 1 shows the distribution 
of starch in different parts o f  a  b anana  p lant 
of the R a s a b a le  variety  (age 15 m onths)

Table 3—Variation in starch content along 
the axis of the plant. Var: Rasabale,1 Age: 
8 months.

M id d le
p o r t i o n B a s e

S ta l k o f o f  th e
o f  t h e p s e u d o - p s e u d o -

L e a f l e a f s te m s te m

F r e s h  w e ig h t

(g ) 59 5 3 2 7 5 9 0 6 4 0
M o i s t u r e  ( % )  
T o t a l  s t a r c h

7 9 . 9 0 9 1 . 9 0 9 2 . 8 0 9 1 . 2 0

(g )
S ta r c h  ( % )

1 1 .6 2 5 . 2 9 8 . 4 9 1 7 .0 3

( d r y  w t  
b a s is ) 9 . 8 3 2 0 .7 0 1 9 .9 0 3 0 . 1 0

1 D a t a  a r e  t h e  a v e r a g e s  b a s e d  o n  t h e  a n a l y s i s  
o f  s ix  in d i v id u a l  p l a n t s .

bearing a bunch o f m ature  fru it. D ata re­
garding the starch  content o f individual leaf 
sheaths in the case o f two 6 m onths old 
R a s a b a le  p lants are given in T able  2. In 
Table 3. data  a re  given fo r starch  content in 
different portions of the pseudostem  along 
its axis.

The starch  content o f the pseudostem  at 
different stages o f its grow th is shown in 
T ables 4 and 5 fo r M a d u r a n g a  and R a s a b a le  
varieties, respectively. T he starch was ex­
tracted  by the Blendor m ethod o f sieving and 
washing as described by Subrahm anyan  et al.
(19 5 7 ). The d a ta  show the range as well as 
the m ean values, based on the analysis o f 
2 -6  plants.

In T ables 6 and 7, data  are given for the 
d istribution o f starch in the leaf, pseudostem , 
rhizom e and fru it a t different stages of 
grow th, in the case o f R a s a b a le  and M a d -  
u ra n g a  varieties, respectively. Table 8 gives 
data fo r the d istribution o f reducing and 
total sugars in the central core and sheath of 
the M a d u r a n g a  variety.

T o study the effect o f rem oving the in­

florescence on  the starch  con ten t o f the pseu­
dostem , 12 plants o f  the M a d u r a n g a  variety, 
w hich had just borne inflorescence, were se­
lected. In six o f  the plants, the inflorescence 
was cut off and the rem aining six, which 
served as control, were allowed to bear fruit. 
Tw o plants were rem oved in the case o f 
each trea tm ent, a t start, a fte r one m onth 
and afte r two m onths thereafter, fo r the de­
term ination  o f starch  content. Inflorescence 
had just appeared on the plants 11 m onths 
after planting  the suckers. T he da ta  are given 
in Table 9.

F o r the study of the post harvest varia­
tion in the starch content, 24 fu lly  m ature 
plants, from  which the bunches had been 
harvested on the same day, were allow ed to 
rem ain in the field fo r varying periods. D ata  
are given in Table 10.

In the second series o f experim ents, the 
pseudostem  was cut down soon after harvest­
ing the bunch and stored in a cool place fo r 
varying periods. D ata regarding variation  in 
starch  content in this case are shown in 
Table 11.

Table 4—Variation in the starch content of the pseudostem with the growth of the banana plant (Variety: Maduranga).
F r e s h  w e ig h t  o f  Y ie l d  o f  s t a r c h

S ta g e  o f  
g r o w t h  ( m o )

p s e u d o s t e m  (k g ) M o i s t u r e  ( %> S t a r c h  c a l c u l a t e d  ( % ) S t a r c h  e x t r a c t e d  ( % ) p e r  s te m  (g )

R a n g e M e a n R a n g e M e a n R a n g e M e a n R a n g e M e a n R a n g e M e a n

3 ( S u c k e r s ) 1 . 1 0 - 1 . 3 7 1 .1 9 9 3 . 6 - 9 5 . 0 9 4 .3 8 . 6 - 9 . 8 9 . 4 0 0 0 0
6 ( S u c k e r s ) 2 . 7 - 2 . 9 2 .8 9 2 . 3 - 9 3 . 0 9 2 . 6 1 3 . 0 - 1 3 . 1 1 3 .0 5 8 . 5 - 9 . 0 8 . 9 1 9 . 0 - 2 0 . 0 2 0
9 6 . 4 - 8 . 7 5 7 . 6 8 9 . 1 - 8 9 . 7 8 7 . 4 1 9 . 4 - 2 0 . 2 1 9 .8 1 8 . 6 - 1 9 . 0 1 8 .8 1 3 0 - 1 9 0 180

11 ( I n f lo r e s c e n c e  s ta g e ) 1 5 . 4 - 2 5 . 4 1 9 .8 8 7 . 1 - 9 0 . 5 8 8 .9 2 8 . 7 - 3 9 . 8 3 2 .9 5 2 7 . 7 - 3 7 . 1 2 9 .8 4 8 0 - 7 3 0 6 5 3
13 2 0 . 5 - 2 5 . 4 2 2 .3 8 9 . 3 - 9 1 . 7 9 0 . 5 2 4 . 1 - 3 1 . 5 0 2 7 .9 1 9 . 0 0 - 2 1 . 2 2 0 .0 6 4 1 0 - 4 3 0 4 2 4
14 1 7 . 0 - 2 0 . 5 1 8 .5 8 9 . 3 - 9 1 . 5 9 0 . 4 2 1 . 5 - 3 0 . 7 2 5 .4 3 1 5 . 2 - 2 0 . 3 1 7 .7 2 5 0 - 3 2 0 3 1 4

15 ( H a r v e s t in g  s ta g e ) 1 8 . 0 - 2 1 . 1 1 9 .8 9 0 . 1 - 9 1 . 4 9 0 . 7 2 1 . 8 - 2 5 . 5 2 3 .7 1 7 . 0 - 2 0 . 8 1 8 .8 3 4 0 - 3 5 0 3 4 5

Table 5—Variation in starch content in the pseudostem with the growth of the banana plant. (Var: Rasabale).
F r e s h  w e ig h t  o f  T o t a l  y ie ld  o f

S ta g e  o f  p s e u d o s t e m  ( k g )  M o i s t u r e  ( % )  S t a r c h  c a l c u l a t e d  ( % )  S t a r c h  e x t r a c t e d  ( % )  s t a r c h  (g )
g r o w th  -----------------------------------------  -----------------------------------------  -------------------------------------------  ----------------------------------------------  -----------------------------------

( m o ) R a n g e M e a n R a n g e M e a n R a n g e M e a n R a n g e M e a n R a n g e M e a n

11 2 0 .5 - 3 1  0 2 7 . 4 8 6 . 4 - 8 9 . 0 8 7 .5 2 4 . 5 - 3 2 . 7 2 7 .7 2 1 . 0 0 - 3 2 . 5 0 2 7 . 0 6 7 0 0 - 1 2 3 0 9 2 7

12 2 2 . 0 - 2 8  5 2 5 . 2 8 5 . 4 - 8 6 . 4 8 5 .9 2 8 . 0 - 2 8 . 6 2 8 .3 2 7 . 5 - 2 7 . 6 2 7 .5 8 3 0 - 1 1 6 2 9 7 7

15 2 1 . 0 - 2 6  0 2 2 .5 8 4 . 8 - 8 7 . 3 8 5 . 6 2 6 . 7 - 3 9 . 2 3 3 . 4 0 2 3 . 0 - 3 7 . 5 0 3 0 . 0 0 8 8 0 - 1 1 3 0 9 7 2

Table 6—Distribution of starch in different tissues of the banana plant during different periods of its growth (Variety: Rasabale).1

A g e  o f  t h e  p l a n t  ( m o )

12  15

G r e e n  G r e e n

5 6 7 t e n d e r
f in g e r s
( 1 - m o -

o ld )

m a t u r e
f r u i t

S a m p le s L e a f
P s e u d o ­

s t e m
R h i ­
z o m e L e a f

P s e u d o ­
s t e m

R h i ­
z o m e L e a f

P s e u d o ­
s te m

R h i ­
z o m e L e a f

P s e u d o ­
s te m

R h i ­
z o m e L e a f

P s e u d o ­
s t e m

R h i ­
z o m e

( 4 - m o -
o l d )

F r e s h
w e ig h t
(k g ) 0 .5 9 1 .4 6 0 . 6 7 0 .4 9 2 . 1 9 1 .1 5 0 .8 1 2 . 9 0 1 .1 8 1 1 .0 0 2 4 .0 0 5 . 0 0 4 . 0 0 1 2 .0 0 2 4 . 0 0 7 . 0 0 9 . 0 0

M o i s t u r e

( % ) 7 9 . 5 0 9 2 . 0 0 8 0 . 0 0 7 6 . 1 0 9 3 . 8 0 8 4 .3 5 7 7 . 2 0 9 2 . 0 0 8 3 . 5 0 6 5 . 2 0 8 5 . 4 0 7 4 . 7 0 8 6 . 8 0 6 8 . 7 0 8 9 . 0 0 9 0 . 4 0 6 6 . 8 0

S ta r c h  ( % )  
( D .W .B . ) 2 5 . 8 0 8 . 9 0 1 4 .2 0 5 . 7 0 8 . 3 0 1 5 .5 0 3 . 5 0 7 . 3 0 2 6 .1 0 2 . 2 2 2 8 .5 0 3 4 .4 0 1 4 .2 0 3 . 9 0 2 9 .0 9 3 1 . 6 0 5 9 .6 0

T o t a l  s ta r c h
p r e s e n t

(g ) 7 . 0 2 1 0 .3 9 1 9 .0 2 6 . 6 6 1 1 .2 8 2 7 . 9 0 6 . 4 8 1 6 .9 2 5 0 . 7 4 8 4 .9 8 9 9 8 4 3 5 75 147 7 6 8 2 1 2 177 3

1 D a t a  b a s e d  o n  t h e  m e a n  f o r  tw o  p l a n t s .
2 D .W .B .  =  d r y  w e ig h t  b a s i s .
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T a b le  7— D is tr ib u t io n  o f s ta rc h  in  d if fe re n t  t is s u e s  o f th e  b a n a n a  p la n t d u r in g  d if fe re n t  p e r io d s  o f its  g ro w th  (V ar: M a d u ra n g a ).1

4
A g e  o f  t h e  Y o u n g  s u c k e r s
p l a n t  ( m o )  ------ -----------

S a m p l e s L e a f P s e u d o s t e m R h iz o m e

F r e s h  w e ig h t  ( k g ) 0 . 3 0 1 .2 4 0 .5 3

M o i s t u r e  ( % ) 7 8 . 8 0 9 4 . 1 0 8 4 . 1 0

S t a r c h  ( % )  
( D . W . B . ) 1 3 . 9 6 9 . 1 3 2 1 .3 8

T o t a l  s t a r c h  
p r e s e n t  (g ) 2 . 5 0 6 . 6 6 1 8 .0 2

1 D a t a  b a s e d  o n  th e  m e a n  f o r  t w o  p l a n t s .
2 D .W .B .  =  d r y  w e ig h t  b a s is .

RESULTS & DISCUSSION
T A B L E  1 show s th a t  th e  m o is tu re  c o n ­
te n t o f  th e  d iffe ren t p a r ts  su c h  as leaf, 
f ru it, le a f  sh e a th , rh izo m e, e tc ., is v a r i­
ab le  a n d  so a lso  th e ir  s ta rc h  c o n te n t ex ­
p re sse d  o n  d ry  w e ig h t basis. R e g a rd in g  
th e  d is tr ib u tio n  o f  s ta rc h , th e  m a tu re  f ru it 
c o n ta in s  th e  h ig h es t a m o u n t (1 7 7 3  g). 
A p a r t  f ro m  th e  fru it,  th e  p seu d o stem  
(8 3 2  g) is th e  r ich e s t so u rc e  o f  s ta rc h  in 
th e  p lan t, w h ile  th e  rh iz o m e  (2 1 2  g) 
co m es n ex t.

Variation of starch content
T ab le  2 show s th a t  th e  c e n tra l  co re  o f

12
P l a n t  b e a r i n g  s m a l l  t e n d e r  f in g e r s

L e a f P s e u d o s t e m R h i z o m e

T e n d e r  
f in g e r s  

(1 - m o - o l d )

1 0 .0 0 2 2 .2 5 7 . 5 0 5 . 0

6 8 .3 5 8 9 . 7 0 8 4 . 1 0 8 6 . 4 0

1 .9 0 2 1 . 1 0 3 1 . 2 0 2 9 . 7 0

6 0 . 0 0 4 8 2 3 7 2 195

th e  p se u d o s te m  c o n ta in s  m u c h  less s ta rc h  
th a n  th e  sh e a th s  th a t  en c lo se  it. T h e  p e r­
cen tag e  o f  s ta rc h  in c re ases  f ro m  th e  c e n ­
tra l  co re  to  th e  o u te r  sh e a th . T h e  to ta l 
a m o u n t o f  s ta rc h  p re se n t in  th e  m id d le  
sh e a th s  is, h o w e v e r, c o n s id e ra b ly  m o re  
th a n  in th e  in n e r  o r  o u te r  sh ea th s . T h e  
p e rce n ta g e  as w ell as th e  to ta l a m o u n t o f  
s ta rc h  in c reases  f ro m  th e  le a f  s ta lk  d o w n  
to  th e  b ase  o f  p se u d o s te m  (T a b le  3 ) .

Accumulation of starch in the pseudostem
A s seen  fro m  T a b le s  4  a n d  5. th e  p e r­

cen tag e  o f  s ta rc h  in c reases  f ro m  th e  
su c k e r  s tag e  o n w a rd , re ac h es  its m ax im u m  
w h en  th e  p la n t b e a rs  in flo rescen ce , th en

15
P l a n t  w i th  f u l l y  m a t u r e  f r u i t  

r e a d y  f o r  h a r v e s t

L e a f P s e u d o s t e m R h iz o m e
R a w  f r u i t  
( 4 - m o - o l d )

1 1 .5 1 2 4 .0 0 8 . 0 0 1 0 .0

6 9 . 0 0 9 1 . 5 0 8 9 . 2 0 6 5 . 0 0

3 . 0 0 2 5 .6 0 3 6 . 3 0 6 3 . 0 0

107 5 2 0 3 1 2 2 2 0 0

d ecreases s lig h tly  th e re a f te r  an d  re m a in s  
p ra c tic a lly  c o n s ta n t u n til th e  tim e o f  h a r ­
v estin g  th e  f ru i t  b u n ch .

D u r in g  th e  e a rly  p e r io d  o f  g ro w th  ( T a ­
bles 6 a n d  7). s ta rc h  a c c u m u la te s  in  th e  
rh izo m e , w hile  it re m a in s  p ra c tic a lly  c o n ­
s ta n t in  th e  p seu d o stem . A f te r  th e  in itia ­
tio n  o f  th e  in flo rescen ce , th e re  is no  f u r ­
th e r  in c re ase  in  th e  s ta rc h  c o n te n t o f  th e  
rh izo m e  o r  o f  th e  p se u d o ste m , w h ile  
th e re  is an  in c rease  in th a t  o f  th e  fru it.  
L eaves c o n ta in  v e ry  little  s ta rc h , th e  m a x i­
m u m  a m o u n t fo u n d  b e in g  o n ly  a b o u t  6 %  
o f  th e ir  d ry  w eigh t.

T h e  s ta rc h , w h ich  a c c u m u la te s  in th e  
rh izo m e  u n til th e  o n se t o f  in flo rescen ce , 
a p p e a rs  to  be  tra n s fe r re d , in  th e  fo rm  o f  
its e n zy m ic  h y d ro ly sis  p ro d u c ts , n a m e ly  
su g ars , fo r  d e  n o v o  sy n th esis  in th e  d e ­
v e lo p in g  f ru it, w ith  th e  re su lt  th a t  th e re  
is no  fu r th e r  in c rease  in  s ta rc h  c o n te n t in  
th e  rh izo m e.

T h e  s ta rc o  as w ell as su g a r  c o n te n ts  
a re  m ax im al a t th e  tim e  o f  in flo re scen ce . 
T h e re  a p p e a rs  to  be  su b seq u e n t t r a n s f e r ­
en ce  o f  s ta rc h  in th e  fo rm  o f  su g a rs  fo r  
re sy n th es is  in  th e  d e v e lo p in g  fru it,  
th ro u g h  th e  c e n tra l  co re  o f  th e  p se u d o - 
stem , as e v id en ced  b y  th e  c o n s id e ra b ly  
h ig h er su g a r  c o n te n t in  th e  c o re  th a n  in  
th e  o u te r  sh e a th  (T ab le  8). H o w ev e r , in  
th e  case  o f  p lan ts  f ro m  w h ic h  th e  in ­
flo rescence  h a d  b een  re m o v e d , so o n  af-

Table 8—Distribution of reducing and total sugars in the central core and sheath of banana 
plant (var: Maduranga).1

P l a n t  w i th  in f l o r e s e n c e  
ju s t  s e t  (11  m o )  

( C o n t r o l )

3 0  d a y s  a f t e r  th e  
i n i t i a t i o n  o f  in f lo r e s c e n c e  

( 1 2  m o )  ( C o n t r o l )

3 0  d a y s  a f t e r
r e m o v in g  th e  in f lo r e s c e n c e  

( 1 2  m o )

C e n t r a l
c o r e

P s e u d o ­
s te m

C e n t r a l
c o r e

P s e u d o ­
s te m

C e n t r a l
c o r e

P s e u d o ­
s te m

M o i s t u r e  ( % ) 9 2 . 6 0 9 0 . 0 0 9 2 . 5 0 9 3 . 7 0 9 4 . 7 0 9 3 . 0 0

R e d u c i n g  s u g a r s  ( % )  
( D .  W . B .) 2 5 .4 0 1 1 .3 0 2 3 .7 0 2 5 .2 0 1 8 .0 0 1 8 .3 0

T o t a l  s u g a r s  ( % )  ( a s  
r e d u c i n g  s u g a r s )  
( D .  W . B .) 3 9 . 0 0 1 5 .5 0 2 5 .0 0 3 1 .7 0 1 9 .6 0 2 5 . 4 0

1 D a t a  b a s e d  o n  th e  m e a n  f o r  tw o  p l a n t s .  1 D . W . B . =  d r y  w e ig h t  b a s is .

Table 9—Effect of removal of the inflorescence on the starch content of banana pseudostem (Var. Maduranga).
F r e s h  w e ig h t  o f  

s te m  ( k g )
P e r  c e n t  s t a r c h  P e r  c e n t  s t a r c h

c a l c u l a t e d  ( D . W . B . ) 1 e x t r a c t e d  ( D .W .B . )
Y ie ld  o f  s t a r c h  
p e r  s t e m  ( k g )

S ta g e  o f  m a t u r i t y C o n t r o l
I n f lo r e s c e n c e

r e m o v e d C o n t r o l
I n f lo r e s c e n c e

r e m o v e d C o n t r o l
I n f lo r e s c e n c e

r e m o v e d C o n t r o l
I n f lo r e s c e n c e

r e m o v e d

1. P l a n t  b e a r i n g  th e  i n f l o r e s c e n c e 2 2 .3 0 2 2 .3 0 3 0 . 0 0 3 0 .0 0 2 7 .1 3 2 7 .1 3 0 .6 8 0 .6 8
( 11 m o ) 1 5 .4 0 1 5 .4 0 3 9 .8 2 3 9 . 8 2 3 7 .1 6 3 7 .1 5 0 .6 5 0 .6 5

2. O n e  m o n t h  a f t e r  t h e  a p p e a r a n c e  o f 2 5 .4 0 2 6 .0 0 2 4 . 1 0 3 0 . 8 0 2 4 .1 0 2 8 .4 2 0 .4 1 0 . 8 9
th e  i n f l o r e s c e n c e  ( 1 2  m o ) 2 1 .0 0 2 1 . 0 0 2 8 . 0 0 3 2 . 3 0 2 8 . 1 0 3 2 . 3 0 0 . 4 2 0 . 8 8

3. T w o  m o n t h s  a f t e r  t h e  a p p e a r a n c e  o f 2 0 . 5 0 1 2 .0 0 2 1 . 5 0 1 5 .0 0 1 7 .6 0 9 . 4 0 0 . 3 0 0 . 1 7
th e  i n f l o r e s c e n c e  (1 3  m o ) 1 7 .0 0 1 1 .5 2 1 .5 0 1 3 .0 0 1 5 .1 0 7 . 0 0 0 . 2 7 0 .1 3

4 . T h r e e  m o n t h s  a f t e r  t h e  a p p e a r a n c e  o f 2 1 .1 0 1 4 .0 0 2 5 . 5 0 4 . 3 0 1 8 .6 0 T r a c e 0 . 3 4 T  r a c e
t h e  i n f l o r e s c e n c e  (1 4  m o ) 2 0 .3 0 9 . 0 0 2 4 . 1 0 1 .4 0 1 7 .0 0 T r a c e 0 .3 5 T  r a c e

1 D .W .B .  =  d r y  w e ig h t  b a s is .
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Table 10—Post-harvest variation in starch content of banana pseudostem (Var: Madu- 
ranga).1

N o .  o f  
d a y s  a f t e r  
h a r v e s t i n g  

o f  th e  
b u n c h

F r e s h  
w e ig h t  

o f  s te m  
( k g )

M o i s t u r e

( % )

S ta r c h  c o n t e n t  
( o n  d r y  b a s i s )  ( % )

Y ie ld  o f  
s t a r c h  

p e r  s t e m  

(g )C a l c u l a t e d E x t r a c t e d

0 1 3 .2 5 9 2 . 5 0 3 0 . 7 0 2 4 .8 0 2 4 6
4 1 0 .7 0 8 7 .3 8 2 5 .2 0 2 0 . 2 0 2 7 3
6 9 . 2 5 9 0 . 8 0 2 4 .5 0 2 0 . 0 0 17 0

10 1 0 .0 0 9 0 . 7 0 18 0 0 8 .0 5 75
12 1 0 .0 0 9 2 . 3 0 16  10 8 . 0 0 6 2
16 9 . 0 0 9 2 . 3 0 16 2 0 7 . 3 0 4 9

1 D a t a  a r e  t h e  a v e r a g e  v a l u e s  f o r  4  p l a n t s .

Table 11- Post-harvest changes in the starch content of pseudostem removed from the
field and stcred in the shade at R.T. (25-28°C) (Var: Maduranga).1

N o .  o f
d a y s  a f t e r S t a r c h  c o n t e n t
h a r v e s t i n g 2 W e ig h t ( o n  d r y  b a s i s )  ( % ) Y ie ld  o f

o f  th e o f  s t e m M o i s t u r e - s t a r c h
b u n c h (k g ) ( % ) C a l c u l a t e d E x t r a c t e d p e r  s t e m  (g )

0 1 4 .5 0 9 1 . 0 0 2 6 .6 0 21 10 175
2 K . 0 0 9 1 . 1 0 2 1 . 0 0 1 5 .7 0 196
3 1 0 .0 0 9 2 . 0 0 2 0 . 1 0 1 5 .4 0 123
5 9 . 0 0 9 3 . 2 0 1 2 .3 0 T r a c e T r a c e
7 8 . 3 0 9 3 . 0 0 7 . 5 0 T r a c e T r a c e

1 D a t a  a r e  t h e  a v e r a g e  f o r  f o u r  p l a n t s .  - H a r v e s t e d  a f t e r  15 m o n t h s .

v estin g  th e  m a tu re  f ru it,  th e  p seu d o stem  
re m o v e d  fo r  e x tra c tio n  o f  s ta rc h , in 
w h ich  case  s ta rc h  w ill be  an  ad d itio n a l 
fa c to r  o f  in co m e  to  th e  g ro w er.

I t  is o f  in te re s t to  n o te  th a t  R a s a b a le ,  
w h ich  is a  h ig h ly  p rize d  tab le  v a rie ty , 
c o n ta in s  a  h ig h e r  a m o u n t o f  s ta rc h  in  its 
p se u d o s te m  th a n  M a d u r a n g a ,  w h ich  is a 
c o o k in g  v a rie ty .

Post-harvest variation in starch content
A fte r  h a rv e s tin g  th e  m a tu re  f ru i t  

b u n c h , th e  b a n a n a  p la n t  is e ith e r  cu t

te r  its o n se t, n e ith e r  th e  s ta rc h  n o r  th e  
su g a r c o n te n t  in c re a se d  (T ab le s  8 a n d
9). F u r th e r ,  th e  f re sh  w e ig h t o f  th e  
p seu d o stem  d ec re a sed , in d ic a tin g  d is tu r ­
b an ce  in th e  d e v e lo p m en t o f  th e  p lan t. 
T h e  p o ssib ility  o f  h a lt in g  o r  a rre s tin g  th e  
tra n s fe r  o f  s ta rc h  fro m  th e  p se u d o ste m , 
by  rem o v in g  th e  in flo rescen ce , does 
no t, th e re fo re , a p p e a r  to  be feasib le  o r  
eco n o m ica l.

F o r  th e  b e tte r  u tiliz a tio n  o f  th e  b a ­
n a n a  p la n t  as a  w h o le , th e  p la n t  sh o u ld  
be a llow ed  to  b e a r  f ru i t ,  a n d  a f te r  h a r ­

d o w n  sh o rtly  a f te r , o r  a llo w ed  to  s ta n d  
in  th e  field  fo r  a  few  m o re  d ays. It w as, 
th e re fo re , o f  in te re s t to  s tu d y  th e  effect 
o f  th ese  p ra c tic e s  on  th e  s ta rc h  c o n te n t o f  
th e  p seu d o stem . A s sh o w n  in  T a b le  10 
th e re  is a  d e c re a se  in th e  s ta rc h  c o n te n t o f  
th e  p se u d o s te m  if  it is a llo w ed  to  rem a in  
in th e  field  a f te r  th e  b u n c h  is rem o v ed , 
p e rh a p s  d u e  to  th e  e n zy m a tic  d e g ra d a ­
tio n . U p  to  4  d ay s a f te r  th e  b u n c h  is re ­
m o v ed , th e  d e c re a se  in s ta rc h  c o n te n t is 
sm all. B ey o n d  th a t  p e rio d , th is  d ecrease  
is so  h igh  th a t u til iz a tio n  o f  th e  p se u d o ­
s tem  fo r  th e  e x tra c tio n  o f  s ta rc h  w o u ld  
n o t be  e co n o m ica l.

W h en  th e  p se u d o s te m s  a re  c u t soon  a f ­
te r  h a rv e s tin g  th e  b u n c h  a n d  s to re d  in a  
coo l p lace  to  fa c ili ta te  th e ir  h a n d lin g  fo r  
th e  e x tra c tio n  o f  s ta rc h , th e re  is a  ra p id  
d ec re a se  in th e  s ta rc h  c o n te n t ev en  w ith in  
a sh o r t  in te rv a l o f  2 d a y s  (T a b le  1 ) . I t  
is, th e re fo re , m o re  eco n o m ica l to  e x tra c t 
s ta rc h  fro m  th em  so o n  a f te r  h a rv es tin g  
th e  b u n c h .
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Water-Soluble Flavor and Odor Precursors of Meat.
3 . Changes in Nucleotides, Total Nucleosides and 
Bases of Beef, Pork and Lamb During Heating

SUMMARY— Studies were made of the influence of heating on nucleotides and total 
purine nucleosides and bases of beef, pork and lamb muscle. Inosinic acid was the pre­
dominant nucleotide in all three species and it was degraded by heating. Adenylic acid 
increased during cooking in meat from all three species. Cytidylic, uridylic and guanylic 
acids were present in relatively low concentrations in meat from all three species and 
changed little during cooking. A rapid method for estimating total nucleotides resulted 
in greater variation than a specific method for measuring individual nucleotides.

INTRODUCTION
T H E  F IR S T  tw o  p a p e rs  o f  th is  series 
(M a c y  e t  a l., 1 9 64a , 1 9 6 4 b ) o u tlin e d  
th e  im p o rta n c e  o f  w a te r-so lu b le  c o n s tit­
u e n ts  as p re c u rso rs  o f  c o o k ed  m ea t 
flavor. I t  w as assu m ed  th a t  th e  c o n sti­
tu e n t  m o lecu le s  o r  th e ir  h e a t-d e g ra d e d  
p ro d u c ts  a c ted  d ire c tly  as f lav o ra n ts  o f  
th is  fo o d .

D u r in g  th e  la s t few  y ears , h o w ev er, 
c o n s id e ra b le  in te re s t h a s  d e v e lo p ed  in 
c o m p o u n d s  w h ic h  e n h a n c e  th ese  flavors. 
M o n o so d iu m  g lu ta m a te  h a s  g a in ed  w id e ­
sp re a d  a c c e p ta n c e  as a  f lav o r in te n s ify ­
in g  a g en t fo r  red  m ea ts  a n d  ch ick en . 
M o re  re cen tly , so d iu m  sa lts  o f  ce rta in  
m o n o n u c le o tid e s  w h ic h  h av e  a h y d ro x y l 
g ro u p  a t p o sitio n  6 o n  th e  p u rin e  r in g  
s tru c tu re  hav e  b een  sh o w n  to  ex h ib it a 
s im ila r  e ffect. T h e  f lav o r e n h a n c in g  p ro p ­
e rtie s  o f  th ese  m o n o n u c le o tid e s  ( in o sin ic  
acid , g u a n y lic  ac id  a n d  x a n th y lic  ac id s) 
h a v e  b een  in v es tig a ted  (W a g n e r  e t al.
1 9 6 3 ) .

K u n in a k a  e t al. (1 9 6 4 )  rev iew ed  th e  
h is to ry  a n d  d e v e lo p m en t o f  n u c leo tid e s  
as fo o d  flav o rin g  su b s ta n c es  in  J a p a n  a n d  
f u r th e r  d e sc rib e d  th e ir  p ro p e rtie s  
(K u n in a k a , 1 9 6 6 ) . A  sy n e rg istic  effect 
w ith  m o n o so d iu m  g lu ta m a te  w as re p o rte d . 
D esirab le  flavors w e re  e n h a n c e d  by  a d d i­
tio n  o f  d iso d iu m  in o sin a te , reg ard less  o f  
th e  ty p e  o f  m e a t o r  c o o k e ry  em p lo y ed . 
D iso d iu m  in o sin a te  c o n sis ten tly  p ro d u c e d  
an  im p ress io n  o f  g re a te r  v isco sity  a n d  in ­
c rea sed  flavor. T h e  b as ic  ta s te s  (sw eet, 
sa lty , so u r  a n d  b i tte r )  w e re  n o t  ch an g e d  
in a n y  c o n sis ten t m a n n e r . S u p p re ss io n  
o f  su lfu ry , fa tty , b u rn t, s ta rc h y  a n d  h y ­
d ro ly ze d  v eg etab le  p ro te in  flav o rs w as 
a p p a re n t.

* P r e s e n t  a d d r e s s :  R .  W .  S n y d e r  C o . ,  B a t t l e  
C r e e k ,  M i c h i g a n .

B a tz e r e t al. (1 9 6 2 )  fo u n d  th a t  in 
a d d itio n  to  g lucose  a n d  an  u n id en tif ied  
g ly co p ro te in , in o sin ic  acid  ( I M P )  w as 
n ece ssa ry  fo r  d e v e lo p m e n t o f  m ea ty  flavor 
in b eef. N u c leo tid e s  a n d  n u c leo sid es  a re  
a lso  p o te n tia l  p re c u rso rs  o f  f re e  ribose  
an d  rib o se  p h o sp h a te , w h ich  h av e  b een  
im p lica ted  in  M a illa rd  b ro w n in g  re a c ­
tions.

T h e  o b jec tiv e  o f  th ese  e x p e rim e n ts  w as 
to  d e te rm in e  th e  s ta b ility  o f  c e r ta in  so 
called  flav o r p o te n tia to rs  a n d  re la te d  
c o m p o u n d s  in beef, la m b  a n d  p o rk  d u rin g  
h e a tin g  a t  v a r io u s  te m p e ra tu re s .

EXPERIMENTAL
Preparation and extraction 
of beef round roasts

Five U.S. G ood grade top rounds from  
different anim als were obtained from  a com ­
m ercial source, excess fa t was rem oved and 
each divided into three  approxim ately  equal 
parts. Portions from  the sam e relative areas 
were treated  sim ilarly. One portion  from  
each top round  was no t cooked. A nother 
portion  was cooked to an internal tem pera­
tu re  o f  4 9 °C  in a  163°C oven. T he rem ain­
ing portion  from  each anim al was cooked to 
an internal tem perature  o f 77°C .

E ach portion  was w rapped in alum inum  
foil p rio r to cooking and the exudate col­
lected. Follow ing roasting , the portions were 
quickly chilled, sliced and ground twice at 
— 3 .3°C  through a Vs in. plate. T he juices 
collected in the alum inum  foil during  roast­
ing were thoroughly  m ixed w ith the respec­
tive ground sam ples p rio r to the second 
grinding. T he uncooked sam ples were ground 
in a  sim ilar m anner.

D uplicate 30-g sam ples o f  each ground 
roast w ere hom ogenized with 50 ml 0.61V 
perchloric  acid and filtered. T he rem aining 
solids w ere re-extracted with 50 ml 0.61V per­
chloric acid, filtered and the residues washed 
with two 10 ml portions o f distilled water. 
The extracts w ere neutra lized  w ith 30%  
(w /w ) potassium  hydroxide, the precipitated

potassium  perch lorate  rem oved by filtra tion  
and the filtrates diluted to 150 ml w ith  dis­
tilled w ater. T he sam ples w ere also analyzed 
fo r fa t and m oisture.

Preparation and extraction 
of pork loin roasts

T hree  pork  loins were boned ou t, ex­
traneous fat rem oved and divided in to  3 
nearly  equal parts. O ne pa rt o f each loin was 
no t cooked. T he o ther 2 parts w ere w rapped 
in alum inum  foil and roasted  in an  oven a t 
163°C. O ne roast from  each loin was roasted  
to an in ternal tem perature  o f 4 9 °C  w hile the  
rem aining roast was cooked to  an in te rnal 
tem perature  o f 71 °C. T em peratures o f  the 
loin roasts were m onitored w ith th erm o ­
couples. The tissue was ground and extracted  
with perchloric  acid as described previously 
fo r beef.

Preparation and extraction of lamb muscle
Six hanging tenderlo in  m uscles from  

freshly slaughtered lam b carcasses w ere d i­
vested of as m uch fa t and connective tissue 
as possible and ground 5 tim es th rough  a 
V, in. plate. E ight 20-g sam ples w ere packed 
tightly into 20 X 183 mm test tubes and 
heated in a  w ater bath  a t 60 "C. Sam ples 
were rem oved a t 0, 5. 10, 15, 20. 30, 45 and 
60 min and cooled in an ice w ater bath  be­
fore extraction. Tw o 40-mi portions o f 3.6N  
perchloric  acid v/ere used to ex tract each 
sam ples as described fo r beef sam ples.

Ion-exchange chromatography of nucleotides
The m ethod of Lento et al. (19 6 4 ) as 

modified by M acy et al. (1966) was used to  
determ ine cytidylic, adenylic, uridylic, in o ­
sinic and guanylic acids. 30 ml o f each ex­
trac t from  beef and pork  and 40 ml o f the 
extracts from  lam b were analyzed fo r indi­
vidual nucleotides

Q uantita tion  of the results was accom ­
plished by separation  and analyses o f m ix ­
tures o f au then tic  sam ples o f the 5 '-isom ers 
o f the individual nucleotides. M ixtures con­
tain ing  0.5, 1.0, 1.5, 2.0 and 2.5 m g o f the 
nucleotides were chrom atographed  and frac ­
tions contain ing  the m ateria l fo r each a b ­
sorption peak were com bined and dilu ted  to 
200 ml with distilled w ater. T he absorbance 
fo r  each com pound was then determ ined  a t 
its m axim um  as follow s: cytidylic acid a t 
280 nm , adenylic acid at 257.5 nm , u ridy lic  
acid a t 260 nm , inosinic acid a t 249.5 nm  
and guanylic acid a t 257 nm .

A bsorbance of each com pound wt.s a
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Tab le  1— N ucleotide co n ten t of raw and roasted b e e f.1

Internal tem perature (°C)

Nucleotide Raw 49 77

Cytidylic acid 13.1 ±  2 .0
m g j 100 g  d r y , f a t - f r e e  tis su e  

10.6 ±  2 .2 13.0 ±  3 .2
Adenylic acid 12.2 ±  3 .5 18.1 ±  7 .7 41 .3  ±  4.1
Uridylic acid 7.1 ±  1.2 4 .2  ±  2 .9 5 .3  ±  2 .5
Inosinic acid 278.4 ±  24.6 208.4 ±  40 .6 170.3 ±  38.0
Guanylic acid 2 .2  ±  4 .9 1.2 ±  2 .8 3.1 ±  4 .6

'R e su lts  are given as means ± S .D . o f 5 top round roasts.

s t r a i g h t  l in e  f u n c t i o n  o f  i t s  c o n c e n t r a t i o n .  
C o n c e n t r a t i o n s  o f  t h e  n u c l e o t i d e s  in  t h e  m e a t  
e x t r a c t s  w e r e  d e t e r m i n e d  b y  r e f e r e n c e  t o  
s t a n d a r d  c u r v e s  f o l l o w i n g  a p p r o p r i a t e  d i l u ­
t io n s .

A b s o r b a n c e  m a x i m a  o f  t h e  i n d i v i d u a l  
n u c l e o t id e s  w e r e  o b t a i n e d  w i t h  a  C a r y  s p e c ­
t r o p h o t o m e t e r  w i th  a u t h e n t i c  s a m p l e s  o f  t h e  
n u c l e o t id e s .

T h e  a b s o r b a n c e  p e a k  f o r  c y t i d y l i c  a c i d  o f  
t h e  m e a t  e x t r a c t s  c o n t a i n e d  s m a l l  a m o u n t s  o f  
o t h e r  U V - a b s o r b i n g  m a t e r i a l s  w h ic h  w a s  
t h o u g h t  t o  c o n s i s t  m a i n l y  o f  t h e  2 '-  a n d  
3 '- i s o m e r s ,  a n d  t r a c e s  o f  s o m e  u n k n o w n  m a ­
te r i a l s .  A l l  o f  t h e s e  U V  a b s o r b i n g  m a t e r i a l s  
w e r e  r e p o r t e d  a s  c y t i d y l i c  a c i d .

Analyses o f total nucleotides and nucleosides

T h e  b a t c h w i s e  m e t h o d  o f  J o n e s  e t  a l .  
0 9 6 4 )  a s  m o d i f i e d  b e lo w  w a s  u s e d  f o r  
a n a l y s e s  o f  t o t a l  n u c l e o t i d e s  a n d  t o t a l  p u r i n e  
n u c l e o s id e s  a n d  b a s e s .

1 m l o f  e a c h  b e e f  r o a s t  e x t r a c t  w a s  m ix e d  
w i th  l - g  o f  d a m p  D o w e x  1 x  8 ( 2 0 0 - 4 0 0  
m e s h )  r e s in  ( f o r m a t e  f o r m )  f o r  a t  l e a s t  15 
m in  w i th  i n t e r m i t t e n t  s t i r r i n g .  T h e  e x t r a c t  
a n d  r e s in  w e r e  w a s h e d  q u a n t i t a t i v e l y  i n t o  a  
f u n n e l  p l u g g e d  w i th  a  s m a l l  a m o u n t  o f  g la s s  
w o o l .  T h e  r e s in ,  h e ld  b y  t h e  g l a s s  w o o l ,  w a s  
w a s h e d  w i th  d i s t i l l e d  w a t e r  u n t i l  a  v o l u m e  o f  
2 5  m l w a s  c o l l e c t e d .  T h e  a b s o r b a n c e  o f  t h e  
m a t e r i a l  w a s h e d  f r o m  t h e  r e s in  w a s  t h e n  
r e a d  a t  2 4 8  a n d  2 6 0  n m .  T o t a l  p u r i n e  n u ­
c l e o s id e s  a n d  b a s e s  w e r e  c a l c u l a t e d  f r o m  th e  
a b s o r b a n c e  a t  2 6 0  n m  o f  t h e  m a t e r i a l s  
w a s h e d  f r o m  t h e  r e s i n  u s i n g  t h e  m o l a r  a b -  
s o r b t i v i t y  f o r  h y p o x a n t h i n e .

T o t a l  n u c l e o t i d e s  a b s o r b e d  o n t o  t h e  r e s in  
w e r e  g iv e n  b y  t h e  d i f f e r e n c e  b e tw e e n  th e  
a b s o r b a n c e s  a t  2 4 8  n m  o f  t h e  r e s i n - t r e a t e d  
s a m p l e s  a n d  s i m i l a r  n o n - t r e a t e d  s a m p l e s .  T h e  
m o l a r  a b s o v b t i v i t y  o f  i n o s i n i c  a c i d  w a s  u s e d  
to  c a l c u l a t e  t o t a l  n u c l e o t i d e s .

T h e  m e t h o d  w a s  f u r t h e r  m o d i f i e d  f o r  t h e  
a n a l y s e s  o f  t h e  p o r k  a n d  l a m b  s a m p l e s .  T h e  
m a t e r i a l s  w a s h e d  w i t h  w a t e r  f r o m  t h e  i o n -  
e x c h a n g e  c o l u m n s  u s e d  f o r  d e t e r m i n a t i o n s  o f  
i n d i v i d u a l  n u c l e o t i d e s  w e r e  d f lu t e d  t o  5 0 0  m l  
w i th  d i s t i l l e d  w a t e r  a n d  t h e  a b s o r b a n c e s  d e ­
t e r m i n e d  a t  2 4 8  a n d  2 6 0  n m .  3 0  m l  o f  e x ­
t r a c t s  f r o m  p o r k  a n d  4 0  m l  o f  t h o s e  f r o m  
l a m b  w e re  d i l u t e d  t o  5 0 0  m l  a n d  t h e  a b ­
s o r b a n c e s  r e a d  a t  2 4 8  a n d  2 6 0  n m  f o r  
s a m p l e s  n o t  t r e a t e d  w i th  i o n - e x c h a n g e  r e s in .

Analyses o f fat and moisture

T h e s e  a n a l y s e s  w e r e  c a r r i e d  o u t  b y  th e  
s t a n d a r d  m e t h o d s  o f  t h e  A O A C  ( 1 9 6 0 ,  s e c ­
t i o n s  2 2 .0 3 4  a n d  2 2 . 0 0 3 ) .

R E S U L T S  &  D IS C U S S IO N
Effects of heating nucleotides of beef 
round roasts

Mean values and standard deviations 
of nucleotides of 5 beef round roasts 
cooked to 49° and 77 °C internal tem­
peratures are tabulated in Table 1. Cyti­
dylic acid was not greatly influenced by 
heating, although the mean for samples 
roasted to 49°C was lower than that for 
either the raw samples or those roasted 
to 77°C. Heating at both temperatures 
resulted in appreciable increases in 
adenylic acid. This possibly was due to

hydrolysis of adenosine di- and tri-phos- 
phates and pentose nucleic acid.

The concentration of uridylic acid was 
relatively low in all beef samples and it 
was decreased by heating at both 49° and 
77°C. Heating decreased the quantity of 
inosinic acid in the beef round roast, but 
not below the quantities necessary for 
human perception as reported by Wagner 
et al. (1963) for disodium inosinate. 
Guanylic acid, another nucleotide in beef 
roasts with flavor enhancing properties, 
was present in trace amounts.

The sums of individual nucleotides, 
total nucleotides (batchwise method) and 
total purine nucleosides and bases (cal­
culated as hypoxanthine) are presented 
in Table 2. The sums of the individual 
nucleotides decreased while the total 
purine nucleosides and bases increased 
progressively with increased heating.

Total nucleotide concentrations de­
termined by the batchwise method were 
similar to the sums of the individual nu­
cleotides in the raw samples, but the 
total nucleotides increased during heating. 
This indicated that heating beef pro­
duced some materials which absorbed 
UV light and was adsorbed by the ion- 
exchange resin, but was not accounted 
for among the individual nucleotides. 
The nature of this unknown material was 
not determined but it was unlikely that 
it could be di- or tri-phosphonuclcotides, 
as these compounds are easily degraded 
by heating and heating caused the un­
known material to increase.

Effects of cooking on pork loins
To study the changes of nucleotides 

and related compounds in pork loins dur-

T a b le  2— E ffects o f roasting on nucleotides  
and nucleosides and bases o f b e e f.1

Internal
tempera- Sum of Total

ture individual Total nucleosides
(°C) nucleotides nucleotides2 and bases2

m g /lO O g  d r y ,  f a t - f r e e  tis su e

Raw 314 315 101
49 243 313 121
77 233 335 159

Results are given as m eans o f  5 top round
roasts.

2 Batchwise m ethod of Jones et al., 1964.

ing roasting, the data for each cooked 
sample was divided by the corresponding 
data for the raw sample from the same 
loin. These results are tabulated in Table
3.

The influence of roasting on nucleotides 
of pork was similar to that on beef roasts. 
All nucleotides decreased during roasting 
except adenylic acid, which increased in 
quantity during cooking to 71 °C as did 
total purine nucleosides and bases. The 
sums of individual nucleotides decreased 
during heating. Total nucleotides mea­
sured by the batchwise method increased 
during cooking to 49°C then decreased 
during cooking to 71 °C.

Effects of cooking on lamb muscle
Although certain trends were estab­

lished by the above data for pork, changes 
during heating at specific temperatures 
were not ascertained. The heating pro­
cedures described above for lamb tissue 
afforded better control of the cooking 
temperatures. Table 4 contains data on 
the influence of heating at 60°C for 
various lengths of time on nucleotides of 
ground lamb muscle.

Guanylic and uridylic acids were de­
stroyed after 5 and 15 min heating, 
respectively. Cytidylic acid increased 
gradually throughout the heating period

Tab le  3— Ratios o f sum s of individual 
nucleotides, to ta l nu c leo tid es1 and total 
purine nucleosides and bases of cooked  
relative to th ose o f raw pork.

R atio  o f  chemical 
constituents in cooked 

and raw p o rk 1 
Internal 

temp ( 3C)
C onstituent Raw 49 71

Cytidylic acid 1.00 0 .67 0 58
Adenylic acid 1.00 0 .80 1.81
Uridylic acid 1.00 0.83 0 84
Inosinic acid 1.00 0 .90 0.78
Guanylic acid 
Sum of individual

1.00 0.75 0.67

nucleotides 1.00 0.87 0.83
Total nucleotides1 
Total purine nucleo-

1.00 1.81 1.29

sides and bases1 1.00 1.07 1 16

1 M ethod o f  Jones et al., 1964.
1 Results calculated from  averages o f duplicate 

analyses o f 3 pork loin roasts a t each tem perature.
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and nearly doubled the initial value at 
the end of 60 min. Heating caused 
adenylic acid to double in quantity after 
30 min, then to decrease in concentration 
after 45 and 60 min heating. Apparently, 
precursors of adenylic acid were present 
in the tissue up to 30 min heating time, 
then after their depletion, degradation of 
adenylic acid occurred. Inosinic acid de­
creased very rapidly during the first 30 
min at 60°C, then increased slightly 
during the second 30 min heating time.

Data concerning changes in the sums

Table  4— Effects of heating  a t 60°C on nucleotides o f la m b .1

(/uMoles/100 g wet tissue)
Heating 

time (min)
Cytidylic

acid
Adenylic

acid
Uridyl ic 

acid
Inosinic

acid
Guanylic

acid

0 9.3 8 .6 14.5 209.1 21.8
5 12.7 6.9 13.3 150.8 19.5

10 11.8 7.5 11.7 88.5
15 11.1 7.5 12.0 54.0
20 13.9 14.1 — 39.9
30 13.9 15.6 — 28.1
45 15.8 10.7 — 31.3 —
60 17.3 8 .6 — 33.3

1 Results are from heating 1 sample for each time period.

HEATING "TV r v.'INUTES, AT 60°C.

F i g .  1 — E f f e c t  o f  h e a t i n g  6 0 ° C  o n  n u c l e o t i d e s  a n d  t o t a l  p u r i n e  

n u c l e o s i d e s  a n d  b a s e s  o f  l a m b  m u s c l e .

of individual nucleotides, total nucleo­
tides, (batchwise method) total purine 
nucleosides and bases (as hypoxanthine) 
and the inosinic acid data in Table 4 of 
lamb muscle are presented in Figure 1. 
Total nucleosides and bases increased 
sharply during heating for 30 min, then 
continued to increase at a much lower 
rate during the second 30 min heating. 
Data for sum of individual nucleosides 
paralleled that of inosinic acid which de­
creased during the first 30 min heating 
and remained unchanged thereafter.

Values for total nucleotides (batch- 
wise method) also decreased during the 
first 20 min heating. After this period, 
total nucleotides (batchwise method) in­
creased slightly. This confirms that the

batchwise method measured UV-absorb- 
ing material other than nucleotides and 
that this unknown material was produced 
by heating. This unknown material in 
lamb was qualitatively similar to the un­
known UV-absorbing substance found in 
beef and pork. The increase in total 
nucleosides and bases during heating was 
greater than could be accounted for by 
the decrease in total nucleotides ana­
lyzed. This further supports the idea con­
cerning the production during heating of 
some nonnucleotide base which absorbs 
at 260 nm.

The data also indicate that heating at 
60°C results in rupture of phospho-ester 
and possibly glycosidic bonds of nucleo­
tides.
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S U M M A R Y - — C o o k i n g  r e s u l t e d  i n  s i g n i f i c a n t  i n c r e a s e s  i n  a d e n y l i c  a c i d ,  t o t a l  p u r i n e  

n u c l e o s i d e s  a n d  b a s e s  o f  8 0  b e e f  r o a s t s  o f  e i g h t  d i f f e r e n t  c u t s .  I t  d e c r e a s e d  t h e  c o n t e n t s  

o f  i n o s i n i c  a c i d ,  g u a n y l i c  a c i d  a n d  s u m  o f  i n d i v i d u a l  n u c l e o t i d e s  ( a d e n y l i c ,  c y t i d y l i c ,  
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IN T R O D U C T IO N

THE IMPORTANCE and interest in the 
nucleoside content of meat was outlined 
by Macy et al. (1970) and the subject has 
been discussed comprehensively (Kuni- 
naka, 1967).

The work described in the present 
paper is a continuation of study of the 
effect of heating on the nucleosides, nu­
cleotides and bases of beef roasts.

E X P E R IM E N T A L
Sample preparation and extraction

Ten cuts were studied in these experiments 
(Table 1).

These cuts were selected randomly from 
groups of 12 to 31 samples each of the eight 
different cuts. These roasts had been stored 
frozen approximately six months prior to 
their study.

Raw samples from each frozen roast were 
sawed in 1/2 in. slices adjacent to the center 
cut portion which was subsequently cooked 
and analyzed subjectively. Lean portions of 
the cooked samples remaining after organo­
leptic evaluation were ground twice through 
a V8 in. plate immediately after cooking. 
Raw samples were ground in a similar man­
ner.

Perchloric acid extracts were made of 
these samples by a method similar to that 
described by Macy et al. (1970). The differ­
ence was in the dilution volume employed.

ion-exchange chromatography of nucleo­
tides. The method of Macy et al. (1966) was 
used.

Ion-exchange chromatography and analy­
ses o f total nucleosides, nucleotides and 
bases. The method described by Jones et al.
(1964) was used for these analyses.

Analyses for fat and moisture. These 
analyses were carried out by the standard 
methods of the A.O.A.C. (1960).

Statistical analyses. Analysis of variance 
was used to analyze the chemical data and

“ Present address: R. W . Snyder Co., Battle 
Creek, Michigan.

significant differences between means of var­
ious groups of samples determined by Dun­
can’s multiple range test (Duncan, 1955).

R E S U L T S  &  D IS C U S S IO N
Effect of cooking on different beef cuts

Results of analysis of variance indi-

T ab le  1— B eef cuts s tud ied .

Type of 
beef cut

U .S.D .A .
grade

Type of 
cookery

Internal
tem pera­

ture,
°C

Rib Good 2 in. broiler 
steak

66

R ib Choice 2 in. broiler 
steak

66

C alf rib G ood 2 in. broiler 
steak

66

Clod Choice Pot roast 77
C alf clod G ood Pot roast 77
Round Choice R oast 66
Round G ood R oast 66
C alf round G ood R oast 66

T ab le  2— M eans of adenylic  acid for raw  
and cooked b eef steaks and roasts.

M eans o f adenylic 
ac id2

(m g/100 g dry, fat-free 
tissue)

U.S. grade and c u t1 Raw C ooked3

Choice rib steaks 17.8 FG 33.5  C
G ood rib steaks 21.3 D E F 36.2  ABC
G ood calf rib steaks 24.4  DE 35.2  BC
Choice clod roasts 18.7 E FG 37.4  ABC
G ood calf clod roasts 13.8 G 37.5  ABC
Choice round roasts 21.9  D E F 42.3  A
G ood round roasts 15.9 FG 41.6  AB
G ood calf round roasts 26.1 D 39 .7  ABC

1 Ten different samples o f each cut were 
analyzed.

2 M eans followed by the same letter are not 
significantly different (P <  0.05).

3 R ib steaks were broiled to 66 °C; round and 
clod roasts were roasted to 66° and 77°C, respec­
tively.

cated that no significant (P <  0.05) dif­
ferences existed between means of cyti­
dylic acid of the different cuts of raw or 
cooked beef or between raw and cooked 
samples of the individual cuts.

Cooking significantly increased mean 
adenylic acid values in all eight beef cuts 
studied (Table 2). This substantiates re­
sults from earlier experiments for beef, 
lamb and pork (Macy et al., 1970). The 
increase in adenylic acid of these samples 
was probably due to availability of nu­
cleotides and also the inactivation of ade­
nylic deaminase. There was possibly some 
phosphomonoesterase activity prior to 
heat inactivation of indigenous enzymes.

The uridylic acid of the raw samples 
was rather constant and did not change 
appreciably during cooking (Table 3). 
Cooking resulted in diminished content of 
this nucleotide in samples analyzed but 
this generally was not a significant de­
crease.

Mean concentrations of inosinic acid of 
raw and cooked beef roasts are presented 
in Table 4. Among raw samples, Choice 
rib steaks contained less inosinic acid than 
did other cuts but not significantly less 
than Good calf clod roasts.

Cooking decreased the inosinic acid of 
all samples and most of these changes

Tab le  3— M e an s  of uridylic acid for raw and  
cooked b e e f s teaks and roasts.

U.S. grade and c u t1

M eans o f  uridylic 
acid'2

(m g/100 g dry, fat-free 
tissue)

Raw C ooked3

Choice rib steaks 14.8 ABC 13.9 ABC
G ood rib  steaks 17 .4 A 15.6 AB
G ood calf rib  steaks 17.3 A 13.9 ABC
Choice clod roasts 11.2 BCDE 8.1 E
G ood calf clod roasts 13.0 ABCD 1 0 .2 C D E
Choice round roasts 15.2 AB 8.3 D E
G ood round roasts 16.2 AB 8 .5  D E
G ood calf round roasts 12.9 ABCD 11.5 B C D E

1 Ten different samples o f each cu t were 
analyzed.

2 Means followed by the same letter are no t 
significantly different (P <  0 .05).

3 R ib steaks were broiled to  66°C; round and 
clod roasts were roasted to  66° and 77°C, respec­
tively.
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were significant. Inosinic acid of cooked 
samples varied significantly. The cooked 
rib steaks contained significantly more 
inosinic acid than did the other cuts and 
the clod roasts had less. The latter was

Tab le  4— M eans of inosinic acid for raw  
and cooked b eef steaks and roasts.

U.S. grade and c u t1

Choice rib  steaks 
G ood rib steaks 
G ood calf rib  steaks 
Choice clod roasts 
G ood calf clod roasts 
Choice round roasts 
G ood round roasts 
G ood calf round roasts

Means o f inosinic 
acid4

(mg/100 g dry, fat-free 
tissue)

Raw C ookedr'

269 DE 230 EF
322 BC 252 E
352 AB 250 E
363 A 123 I
304 CD 122 1
339 ABC 131 I
371 A 158 HI
343 ABC 201 FG

1 Ten different samples of each cut were 
analyzed.

2 M eans followed by the same letter are not 
significantly different (P <  0.05).

3 Rib steaks were broiled to 66°C; round and 
clod roasts were roasted to 66° and 77°C, respec­
tively.

T ab le  5— M ean va lues for ratios of adenylic  
acid to  inosinic acid of raw and cooked beef 
roasts.

M ean values for ra tio s1 2 
U.S. grade and c u t1 Raw C ooked3

Choice rib steaks 
G ood rib steaks 
G ood calf rib steaks 
Choice clod roasts 
G ood calf clod roasts 
Choice round roasts 
G ood round roasts 
G ood calf round roasts

0 .066 E 0.148 CD
0.067 E 0.145 CD
0.071 E 0 .144 CD
0.052 E 0 .332 A
0.047 E 0 .327 A
0.067 E 0 .340 A
0.048 E 0.343 A
0.080 D E 0 .207 BC

1 Ten different samples o f each cut were 
analyzed.

2 Means followed by the same letter are not 
significantly different (P <  0.05).

3 Rib steaks were broiled to 66°C; round and 
clod roasts were roasted to 66° and 77°C, respec­
tively.

T ab le  6— M eans of guanylic acid for raw  
and cooked b eef roasts.

U.S. grade and c u t1

Choice rib steaks 
G ood rib  steaks 
G ood calf rib steaks 
Choice clod roasts 
G ood calf clod roasts 
Choice round roasts 
G ood round roasts 
G ood calf round roasts

M eans o f guanylic ac id4 
(mg/100 g dry, fat-free 

tissue)
Raw C ooked3

16.5 C D E 10.3 E FG H  
11.9 E FG  10.4 EFG H  
27.1 A 22 .2  ABC

9.1 FG H I 4 .4  H IJ
15.5 D E  8 .0 G H IJ
19.6 BCD 5 .4  HIJ 
3 .3  IJ 2.1 J

24.3 AB 14.8 D E F

1 Ten different samples o f each cut were 
analyzed.

2 Means followed by the sam e letter are not 
significantly different (P <  0.05).

3 Rib steaks were broiled to 66°C; round and
clod roasts were roasted to 66° and 77°C, respec­
tively.

undoubtedly due to the higher cookery 
end point.

The relationship between adenylic acid 
and inosinic acid is important because 
adenylic acid is the immediate precursor 
of inosinic acid, and the latter, the most 
abundant nucleotide in the beef tissue, is 
believed to be an important flavor en­
hancer (Kuninaka et al., 1964; Kurtz- 
mann et ah, 1964; Shimazono. 1964; 
Wagner et ah, 1963). The mean ratios of 
adenylic acid to inosinic acid for the dif­
ferent cuts of raw and cooked beef are 
presented in Table 5. No significant dif­
ferences were found between these values 
for the different raw samples.

The ratios of adenylic acid to inosinic 
acid for the different cooked cuts could 
be divided into three distinct groups. First, 
values for rib steaks from Choice, Good 
and calf did not differ significantly. Ratios 
for these cuts were significantly lower 
than those of the other cuts except Good 
calf round roasts which were not signifi­
cantly different. Second, mean ratios for 
Choice and calf clod roasts, and Choice 
and Good round roasts were significantly 
h'gher than those of the other beef cuts. 
Third, ratios for Good calf round roasts 
were intermediate between values for the 
first two groups.

In all comparisons, ratios of adenylic 
acid to inosinic acid were significantly 
higher for cooked than for corresponding 
raw cuts. This is a reflection of the in­
crease in adenylic acid and the decrease 
in inosinic acid during cooking at these 
temperatures.

Mean guanylic acid concentrations of 
the eight cuts of raw and cooked aeef are 
presented in Table 6. Significant dif­
ferences were observed in this constituent 
for the various raw and cooked samples. 
These differences were irregular except 
that, in general, the calf samples con­
tained greater amounts of guanylic acid 
than more mature beef. Guanylic acid 
was low in concentration compared to 
inosinic acid. This finding confirms pre­
viously discussed results (Macy et al.,
1970), where guanylic acid was found 
to be low in concentration in beef, pork 
and lamb as well as labile to heat. This is 
an important finding since this compound 
is thought to influence flavor desirability.

Means of the sums of individual nu­
cleotides (adenylic, cytidylic. uridylic, ino­
sinic and guanylic acids) of the eight raw 
and cooked cuts are outlined in Table 7. 
Since inosinic acid was the predominant 
nucleotide of beef and was destroyed by 
cooking, differences in total nucleotides 
were similar to those of inosinic acid. 
There was appreciable loss in nucleotides 
of all samples during cookery, particularly 
cooked to a higher point.

Total nucleotides of cooked and raw 
beef determined by the modified method 
of Jones et al. (1964) are presented in

T ab le  7— M ean va lues for sum s of in d i­
vidual nucleotides for raw and cooked b e e f 
roasts.

M eans of sum s of 
nucleotides2

(mg/100 g dry, tat-free 
tissue)

U .S. grade and c u t1 Raw C o o k ed 3

Choice rib steaks 332 D E F 302 FG
G ood rib steaks 377 BCD 330 EF
G ood calf rib  steaks 437 A 335 D E F
Choice clod roasts 419 AB 186 J
G ood calf clod roasts 365 CD E 192 J
Choice round roasts 409 ABC 200 J
G ood round roasts 420 AB 223 IJ
G ood round roasts 403 ABC 247 HI
G ood calf round roasts 425 A 276 G H

1 Ten different samples o f each cut were 
analyzed.

2 Means followed by the same letter are no t 
significantly different (P <  0.05).

3 Rib steaks were broiled to 66°C; round and 
clod roasts were roasted to 66° and 77°, respec­
tively.

Table  8— M e a r  values for to tal nucleotides  
of raw and cooked b eef s teaks and ro as ts .1

M eans o f  total 
nucleotides3 

(mg/100 g dry, fat-free 
tissue)

U.S. grade and cu t2 Raw C ooked4

Choice rib steaks 299 CD E 313 BCDE
G ood rib steaks 487 A 302 BCDE
G ood calf rib steaks 370 BC 3CO C D E
Choice clod roasts 370 BC 206 FG
G ood calf clod roasts 351 BCD 198 G
Choice round roasts 345 BCD 233 E FG
G ood round roasts 341 BCD 244 E FG
G ood calf round roasts 355 BCD 285 C D E F

1 Batchwise m ethod of Jones et al. (1964).
2 Ten different samples o f  each cut were 

analyzed.
3 Means followed by the same letter are no t 

significantly different (P <  0.05).
1 Rib steaks were broiled to  66°C; round and 

clod roasts were roasted to 66° and 77°C, respec­
tively.

Table  9— M eans for to ta l purine nu cleo ­
sides and bases o f raw and cookec beef 
steaks and roasts .1

M eans for total 
purine nucleosides 

and bases3
(mg/100 g dry, fat-free 

tissue)
U.S. grade and cu t2 Raw C ooked4

Choice rib  steaks 252 G H I 269 F G H
G ood rib steaks 231 I 273 E FG H
G ood calf rib steaks 251 G H I 267 FG H
Choice clod roasts 289 D E F 289 D E F
G ood calf clod roasts 302 C D E 296 C D E F
Choice round roasts 278 E FG 326 ABC
Good round roasts 247 HI 313 C D
G ood calf round roasts 310 CD 351 A

1 Batchwise metnod of Jones et al. (1964).
2 Ten different samples o f each cut were 

analyzed.
3 Means followed by the same letter are not 

significantly different (P <  0.05).
1 Rib steaks were broiled to 66°C; round and 

clod roasts were roasted to 66° and 77°, respec­
tively.
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Table 8. Total nucleotides of raw beef 
samples were generally lower than the 
sums of individual nucleotides for the 
same samples. The exception to this ob­
servation was for Good rib roasts. Varia­
tion in total nucleotides of the cooked 
cuts was similar to that for sums of in­
dividual nucleotides analyzed.

There was very little difference be­
tween means for total nucleotides among 
the various groups of raw samples. Cook­
ing significantly decreased total nucleo­
tides in most samples analyzed. There 
were differences in total nucleotides 
among the cooked samples of the various 
cuts but many of these were insignificant.

Results of total purine nucleoside and 
base determinations of raw and cooked 
beef are in Table 9. The three cuts of 
raw rib roasts contained significantly less 
total purine nucleosides and bases than 
the raw clods, and Good calf rounds. 
Highest quantity of purine nucleosides 
and bases among the raw samples was in 
Good calf rounds. This was significantly 
higher than that found in other cuts of 
raw'beef except clod roasts which were 
not significantly different. Other signifi­

cant differences in total purine nucleo­
sides and bases existed among the cooked 
samples; however, no particular trend was 
evident.

In general, cooking resulted in in­
creased quantities of purine nucleosides 
and bases. Significant increases in total 
purine nucleosides and bases due to cook­
ing were found in the Good rib steaks and 
in the round roasts. It has been thought 
that larger increases in total purine nu­
cleosides and bases would be found in 
the different cuts of beef and that in­
creases due to cooking would have been 
significant in all cases, since rather large 
amounts of inosinic acid were destroyed. 
Degradation of all nucleotides should 
contribute to increases in total nucleo­
sides and bases.
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Chemical Constituents of Beef, Lamb and Pork
S U M M A R Y — S t u d i e s  o f  t h e  p e r c h l o r i c  a c i d - e x t r a c t a b l e  n i t r o g e n ,  a m i n o  n i t r o g e n ,  n o n ­

a m i n o  n i t r o g e n ,  t o t a l  c a r b o h y d r a t e s ,  i n o r g a n i c  p h o s p h a t e ,  f r e e  c r e a t i n i n e ,  c r e a t i n e  a n d  

t o t a l  c r e a t i n e  p l u s  c r e a t i n i n e  o f  r a w  a n d  h e a t e d  b e e f ,  l a m b  a n d  p o r k  w e r e  m a d e .  S p e c i f i c  

c h a n g e s  t h a t  o c c u r r e d  i n  t h e  v a r i o u s  c o n s t i t u e n t s  d u r i n g  h e a t i n g  a r e  d i s c u s s e d .  A n  e x ­

t e n s i v e  s t u d y  o f  t h e  i n f l u e n c e  o f  h e a t i n g  o n  c e r t a i n  c h e m i c a l  c o n s t i t u e n t s  o f  8 0  b e e f  

s a m p l e s  o f  e i g h t  d i f f e r e n t  c u t s  w a s  a l s o  p e r f o r m e d .  C h a n g e s  i n  c h e m i c a l  c o n s t i t u e n t s  

during c o o k i n g  o f  t h e  v a r i o u s  b e e f  c u t s  w e r e  g r e a t e s t  i n  C h o i c e  c l o d  a n d  G o o d  c a l f  

c l o d  r o a s t s ,  f o l l o w e d  b y  r o u n d  roasts a n d  s m a l l e s t  c h a n g e s  o c c u r r e d  i n  r i b  s t e a k s .  

C o o k i n g  c a u s e d  s i g n i f i c a n t  i n c r e a s e s  i n  c r e a t i n i n e  a n d  d e c r e a s e s  i n  a m i n o  a n d  n o n ­

a m i n o  n i t r o g e n ,  c r e a t i n e  a n d  t o t a l  c a r b o h y d r a t e s .  C r e a t i n e - c r e a t i n i n e  w a s  a  b e t t e r  i r d e x  

o f  s e n s o r y  q u a l i t y  t h a n  o t h e r  c h e m i c a l  c o n s t i t u e n t s  s t u d i e d .

IN T R O D U C T IO N
RESULTS of previous investigations sug­
gest that numerous chemical compounds 
are involved in the production of desirable 
cooked meat flavor and aroma. It is also 
generally accepted that many precursors

» Present address: R. W. Snyder Co., Battle 
Creek, M ichigan.

of cooked meat flavor and aroma are ex­
tractable from muscle tissue by cold water 
or dilute acid solutions (Macy et al.,
1964). Certain compounds such as carbo­
hydrates and amino acids react to produce 
meaty flavors and aromas. Certain other 
compounds, such as nucleotides, act to 
modify or intensify other flavors and 
aromas.

The purpose of this work was to de-

termine the influence of cooking on cer­
tain non-nucleotide chemical constituents 
of beef, lamb and pork and to compare 
eight cuts of beef on the basis of their 
contents of these compounds.

E X P E R IM E N T A L
Sample preparation and extraction

T h e s e  p r o c e d u r e s  w e r e  t h e  s a m e  a s  p r e v i ­
o u s l y  d e s c r i b e d  ( M a c y  e t  a l . ,  1 9 7 0 a  a n d  b ) .

Analysis o f total amino nitrogen
T h e  m e t h o d  o f  R o s e n  ( 1 9 5 7 )  w a s  u s e d  

f o r  t h i s  d e t e r m i n a t i o n .  L e u c i n e  s t a n d a r d s  
(0 .2A T ) w e r e  d e v e l o p e d  a l o n g  w i t h  e a c h  
g r o u p  o f  s u i t a b l y  d i l u t e d  e x t r a c t s  a n d  a l l  d e ­
t e r m i n a t i o n s  w e r e  r e p e a t e d  a t  l e a s t  o n c e .  
R e s u l t s  w e r e  c a l c u l a t e d  a s  t h e  a v e r a g e  o f  
t h e  r e s p e c t i v e  r e p l i c a t e s .

Analysis o f total extractable nitrogen
T o t a l  e x t r a c t a b l e  n i t r o g e n  w a s  d e t e r m i n e d
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T ab le  1— Effects of roasting on ac id -ex­
trac tab le  chem ical constituents  of b e e f.1

Cooking
tem perature (°C)

Chemical constituent Raw 49 77

m g l 100 g  d r y , f a t - f r e e  
tis su e

T otal nitrogen 871 882 914
Amino nitrogen 126 136 148
Non-am ino nitrogen 745 746 766
Total carbohydrates 
Reducing carbo-

1353 1628 1358

hydrates
Non-reducing carbo-

635 829 750

hydrates 718 799 608
Inorganic phosphate 227 240 276
Free creatinine 53 95 232
Creatine 
C reatine plus

1006 918 815

creatinine 1059 1013 1046

1 Results are given as means of 5 top round
roasts.

o n  1 0  m l  p o r t i o n s  o f  t h e  e x t r a c t s  b y  t h e  
s t a n d a r d  K j e l d a h l  m e t h o d  o f  t h e  A .O .A .C .

(1 9 6 0 ) .

Analysis of total extractable carbohydrates
T h e  a n t h r o n e  m e t h o d  o f  L o e w u s  (1 9 5 2 )  

w a s  u s e d  f o r  t h i s  d e t e r m i n a t i o n .  A l l  a n a l y s e s  
w e r e  r e p e a t e d  u n t i l  r e p l i c a t e  s a m p l e s  a g r e e d  
w i th in  0 .0 5  T r a n s m i s s i o n  u n i t s .  G l u c o s e  
s t a n d a r d s  w e r e  a n a l y z e d  w i t h  e a c h  g r o u p  o f  
e x t r a c t  s a m p l e s  a n d  t h e  c a r b o h y d r a t e  c o n ­
t e n t s  c a l c u l a t e d  a s  g lu c o s e .

Analysis of simple reducing sugars
T h e  m e t h o d  o f  F o l i n  e t  a l .  ( 1 9 2 0 )  w a s  

u s e d  f o r  t h i s  a n a l y s i s  in  t h e  p r e l i m i n a r y  e x ­
p e r i m e n t s .  S u i t a b l y  d i l u t e d  s a m p l e s  o f  th e  
e x t r a c t s  w e r e  a n a l y z e d  in  d u p l i c a t e  a l o n g  
w i th  g l u c o s e  s t a n d a r d s .

Analysis of total inorganic phosphate
T h e  m e t h o d  o f  F i s k e  e t  a l .  ( 1 9 2 5 )  w a s  

u s e d .  S u i t a b l y  d i l u t e d  s a m p l e s  o f  t h e  e x t r a c t s  
a n d  s t a n d a r d  p h o s p h a t e  s a m p l e s  w e r e  d e ­
t e r m i n e d  in  d u p l i c a t e .

Analysis o f creatinine and creatine
T h e  m e t h o d  d e s c r i b e d  b y  H a w k  e t  a l .  

( 1 9 4 7 )  w a s  u s e d  t o  d e t e r m i n e  i n d i v i d u a l  
a m i n o  a c i d s  o f  r a w  b e e f  e x t r a c t s  a n d  s a m p l e s  
c o o k e d  to  7 7 ” C  i n t e r n a l  t e m p e r a t u r e  in  t h e  
p r e l i m i n a r y  e x p e r i m e n t  i n v o l v i n g  f iv e  b e e f  
to p  r o u n d  r o a s t s .

Sensory evaluation of flavor, 
aroma and juiciness

A  t r a i n e d  p a n e l  c o n s i s t i n g  o f  s ix  m e m b e r s  
s c o r e d  c o o k e d  s a m p l e s  o f  t h e  d i f f e r e n t  t y p e s  
o f  b e e f  c u t s  o n  a n  e i g h t  p o i n t  d e s i r a b i l i t y  
s c a l e  w i t h  e i g h t  a s  e x t r e m e l y  d e s i r a b l e  a n d  
o n e  a s  e x t r e m e l y  u n d e s i r a b l e .  T h e  a v e r a g e  
s c o r e  o f  e a c h  s a m p l e  f o r  f l a v o r ,  a r o m a  a n d  
j u i c in e s s  w a s  c o m p a r e d  w i t h  c h e m i c a l  d a t a .

Statistical analysis

A n a l y s i s  o f  v a r i a n c e  a n d  c o r r e l a t i o n  a n a l y ­
s is  w a s  u s e d  t o  a n a l y z e  d a t a  f r o m  t h e  c h e m ­
i c a l  a n a l y s e s  a n d  s e n s o r y  e v a l u a t i o n s  ( O s t l e ,  
1 9 6 0 ) .  D u n c a n ’s  m u l t i p l e  r a n g e  t e s t  w a s  
u s e d  t o  e x a m i n e  s ig n i f i c a n c e  o f  d i f f e r e n c e s

Table  2—Effects o f roasting to 170°F in ­
ternal te m p era tu re  on am ino acids o f b e e f.1

Amino acid Raw Cooked

m g l 100  g  d r y , fa r ­
ree  tis su e

Taurine 75.3 125.4
Aspartic acid 6 .4 7 .8
Threonine 2 .6 1.9
Serine 1.4 1.1
Glutam ic acid 38.0 9 .9
Glycine 10.5 15.3
Alanine 33.7 45.3
Valine 4 .8 11.1
M ethionine 2 .6 3 .6
Isoleucine 3.1 6 .0
Leucine 3 .7 8 .6
Tyrosine 5 .7 10.8
Phenylalanine 5 .0 5.9
7 -Armno-H-butyric acid 0 .3 2.5
Am m onia 36.3 42.5
Ornithine 9 .4 10.7
Lysine 12.1 19.3
Anserine 116.5 207.5
Histidine 21.4 14.1
Carnosine 869.1 1191.3
Arginine 0 .9 0 .0

TOTAL 1258.8 1740.6

1 Results are given as means o f 5 top round
roasts.

b e t w e e n  m e a n s  o f  t h e  v a r i o u s  g r o u p s  o f  
s a m p l e s  ( D u n c a n ,  1 9 5 5 ) .

R E S U L T S  & D IS C U S S IO N
Effects of cooking on beef round roasts

The effects of roasting on certain per­
chloric acid-extractables other than nu­
cleotides of five beef round roasts are 
presented in Table 1. Total acid-extract- 
ablc nitrogen slightly increased with heat­
ing, as did amino nitrogen and non-amino 
nitrogen.

Total carbohydrate increased con­
siderably in the samples cooked to 49°C 
compared to the raw samples. Subsequent 
heating to 77° caused total carbohydrates 
to diminish to about the same value as 
that found in raw samples. These changes 
were paralleled by the reducing sugars 
and non-reducing carbohydrates. Heating 
to 77°C resulted in an increase in reduc­
ing sugars and a decrease in non-reducing 
carbohydrates.

Inorganic phosphate of the beef rounds 
increased progressively with temperature. 
This was anticipated since inosinic acid 
and adenosine di- and tri-phosphates are 
hydrolyzed during heating to inorganic 
phosphate and nucleotides. Free cre­
atine decreased progressively during heat­
ing, and was apparently transformed to 
its anhydride, creatinine, during heating 
of the mildly acidic tissue. Total creatine 
plus creatinine (creatine-creatinine) 
changed little under these conditions.

Results of the analysis for individual 
amino acids of raw beef rounds and those 
cooked to 77°C are outlined in Table 2. 
AH free amino acids of the beef roasts

Table  3— Effects o f roasting on ch em ical 
constituents of po rk .1

Cooking 
tem perature ( JC )

Chemical constituent Raw 49 71

m g /100  g  d r y , f u t - f r e e

Inorganic phosphate 99
tis su e

127 105
Amino nitrogen 125 134 1 19
Total nitrogen 1566 1325 1496
N on-am ino nitrogen 1441 1191 1337
Total carbohydrate 3682 3391 4059
Reducing sugars 2129 1718 1980
Non-reducing carbo­

hydrate 1554 1673 2089
Percent reducing sugar 

o f total carbohydrate 58 51 49
Free creatinine 68 77 96
Creatine 1215 872 932
Total creatine-creatinine 1283 939 1062
Percent free creatinine o f 

total creatine-creatininc 5 9 9

1 Results are given as averages o f  duplicate 
analyses o f 3 pork loin roasts.

increased during cooking except threo­
nine, serine, glutamic acid, histidine and 
arginine, which decreased. The over-all 
effect of cooking was an increase of 
38.3% in the total amino acids. Total 
extractable amino nitrogen increased ap­
proximately 18% in the same samples 
during cooking. These increases were 
probably due to hydrolysis of protein 
and possibly involved cathepsins or other 
proteolytic enzymes in the tissue, since it 
has been shown that most free amino acids 
decreased during heating when isolated 
from the protein by dialysis (Macy, et al.,
1964).

Taurine, anserine and carnosine in­
creased to the greatest extent during cook­
ing. These were also the major amino 
compounds present in both raw and 
cooked beef. Freeing of amino acids dur­
ing cooking is important to development 
of meat flavor because they participate 
in browning reactions involving amino 
acids and reducing carbohydrate. In ad­
dition, some amino acids apparently con­
tribute to the over-all flavor of meat 
(Macy, 1966).

Results previously reported (Macy et 
al., 1969a; concerning the effect of heat­
ing on nucleic acid derivatives of pork 
were in some cases paralleled by changes 
in other chemical constituents reported in 
this paper (Table 3). Inorganic phosphate 
increased in the intermediately ccoked 
(49°C) samples and was less in the well- 
done (71 C) samples. Amino nitrogen 
also increased in the intermediately 
cooked samples, then decreased in the 
well-done samples to a level slightly be­
low that of the raw samples. This probably 
represented hydrolyses of protein due to 
protease activity in the less severely heated 
samples. Heat-denaturation of proteolytic 
enzymes and browning reactions were
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probably responsible for the lowered 
values for amino nitrogen in the well- 
done samples. Total acid extractable ni­
trogen decreased in the intermediate 
samples, and increased in the well-done 
samples. A large decrease in non-amino 
nitrogen was observed in the intermediate 
samples compared to either the raw or 
well-done samples.

Total acid extractable carbohydrate of 
intermediately cooked loins was less than 
that of the raw samples but carbohydrates 
of the well-done samples were higher than 
those of raw samples. Reducing sugar de­
creased in the intermediately cooked 
sample, and extractable non-reducing car­
bohydrates increased consistently during 
roasting. The percent reducing sugar of 
total carbohydrate decreased progres­
sively with increased cooking.

Free creatinine increased with increased 
cooking. Creatine decreased considerably 
in the intermediately cooked samples then 
increased in the well-done samples. This 
pattern was also followed by total ex­
tractable creatine-creatinine. These values 
possibly reflect differences in the ability 
to remove creatine and creatinine from 
protein in the tissue rather than actual 
change of total creatine and creatinine due 
to heating (Hughes, 1960).

Effects of cooking on chemical 
constituents of lamb muscle

Results from the previous experiments 
indicated that heating conditions must be 
carefully controlled.

Table 4 is a summary of data obtained 
for changes in chemical constituents of 
lamb muscle during heating at 60°C. 
Inorganic phosphate increased during 
heating and this was probably due to de- 
phosphorylation of nucleotides, especially 
inosinic acid, which decreased substan­
tially during heating.

The data for the individual heating pe­
riods were somewhat erratic, although a 
trend toward increased amino nitrogen 
was apparent. Total extractable nitrogen 
decreased during heating for 15 min 
then increased steadily during the re­
mainder of the experiment. The value for 
total nitrogen at 60 min heating was 
slightly less than that of the uncooked 
sample. There was a small increase in 
the percent amino nitrogen of total ni­
trogen and larger amounts of amino ni­
trogen-containing substances became ex­
tractable with perchloric acid as heating 
times progressed.

Total extractable carbohydrate de­
creased steadily during the first 20 min 
heating, then increased at 30, 45 and 60 
min. This sequence was also followed by 
the reducing sugar content. The percent 
non-reducing sugar of total carbohy­
drates increased rapidly during heating. 
Non-reducing carbohydrate, probably 
glycogen, was rapidly degraded to re­
ducing sugar.

Free creatinine of lamb muscle in­
creased progressively during heating, but 
the increase was most rapid between 15 
and 60 min heating. This was anticipated, 
due to the slightly acid conditions of meat 
which catalyze the removal of a molecule 
of water from creatine to form creatinine. 
In spite of the increased formation of 
creatinine, creatine increased slightly with 
heating. This could have been a result of 
extraction phenomena.

Total creatine-creatinine increased with 
heating time. This indicated that e ther 
a precursor of creatine was present in 
the tissue or the acid-extractability of 
these constituents was enhanced by heat­
ing. The former of these possibilities is 
more probable since phosphocreatine is 
present in muscle and this compound is 
quite labile to heating. Percent creatinine 
of total creatine-creatinine increased with 
heating. The rate of dehydration of cre­
atine to creatinine may have been greater 
than the rate of formation of additional 
creatine from phosphocreatine.
Effects of cooking on eight cuts of beef

Data representing the acid-extractable 
nitrogen in the various cuts of raw and 
cooked beef are in Table 5. Raw Good

calf clods contained less amino nitrogen 
than other raw samples but not signifi­
cantly less than Choice rib roasts. Good 
calf rib roasts or Good round roasts.

Among the cooked cuts, Choice clod 
roasts had less amino nitrogen than other 
cuts but not significantly less than Good 
calf rib steaks or Good calf clod roasts. 
Good calf round roasts contained a sig­
nificantly greater amount of amino nitro­
gen than other cooked beef except Choice 
round roasts and Choice rib steaks. Cook­
ing at these temperatures resulted in sig­
nificant decrease in amino nitrogen of all 
cuts except Good calf round roasts and 
Choice rib steaks.

The non-amino nitrogen data in Table 
5 were more revealing than those for 
amino nitrogen. Raw Good rib steaks had 
less non-amino nitrogen than the other 
cuts but not significantly less than Choice 
rib steaks and Choice clod roasts. Among 
the cooked samples, the clod roasts had 
less non-amino nitrogen than the other 
cuts. Clod roasts contained significantly 
less non-amino nitrogen than the other 
cooked samples due to the higher cooking 
temperatures. All cooked samples con­
tained significantly less non-amino ni­
trogen than their raw counterparts.

Table  4— Effects o f heating  at 60°C on certa in constituents  o f ground la m b .1

Heating time (min)

Constituent 0 5 10 15 20 30 45 60

Inorganic phosphate 18.8 19.3
M g ! 100 g  w e t tis su e  

2 0 .5  20.3 19.9 22.5 22.7 23.3
Am ino nitrogen 33.7 29.9 33 .0 32 .6 37.5 34.3 38.5 36.2
Total nitrogen 292.4 255.0 261.0 254.0 268.5 282.0 282.0 284.0
Percent am ino nitrogen of total nitrogen 11.5 11.7 12.6 12.8 13.9 12.2 13.6 12.7
Total carbohydrate 574.5 550.5 450.0 300.0 237.0 319.5 307.5 274.5
Reducing sugars 114.7 131.2 130.5 126.7 107.2 147.7 111.7 159.0
Non-reducing carbohydrate 459.8 419.3 319.5 173.3 129.8 171.8 195.8 115.5
Percent reducing sugars o f  total carbo­

hydrate 2C.0 23.9 29.0 42 .2 45 .2 46.3 36.3 58.0
Free creatinine 11.6 14.0 13.5 12.2 17.8 17.8 16.4 23.8
Creatine 199.2 200.5 201.0 191.8 200.2 212.7 205.6 206.7
Total creatine-creatinine 21C.8 214.5 214.5 204.0 218.0 230.5 221.0 230.5
Percent free creatinine o f total creatine- 

creatinine 5.5 6.5 6.3 6 .0 8.2 7 .7 7 .4 10.3

1 Results are from  duplicate analyses of samples from  each time period.

T ab le  5— M eans of am ino nitrogen, non-am ino nitrogen and to tal ex tractab le  nitrogen from  
raw and cooked steaks and ro as ts .1

U.S. grade and cut

Amino nitrogen2 N on-am ino nitrogen2 Total nitrogen2

Raw C ooked3 Raw C ooked3 Raw C ooked1

m g ! 100 g  d r y ,  f a t - f r e e  tis su e

Choice rib steaks 103.3 CD E 80.9 C 1140 C 962 E 1243 B 1043 C
G ood rib  steaks 108.3 BC 78 .2 G H 1126 CD 1013 E 1247 B ! 091 C
G ood calf rib  steaks 96 .8  D E F 69.6  HI 1308 AB 970 E 1405 A 1040 C
Choice clod roasts 109.5 BC 62.9 I 1223 BC 731 G H 1332 AB 794 E
G ood calf clod roasts 92 .2  EF 69 .2  HI 1250 AB 706 H 1342 AB 775 E
Choice round roasts 116.0 B 91.8  F 1276 AB 843 F 1392 A 934 D
G ood round roasts 101.2 C D E F 75 .4  G H 1258 AB 814 FG 1359 A 889 D
G ood calf round roasts 105.7 BCD 101.6 C D E F 1329 A 1032 DE 1424 A 1133 C

1 Ten different samples o f each cut were analyzed.
t M eans o f the individual chemical constituents followed by the same letter are no t significantly 

different (P <  0.05).
3 Rib steaks were broiled to 6 6 'C ; round and clod roasts were roasted to 66° and 77°C, respectively.
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T ab le  5— M eans of creatine , creatin ine and to tal ex tractab le  creatine -creatin in e  from  raw  
an d  cooked steaks and roasts.

Creatine-
C reatine2 C reatinine2 creatinine2

U.S. grade and c u t ' Raw C ooked3 Raw C ooked3 Raw C ooked3

m g ! 100 g d r y ,  f a t -  fr e e  tis su e

Choice rib  steaks 1302 BC 902 E
G ood rib  steaks 1363 AB 1029 D
G ood calf rib  steaks 1416 A 829 E
Choice clod roasts 1310 B 531 H
G ood calf clod roasts 1376 AB 614 G
Choice round roasts 1215 C 699 F
G ood round roasts 1297 BC 825 E
G ood calf round roasts 1338 AB 876 E

37.9 J 124.5 E 1340 CD 1027 F
51.8 HIJ 121.4 EF 1415 ABC 1150 E
55.1 HIJ 132.9 E 1471 A 962 F
62.6  G H IJ 193.8 A 1372 BCD 725 I
42 .9  IJ 162.8 ABCD 1419 ABC 777 H
72.1 G H I 171.4 ABC 1287 D 870 G
49.1 HIJ 181.7 AB 1346 CD 1007 F
78 .0  GH 140.8 CD E 1416 ABC 1017 F

Tab le  7— M eans of to ta l ex trac tab le  ca rb o ­
hydrate for raw and cooked b e e f roasts.

M eans o f total 
carbohydrate

U.S. g rad e1 and cu t2 Raw Cooked

m g /1 0 0  g  d r y , f a t - f r e e  tis su e

Choice rib  steaks 2163 BC 1837 D
G ood rib steaks 1849 CD 1542 D E
G ood calf rib steaks 1437 EF 802 HI
Choice clods 1369 EF 823 HI
G ood calf clods 1050 G H 6301
Choice rounds 2329 B 1410 EF
G ood rounds 2814 A 1623 D E
G ood calf rounds 1622 D E 1152 F G

1 Ten different samples o f each cut were analyzed.
2 M eans of the individual chemical constituents followed by the sam e letter are not significantly 

different (P <  0.05).
3 Rib steaks were broiled to 66°C; round and clod roasts were roasted to 66° and 77rjC, respectively.

1 Ten different samples o f each cut were 
analyzed.

2 Means followed by the same letter are no t 
significantly different (P <  0.05).

Less total nitrogen was extractable from 
cooked samples than from corresponding 
raw samples (Table 5). Raw Choice and 
Good rib steaks contained significantly 
less total extractable nitrogen than other 
cuts except the clods which were not sig­
nificantly different. The cooked beef 
roasts were divided into three significantly 
different groups according to total nitro­
gen. Cooked clod roasts contained sig­
nificantly less total nitrogen than the other 
cuts. Good and Choice round roasts con­
tained significantly less total nitrogen 
after cooking than the remaining cuts 
cooked to 11 C.

Free creatinine of the roasts increased 
significantly during cooking (Table 6). 
This observation agreed with the pre­
liminary experiments for beef, lamb and 
pork and confirmed results of Bendall
(1946). Creatinine of cooked rib steaks 
was significantly lower than that of 
Choice clod and round roasts and Good 
round roasts.

Cooked beef also contained signifi­
cantly less creatine than uncooked beef 
(Table 6). This difference may be due to: 
(a) conversion of creatine to creatinine 
by heating under slightly acid conditions 
or (b) inefficient removal of these com­
pounds from raw tissue with dilute per­
chloric acid.

Choice round roasts contained signifi­
cantly less creatine than the other cuts 
except Choice rib steaks and Good round 
roasts which were not significantly dif­
ferent.

Cooked Good rib steaks contained sig­
nificantly more creatine than other cooked 
beef. This was followed by cooked rib 
steaks from Choice and calf ribs and 
Good and calf rounds which had signifi­
cantly higher creatine than the remaining 
cooked roasts. Cooked Choice clods had 
significantly less creatine than other cuts 
possibly due to their higher cooking tem­
perature. In genera], the cooked rib steak 
had higher amounts of creatine than 
rounds, and clod roasts had less creative

than other cooked roasts.
The work of Hughes (1960) with her­

ring indicated that cooking resulted in in­
creased physical binding of creatine and/ 
or creatinine to the tissue protein. Heat­
processing of herring flesh at 115nC re­
sulted in conversion of about one-quarter 
of the creatine to creatinine, but no over­
all loss of the two compounds was ob­
served. Bendall (1946) reported, how­
ever, that high-temperature processing of 
beef resulted in destruction of creatine 
and/or creatinine, but did not indicate 
that this was due to lowered extractability 
of these compounds due to heat-process­
ing.

Significant decreases in the amount of 
extractable creatine-creatinine were ob­
served for cooked compared to raw beef. 
Losses of these compounds due to cook­
ing reported by Bendall (1946) were rela­
tively small and his cooking conditions 
were considerably more severe than those 
used in this study.

Data concerning total carbohydrate of 
raw and cooked beef roasts arc presented 
in Table 7. Cooking resulted in significant 
decreases in total carbohydrate of samples 
in all cases except in Good rib steaks. The 
average decrease of more than 300 mg 
carbohydrate per 100 g dry, fat-frcc tis­
sue from the Good rib steaks was not 
sufficient to attain statistical significance 
due to the extreme variation of carbo­
hydrate within these samples.

Among the raw beef cuts, the Good 
'ound roasts contained significantly 
higher amounts of total carbohydrates 
than other samples. This was followed by 
rounds from Choice and Good beef roasts 
and Choice rib steaks. Raw Choice and 
calf clods contained significantly less total 
carbohydrate than other cuts of beef, fol­
lowed by the raw rib cuts. Raw rounds 
contained the most carbohydrate. The ex­
ception was raw calf round, which had 
less total carbohydrate than raw rib 
roasts from Good grade beef. Calf roasts 
contained less carbohydrate than more

Table  8— Correlation coeffic ien ts betw een  
chem ical constituents  o f cooked roast and  
flavor, arom a and ju iciness.

r

Chemical Juici-
constituent Flavor Arom a n^ss

Total extract- 
able nitrogen — 

Non-am ino
0.23* - 0 .2 0 - 0 . 0 8

nitrogen —0.24* - 0 .2 0 - 0 .0 9
Amino nitrogen — 
Total carbo-

0 .04 - 0 .0 7 - 0 . 0 2

hydrate 0.08 0.15 - O i l
Creatine —0.35*** -0 .2 7 * * - 0 .2 6 *
Creatinine
Creatine-

0.31** 0.29** 0 .18

creatinine 
Percent creati-

0.32** - 0 .2 6 * - 0 .2 3 *

nine o f cre­
atine-creatinine 0.44*** 0.26* 0.23

N =  80.
* (P <  0.05). 

** (P <  0.01).
*** (P <  0.001).

mature beef regardless of grade. 

Correlations for cooked beef
Correlation coefficients between sen­

sory attributes and chemical content were 
low (Table 8). The best relationships be­
tween chemical content and flavor was 
the correlation between percent creatinine 
of total creatine-creatinine in cooked 
meat and flavor. The correlation was 0.44 
(P <  0.001). The best relationship be­
tween aroma and chemical constituent 
was between creatinine and aroma 
(0.29; P <  0.01). The highest relation­
ship between juiciness and chemical con­
tent was that found for creatine (r =  
0.44; P <  0.001). All other correlations 
between results of sensory and chemical 
analyses were lower than those cited and 
most were insignificant despite the large 
number of samples analyzed.

Correlation coefficients between accept­
ability scores of cooked roast beef and 
ratios of N-containing compounds of
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Table 9— Correlation coeffic ien ts  betw een  
acceptab ility scores o f cooked roast beef 
and ratios of N -contain ing  com pounds of 
cooked to raw b e e f roasts.

r

Chemical
constituent Flavor Arom a

Juici­
ness

Total extractable
nitrogen -0 .2 4 * — 0.16 1 o l»j o #

Non-am ino
nitrogen -0 .2 3 * — 0.15 -0 .3 0 * *

Amino nitrogen — 0.12 - 0 .1 7 — 0.12
Creatine -0 .3 0 * * - 0 .1 8 -0 .3 4 * *
Creatine-

creatinine -0 .2 5 * — 0 14 -0 .3 5 * * *

N =  80.
* (P <  0.05). 

** (P <  0.01). 
*** (P <  0.001).

cooked to raw beef roasts are outlined in 
Table 9. All correlations between ratios 
of N-containing compounds of cooked 
beef roasts relative to those of raw beef 
roasts and flavor and juiciness except for 
amino nitrogen were significant. There 
were no significant relationships between

aroma and chemical constituents.
Data presented in Tables 8 and 9 indi­

cate that creatine and creatinine are bet­
ter indices of flavor, aroma and juiciness 
of roast beef than other chemical con­
stituents studied.
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A Reexamination of the Two-Stage Triangle Test 
for the Perception of Sensory Differences“

S U M M A R Y — A r e v i e w  o f  t h e  t h e o r y  a n d  p r a c t i c e  o f  t h e  t w o - s t a g e  t r i a n g l e  t e s t  f o r  t h e  

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

u s u a l l y  o u t w e i g h  i t s  a d v a n t a g e s .  W h e n  t h e  t e s t  i s  u s e d  i t s  i n f o r m a t i o n  c o n t e n t  i s  

d i f f i c u l t  t o  a s s e s s ;  a n d  a  " l e a s t  o b j e c t i o n a l ”  m e t h o d ,  b a s e d  o n  a  s c o r i n g  s c h e m e  a n d  

s t a t i s t i c a l  s i g n i f i c a n c e  p r o c e d u r e s ,  i s  h e r e  p r o p o s e d .

IN T R O D U C T IO N
IN MANY CIRCUMSTANCES testing 
for marginal sensory differences is better 
carried out by way of simple paired com­
parison than by triangle test. This is well- 
recognized. But special appeal resides in 
the “modified” or “two-stage” triangle 
test. A comparative assessment of the 
flavor (or some other sensory characteris­
tic) of a pair of products done by two- 
stage triangle test means that each indi­
vidual trial consists of three coded items, 
two of one product and one of the other, 
with the double request to the panelist: 
“Which member of the triad, in terms of 
the relevant characteristic do you think is 
odd?” and, “Elaborate on the difference 
in [the way specified].”

At its simplest, the “way specified” will

relate to the direction of the difference 
(e.g., a stronger or weaker flavor, or a 
smoother or coarser texture). Addition­
ally, it may relate to degree of difference 
on an ad hoc scale. In another milieu it 
can relate to preference, either absolutely 
or by degree. This basic scheme, which, 
according to Bengtsson (1953), origi­
nated in the brewing industry in the 
1920s, has the ostensible advantage of 
winnowing out those subjects who can’t 
discriminate the two products. That is, the 
second-stage results of the correct oddity 
identifiers only are considered.

Nevertheless, in practice the two-stage 
triangle test often leads to interpretative 
difficulties, particularly associated with 
what may be called “the paradox of

“ Issued as N R C C  N o. 11283.

discriminatory nondiscriminators,” some 
examples of which will now be considered.

P A R A D O X  O F  
D IS C R IM IN A T O R Y  

N O N D IS C R IM IN A T O R S
A PROBLEM to be faced is that “non­
discriminators” sometimes give non-ran­
dom answers at Stage Two. It is natural 
to assume that a person who can’t iden­
tify the oddity ipso facto can’t discrimi­
nate, much less characterize, the differ­
ence between the two products. But re­
sults belying this assumption turn up 
(Amerine, et al. 1965). An early re­
port of this nature is due to Byer et al.
(1953). Table 1 shows three cases in 
which the comparative judgments of the 
panelists who misidentified the oddity 
were almost exactly the same, as regards 
distribution between the two items, as 
those of the rest of the panel. The three 
tests are disparate enough to invite indi­
vidual comment.
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Table 1—Results of some two-stage tri­
angle tests.

N u m b e r  o f  
s e le c t i o n s  o f  

p u t a t i v e  
o d d i t y  t h a t  

a r e

D iv i s io n  o f  
j u d g m e n t s  f o r  

i t e m s

C r i t e r i o n  a n d  
m a te r i a l

C o r ­
r e c t

I n c o r ­
r e c t A B

B i t te r n e s s  o f 6 7 — 5 4 13
q u i n i n e  s u l f a t e  
s o l u t i o n s 1

— 75 58 17

T e n d e r n e s s  o f 9 2 — 5 6 3 6

p o u l t r y  m e a t s 2 — 15 4 9 5 5 9
P r e f e r e n c e  b e - 3 0 2 3 . 5 6 . 5

tw e e n  r e c o n ­
s t i t u t e d  s k im -  
m i lk  p o w d e r s 3

3 0 2 1 . 5 8 . 5

1 B y e r  e t  a l .  .1 9 5 3  in  R e f .  L i s t ;  t h e  s o l u t i o n s  
w e r e  o f  k n o w n  s t r e n g t h s ,  w i th  A  a l w a y s  s t r o n g e r  
t h a n  B .

2 G r i d g e m a n  [ 1 9 6 4 ] ;  tw o  d i f f e r e n t  c a r c a s e  
t r e a t m e n t s  w e r e  a t  i s s u e .

3 C o u r t e s y  o f  M r s .  E l i z a b e th  L a r m o n d ,  F o o d  
R e s e a r c h  I n s t i t u t e ,  C e n t r a l  E x p e r im e n t a l  F a r m ,  
D e p a r t m e n t  o f  A g r i c u l t u r e ,  O t t a w a .  S o m e  
p a n e l i s t s  w e r e  u n a b l e  t o  e x p r e s s  a  p r e f e r e n c e ,  
w h ic h  a c c o u n t s  f o r  t h e  h a l f - s c o r e s .

(1 )  T h e  "b itte rn e s s"  re su lts  a re  m ost 
su rp ris in g , b ecau se  o f  th e  in tim a te ly  re ­
la ted  d ec is io n s in v o lv ed  in th e  tw o  stages 
o f  th e  test. Y e t m o re  th a n  h a lf  o f  th e  
p a n e lis ts  m is id en tified  th e  o d d ity  an d  
th en  w e n t on  to  sh o w  th em se lv es  as good 
as th e  o th e rs  a t sen sin g  th e  b it te re r  item . 
C lea rly , th e  p ick in g  o f  th e  o d d ity  w as a 
p sy ch o sen so rily  c o n fu s in g  ta sk . B rad ley  
e t al. ( 1 9 6 4 ) ,  fo llo w in g  U r a  ( 1 9 6 0 ) ,  h av e  
d e v e lo p ed  a p ro b a b ilis tic  m odel, based  on  
th e  fo rm a l v a ria b ility  o f  se n so ry  resp o n se  
to  a g iven  s tim u lu s , th a t  c an  a cc o m m o d a te  
su c h  resu lts , b u t th e  a m o u n t o f  e x tra  in ­
fo rm a tio n  so  o b ta in a b le  is sm all.

(2 )  T h e  “ te n d e rn e s s"  re su lts  c o u ld  be 
ex p licab le  in te rm s  o f  sam p le  v a r ia tio n  
(p o u ltry  m e a t is fa r  f ro m  h o m o g en e o u s), 
a n d  th is  w as a tte m p te d  in th e  re p o rt .  T h e  
m e th o d  o f  h a n d lin g  th e  d a ta  is, h o w ­
ever, c u m b e rso m e  a n d  u n re w ard in g . T h e  
h igh  p ro p o r tio n  o f  in c o rre c t  se lec tio n s 
o f  th e  o d d ity  in  th is  e x p e rim e n t suggests 
th a t  th e  ju d g m e n ts  w ere  m a d e  v ir tu a lly  
a t  ra n d o m .

(3 )  T h e  “p re fe re n c e "  resu lts  a lso  in ­
d ica te  th a t  th e  se lec tio n  o f  th e  o d d ity  
w as a b o th e rso m e  task , a n d  th a t  th e  p a n ­
elists  b e h a v e d  m o re  ra tio n a lly  in a  b i­
n o m ia l th a n  in  a  tr in o m ia l s itu a tio n .

O f co u rse , in  som e tw o -stag e  trian g le  
tes ts th o se  p an elis ts  w h o  fa il to  id en tify  
th e  o d d ity  b e h av e  w ith  a p p a re n t  c o n ­
sis ten cy  in th a t,  as a  g ro u p , th e y  d o  n o t 
m a k e  s ig n ifican t d is tin c tio n s  in  th e  sec ­
o n d  stag e. Y e t  ev en  h e re  n o  ad v an tag e  
can  be  p o in te d  to , b e ca u se  th e  p an e l 
m ig h t ju s t  as w ell h av e  c o n c e n tra te d  on  
p a ire d  c o m p a riso n s  in stead .

S o m e sid e -b y -sid e  tes ts  c o n d u c te d  by

Table 2—Results of parallel experiments, 
one by two-stage triangle test, the other by 
paired comparison, to check for preferential 
difference between the odors of chicken-leg 
meats from two treatments. (The same 
panel of 7 subjects was used. Each carried 
out 6 replicate two-stage triangle tests, and 
9 replicate paired comparisons, all under 
code.)

N u m b e r  o f
s e le c t io n s

o f  p u t a t i v e D iv i s io n  o f
o d d i t y ju d g m e n t s

t h a t  w e r e f o r  i t e m s

C o r -  I n c o r ­
r e c t  r e c t A  B

T w o - s t a g e  t r i a n g le s  15 — 10 5
— 2 7 14 13

P r e -  P r e ­
f e r r e d  f e r r e d  U n -

A  B  d e c id e d

P a i r e d  c o m p a r i s o n s  3 3  2 2  8

M r. v an  d e n  B e rg  o f  th ese  lab o ra to r ie s  
a re  illu m in a tin g . E a c h  m e m b e r  o f  a  p an e l 
o f  seven  m ad e  p re fe re n c e  ju d g m e n ts  by  
tw o -stag e  tr ia n g le  te s t an d , in d ep e n d en tly , 
b y  p a ire d  c o m p a riso n  (w ith  ties a llow ed), 
th e  re p lica tio n s  b e in g  so  a r ra n g e d  th a t  
th e  sam e  n u m b e r  o f  sam p les w as assessed  
in e ac h  ty p e  o f  test. T h e  re su lts  a re  sh o w n  
in T a b le  2. T h e  n u m b e r  o f  n o n d isc r im i­
n a to rs  ( 2 7 )  in th e  tr ia n g le  tes ts  w as 
large , a lm o st tw o -th ird s  o f  th e  to ta l 
(w h ich  again  im p lies th a t  th e  ju d g m e n ts  
w e re  m ad e  a lm o st e n tire ly  a t ra n d o m ).

R e fe re n ce  to  s ta tis tica l tab le s  w ill c o n ­
firm  w h a t is c le a r  f ro m  insp ec tio n , 
n am ely , th a t  th e  p a ire d  c o m p a riso n  r e ­
su lts  m o re  sh a rp ly  d is tin g u ish  b e tw een  th e  
tw o  tre a tm e n ts . A  a n d  B, th a n  d o  th e  
tr ia n g le  tests . In  fa c t o n ly  th e  p a ire d - 
c o m p a riso n  d iffe ren ce  (3 3  fo r  A  a n d  22 
fo r  B ) is s ig n ifican t a t th e  5 %  p ro b a b ility  
level.

A “ LEAST
OBJECTIONABLE”  SCORING 

SCHEME
IN  V IE W  o f  th e  te n d e n c y  o f  so m e  n o n ­
d isc r im in a to rs  to  m ak e  m ea n in g fu l sec ­
o n d -s ta g e  ju d g m e n ts  o n  th e  re la tio n  b e ­
tw een  th e  item s, a n  in c lin a tio n  to  tak e  
th ese  ju d g m e n ts  in to  goo d  a c c o u n t c a n ­
n o t be  av o id ed . In  o th e r  w o rd s , sh o u ld  
n o t all th e  re su lts  b e  p o o led ?  T o  d o  so  is 
n o t illogical o r  ev en  u n re a so n a b le . H o w ­
ever, it im p lies a  re je c tio n  o f  th e  essence  
o f  th e  tw o -stag e  tr ia n g le  te s t, w h ic h  is 
th e re b y  tra n s fo rm e d  to  a  se t o f  ill-m ad e  
p a ire d  c o m p a riso n s .

A n d  th e re  is a n o th e r  co n s id e ra tio n . 
P o o lin g  n ece ssa rily  m ea n s  g iv in g  eq u a l 
w e ig h t to  th e  d ec is io n s o f  b o th  d isc rim i­
n a to rs  a n d  n o n d isc r im in a to rs . M a y b e  a 
re a lis tic  c o m p ro m ise  w o u ld  be  to  give 
less w e ig h t to  th e  n o n d isc r im in a to rs ’ de-

Table 3—Basic scoring scheme for the 
two-stage triangle test.

N u m b e r
o f

f o r m s  
o f  th e

P o s s ib l e  o u t c o m e s  
o f  o n e  t r i a l

o u t ­
c o m e S c o r e

c a =  c o r r e c t  o d d i t y i $ c a =  0
c h o s e n ;  p r e f e r s  A

ia =  in c o r r e c t  o d d i : y 2 Sia =  1

c h o s e n ;  p r e f e r s  A
ib =  in c o r r e c t  o d d i r y 2 S i b =  x ‘

c h o s e n ;  p r e f e r s  B
c b =  c o r r e c t  o d d i t y 1 S o b =  x  +

c h o s e n ;  p r e f e  s B 6

1 T h e  q u a n t i t y  “ x ”  h a s  t o  b e  d e c id e d  o n  : s e e  
t e x t .

c is ions?  B u t h o w ?  T h is  q u e s tio n  e x p a n d s  
to : W h a t sco re  sca le  sh o u ld  be a tta c h e d  
to  th e  fo u r  d is tin c tiv e  re su lts  th a t  a n y  
o n e  tw o -stag e  tr ia n g le  tr ia l  c an  give rise  
to ?  N o  c le a rc u t a n sw e r ex is ts ; h o w e v e r , a  
c o n v en ien t o n e  m ay  be  so u g h t. M o re  
spec ifica lly , th e  p ro b le m  is to  c h o o se  a 
n u m b e r  to  re p la ce  x in  th e  e n d  (sc o re )  
c o lu m n  o f  T a b le  3 (w h ic h  is in  p re fe r ­
en ce  lan g u ag e , a  th o u g h  o f  c o u rse  it a p ­
p lies to  o th e r  c r ite r ia ) . T h e  m e a n  sc o re  
is, c learly . sm =  (x +  1 ) /2 ,  a n d  th e  f in d ­
ing  o f  th e  w e ig h ts  im p lic it in  th e  sca le  
m u st s tem  fro m  th e  sco re  d ev ia tio n s , 
n eg ativ e  fo r  A  a n d  p o sitiv e  fo r  B , f ro m
th e  m ean , sm. T h e  w e ig h ts  g iven  to  th e  
in te rm e d ia te  o u tco m e s  ( “in c o rre c t  o d d ity
c h o se n ” ), as a  f ra c tio n  o f  th a t  g iven to  th e  
te rm in a l o u tco m e s  ( “ c o rre c t  o d d ity  c h o ­
sen "), is th e re fo re  (sm — sia) / ( s nl — s , .J  =  
(x — l ) / ( x  +  1). So a  n u m e ric a l v a lu e  
fo r  th is f ra c tio n  m u st b e  d e c id e d  on . 
F irs t th o u g h ts  suggest V 2: th a t  is, m a k in g  
th e  n o n d isc r im in a to rs ’ d ec is io n s h a lf  as 
v a lu ab le  as th o se  o f  th e  d isc r im in a to rs . 
T h is  is a ch iev ed  by  th e  se ttin g  o f  x  =  3, 
so th a t th e  a p p ro p ria te  sco re  sca le  is 0 , 1,
3 ,4 .

P e rh a p s  th is is o v e rly  g e n e ro u s ; so
c o n s id e r  a  sm a lle r  f ra c tio n , say  2 * */ - ,  o b ­
ta in e d  by  se ttin g  x  =  7 / 3 ,  th e  c o r re ­
sp o n d in g  sco re  sca le  b e in g  0 , 1, 7/ 3,
10/ 3. S p ec ia l m e n tio n  is m a d e  o f  th is  
b ecau se  it w as, in e ffect, ch o se n  by  
D av is  e t a l (1 9 5 4 )  in  a  p io n e e r  p a p e r  
on  w e ig h in g  sch em es f o r  th e  tw o -s tag e  
tr ia n g le  tes t. (A c tu a lly , th e ir  s c o re  sca le  
c o n sis ted  o f  w h a t th e y  te rm  “ I  v a lu e s” o f
1, 4, 8, 11, w h ic h  se t is a  l in e a r  fu n c tio n  
o f, a n d  th e re fo re  o p e ra tio n a lly  e q u iv a le n t  
to , th e  sco re  v e c to r  0 , 1, 7 */ 3, 10/ 3.)

A n o th e r  poss ib ility , h e re  a d v o ca te d , is 
to  m ak e  th e  w e ig h t f ra c tio n  1 /3 ;  c o r ­
resp o n d in g ly , x  =  2. T h e  tr ia d ic  n a tu re  
o f  th e  te s t  len d s in tu itiv e  a ttra c t io n  to  th is  
figure. M o re  im p o rta n tly , it is s ta tis t i­
cally  n ice  in th a t  th e  re su lta n t sco re  
sca le  is m ax im a lly  s im p le , n a m e ly , 0 , 1.
2. 3, a n d  easy  to  h a n d le  in  d is tr ib u tio n  
co n tex ts .
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In  all c ircu m stan ces , it is d e s irab le  to 
c a rry  o u t  tw o -stag e  tr ia n g le  tes ts  in -c o m ­
p le m e n ta ry  p a irs  (o n e  w ith  A  th e  o d d ity , 
th e  o th e r  w ith  B ) so  as to  c an c e l a n y  
“item  b ias” th a t  m ay  ex is t in  th e  p e r ­
fo rm an c e  o f  sing le  tr ia ls . T o  th is  e n d  w e 
shall deal o n ly  in ev en  n u m b e rs  o f  tr ia ls  
in  rep lica ted  testing .

SIGNIFICANCE TESTING
T H E  D E V E L O P M E N T  o f  tes ts  o f  s ta ­
tis tica l s ig n ificance  is a  little  co m p lica te d . 
T o  e x em p lify  th e  sc o rin g  o f  a  se t o f  tria ls , 
th e  d a ta  in T a b le  1 w ill b e  u sed . In  th e  
first test (b itte rn e ss  o f  q u in in e  su lfa te  
so lu tio n s) th e re  w e re  (6 7  - f  7 5 )  =  142 
tria ls, so th a t  th e  m a x im u m  poss ib le  sco re  
(if d isc rim in a tio n  w as p e r fe c t  a n d  ev ery  
v o te  cas t w as fo r  item  B ) is th re e  tim es 
th is, th a t  is, 4 2 6 . N o w  th e  o b se rv ed  sco re  
is (5 4  X 0 )  +  (5 8  X 1) +  (1 7  X 2 )  +  
(13 X 3 )  — 131; so  th e  p r im a ry  fin d in g  is 
th a t  a f ra c t io n  1 3 1 /4 2 6  =  3 1 %  o f  th e  
vo te  w e n t to  ite m  B, a n d  th e  re s t, 6 9 % , to  
item  A . L ikew ise , (7 3 8  — 3 2 1 ) /7 3 8  =  
5 6 .5 %  o f  th e  te s t  v o te  o n  p o u ltry  te n d e r ­
ness w e n t to  tre a tm e n t A , a n d  (1 8 0  — 
5 8 ) /  180 =  6 7 .8 %  o f  th e  p re fe re n c e  v o te  
on  re c o n s titu te d  sk im m ilk  p o w d e rs  w e n t 
to  p ro d u c t A .

In  all th re e  e x am p les  it is o b v io u s th a t  
th e  v o te  sp lits  w e re  s ig n ifican tly  d iffe ren t 
fro m  th e  nu ll h y p o th es is  ( o f  “ n o  d e te c t­
able d iffe ren ce  b e tw een  th e  ite m s” ) o f  
5 0 %  e ach  fo r  A  a n d  B. H o w ev e r , su p p o se  
a  s ta tis tica l-s ig n ifican ce  tes t is a sk e d  fo r  
on , say , th e  sk im m ilk  re su lts . T h e  p ro ­
c ed u re  rests  o n  tw o  f a c ts : (1 )  th a t  th e  
s ta n d a rd  d e v ia tio n  o f  th e  m ea n  (n u ll h y ­
p o th es is )  sco re , sn,(  =  3 N / 2 ) ,  in  a  se t o f  
tria ls  is \ / l  I N / 12. a n d  (2 )  th a t  w h en  N  
is la rg e  th e  d is tr ib u tio n  o f  p o ss ib le  sco res 
m ay  be re g a rd e d  as N o rm a l. So  h e re

Sm =  3 X 6 0 / 2  =  90

an d  th e  s ta n d a rd  d e v ia tio n  o f  th is m e a n  
sco re  is

S D (S m) =  V l  l X 6 0 /1 2  =  ± 7 .4

N o w  th e  o b se rv ed  sc o re  is 58 , w h ic h  is 
Sm — 12, a n d  as 3 2 / ( 7 .4 )  =  4 .3 , it is a p ­
p a re n t th a t  th e  o b se rv ed  re su lt  is n o t 
fo rtu ito u s .

T h e  s ta tis tica l sign ifican ces o f  th e  r e ­
su lts o f  sm a lle r  n u m b e rs  o f  tr ia ls  (u p  to  
3 0 ) a re  b e s t a sc e r ta in e d  f ro m  e x a c t d is ­
tr ib u tio n  d a ta . T h is  m a t te r  is d iscu ssed  
fu r th e r  in th e  A p p e n d ix .

I t  w o u ld  o f  c o u rse  b e  h e lp fu l if  lim its  
o f  e r ro r  w e re  a ssig n ab le  to  a n y  o b se rv ed  
sco re. U n fo r tu n a te ly  th is  is n o t  p ra c tic a l, 
b ecau se  a n y  n o n -n u ll  sc o re  m a y  inv o lv e  
u p  to  th re e  p a ra m e te rs  ( th e  d isc r im in a to r :  
n o n d isc r im in a to r  sp lit; a n d  th e  A :B  v o te  
sp lit w ith in  th e  d isc r im in a to rs  a n d  th e  
n o n d isc r im in a to rs ) ,  w h ic h  c rea te s  fo r ­
m id ab le  d ifficu lties. T h is  is a n o th e r  l im ita ­

Table 4—Hypothetical details of resu ts (as numbers of judgments), by two-stage direc­
tional triangle test, on poultry tenderness (with real differences).

S ta g e  1 : 
s e le c t i o n  o f  

p u t a t i v e  o d d i t y

S ta g e  2 :  j u d g m e n t  o f  o d d i t y ’s t e n d e r n e s s  r e l a t i v e  t o  o t h e r  tw o  i t e m s

M a r k e d l y
le s s

S l ig h t ly
le s s S a m e

S l ig h t ly
m o r e

M a r k e d l y
m o r e S u m

C o r r e c t 16 38 4 28 6 9 2

5 6 3 6
I n c o r r e c t 23 68 8 41 14 15 4

9 5 59

Table 5—Hypothetical details of results (as numbers of judgments), by two-stage direc­
tional triangle test, on poultry tenderness (the compared items being actually indistinguish­
able).

S ta g e  1 : 
s e le c t i o n  o f  

p u t a t i v e  o d d i t y

S ta g e  2 : j u d g m e n t  o f  o d d i t y ’s  t e n d e r n e s s  r e l a t i v e  t o  o t h e r  tw o  i t e m s :

M a r k e d l y
le s s

S l ig h t ly
le s s S a m e

S l ig h t ly
m o r e

M a r k e d l y
m o r e S u m

C o r r e c t i i 33 4 33 i i 9 2

4 6 4 6
I  n c o r r e c t 18 55 8 5 4 19 154

77 7 7

tio n  to  th e  tw o -stag e  tr ia n g le  test.

A SOURCE OF BIAS
T H E  T W O -S T A G E  tr ia n g le  te s t is so m e ­
tim es  e x te n d ed  to  e m b ra c e  ju d g m e n ts  on  
d eg rees  o f  d iffe ren ce  b e tw een  th e  ( p u ta ­
tiv e )  o d d ity  a n d  th e  re s id u a l p a ir . T h e  
k in d  o f  p an e l re q u e s t in v o lv ed  is: “ D o  
y o u  c o n s id e r  th e  item  y o u  h a v e  p ick ed  
as o d d  to  be  sligh tly , m o d e ra te ly , o r  
m a rk e d ly  m o re  (o r  less) sw ee t th a n  th e  
o th e r  tw o  item s?” N o te  th a t  d ire c tio n  o f  
d iffe ren ce  ( r a n k in g )  is d e m a n d e d  ( in  th is 
p a r tic u la r  case , “ m o re ” o r  “less” o f th e  
a t t r ib u te ) .

S o m etim es, h o w ev er, d eg ree  w ith o u t d i­
re c tio n  is a sk ed  fo r, th e  k in d  o f  q u estio n  
b e in g : “ Is th e  d iffe ren ce  slig h t o r
m a rk e d ? ,” o r  “A re  y o u  d o u b tfu l,  re a so n ­
ab ly  su re , o r  c o n fid e n t o f  a  d iffe ren ce?” 
T h is  in n o c e n t-lo o k in g  s im p lifica tio n  in tro ­
d u c es  p sy c h o se n so ry  b ias . T o  be b ias-free  
a  sen so ry  te s t m u s t y ie ld  re su lts  w hose  
lo n g -ru n  e x p ec ta tio n , w h en  th e  rival item s 
A  a n d  B a re  in  fa c t  u n d is tin g u ish a b ie , is 
u n a m b ig u o u s , n o  m a t te r  h o w  ca re le ss  o r  
p re ju d ic e d  th e  p a n e l m ay  be. T h e  nu ll 
h y p o th es is  m u st b e  s ta tis tica lly  w e ll-d e ­
fined .

T o  illu s tra te  th e  am b ig u ity  in tro d u c e d  
b y  n o n d ire c tio n a l d eg rees  o f  d iffe ren ce , a 
h y p o th e tic a l e x am p le , b a sed  on  an  ex ­
ten s io n  o f  th e  “p o u ltry  te n d e rn e s s” re su lts  
in  T a b le  1, m a y  b e  u se fu l. In  th a t  in v esti­
g a tio n  th e  seco n d -s tag e  q u e s tio n  w as: “D o  
y o u  th in k  th a t  th e  p u ta tiv e  o d d ity  is m o re  
o r  less te n d e r  th a n  th e  c o m p a n io n  p a ir? ” 
N o w  su p p o se  th a t  tw o  d eg rees o f  te n d e r ­
ness d iffe ren ce  (w ith  d irec tio n , th a t  is, 
“ m o re ” o r  “ less” ) h a d  b e en  ask ed  fo r.

A  su itab le  p h ra s in g  o f  th e  q u estio n

Table 6—“ Folded”  results of tables 4 or 5.

S ta g e  1 : 
s e le c t i o n  

o f  p u t a t i v e  
o d d i t y

S ta g e  2 :  j u d g m e n t s  o f  o d d i t y ’s 
d e g r e e  o f  t e n d e r n e s s  d i f f e r e n c e  

r e l a t i v e  t o  o t h e r  tw o  i t e m s

n o n e s l ig h t m a r k e d S u m

C o r r e c t 4 6 6 2 2 9 2
I n c o r r e c t 8 109 3 7 15 4

1 2

w o u ld  h av e  b e e n : “D o  y o u  th in k  th a t  th e  
p u ta tiv e  o d d ity  is slig h tly  o r  m a rk e d ly  
m o re  o r  less te n d e r  th a n  th e  co m p a n io n  
p a ir? ” I t  w o u ld  be  a d v isab le  to  a d d : “ If  
y o u  feel th a t  y o u r  se lec tio n  o f  th e  ‘o d d ity ’ 
w as re a lly  a rb itra ry ,  so th a t  y o u  find  n o  
d iffe ren ce  in  ten d e rn ess , re g is te r  th is .” 
(T h e  e x p e rim e n t is o f  c o u rse  a ssu m ed  to  
be a d e q u a te ly  b a la n c e d  as re g a rd s  co d in g s 
a n d  th e  tw o  tria n g le s , A A B  a n d  A B B .) 
T h e n  th e  re su lts  m ig h t w ell h a v e  b een  as 
sh o w n  in  T a b le  4— w h ic h , so  to  sp eak , 
co llap se  to  th o se  in  th e  m id d le  o f  T ab le  
1 w h en  th e  d eg rees ( “ s lig h tly ” o r 
“ m a rk e d ly ” ) a re  a b a n d o n e d  a n d  w h en  th e  
n e u tra ls  ( “ sa m e ” ) a re  e q u a lly  d iv id ed  
b e tw een  th e  tw o  d ire c tio n s  ( “ less” an d  
“ m o re ” ) .

T h e  n u m b e r  o f  n e u tra ls  (1 2  in a ll)  has 
d e lib e ra te ly  b e en  m ad e  sm all u n d e r  th e  
su p p o s itio n  th a t  th e  p a n e l is p re ju d ic e d  in 
fa v o r  o f  th e  e x is ten ce  o f  a  re a l ten d e rn ess  
d iffe ren ce . T o  sh o w  th a t  th is  p re ju d ice  
c a n n o t b ias  th e  re su lts , c o n s id e r  h o w  th ey  
m ig h t m o s t lik e ly  h a v e  a p p e a re d  if  in fa c t 
n o  rea l te n d e rn ess  d iffe ren ce  ex is ted  
(T ab le  5 ) .  T h e  in fe re n ce  fro m  th e  e x p e ri­
m e n t w o u ld  h a v e  b een  u n e q u iv o c a l, 
n a m e ly , th a t  th e  ju d g m e n ts  p ro  an d  con
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can c e l o u t  a n d  th a t  sam p les A  a n d  B are  
in d is tin g u ish ab le .

S o m e in te re s t lies in a  c o n s id e ra tio n  o f 
w h a t re su lts  w o u ld  m o st lik e ly  h a v e  b een  
o b ta in e d  (b y  th e  sam e  p re ju d ice d  p an e l, 
te s tin g  sam p le s  th a t  a re  in  fa c t in d is­
t in g u ish a b le )  if  th e  seco n d -s tag e  q u estio n  
h a d  b een  c o n c e rn e d  w ith  n o n d irec tio n a l 
d e g ree s  o f  d ifferen ce , su c h  a s : “ D o  y o u  
th in k  th a t  th e  p u ta tiv e  o d d ity  y o u  h av e  
se lec ted  is slig h tly  o r  m a rk e d ly  d iffe ren t 
f ro m  th e  o th e r  p a ir?  I f  y o u  feel th a t  y o u r  
se lec tio n  o f  th e  ‘o d d ity ’ w as re a lly  a rb i­
tra ry ,  so th a t  y o u  find  n o  d ifferen ce , 
re g is te r  th is .” T h e  m o st lik e ly  re su lts  a re  
g iven  in T a b le  6, w h ic h  is in effec t a  fo ld ­
ing  o f  T a b le  4  o r  T ab le  5 a b o u t  th e  v e r ti­
cal c e n te r lin e  ( th e  n e u tra l  f re q u e n c ie s ) , 
a n d  w h ic h  is th e re fo re  c o n so n a n t w ith  
b o th . T h is  is th e  a m b ig u ity , ro o te d  in 
p sy c h o se n so ry  b ias, th a t can  m a r  th e  n o n ­
d irec tio n a l test.

S o m e tim es it is h a rd  to  tell f ro m  th e  
w o rd in g  w h e th e r  a  tw o -stag e  tr ia n g le  test 
w as d irec tio n a l o r  n o t— th e  e x am p les  u sed  
by  B rad ley  [1 9 6 4 ] , fo r  in stan ce , seem  to  
b e  n o n d irec tio n a l a n d  th e re fo re  o p en  to  
b ias . I t  is im p o r ta n t to  m ak e  a b u n d a n tly

c lea r, in  re p o rta g e , ex ac tly  h o w  sen so ry  
tests w ere  c o n d u c te d , w ith  th e  in s tru c tio n s  
to  th e  p an e l sp e lled  ou t.

CONCLUSIONS

A N  U N Q U E S T IO N A B L E  a d v an tag e  o f  
th e  c o m m o n  tria n g le  te s t is th a t  it a llow s 
th e  p a n e l to  be in s tru c te d  in  th e  m o st 
g en era l te rm s. A  spec ific  q u a lity  n eed  n o t 
be  m e n tio n e d  in th e  b rie fin g ; th e  p an e l is 
m ere ly  ask ed  if  a n y  o n e  o f  th e  tr ia d  o f 
item s a p p e a rs  to  be sen so rily  d iffe ren t. 
T h is  p ro p e rty  can  be  tu rn e d  to  f u r th e r  a d ­
v a n ta g e  w ith  th e  a n c illa ry  q u e s tio n : “ If  
y o u  th in k  th a t  o n e  item  is d iffe ren t, t ry  to  
c h a ra c te r iz e  th e  d iffe re n ce .” T h is  q u estio n  
is p re fe ra b ly  a cc o m p a n ied  b y  a  sh o r t  list 
o f  re le v an t possib ilities , su c h  as tex tu re , 
flav o r, co lo r, e tc .

In  p ra c tic e , h o w ev er, th is so r t  o f  s i tu a ­
tio n  is less f re q u e n t  th a n  m ig h t be  e x ­
p ec ted . U su a lly , th e  e x p e rim e n ta lis t h a s  a  
specific  q u a lity  firm ly  in m in d  fro m  th e  
s ta r t, a n d  he  w ishes to  re s tr ic t  a tte n tio n  to  
th is. H e re , a g a in  u n q u e s tio n a b ly , p a ire d  
c o m p a riso n  is th e  best design  m ed iu m . I t

is s tru c tu ra lly  th e  s im p le s t a n d  p sy c h o - 
sen so rily  th e  easiest.

S u p p le m e n ta tio n  o f  th e  tr ia n g le  te s t 
w ith  a  seco n d -s tag e  q u e s tio n  to  e lic it in ­
fo rm a tio n  on  th e  k in d  o r  d ire c tio n  o r  d e ­
gree  o f  d iffe ren ce  b e tw ee n  th e  n o m in a l 
o d d ity  a n d  th e  re m a in in g  c o m p a n io n  p a ir  
is an  a llu rin g  n o tio n . H o w ev e r, as h a s  
been  sh o w n , it e n tra in s  m a n y  difficu ties, 
so m e  s te m m in g  fro m  th e  p sy c h o se n so ry  
s itu a tio n  itself, a n d  so m e f ro m  s ta tis tic a l 
c o n sid e ra tio n s . F u r th e rm o re ,  in te rsu b je c t 
v a riab ility  is lik e ly  to  be  g re a te r  in th is  
m ilieu  th a n  in  a  s im p le r  one.

T h e  tw o -stag e  tr ia n g le  tes t is n o rm a lly  
so m e th in g  to  b e  av o id ed . I f  it is u sed  th e  
s im p le  sc o rin g  sch em e, p lu s s ig n ifican ce  
tests, d e sc rib e d  abo v e , fu rn ish e s  a  m in i­
m ally  o b jec tio n a b le  m e th o d  o f  assess in g  
th e  resu lts .

APPENDIX
O N E  T R IA L  of a two-stage triangle test has 
four possible outcom es and, as explained in 
the text, the scores and the relative freq u en ­
cies o f these on the null hypothesis are  as 
follow s:

Table 7—Certain score probabilities (between 0.0000 and 0.3000) on the null hypothesis.
S c o r e  =  

< X  o r  
> ( 3 N  -  
X )  w h e r e  

X  is

0
1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
2 4
25
2 6
27
28
2 9
3 0
31
3 2
33
3 4
35
3 6
3 7
38
3 9

2 4 6 8 10

0 .0 5 5 6 0 .0 0 1 5
0 .2 7 6 7 0 .0 1 3 9 0 .0 0 0 6

0 .0 6 3 3 0 .0 0 3 6 0 .0 0 0 2
0 .1 9 2 9 0 .0 1 5 9 0 .0 0 1 0 0.0001

0 .0 5 1 9 0 .0 0 4 2 0 .0 0 0 3
0 .1 3 4 7 0 .0 1 4 2 0 .0 0 1 1
0 .2 8 9 0 0 .0 3 9 8 0 .0 0 3 9

0 .0 9 5 1 0 .0 1 1 6
0 .1 9 6 7 0 .0 2 9 9

0 .0 6 7 6
0 .1 3 6 7
0 .2 4 8 7

12  14  16  18 2 0  2 2

0 .0 0 0 1
0 .0 0 0 3
0.0011 0.0001
0 .0 0 3 4 0 .0 0 0 3
0 .0 0 9 2 0 .0 0 1 0 0.0001
0 .0 2 2 2 0 .0 0 2 8 0 .0 0 0 3
0 .0 4 8 5 0 .0 0 7 1 0 .0 0 0 8 0 ,0 0 0 1
0 .0 9 6 3 0 .0 1 6 4 0 .0 0 2 2 0 .0 0 0 2
0 .1 7 4 9 0 .0 3 4 9 0 .0 0 5 4 0 .0 0 0 7 0 .0 0 0 1
0 .2 9 2 5 0 .0 6 8 5 0 .0 1 2 1 0 .0 0 1 7 0 .0 0 0 2

0 .1 2 4 2 0 .0 2 5 3 0 .0 0 4 1 0 .0 0 0 5 0.0001
0 .2 0 9 4 0 .0 4 9 0 0 .0 0 9 0 0 .0 0 1 3 0 .0 0 0 2

0 .0 8 8 8 0 .0 1 8 4 0 .0 0 3 1 0 .0 0 0 4
0 .1 5 0 8 0 .0 3 5 3 0 .0 0 6 6 0 .0 0 1 0
0 .2 4 0 6 0 .0 6 3 9 0 .0 1 3 4 0 .0 0 2 3

0 .1 0 9 0 0 .0 2 5 6 0 .0 0 4 9
0 .1 7 5 8 0 .0 4 6 2 0 .0 0 9 8
0 .2 6 8 6 0 .0 7 9 1 0 .0 1 8 6

0 .1 2 8 7 0 .0 3 3 5
0 .1 9 9 2 0 .0 5 7 6
0 .2 9 4 0 0 .0 9 4 3

0 .1 4 7 6
0 .2 2 1 0

2 4  2 6  2 8  3 0

0 .0 0 0 1
0 .0 0 0 3
0 .0 0 0 8 0 .0 0 0 1
0 .0 0 1 7 0 .0 0 0 3
0 .0 0 3 6 0 .0 0 0 6
0 .0 0 7 2 0 .0 0 1 3
0 .0 1 3 5 0 .0 0 2 7
0 .0 2 4 4 0 .0 0 5 3
0 .0 4 2 0 0 .0 0 9 9
0 .0 6 9 3 0 .0 1 7 8
0 .1 0 9 4 0 .0 3 0 8
0 .1 6 5 8 0 .0 5 1 0
0 .2 4 1 3 0 .0 8 1 1

0 .1 2 4 2
0 .1 8 3 1
0 .2 6 0 3

0 .0 0 0 1
0 .0 0 0 2
0 .0 0 0 5 0 .0 0 0 1
0 .0 0 1 0 0 . 0 0 0 2
0 .0 0 2 0 0 .0 0 0 3
0 .0 0 3 9 0 .0 3 0 7
0 .0 0 7 2 0 .0 3 1 5
0 .0 1 3 0 0 .0 0 2 8
0 .0 2 2 6 0 .0 0 5 3
0 .0 3 7 5 0 .0 0 9 6
0 .0 6 0 2 0 .0 1 6 6
0 .0 9 2 9 0 .0 2 7 7
0 .1 3 8 6 0 .0 4 4 6
0 .1 9 9 6 0 .0 6 9 5
0 .2 7 8 1 0 .1 0 4 7

0 .1 5 2 6
0 . 2 1 5 4
0 .2 9 4 7
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outcom e; ca ia ib cb
score: 0 1 2 3
relative frequency: 1 2 2 1

Now two replicate trials, each so scored, will 
clearly have seven possible outcom es, with 
scores ranging from  0 to 6, w ith the follow ­
ing relative frequencies:
score: 0 1 2 3 4 5 6
relative frequency: 1 4 8 10 8 4 1
This set o f relative frequencies, sum m ing to 
36 (the square o f  6, the sum  of the relative 
frequencies in a single tria l)  can easily be 
worked ou t from  elem entary  considerations. 
M ore form ally, it is reached by a squaring  of 
the frequency vector (1 ,2 ,2 ,1 ).

Further replication, say N  tim es, an a lo ­
gously calls fo r the N th  pow er o f the vector, 
which will contain 3N -f- 1 frequencies, with 
o f course a  score m axim um  of 3N. T he set 
of frequencies, sum m ing to 6N, can then be 
expressed as cum ulative probabilities. T hus, 
fo r duplicate trials, N  =  2, and the p robabil­
ity, on the null hypothesis, o f  a score of

zero or six is (1 - f  l ) / 3 6  =  0.0556, while 
th a t o f  a score o f unity  o r less or o f five o r 
m ore, is (1 +  4 +  4 +  l ) / 3 6  =  0.2773.

Observe that “two tail” probabilities m ust 
be used, because the chances o f a  high score 
a re  the sam e as those o f the com plem entary  
low score. (T he  direction o f the score scale 
is m athem atically  a rb itra ry  in the sense that 
“wins” fo r item A can be recorded as 
“losses” fo r item  B.)

The accom panying table (T able  7) gives 
exact probabilities fo r all scores in the sta ­
tistically critical regions fo r even N  up to 
and including 30. A t N  =  30 the score m ust 
be < 31  (o r  > 5 9 )  fo r statistical significance 
a t a p robability  level o f 0.01, and < 3 4  (o r 
> 5 6 ) ,  correspondingly, a t p =  0.05. If  the 
N orm al approxim ation  is used fo r the case 
o f  N  =  30 (as described in the tex t) the 
critical scores will be found to be very close 
to these (< 3 1 .4  instead of < 3 1 , and < 34.7  
instead o f < 3 4 ) .  so th a t the N orm al approxi­
m ation can be safely used fo r all N greater 
than  those tabulated.
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Resistance of Clostridium perfringens to Varying 
Degrees of Acidity during Growth and Sporulation

SUMMARY— Viable cells of each of 6 strains of Clostridium perfringens were exposed to 
4 levels of acidity during phases of the growth cycle. The selected strains included 4 
which had been recovered in association with food poisoning outbreaks and 2 strains 
not so associated. The growth media tested included Fluid Thioglycollate Medium, DS- 
sporulation medium and the CP-2V medium proposed by Hauschild.

The level of acidity, length of exposure of the cells, the growth medium employed 
and the phase in the growth curve influenced the survival of C. perfringens. Exposure of 
cells grown in DS-sporulation medium to buffers pH 6.0 had little effect on the survival 
over the 8-hr test period, with somewhat greater sensitivity of cells being demonstrated 
at pH 4.5. Exposure of cells, similarly produced, to buffer pH 1.0 or 2.0 was much 
more effective in reducing the percentage of survival, particularly during early log phase 
and at the onset of sporulation. Based on the 3 growth media utilized, calculated survival 
curves resulting from exposure of cells to pH 1.0 or 2.0 were erratic in shape, and per­
centage survival was almost universally less than 10%.

Source of the strain, whether food poisoning or non-food poisoning associated, ap­
peared to have no significant effect on the acid resistance of the cells. The comparatively 
regular increase in the percentage of survivors after the initiation of sporulation suggests 
that spores exhibit a greater resistance to acid stress than vegetative cells.

Incubation at temperatures of 37° or 0°C, during the time of treatment with the test 
buffers pH 1.0 or 2.0, produced no consistent change in the percentage of survivors 
when the cells were grown in FTG.

INTRODUCTION

T H E  P O S S IB L E  re s is tan ce  o f  C l o s t r i d i u m  
p e r f r i n g e n s  to  th e  stress  o f  ac id ic  e n v iro n ­
m en ts, as fo u n d  in  th e  g a s tr ic  ju ice  a n d  in 
foods, is im p o r ta n t  f ro m  th e  s ta n d p o in t o f  
possib le  fo o d  p o iso n in g . A lth o u g h  the  
ex ac t m ean s b y  w h ich  C .  p e r f r i n g e n s  
causes g a s tro en te r itis  is n o t fu lly  u n d e r ­

s to o d . sev era l v o lu n te e r  e x p e rim e n ts  hav e  
c o n firm ed  th e  p a th o g e n ic ity  o f  th e  o ra l 
in g estio n  o f  la rg e  n u m b e rs  o f  o rg a n ism s 
(D isch e  e t a l., 1957 ; H a u sc h ild  e t a l., 
1967b; H o b b s  e t al., 1 9 5 3 ) . I f  th e  il.ness 
is d u e  to  th e  in g estio n  o f  cells, th e  cells 
m u st ex h ib it an  u n u su a l d eg ree  o f  re ­
s is tan ce  to  th e  ac id ic  e n v iro n m e n t o f  th e  
s to m ac h .

I t  seem ed  poss ib le  th a t  s tra in s  o f  C .  
p e r f r i n g e n s  m ig h t v a ry  in th e ir  ab ility  to  
w ith s tan d  acid  stress. S u ch  a  d iffe ren ce  
m ig h t a c c o u n t fo r  a n y  p re d isp o s itio n  o f 
so m e  s tra in s  to  cau se  fo o d  p o iso n in g , 
w h ile  o th e rs  a re  less like ly  to  d o  so. T h is  
s tu d y  a tte m p te d  to  a sc e r ta in  w h e th e r  
th e re  is a s tra in  d iffe ren ce  b ased  u p o n  su r ­
vival su b se q u e n t to  e x p o su re  to  v a ry in g  
d eg rees o f  a c id ity . R esu lts  p e rm itte d  a 
c o m p a riso n  o f  th e  p e rc e n t su rv iv a l o f  6 
s tra in s  o f  C .  p e r f r i n g e n s  ex p o sed , d u rin g  
v a rio u s  p h ases o f  th e  g ro w th  cycle, to  fo u r  
levels o f  ac id ity  fo r  p re -d e te rm in e d  
len g th s o f  tim e . Specia l c o n s id e ra tio n  w as 
g iven  to  th e  p o ss ib le  e ffec t o f  th e  g ro w th  
m ed iu m  a n d  th e  e x p e r im e n ta l design  in ­
c lu d ed  p ro d u c tio n  o f  cells in  3 d iffe ren t 
m ed ia .

H a u sc h ild  e t al. (1 9 6 7 a )  re p o rte d  th a t  
veg eta tiv e  cells o f  s tra in s  o f  C .  p e r f r i n g e n s  
iso la ted  fro m  m a te ria ls  a sso c ia ted  w ith  
fo o d  p o iso n in g  o u tb re a k s  v a r ie d  d u rin g  
th e  s tages o f  th e  g ro w th  cycle  in  th e ir  re ­
s is tan ce  to  sy n th e tic  g a s tr ic  flu id . T h e y  o b ­
se rv ed  a lso  th a t  th e  ab ility  o f  cells o f  o n e  
s tra in  to  in d u ce  fo o d  p o iso n in g  sy m p to m s 
in h u m a n  be in g s w as a p p a re n tly  re la te d  to  
th e  age o f  th e  cells w h en  ingested .
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Table 1—Percent survival of Clostridium perfringens cells of varying ages exposed to 4 levels 
of pH for 20 or 40 min12'5

pH 1.0
pH 6.0 pH 4.5 pH 2.0 Minutes

Minutes exposed Minutes exposed Minutes exposed exposed
(hr) 20 40 20 40 20 40 20

0 131.6 117.8 61.4 65.8 1.8 0.3 <0.005
Vs 129.2 121.9 70.5 54.4 9.1 0.08 <0.005
1 103.5 106.7 42.2 21.0 0.3 0.02 <0.005
2 79.4 66.2 40.8 30.0 5.3 0.04 <0.005
3 107.6 94.9 33.3 34.3 2.1 0.01 <0.005
4 102.0 70.5 21.2 7.3 1.5 0.4 <0.005
5 52.6 45.9 19.8 12.8 0.03 0.005 <0.005
6 95.8 94.5 75.6 59.0 0.6 0.4 0.1
7 107.3 95.1 121.6 104.1 1.5 1.3 0.5
8 107.7 112.0 69.5 85.1 18.0 8.1 0.7

1 Original inoculum—approximately 105 cells/ml.
2 Cells grown in DS-sporulation medium.
3 Values represent the average for six strains, except at pH 4.5 for which only two strains were tested

(NCTC 8238 and ATCC 3624).

MATERIALS & METHODS
Strains

Six strains o f C .  p e r f r in g e n s  were em ­
ployed fo r the acid resistance studies. T he 
fo u r stra ins w hich had been recovered in 
association with food poisoning outbreaks in­
cluded: N ational C ollection of Type C ultures 
(N C T C ) 8238 (H obbs’ Type 2 ) , isolated 
from  boiled sa lt beef; T-65, isolated in this 
laboratory  from  cooked turkey; 214a, iso­
lated in the H ealth  D epartm ent o f M il­
waukee. Wis.. from  beef and gravy; and IU- 
I 168, recovered by Dr. L. S. M cC lung from  
the feces o f a  patient suffering front food 
poisoning sym ptom s. T he two strains not 
known to have been im plicated in food po i­
soning ou tbreaks were A m erican Type C u l­

ture C ollection (A T C C ) 3624 (classical 
Type A ) and 215b, isolated from  beef liver 
at the U niversity o f W isconsin.

Inoculum
Stock spore suspensions o f each o f the 

selected strains were prepared  in the sporula- 
tion m edium  o f D uncan et al. (1968) as 
previously described. T he three growth m edia 
em ployed included Fluid Thioglycollate  M e­
dium  (B B L ), subsequently referred to as 
F T G ; the C P-2V  grow th m edium  of Haus- 
child et al. (1 9 6 7 a ), and the sporulation  
m edium  of D uncan et al. (1 9 6 8 ). (T he 
latter m edium  will be referred to in this pa­
per as D S-sporulation m edium .)

T o  obtain an active culture for inoculation

into either D S-sporulation o r F T G  m edia,
0.1 ml o f the stock spore suspension was 
inoculated into 10 ml o f  F T G , h eat shocked 
20 min a t 75°C  and incubated 16-20  h r a t 
37°C . T he inocu 'um  fo r the C P-2V  m edium  
was prepared  by adding 0.1 ml o f  the spore 
suspension to 10 ml o f the inoculum  m edium  
described by H auschild  et al. (1965) and 
heat shocking a t 75°C  fo r 20 min. A fter 
cooling to room  tem perature, this suspension 
was transferred  to a larger volum e o f  in ­
oculum  m edium  and incubated a t 3 7 °C  fo r
16-18 hr. FT G  and D S-sporulation m edia 
were each inoculated with a 0.1%  by volum e 
active culture, whereas a 7%  by volum e 
inoculum  was used with C P-2V  m edium . In  
all cases, a m agnetic stirrer was used to  
distribute the culture  evenly in the grow th 
m edium  and thus facilitated  sam pling from  
the flask through a  serum -stoppered side 
spout. A w ater seal fo r gas evolution was 
provided.

Sampling
Two 5-ml sam ples o f  a bacterial suspen­

sion were rem oved im m ediately a fte r inocula­
tion o f the respective grow th m edia, and 
additional sam ples were draw n hourly  fo r 8 
hr. The contro l sam ples were diluted 1 :2 
with citrate-phosohate buffer pH  7.0 o r 7.3 
(Colow ick et al.. 1955), depending upon the 
pH o f the suspension at a given tim e interval. 
T he num ber o f viable cells found to be 
present on p lating the contro l sam ples a t 
each of the tim e intervals provided the values 
used in constructing  the grow th curve T he 
test sam ple was dilu ted  1:2 with the buffer 
under investigation.

T he pH values for the 4 buffers em ployed

(Cells exposed to different levels of acidity for 10 minutes.)

Fig. 1— Growth, sporulation and survival of Clostridium per­
fringens grown in DS-sporulation medium. Values represent 
average for six strains, except for pH 4.5 at which acidity only 
two strains were tested.

(Cells grown in DS-sporulation medium and exposed to

Hours

FIg. 2— Growth, sporulation and survival of food poisoning 
and non-food poisoning associated strains of Clostridium per­
fringens. Values shown represent four food poisoning and two 
non-food poisoning associated strains.
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in testing the acid resistance o f the selected 
strains were pH  6.0, 4.5, 2.0 and 1.0. Buffers 
o f pH 6.0 and 4.5 were prepared  from  0.1 AT 
citric acid and 0.2A/ N a»H P 04 ■ 7H 20, while 
buffers pH 2.0 and 1.0 contained 0.2A/ KC1 
and 0.2AT HC1 (C olow ick e t al., 1955).

The contro l and test sam ples o f  cell sus­
pensions in D S-sporulation m edium , and one 
series o f those in FT G  m edium , were held at 
ice-water tem perature  during  the period o f 
exposure to the respective buffers. A second 
series o f sam ples prepared in FT G  m edium , 
and the cell suspensions in C P-2V  m edium , 
were incubated a t 3 7 "C during  the tim e of 
exposure to buffers o f varying pH values. 
Predeterm ined tim e intervals fo r acid ex­
posure were 10, 20 o r  40 m in. In all cases, 
at the end of the tim e of exposure to  acid, a 
1.0-ml specim en was rem oved im m ediately 
from  the test sam ple and transferred  to 4 ml 
o f buffer pH  7.0 o r  7.3. A ppropriate  dilutions 
of the neutralized test sam ple and the contro l 
sample were m ade in 0.1%  peptone water, 
and each was plated in duplicate in SPS 
agar (B B L ).

Plates were incubated at 37°C  under a gas 
m ixture o f 90%  nitrogen and 10% carbon 
dioxide. Viable counts were m ade a fte r 48 
hr. All experim ents were replicated twice.

To obtain the num ber o f  spores produced 
in D S-sporulation m edium , a 4-ml sam ple 
was removed beginning 4 h r a fte r inocula­
tion. a time interval a t w hich previous ex­
perim ents in this labora to ry  had indicated 
sporulation to begin. The sam ples w ere heat 
shocked 20 m in a t 7 5 °C  and cooled before 
plating in SPS agar as described above. This 
tim e-tem perature re lationship has been rec­
om m ended fo r destroying vegetative cells o f  
C . p e r f r in g e n s  (G ibbs et al., 1956).

RESULTS & DISCUSSION
Survival of cells grown in 
DS-sporulation medium

T h e  6 s tra in s  o f  C .  p e r f r i n g e n s  g row n  
in D S -sp o ru la tio n  m e d iu m  w e re  e ach  e x ­
posed  to  v a ry in g  levels o f  a c id ity  d u rin g  
w h ich  tim e  th ey  w ere  h e ld  in  ice w a te r  fo r  
th ree  d iffe ren t e x p o su re  in te rv a ls .

T h e  su rv iv a l o f  C .  p e r f r i n g e n s  d u r in g  a 
10 m in ex p o su re  to  e n v iro n m e n ts  o f  v a ry ­
ing p H  values w as in flu en ced  b o th  by  th e  
level o f  a c id ity  a n d  th e  p h a se  o f  th e  
g row th  cycle  (F ig . 1 ) . In c re a se d  tim e  o f 
ex p o su re  to  ac id  stress  d e c re a sed  th e  p e r­
cen t su rv iv a l in  m o st cases (T a b le  1 ) .  T h e  
p e rcen tag e  su rv iv a l o f  C .  p e r f r i n g e n s  w as 
o n ly  sligh tly  a ffec ted  w h en  ex p o sed  to  
buffers o f  p H  values 6 .0  o r  4 .5 . S u rv iva l 
o f  cells ex p o sed  to  b u ffe r  p H  2 .0  o r  p H
1.0 d ecreased  d u rin g  1 o r  2  h r  o f  g ro w th  
a n d  th en  in c re a sed  d u r in g  th e  se c o n d  o r 
th ird  h r  o f  g ro w th , re sp ec tiv e ly . W ith  th e  
o n se t o f  sp o ru la tio n . th e  n u m b e r  o f  s u r ­
v ivors again  d e c re a sed  a n d  th e n  in c reased  
q u ite  re g u la rly  d u r in g  th e  n e x t 2 o r  3 h r. 
T h is  suggests th a t  th e  p re se n c e  o f  sp o re s 
in creased  th e  ab ility  o f  th e  b a c te r ia l  p o p u ­
lation  to  w ith s ta n d  a c id  s tress.

A  c o m p a riso n  o f  th e  g ro w th  a n d  s u r ­
vival o f  cells a t p H  1.0 o v e r  an  8 -h r  p e ­
rio d  fo r  4  s tra in s  o f  C .  p e r f r i n g e n s  o r ig i­

na lly  a sso c ia ted  w ith  fo o d  p o iso n in g , a n d  
2 n o n -fo o d  p o iso n in g  a sso c ia ted  s tra in s , is 
sh o w n  in F ig u re  2. W h en  ex p o sed  to  
b u ffe r  p H  1.0, th e  su rv iv a l o f  th e  n o n ­
fo o d  p o iso n in g  a sso c ia ted  s tra in s  w as 
h ig h e r  th a n  th e  fo o d  p o iso n in g  s tra in s  
d u r in g  th e  first 5 h r  o f  g ro w th . D u r in g  th e  
last 3 h r  o f  g ro w th , th e  su rv iv a l o f  th e  
fo o d  p o iso n in g -asso c ia ted  s tra in s  w as 
h ig h e r  th a n  th a t  o f  th e  n o n -fo o d  p o iso n ­
ing  s tra in s . A s im ila r  re la tio n sh ip  w as o b ­
serv ed  in 2 o f  3 sa m p lin g s  w h en  stra in s  
w ere  ex p o sed  to  b u ffe r  p H  2.0 .

A n y  in te rp re ta tio n  o f  th e  d a ta  p re ­
se n ted  in F ig u re s  1 a n d  2 m u st in c lu d e  a 
co n s id e ra tio n  o f  th e  v a r ia tio n  in p e r fo r ­
m an ce  o f  the  in d iv id u a l s tra in s  w h e n  su b ­
jec ted  to  acid  t re a tm e n t, as w ell as the  
reco g n itio n  o f  th e  low  p e rc e n ta g e  o f  cell 
su rv iv a l, p a r tic u la r ly  a t p H  1. F ig u re  2 
a tte s ts  to  th e  d iffe ren ce  b e tw een  stra in s . 
T h is  v a r ia tio n  is fu r th e r  e m p h a s ize d  in  
th a t, at th e  p o in t o f  g re a te s t d iv erg en ce  
a m o n g  the  s tra in s— h o u r  3, p H  1 (F ig . 
I ) — a 10.0 0 0 -fo ld  d iffe ren ce  in n u m b e r  
o f  su rv iv o rs  w as d e m o n s tra te d  a m o n g  th e  
6 s tra in s . S im ila r  p o in ts  o f  w ide  v a ria tio n  
in c lu d ed  h o u r  8. p H  1. a n d  h o u rs  3 and  
5. p H  2. w h en  1 .0 0 0 -fo ld  d iffe ren ces o c ­
c u rre d  in eac h  in s tan ce . T h u s , th e  c a l­
c u la te d  su rv iv o r  cu rv es  as p re sen te d  r e p ­
resen t, a t so m e  p o in ts , r a th e r  w ide ly  
d iv e rg e n t in d iv id u a l v a lues.

B ased  on th e  lim ited  n u m b e r  o f  s tra in s  
o b se rv ed , it w o u ld  a p p e a r  th a t  th e re  is no  
d iffe ren ce  in re sis tan ce  to  s tre ss  o f  acid  
e n v iro n m e n t b e tw ee n  s tra in s  o f  C . p e r ­
f r i n g e n s  a sso c ia ted  w ith  in c id e n ce  o f  h u ­
m an  fo o d  p o iso n in g , a n d  s tra in s  n o t so 
a sso c ia ted . F o r  th e  tw o  g ro u p s  th e  p e r ­
c en tag e  su rv iv a l a t  th e  v a ry in g  tim e  in ­
te rv a ls  fell in to  n o  re g u la r  p a tte rn , a n d  
a p p a re n tly  m ere ly  re flec ted  th e  in d iv id u a l 
s tra in  d iffe ren ce .

In  n o  in s tan ce  d id  a  sing le  s tra in , w hen  
o b se rv ed  d u r in g  d iffe ren t p h ases  in  th e  
g ro w th  cy cle , re sp o n d  to  e x p o su re  to  an  
ac id ic  e n v iro n m e n t in su ch  a m a n n e r  as to  
p ro d u c e  a su rv iv a l cu rv e  w h ich  w o u ld  in ­
d ica te  a re g u la r  re la tio n sh ip  b e tw een  age 
o f  cells an d  ab ility  to  w ith s ta n d  ac id  t r e a t ­
m en t. T h is  la t te r  s itu a tio n  p e rs is ted  fo r  all 
s tra in s  a t all tim es  o f  ac id  ex p o su re .

Survival of cells grown in FTG
S tra in s  N C T C  823 8  a n d  A T C C  36 2 4 . 

e ac h  g row n  in F T G  m ed iu m  (a n  a sp o ro - 
g en ic  m e d iu m ) a n d  ex p o sed  to  tw o  d if ­
fe re n t a c id ity  levels, w e re  h e ld  in ice 
w a te r  o r  w ere  in cu b a ted  a t 3 7 ° C  fo r  v a ry ­
in g  tim e  in te rv a ls . T h e  p u rp o se  o f  th ese  
e x p e rim e n ts  w as to  te s t th e  e ffec t o f  
ac id ity  on  o n ly  v eg eta tiv e  cells, a n d  to  
c o m p a re  th e  effec t o f  tw o  te m p e ra tu re s  o f  
in c u b a tio n  d u r in g  th e  tim e  th e  sam p le s 
w e re  ex p o sed  to  a c id  tre a tm e n t.

S u rv iva l o f  v eg e ta tiv e  cells ex p o sed  to  
b u ffe r  p H  1.0 a n d  h e ld  in  ice w a te r  fo r  10 
m in  is sh o w n  in F ig u re  3. T h e  n u m b e r  o f

su rv iv o rs  d e c re a sed  ra p id ly  an d  w as a t  a 
m in im u m  a f te r  V 2 h r  o f  g ro w th  a n d  in ­
c rea se d  d u r in g  th e  n e x t V 2 h r . A  decline  
in su rv iv a l w as o b se rv ed  a f te r  4  h r  o f  
g ro w th  fo llo w ed  by  an  in c re ase  d u r in g  th e  
n ex t 3 h r . B etw een  th e  7 th  a n d  8 th  h r, 
p e rc e n t su rv iv a l ag a in  d ec re a sed . A  so m e­
w h a t c o m p a ra b le  re la tio n sh ip  w as o b ­
se rv ed  w h en  cells w e re  ex p o se d  to  b u ffer 
p H  2 .0 . T h e  p e rc e n t su rv iv a l w as a t a  
m in im u m  a f te r  2 h r  o f  g ro w th  a n d  m ax i­
m al a f te r  7 h r  o f  g ro w th , w ith  v a ria b le  
p e rce n ta g e  su rv iv a l a t th e  in te rv en in g  tim e 
p e rio d s . In c re a se d  e x p o su re  tim es to  acid  
re d u ce d  th e  n u m b e r  o f  su rv iv o rs  in m o st 
cases.

S im ila r  e x p e rim e n ts  w ere  c a rr ie d  o u t 
u tiliz in g  F T G  as a  g ro w th  m ed iu m , b u t 
su b s titu tin g  an  in cu b a tio n  te m p e ra tu re  o f  
3 7 ° C  d u r in g  th e  b u ffe r  t r e a tm e n t, s ince  it 
seem ed  po ss ib le  th a t  th e  in c u b a tio n  a t ice 
w a te r  te m p e ra tu re  m ig h t h a v e  p laced  a 
d o u b le  stress  on  th e  o rg an ism s . O v e r the
8 -h r g ro w th  p e rio d , h o w ev er, th e re  w as 
no  re g u la r  d iffe ren ce  ex h ib ited  by  c u ltu re s  
w h en  in c u b a te d  a t th e  tw o  te m p e ra tu re s . 
E rra tic  b u t n o n -p a ra lle l cu rv es  re p re se n t­
ing  a p p ro x im a te ly  s im ila r  m ag n itu d es  o f  
su rv iv o rs  w e re  o b ta in e d .

W h en  p e rce n ta g e s  o f  su rv iv in g  cells 
g ro w n  in D S -sp o ru la tio n  m ed iu m  a n d  in 
F T G  m ed iu m  a n d  ex p o se d  to  b u ffers  p H
1.0 o r  2 .0  w e re  c o m p a re d , a  h ig h e r  n u m ­
b e r  a p p e a re d  to  re m a in  v iab le  a m o n g  
th o se  p ro d u c e d  in th e  D S -sp o ru la tio n  m e ­
d iu m . H o w ev e r, in all cases, th e  p e rc e n t­
age re m a in in g  v iab le  w as sm all an d  th e  
d iffe ren ces w ere  o f  d o u b tfu l sign ificance .

Survival of cells grown in the CP-2V 
medium of Hauschild

C. p e r f r i n g e n  s tra in s  N C T C  8 2 3 8  and  
A T C C  3 6 2 4 . g ro w n  in th e  C P -2 V  m ed iu m  
(H a u sc h ild  e t al. 1 9 6 7 a ) , w e re  exp o sed  
to  bu ffers  p H  1.0 o r  2 .0  a n d  in c u b a te d  in 
a  3 7 ° C  w a te r  b a th  fo r  10, 2 0  o r  4 0  m in.

C o m p a riso n  o f  th e  re su lts  fo r  g ro w th  
a n d  su rv iv a l o f  v eg e ta tiv e  cells o f  C. 
p e r f r i n g e n s  p ro d u c e d  in C P -2 V  m ed iu m , 
a n d  ex p o sed  to  s im u la ted  g as tr ic  ju ice  
w ith o u t p ep sin , as re p o rte d  b y  H a u sc h ild  
e t  al. ( 1 9 6 7 a ) ,  o r  ex p o sed  to  b u ffe r  p H
1.0 is p re sen te d  in  F ig u re  4. T h e  su rv iv a l 
cu rv es re su ltin g  fro m  th ese  tw o  tre a tm e n ts  
a re  q u ite  d iss im ila r  in sh a p e . W h en  b u ffer 
p H  1.0 w as em p lo y e d , th e  m ax im u m  p e r­
c en t su rv iv a l o c c u rre d  d u r in g  e a rly  log 
p h a se  a n d  su rv iv a l w as a t a  m in im u m  at 
th e  e n d  o f  th e  g ro w th  p h ase . T h is  resu lt 
is in d ire c t c o n tra s t  to  th a t o b ta in e d  w hen  
s im u la ted  g a s tr ic  ju ice  w ith o u t pep sin  w as 
p re sen t.

T h e  ir re g u la r ity  in th e  sh a p e  o f  th e  c a l­
c u la te d  su rv iv o r  c u rv e  o b ta in e d  in the  
p re sen t s tu d ies  w h en  th e  cells  w e re  e x ­
p o sed  to  acid  b u ffe rs  is f u r th e r  u n d e r­
sc o red  by  th e  fa c t th a t  a lth o u g h  3 d iffe r­
e n t g ro w th  m ed ia  w e re  u tilized  fo r  p ro ­
d u c in g  th e  cells, su rv iv o r  cu rv es , espe-
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d a lly  fo llo w in g  e x p o su re  to  p H  1.0 an d
2 .0 , w ere  a lw ays e r ra t ic  in sh a p e , ex cep t 
su b se q u e n t to  th e  in itia tio n  o f  sp o ru la ­
tion  w hen  th e  cu rv es b ecam e  q u ite  re g u ­
lar. T h e  la t te r  re su lt suggests th a t  th e  
p re sen c e  o f  sp o res in c reased  th e  ab ility  o f  
th e  b a c te r ia l p o p u la tio n  to  w ith s tan d  
s tress.

T h e  p e rc e n ta g e  o f  su rv iv in g  cells as 
o b se rv e d  by H a u sc h ild  e t  al. (1 9 6 7 a )  
d u rin g  th e  8 -h r g ro w th  p e rio d  w as a lw ays 
h ig h e r  th a n  th a t  o b ta in e d  in  th e  p re sen t 
s tu d y , a lth o u g h  in  no  case, in e ith e r  series 
o f  so m e w h a t c o m p a ra b le  ex p erim e n ts , 
w ere  re s is tan t cells p re se n t in excess o f  
1 0 % . V a ria tio n  w h ic h  d id  a p p e a r  m ay  
h av e  been  d u e  to  th e  p e rfo rm a n c e  o f  in ­
d iv id u a l s tra in s  w hen  exp o sed  to  acid  
s tress, s in ce  th is  s tu d y  rev ea led  th a t, in­
d eed , s tra in s  d id  d iffe r in th is re g a rd . A 
se c o n d  fa c to r  to  be  c o n s id e re d  is th e  p o s­
sib le  effec t o f  th e  co m p o s itio n  o f  th e  so lu ­
tio n  in w h ich  th e  cells w e re  su sp en d ed  
d u rin g  th e  a c id ity  tests. M ey e rs  (1 9 2 8 ) 
c o n c lu d ed  th a t  d iffe ren t b u ffe r  m ix tu re s  
o f  a p p ro x im a te ly  th e  sam e  p H  e x e rted  
very  d iffe re n t g e rm ic id a l effects.

A lth o u g h  irreg u la rly -sh a p e d  c a lcu la te d  
su rv iv a l c u rv es  w ere  p ro d u c e d  in th is 
s tu d y , th e  re g u la r ity  o f  th e  c o n tro l g ro w th  
cu rv es suggests th a t  t ra n s ie n t  ch an g es g en ­
e ra lly  d o  n o t ex is t a t v a r io u s  p h ases o f  
th e  g ro w th  cycle. T h e  re su lts  o b ta in e d  do

co n firm  th a t  th e  su rv iv a l o f  cells o f  C. 
p e r f r i n g e n s  ex p o sed  to  c o n d itio n s  o f  low  
p H  v aries  w ith  th e  g ro w th  phase , b u t  th a t 
th e  in flu en ce  o f  spec ific  age o f  th e  cells is 
d ifficu lt to  p re d ic t. T h is  is n o t  an  u n e x ­
p e c ted  re su lt s ince  e a r lie r  w o rk e rs  n o ted  
a  v a r ia tio n  in sen sitiv ity  o f  cells a t  th e  
tim e  o f  ra p id  cell d iv is ion  to  su c h  fa c to rs  
as low  te m p e ra tu re , h e a t, p h e n o l N a C l 
an d  k in d  o f  acid . (C o h e n  e t  a l., 1919 ; 
S h e rm an  et a l., 1923 : S riv a s tav a  e t  al.. 
1965; S ta rk  e t a l.. 1 9 2 9 .)

T h e  p ra c tic a b ili ty  o f  o b se rv a tio n  o f  the  
ty p e  re p o rte d  h e re  is o p e n  to  q u estio n . 
T h e  effec tiveness o f  th e  ac id ity  o f  the 
s to m ac h  as a  b a c te r ic id a l b a r  is m itig a ted  
b y  th e  s im u lta n eo u s  p re sen c e  o f  p ro te in , 
as sh o w n  by  H a u sc h ild  e t  al. (1 9 6 7 a ) ,  
a lth o u g h  th e ir  re su lts  in d ic a te d  a  c o n s id ­
e rab le  ran g e  in v a lu es b e tw een  p ro te in s  
a n d  b e tw een  d iffe re n t sam p le s o f  th e  sam e 
p ro te in . L ikew ise , it is k n o w n  th a t  th e  p H  
o f  th e  s to m a c h  is c o n s id e ra b ly  in c reased  
d u r in g  th e  tim e  fo o d  is p re sen t. A lso , 
th e re  is th e  q u e stio n  o f  h o w  lo n g  th e  fo o d  
re m a in s  in th e  s to m ac h . T h e  ev id en ce  
a c c u m u la te d  h e re  in d ic a te d  th a t  u su a lly  
th e  lo n g e r  th e  p e r io d  o f  a sso c ia tio n  b e ­
tw een  o rg a n ism  a n d  b u ffe r  o f  lo w e r p H  
v a lu e , th e  g re a te r  th e  b a c te ric id a l ac tio n . 
H a u sc h ild  e t  al. (1 9 6 7 a )  d id  sh o w  a 
d iffe ren ce  in o c c u rre n c e  o f  fo o d  p o iso n ­
ing  sy m p to m s in h u m a n  be ings w h e n

v eg eta tiv e  cells o f  C .  p e r f r i n g e n s  r e p re ­
sen tin g  d iffe ren t ages w e re  c o n su m e d  ju s t
p rev io u s  to  lu n ch .
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Fig. 4— Comparison of the growth and survival of Clostridium 
perfringens cells exposed to simulated gastric juice without pep­
sin and to buffer pH 1 for 10 min. (The values for two strains 
are for our work only; Hauschild tested one strain.) Values rep­
resent average for two strains.
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Determining the Odor Thresholds for Some 
Compounds in Alcoholic Beverages

SUMMARY— Determinations have been made of the sensory odor threshold estimates 
of four alcohols, five esters, seven acids and diacetyl found in alcoholic beverages, 
by means of the triangular test. The threshold levels ranged among alcohols from 
5 to 8 ppm except for isobutyl alcohol with the level of 75 ppm. Among esters there 
were three with the level of 0.2-0.6 ppm and two with the level of 14-17 ppm. Among 
acids three levels were found, one with the range of 4—9 ppm, one with 15-20 ppm 
and isovaleric acid with 0.7 ppm. Diacetyl had the lowest level— 0.0025 ppm. The de­
termination of thresholds was standardized by calculation of the percentage-above- 
chance-scores; by testing the usefulness of the amateur panel, and by specification 
of the threshold estimates in statistical terms. The results attained a fair goodness-of- 
fit of the model and the smell perception was found to vary with the logarithm of the 
stimulus. The distribution of scores follows the normal probability function.

INTRODUCTION
T H E  D E V E L O P M E N T  o f  an a ly tic a l 
m e th o d s  h a s  m ad e  it possib le  to  iso la te  
a n d  id en tify  m an y  v o la tile  c o m p o u n d s  
re la ted  to  a ro m a . T h e  m ere  id en tif ic a tio n  
o f  c o m p o u n d s  d o es n o t  rev ea l im p o r ta n t 
q u a lita tiv e  fe a tu re s . A ro m a — a c h a ra c te r ­
istic, p le a sa n t sm ell— is th e  re sp o n se  o f  
th e  sense o f  sm ell to  s tim u la tin g  v o la tile  
co m p o u n d s . In te n s ity  o f  s tim u la tio n  d e ­
p en d s on  a c o m b in a tio n  o f  th e  p o ten c y  
o f  the  su b s ta n c e  a n d  its c o n c e n tra tio n  in 
th e  in h a led  a ir  sp a c e  (H a r r is o n , 1 9 6 7 ) . 
Som e k n o w led g e  m u st b e  g a in ed  o f  b o th  
th ese  fa c to rs . In  p ra c tic e  o n e  m u st m e a ­
su re  th e  m in im al levels a t  w h ic h  su b ­
stan ces can  be  d e te c te d  b y  a  p an e l o f  
judges. B e rg  e t al. (1 9 5 5 )  a n d  K e ith  e t 
al. (1 9 6 8 )  h av e  d e te rm in e d  flav o r th re s h ­
olds: P a tto n  e t al. (1 9 5 7 )  a n d  G u a -  
dagn i e t al. (1 9 6 3 )  o d o r  th re sh o ld s  w h en  
the  so lv en t is liq u id . W ith  re sp ec t to  a l­
co h o lic  b ev erag es , H a rr is o n  (1 9 6 3 , 1966.
19 6 7 ) s tu d ied  th e  se n so ry  o d o r  th re sh o ld s  
o f  c o m p o u n d s  o f  b e e r w h ic h  h a d  b een  
an a ly zed  by  gas c h ro m a to g ra p h y  a n d  
w ere  c h em ica lly  d iffe ren t, b y  ap p lic a tio n  
o f  the  p a ir  te s t a n d  th e  use  o f  a  p ro fe s ­
sional p an el.

T o  m ak e  it poss ib le  la te r  to  c o rre la te  
gas c h ro m a to g ra p h ic  d a ta  w ith  sen so ry  
flavor, a  b e g in n in g  w as m ad e  w ith  re la ­
tive ly  few  c o m p o u n d s  in v o lv in g  so m e o f  
the  m o st im p o r ta n t  p e ak s  o f  c h ro m a to ­
gram s (P o w e rs  e t  a l., 1 9 6 8 ) . T h e  a im

w as to  d ev e lo p  a  m e th o d  fo r  th e  d e te r ­
m in a tio n  o f  se n so ry  o d o r  th re sh o ld  o f  
so m e  c o m m o n  a ro m a  c o m p o u n d s  o f  a l­
co h o lic  b ev erag es , w ith  c o n c e n tra tio n  a t 
first o n  th e  sense  o f  sm ell a lo n e . T h e  p u r ­
p o se  w as to  get in fo rm a tio n  o n  sen so ry  
o d o r  p e rc e p tio n  in a  s itu a tio n  a d e q u a te  
to  a  n a tu ra l  use  o f  a lc o h o lic  b ev erag es . 
T h e  w o rk  is p re lim in a ry  in  n a tu re , w ith  
an  a m a te u r  p an e l. A n  e n d e a v o r  h a s  been  
m ad e  to  find th e  o rig in  o f  v a r ia n ce  a n d  the  
n a tu re  o f  th e  s ta n d a rd  d e v ia tio n  a n d  if 
p ra c tic a b le , to  a p p ra ise  th e  sen sa tio n  an d  
p ro p o se  a m odel fo r  it.

EXPERIMENTAL
T H E  T R I A N G U L A R  t e s t  w a s  u s e d  in  t h e  

s e l e c t i o n  o f  p a n e l  m e m b e r s ,  i n  d e t e r m i n a t i o n  
o f  t h e  t h r e s h o l d  p r o p e r  a n d  i n  t e s t i n g  t h e  
r e l i a b i l i t y  o f  t h e  r e s u l t s  o b t a i n e d .  T h e  t r i ­
a n g u l a r  t e s t  h a s  p r o v e d  t o  b e  s t a t i s t i c a l l y  
m o s t  a d v a n t a g e o u s  ( H o p k i n s  e t  a l . .  1 9 5 5 ) ;  
i t  h a s  a l s o  p r o v e d  a d v i s a b l e  f o r  p a n e l  s e l e c ­
t i o n  ( B e n g t s s o n ,  1 9 5 3 ,  H e l m  e t  a l . ,  1 9 4 6 )  

a n d  i s  s u i t a b l e  f o r  t h r e s h o l d  s t u d i e s  ( D a w ­
s o n  e t  a l . ,  1 9 6 3 ) .  A s  t h e  p a n e l  w a s  a n  a m a ­
t e u r  o n e ,  m o r e o v e r ,  t h e  t r i a n g u l a r  t e s t  w a s  
s e l e c t e d  t o  e n s u r e  t h a t  t h e  p a r t  p l a y e d  b y  
c h a n c e  w o u l d  r e m a i n  m o d e r a t e .

T h o s e  c o m p o s i n g  t h e  p a n e l  w e r e  s e l e c t e d  

f r o m  a m o n g  t h e  l a b o r a t o r y  s t a f f ,  t o  p r o v i d e  
m e m b e r s  w h o  p o s s e s s e d  a n  a v e r a g e  s e n s e  o f  
s m e l l .  F o r  t h e  p u r p o s e s  o f  s e l e c t i o n ,  u s e  w a s  
m a d e  o f  o b v i o u s l y  p e r c e p t i b l e  a n d  s u p r a -  
t h r e s h o l d  c o n c e n t r a t i o n s  o f  i s o a m y l  a l c o h o l  
a n d  p - p h e n y l e t h y l  a l c o h o l .  I n  t h e  f i r s t  s e l e c ­

t i o n ,  w i t h  c l e a r l y  p e r c e p t i b l e  c o n c e n t r a t i o n s .

a l l  t h o s e  a c c e p t e d  c o u l d  s m e l l  t h r e e  o u t  o f  
s i x  c o m b i n a t i o n s  ( A A O  A O A  O A A  O O A  
O A O  A O O  ( A  =  s a m p l e  w i t h  a  s t u d i e d  
c o m p o u n d  a d d e d ,  O  =  b l a n k  i . e .  a l c o h o l /  

w a t e r  s o l u t i o n ) ,  w h e n  p u r e  c h a n c e  w o u l d  
a m o u n t  t o  3 2 % .  I n  t h e  o t h e r  s e l e c t i o n ,  w i t h  
s u p r a - t h r e s h o l d s ,  t h e  r e j e c t i o n  l i m i t  w a s  
1 6 / 2 4 .  a n d  c h a n c e  r e m a i n e d  b e l o w  1 0 % .  

P e r s o n a l  t h r e s h o l d s  w e r e  d e t e r m i n e d  f o r  2 0  
s e l e c t e d  p e r s o n s  a n d ,  o n  t h e  b a s i s  o f  t h e s e  

a n d  t h e  s e l e c t i o n  t e s t s ,  t h e  p a n e l  m e m b e r s  
w e r e  r a n k e d  i n  o r d e r  o f  s u p e r i o r i t y  s o  t h e  
g r o u p s  o f  1 0  p e r s o n s  m a k i n g  d a i l y  j u d g ­

m e n t s  w e r e  c o m p a r a b l e ,  d e s p i t e  d i f f e r e n t  
c o m p o s i t i o n s .

T h e  f o l l o w i n g  s u b s t a n c e s  w e r e  c h o s e n :  
d i a c e t y l  ( F l u k a  A G ) ,  i s o b u t y l  a l c o h o l  ( E .  
M e r c k ) ,  i s o a m y l  a l c o h o l  ( J .  T .  B a k e r ) ,  
n - h e x y l  a l c o h o l  ( F l u k a  A G ) .  / 3 - p h e n y l e t h y l  
a l c o h o l  ( B . D . H . ) .  e t h y l  a c e t a t e  ( E .  M e r c k ) ,  
e t h y l  c a p r y l a t e  ( F l u k a  A G ) ,  e t h y l  l a c t a t e  
( B . D . H . ) .  i s o a m y l  a c e t a t e  ( F l u k a  A G ) ,  
/ 3 - p h e n y l e t h y l  a c e t a t e  ( F l u k a  A G ) ,  p r o p i o n i c  
a c i d  ( F l u k a  A G ) ,  b u t y r i c  a c i d  ( F l u k a  A G ) ,  
i s o b u t y r i c  a c i d  ( E a s t m a n ) ,  i s o v a l e r i c  a c i d  
( F l u k a  A G ) ,  c a p r o i c  a c i d  ( F l u k a  A G ) ,  
c a p r y l i c  a c i d  ( F l u k a  A G )  a n d  c a p r i c  a c i d  
( F l u k a  A G ) .  A l l  t h e  c o m p o u n d s  w e r e  c o m ­
m e r c i a l  p r e p a r a t i o n s  a n d  o f  t h e  h i g h e s t  d e ­
g r e e  o f  p u r i t y  a v a i l a b l e ;  a t  l e a s t  9 1 . 5 % .

H i g h l y  r e c t i f i e d  g r a i n  s p i r i t  w i t h  a n  a l c o ­
h o l  c o n t e n t  o f  9 4 . 4 %  ( w / w )  w a s  u s e d  a s  t h e  
s o l v e n t .  T h e  c o m p o u n d s  w e r e  d i l u t e d  w i t h  
s t r o n g  s p i r i t s  t o  s t o c k  s o l u t i o n s  o f  1 0 . 0 0 0  
p p m  a n d  d i l u t e d  f u r t h e r  w i t h  w a t e r ,  p u r i f i e d  
w i t h  i o n  e x c h a n g e  c o l u m n s  a n d  a c t i v e  c h a r ­
c o a l .  t o  s o l u t i o n s  o f  1 0 0 0  p p m ,  a n d  t h e n  t o  
t e s t  s o l u t i o n s  b y  a d d i t i o n  t o  t h e  s o l u t i o n  o f  
w a t e r  a n d  s p i r i t s  9 . 4 %  ( w / w ) ,  i . e . .  s t r o n g  
s p i r i t s  d i l u t e d  w i t h  w a t e r  i n  t h e  r a t i o  1 : 1 0 .  
O n  e v e r y  t e s t  d a y ,  t h e  f r e s h  s a m p l e s  w e r e  
p r e s e n t e d  t o  t h e  p a n e l  a n d  p u r e  o n e s  w e r e  
s u b s t i t u t e d  i f  a n y  s m e l l  o f  i m p u r i t y  w a s  
i d e n t i f i e d .  T h e  s m e l l i n g  w a s  c o n d u c t e d  i n  t h e  
l a b o r a t o r y  a t  a  t e m p e r a t u r e  o f  2 0  ° C  a n d  a  
r e l a t i v e  h u m i d i t y  o f  5 0 % .  T h e  t e s t  l i q u i d s  
w e r e  s e r v e d  i n  c o l o r l e s s  a r o m a  g l a s s e s  o f  
1 5 0  m l  c o v e r e d  w i t h  w a t c h - g l a s s e s .  B e f o r e  
t h e  l i q u i d s  w e r e  p o r t i o n e d  o u t ,  t h e  g l a s s e s  
w e r e  r i n s e d  w i t h  t h e  s o l u t i o n  o f  w a t e r  a n d  
s p i r i t s  t o  e n s u r e  t h e  s a m e  c o n d i t i o n s  o n  
e a c h  o c c a s i o n .  T h e  v o l u m e  o f  t h e  s a m p l e  

w a s  3 0  m l .
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CONCENTRATION I ppm CONCENTRATION :pprr)

Fig. 1— Response reliability of smell as function of concen­
tration; alcohols and diacetyl. Fig. 2— Response reliability of smell as function of concen­

tration; esters.

F i v e  m e m b e r s  o f  t h e  p a n e l  w e r e  c h o s e n  
t o  s e a r c h  f o r  t h e  c o n c e n t r a t i o n s  w h i c h  w o u l d  

b e  s t u d i e d  f r o m  a  s e r i e s  o f  5 - 8  d i l u t i o n  
s a m p l e s .  T h e  c o n c e n t r a t i o n  w h i c h  t h e y  
c o u l d  j u s t  i d e n t i f y  w a s  c a . ' e d  t h e  s t a r t  c o n ­
c e n t r a t i o n .  I n  t h e  d e t e r m i n a t i o n  p r o p e r  o f  
t h r e s h o l d s ,  t h e  p a n e l  r e c e i v e d  t h i s  s t a r t  c o n ­
c e n t r a t i o n — a n d  d i l u t i o n s  2 .  5  a n d  1 0  t i m e s  

s t r o n g e r  a n d  l i g h t e r — u n t i l  e v e r y  s u b s t a n c e  
h a d  f iv e  t e s t e d  c o n c e n t r a t i o n s .  I n  e v e r y  t e s t  

s i t u a t i o n ,  t h e  t e s t  s e r i e s  o f  f o u r  t r i a n g u l a r  
s e t s ,  d r a w n  f r o m  s i x  p o s s i b l e  c o m b i n a t i o n s ,  
w a s  p a s s e d  t o  e a c h  j u d g e .  E v e r y  s e t  c o n ­
t a i n e d  o n e  o r  t w o  s a m p l e s  o f  a  s t u d i e d  c o m ­
p o u n d  w i t h  t h e  c o n c e n t r a t i o n  in  q u e s t i o n  in  

w a t e r / a l c o h o l  s o l u t i o n  a n d  o n e  o r  t w o  b l a n k  
s a m p l e s — p u r e  w a t e r / a l c o h o l  s o l u t i o n — t h e  
r e l a t i o n  o f  w h i c h  w a s  d e t e r m i n e d  b y  r a n ­
d o m i z i n g  o f  t r i a d s .  E v e r y  j u d g e  w a s  r e ­
q u i r e d  t o  c h e c k  o d d  s a m p l e s  w i t h  t h e  k n o w l ­

e d g e  t h a t  t w o  s a m p l e s  w e r e  t h e  s a m e  a n d  

o n e  d i f f e r e n t .  A  j u d g e  w a s  a d v i s e d  t o  g u e s s  

i f  n o  d i f f e r e n c e  c o u l d  b e  f o u n d .  T h e  p r o b a ­

b i l i t y  o f  c h a n c e  e q u a l e d  ' / 3-

T o  e x p l a i n  t h e  s t a n d a r d  d e v i a t i o n  a n d  

p e r s o n a l  v a r i a t i o n ,  5 - 8  d i l u t i o n s  o f  p - p h e n y l -

e t h y l  a l c o h o l  a n d  e t h y l  a c e t a t e  w e r e  g i v e n  
t o  t h e  p a n e l ,  a n d  e a c h  j u d g e  h a d  t o  i n d i c a t e  
w h e t h e r  t h e  o d d  s a m p l e  h e  s e l e c t e d  w a s  p u r e  
a l c o h o l  o r  c o n t a i n e d  s o m e  a d d e d  a r o m a  
c o m p o u n d .  T h e  p r o b a b i l i t y  o f  c h a n c e  w a s  
t h e n  V e .  W h e n  t h e  j u d g e  h a d  s e l e c t e d  c o r ­

r e c t l y  a t  l e a s t  t w o  c o n s e c u t i v e  c o n c e n t r a ­
t i o n s ,  t h e  l o w e r  o n e  w a s  r e g a r d e d  a s  h i s  
d a i l y  t e s t  t h r e s h o l d  l e v e l .  T h e  p a n e l  h a d  1 0  
r e p l i c a t i o n s  a n d  t h e  j u d g e s  5  t o  8 .

I n  t h e  t r i a n g u l a r  t e s t  t h e  n u m b e r  o f  o d d  

s a m p l e s  c o r r e c t l y  i d e n t i f i e d  c a n  b e  r e g a r d e d  
a s  t h e  t e s t  s c o r e ,  i . e .  t h e  p e r c e n t a g e  o f  c o r ­
r e c t  j u d g m e n t s  c a n  b e  a  m e a s u r e  o f  t h e  i n ­
t e n s i t y  o f  s e n s a t i o n  a n d  a  m e a s u r e  o f  t h e  

d i f f e r e n c e  i n  i n t e n s i t y  o f  s e n s a t i o n  b e t w e e n  
t w o  s a m p l e s  ( L o c k h a r t  e t  a l . .  1 9 5 2 ,  B e r g  
e t  a l . ,  1 9 5 5 ) .  W h e n  n o  d e t e c t a b l e  s e n s o r y  
d i f f e r e n c e  e x i s t s ,  i t  i s  p r o b a b l e  t h a t  a  c h a n c e  
p e r c e n t a g e  o f  c o r r e c t  i d e n t i f i c a t i o n s  e q u a l  t o
3 3 . 3  w i l l  b e  s c o r e d  b y  a  p a n e l  w o r k i n g  w i t h  

a  t r i a n g u l a r  s y s t e m .  C o n s e q u e n t l y ,  i t  i s  m o r e  
m e a n i n g f u l  t o  c a l c u l a t e  t h e  p e r c e n t a g e - a b o v e -  
c h a n c e - s c o r e s .  I n  b i n o m i a l  d e s i g n s ,  t h e  f o l ­

l o w i n g  f o r m u l a  c a n  b e  a p p l i e d :

Pc =  3 /2  (Pc -  33.3)

w h e r e
P o  =  t h e  p e r c e n t a g e  o f  c o r r e c t  j u d g m e n t s  

o b s e r v e d  i n  t h e  t e s t

P c =  t h e  p e r c e n t a g e  o f  c o r r e c t  j u d g m e n t s  
o v e r  a n d  a b o v e  c h a n c e ,  e x p r e s s i n g  
t h e  s c o r e  o f  t h e  i n t e n s i t y  o f  s m e l l  
s e n s a t i o n ,  a n d  u s e d  a s  a  r e l a t i v e  
s c o r e  f o r  c o m p a r i s o n  o f  t h e  t h r e s h o l d  
l e v e l s .

A t t e n t i o n  h a s  b e e n  g i v e n  t o  t h e  s i g n i f i c a n c e  
o f  d i f f e r e n t i a t i o n ,  a l o n g  w i t h  t h e  p e r c e n t a g e -  

a b o v e - c h a n c e - s c o r e s .
I t  i s  e x p e c t e d  t h a t  t h e  s m e l l  p e r c e p t i o n ,  

a c c o r d i n g  t o  F e c h n e r ' s  l a w  ( A m e r i n e  e t  a l . ,
1 9 6 5 )  v a r i e s  w i t h  t h e  l o g a r i t h m  o f  t h e  s t i m ­

u l u s  v a l u e  a n d  i t  i s  a s s u m e d  t h a t  t h e  d i s t r i ­
b u t i o n  o f  s c o r e s  a r o u n d  t h e  h a l f w a y  p o i n t  

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

a b o v e - c h a n c e - s c o r e s  o n  l o g - p r o b a b i l i t y  p a p e r  
( H a r r i s o n  e t  a l . ,  1 9 5 0 ,  L o c k h a r t  e t  a l . .  1 9 5 2 ) ,  

w a s  a p p l i e d  t o  t h e s e  d a t a ,  i t  s e e m e d  t o  f i t  a  
s t r a i g h t  l i n e .  T h u s  t h e  r e g r e s s i o n  o f  t h e  p e r ­

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

Fig. 3 — R e s p o n s e  reliability of sm ell  as function of co ncen­
tration; acids.

Fig. 4— Cumulative frequency functions of daily replications of the panel.
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c a l c u l a t e d .  F u r t h e r m o r e ,  t h e  r e g r e s s i o n  l in e s  
w e r e  t e s t e d  f o r  m e a s u r e s  o f  t h e  g o o d n e s s  o f  
f i t  o f  t h e  l i n e  t o  t h e  d a t a  w i t h  t h e  a n a l y s i s  o f  
v a r i a n c e .  T h e  d i r e c t i o n  o f  t h e  l i n e s  w a s  
t e s t e d  b y  c o m p a r i n g  t h e  s lo p e  o f  t h e  l in e s .  
S in c e  t h e  s t a n d a r d  d e v i a t i o n  p r o v e d  t o  b e  
l a r g e ,  t h e  h o m o g e n e i t y  o f  v a r i a n c e  w a s  
t e s t e d  b y  t h e  B a r t l e t t  t e s t .  T o  c o m p a r e  r e p l i ­
c a t i o n s  i n  t e s t i n g  t h e  r e l i a b i l i t y  o f  t h e  r e s u l t s ,  
t - v a l u e s  w e r e  a l s o  c a l c u l a t e d .  A l l  t h e  c a l c u ­
l a t i o n s  w e r e  e f f e c t e d  o n  a  G E  4 1 5  c o m p u t e r  
o w n e d  b y  t h e  F i n n i s h  S t a t e  A l c o h o l  M o ­
n o p o l y  ( A lk o ) .

RESULTS & DISCUSSION
TABLE 1 INDICATES the judgments ob­
tained for the concentrations of sub­
stances studied, along with the calcu­
lated percentage-above-chance-scores and 
the significance in the triangular test. In 
Figures 1-3, the concentrations have been 
plotted against the percentage-above- 
chance-scores on the log-probability pa­
per. The regression lines formed appear 
to describe the response of smell per­
ception as a function of logarithmic con­
centration. The correlation coefficients of 
the lines were as high as r =  0.78 — 
0.995 (Table 2), but the judgments of 
some compounds (diacetyl, ethyl ace­
tate, /J-phenylethyl acetate, propionic acid 
and isovaleric acid) could not be ex­
plained as statistically significant lines. 
Nevertheless, the major proportion of 
judgments gives statistically significant 
goodness-of-fit of the line, and the fig­
ures relating to //-phenyiethyl alcohol and 
caprylic acid are highly significant. Since 
the F-values (Table 2) of even unsignifi­
cant lines were relatively high (0.1 <  P 
<  0 .2 0 ), and since the explanation of 
the model will always be above 60% 
( 1 0 0 r2), the percentage-above-chance- 
scores, representing the response of smell 
perception, may be regarded as a linear 
function of the logarithmic concentration.

The plots of the response of smell per­
ception have been selected in an effort to 
obtain criteria similar to those commonly 
used in the determination of sensory 
threshold levels. Swets (1961) studied 
sensory thresholds and plotted the pro­
portion of right responses to signals 
added to a background stimulus against 
the responses obtained to the noise alone. 
The plots of the psychometric function 
form a curve of one or more line seg­
ments, and the threshold can be calcu­
lated from these. Swets arrived at the 
result that a two-line curve fitted the 
yes-no data reasonably well and described 
best the relations between stimulus and 
sensation. In this work, so few estimates 
were determined for every substance only 
five concentrations—that it was impossi­
ble to test whether a two-line-model would 
give a better explanation of the results. 
The results in regard to some compounds 
(hexanol, ethyl acetate) suggested that

the plot of smell response might be com­
posed of more than one line segment.

For explanation of the origin of the 
variance, replications made with ^-phenyl- 
ethyl alcohol and ethyl acetate have been 
observed, first with individuals and sec­
ond with test days as variables. The dis­
tribution of the replications indicates that 
the cumulative frequency values of the 
replications plotted on the log-probability 
paper form a linear function of logarith­
mic concentration (Fig. 4). As the cu­
mulative sum curve significantly ap­
proaches a straight line, the logarithmic 
values of concentration can be considered 
to be normally distributed. Ethyl acetate 
proved to be interesting, because the 
curve of the sum function was formed 
by two line segments, so that the distri­
bution has two peaks. This result could 
be expected, as the threshold levels of 
ethyl acetate determined by different per­
sons were divided into two quite differ­
ent groups.

The daily replications of the panel in­
dicated that although the standard devia­
tion was rather large (1008/x =  ca 30%), 
different replications could be considered 
reliable, as no statistically significant dif­
ference was demonstrable between repli­
cations tested on different days (ethyl ace­
tate F =  1,06 df. 9/96 P <  0.20, ¡3- 
phenylethyl alcohol F =  1.74 df. 9/98 
0.05 <  P <  0.10). Moreover, the vari­
ance notwithstanding, its magnitude 
proved to be homogeneous on the applica­
tion of Bartlett’s test (ethyl acetate x2 =  
3.73 df. 9 P >  0.90, /J-phenylethyl al­
cohol x 2  =  4.01 df. 9 P >  0.90). One 
replication of /J-phenylethyl alcohol dif­
fered from the others, giving statistically 
significant t-values, but with ethyl acetate 
there were none. The reason for the dif­
ference with /3 -phenylethyl alcohol was 
found to be the participation on the same 
day of too many judges insensitive to this 
particular substance.

When the individuals were variables, 
with /J-phenylethyl alcohol there were 
very significant differences between judges 
(F =  2.79 df. 1 6/91 0.001 <  P <  0.01) 
and with ethyl acetate highly significant 
differences between judges (F =  11.61 df. 
17/88 P <  0.001). Nevertheless, the vari­
ance was still homogeneous (^-phenyl- 
ethyl alcohol x 2 =  6.81 df. 16 P >  0.95, 
ethyl acetate x 2  =  16.81 df. 17 P <  0.30). 
The order of superiority for the judges 
equals the results as far as /J-phenylethyl 
alcohol is concerned, but inequalities were 
revealed with regard to ethyl acetate. One 
judge smelled /J-phenylethyl alcohol “too 
well” if no attention is paid to his values, 
the significance between individuals di­
minishes to 95 %.

The results with ethyl acetate divided 
the judges into two groups, but the ability 
of some persons to smell alcohol varied 
significantly from their ability to smell

Tab le  3— Sensory odor th resho ld levels of 
studied com pounds, with p ercentage-ab ove- 
chance-scores of 50% in grain spirit so lutions  
of 9.4% (w /w ).

C om pound
O dor threshold 

(ppm) (m M )

Diacetyl 0.0025 0.000035
Alcohols
Hexyl alcohol 5 .2 0.05
Isoamyl alcohol 7 .0 0 .08
/3-Phenylethyl alcohol 7 .5 0 .06
Isobutyl alcohol 75 .0 1 . 0 0

Esters
Ethyl caprylate 0.25 0.0015
Isoamyl acetate 0 . 2 0 0 . 0 0 2

/3-Phenylethyl acetate 0.65 0.005
Ethyl lactate 14.0 0 . 1 1

Ethyl acetate 17.0 0 . 2 0

Acids
Isovaleric 0 .7 0 .007
Butyric 4 .0 0.045
Isobutyric 8 . 1 0.09
Capric 8 . 2 0.05
Caproic 8 . 8 0.075
Caprylic 15.0 0 . 1 1

Propionic 2 0 . 0 0.27

acetate. Consequently, it is possible to 
have panels on different days which are 
so unequal that the results can no longer 
stand comparison, although the selection 
of judges can noticeably restrict this haz­
ard. However, there is evidence of so 
large a variation in ability to smell differ­
ent substances that the order of superior­
ity found for ore substance does not ap­
ply to others.

Before it is possible to consider a 
threshold as a characteristic of a sensory 
system, the threshold value of a stimulus 
has to be specified in statistical terms, as 
abundant evidence exists of continuous 
physiological change in large numbers of 
receptive and nervous elements in various 
sensory systems (Swets, 1961). The con­
centration of a particular flavor or odor 
which, on the average, can be detected 50 
percent of the time, is known as the 
threshold concentration (Guilford, 1936). 
Table 3 contains estimates, made on this 
basis, of the thresholds of the compounds 
studied, read from the intersection of the 
regression line at the 50 percentage-above­
chance-score. On examination of the val­
ues, it can be said that the esters have 
the lowest threshold levels. Diacetyl has 
the lowest level. Isobutanol has the high­
est.

The order of thresholds does not fol­
low any systematic order of acids or es­
ters and the isomeric compounds, such 
as butyric and isobutyric acids, have dif­
ferent thresholds. According to the sen­
sory odor thresholds determined in this 
work, and the quantities of these com­
pounds found in alcoholic beverages, it 
seems that isoamyl alcohol and isobutanol 
can be considered as large components 
among the alcohols. The threshold level 
of isoamyl alcohol is about one tenth that 
of isobutanol. In turn, /J-phenylethyl al­
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cohol can be a small but very significant 
compound. The importance of hexanol 
would perhaps remain of no consequence.

In regard to the quantitative values 
and odor threshold values of the esters 
studied, it seems that ethyl acetate would 
also be a large component, with its im­
portance dependent on its quantity. Ethyl 
caprylate, isoamyl acetate and /J-phenyl- 
ethyl acetate comprise a rather homoge­
neous group. The importance of ethyl 
lactate is doubtful.

Nykanen et al. (1968) have deter­
mined in some distilled beverages 90-600 
mg/ 1  total volatile acids calculated as ace­
tic acid, when acetic is approximately 40- 
95 % of the volatile acids. Comparison of 
the threshold levels of the acids studied, 
and their average relative amounts, indi­
cates that by reason of the smell percep­
tion of humans the small component iso­
valeric acid may be more important than 
the large components capric and caprylic 
acids. Isovaleric acid seems to be a sig­
nificant component for both Finnish beer 
(Arkima, 1968) and distilled beverages. 
Butyric, isobutyric and caproic acids may 
be less prominent.

The importance of propionic acid is 
probably significant as regards odor per­
ception. When these odor threshold values 
were compared with the flavor values 
found by Harrison (1963, 1967) in Irish 
beer, these proved to be about one tenth 
of the flavor threshold values. But the 
interrelations of the compounds in nearly 
all the groups were apparently the same, 
even if the values were not quite com­
mensurable.

It has been observed in sensory tests 
that 2-4 mg/1 diacetyl in pure spirits can 
cause an impure flavor or odor (Wessel, 
1955). On comparison of the threshold

level found in the test (0.0025 ppm) with 
the values given above, it seems likely 
that the odor contamination might be 
more significant than flavor contamina­
tion, particularly in pure spirits. In 1963, 
Harrison reported a taste threshold of 
0.005 ppm in Irish beer, which is close 
to the level obtained in this test; in later 
studies however, Harrison (1967), gives 
the higher value of 0 . 1  ppm for the same 
kind of beer.

With respect to the method employed 
and its utility, it must be observed that 
every regression point is composed of 40 
sample points, and a regression line is 
determined by 200 judgments. Conse­
quently, the material can be considered 
adequate. If the odor threshold values 
are criticized on the basis of the numeri­
cal values alone, some inaccuracy can be 
found, as there were regression lines with 
a slope which did not attain statistical sig­
nificance under all circumstances. Never­
theless, the explanation of the model was 
quite good, and the regression lines of 
different substances differed from each 
other. So it seems possible that this 
method might be suitable for the deter­
mination of sensory thresholds and, at 
least, the relations between the substances 
can be considered to be significant.
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Physical and Chemical Characteristics of 
Free and Stretched Rabbit Muscle

S U M M A R Y — S h e a r  s t r e n g t h ,  s a r c o m e r e  l e n g t h  a n d  p r o t e i n  s o l u b i l i t y  w e r e  s t u d i e d  i n  

r a b b i t  l o n g i s s i m u s  d o r s i  a l l o w e d  t o  p a s s  t h r o u g h  r i g o r  i n  f r e e  a n d  s tre tched  p h y s i c a l  

s t a t e s .  S t r e t c h e d  m u s c l e s  w e r e  s i g n i f i c a n t l y  m o r e  t e n d e r  a s  e v i d e n c e d  b y  l o w e r  s h e a r  

v a l u e s .  T h e y  a l s o  e x h i b i t e d  s i g n i f i c a n t l y  l o n g e r  s a r c o m e r e s  a s  c o m p a r e d  t o  t h e i r  p a i r e d  

c o n t r o l s  a l l o w e d  to pass t h r o u g h  r i g o r  w i t h o u t  r e s t r a i n t .  G r e a t e r  a m o u n t s  o f  t o t a l  p r o t e i n  

w e r e  e x t r a c t e d  f r o m  s t r e t c h e d  m u s c l e s  i n  a l l  t r i a l s  e x c e p t  o n e .  S i g n i f i c a n t l y  g r e a t e r  

a m o u n t s  o f  a c t o m y o s i n  w e r e  e x t r a c t e d  f r o m  s t r e t c h e d  m u s c l e s  i n  a l l  t r i a l s .  T h e  a c t o -  

m y o s i n  r e s u l t s  w e r e  u n e x p e c t e d  s i n c e  i t  h a s  b e e n  s u g g e s t e d  b y  s e v e r a l  w o r k e r s  t h a t  

a c t o m y o s i n  f o r m a t i o n  i s  d i r e c t l y  r e l a t e d  t o  t o u g h n e s s  i n  m u s c l e .  S o m e  p o s s i b l e  e x ­

p l a n a t i o n s  f o r  t h e  r e s u l t s  o b t a i n e d  i n  t h i s  s t u d y  a r e  d i s c u s s e d .

INTRODUCTION
MEAT, the post-mortem aspect of 
muscle, has been the subject of many in­
vestigations primarily because of its varia­
tion in tenderness. Efforts to elucidate 
causative factors have resulted in the 
study of various ante-mortem and post­
mortem conditions known to influence 
tenderness.

Interest in the effect of the contractile 
state of muscle, during rigor, on ultimate 
tenderness was somewhat neglected until 
Locker (I960» reported that relaxed 
muscles were more tender than partly 
contracted muscles, and suggested that 
certain muscles might be improved in 
quality by altering contraction states 
during rigor. Subsequently there were 
several reports on the interrelationships of 
carcass position or restraint, sarcomere 
length, fiber diameter, cold shortening, 
and tenderness of muscle (Herring et ah. 
1965 a.b: Eisenhut ct ah, 1965; Marsh et 
ah, 1966: Buck et ah, 1967).

Changes in sarcomere lengths as­
sociated with different contraction states 
offer strong evidence that mechanical 
forces during rigor can result in a dis­
placement of actin and myosin filaments. 
It has been suggested that post-mortem 
molecular alterations, as influenced by 
contraction state during rigor, may be of 
prime importance in the ultimate ten­
derness or toughness of meat (Herring 
et ah, 1965 a.b: Buck et ah, 1967; 
Howard et ah, 1968).

Since the changes which take place in 
muscle after death favor the formation of 
a complex between the actin and myosin 
filaments, it might be concluded that the

3 P r e s e n t  A d d r e s s :  F a c u l t y  o f  F o o d  S c ie n c e s ,  
U n i v e r s i t y  o f  T o r o n t o .  T o r o n t o ,  O n t a r i o ,  C a n ­
a d a .

amount of actomyosin formed during 
rigor is related to the amount of inter- 
digitation of filaments and, ultimately to 
toughness.

This study was designed to investigate 
the post-rigor differences in actomyosin 
content, sarcomere length, and shear 
strength of paired muscles allowed to 
pass through rigor in free and stretched 
states.

EXPERIMENTAL
Origin and preparation of samples

F iv e  tr ia ls  w ere c o n d u c te d  usin g  five pa irs  
o f  lo n g iss im u s do rsi (L D )  m usc les o b ta in e d  
fro m  6 -m o n th -o ld . m ale , D u tc h  B elted  ra b ­
bits.

A n im a ls  w ere  a n es th e tized  by  ex p o su re  to  
c h lo ro fo rm  v ap o rs  fo r  1 -2  m in . T h ey  w ere 
th en  im m ed ia te ly  ex san g u in a ted , sk in n ed  and  
ev iscera te d . O n e  o f  th e  p a ir  o f  L D  m uscles 
w as rem o v ed  f ro m  th e  a re a  b o u n d e d  by  the 
4 th  rib  an d  the  a n te r io r  edge o f  the  h ips. T h e  
excised  m usc le  w as p laced  on  a  m o isten ed  
g lass p la te  an d  co v ered  w ith  p las tic  film  to  
p re v e n t d ry ing .

T h e  ra b b it  ca rcass  c o n ta in in g  th e  re m a in ­
ing L D  m usc le  w as d ra p e d , v e n tra l su rface  
d ow n , o v e r  a  h o o k  p laced  p e rp e n d ic u la r  to  
its lo n g  axis. T h e  h o o k  g rip p ed  th e  sp inal 
co lu m n  a p p ro x im a te ly  b eh in d  th e  las t rib . 
T h e  f ro n t  an d  re a r  legs w ere  d raw n  to g e th e r  
on  the  v e n tra l side a n d  tied  in th is  p o sitio n  
in o rd e r  to  m a in ta in  a  positive  s tre tch  o n  the  
L D  m uscle .

T h e  excised , free  L D . an d  th e  s tre tch ed  
carcass  w ere  held  a t  1 -2 ° C  f o r  24 h r  a t 
w h ich  tim e it w as assu m ed  th e  r ig o r p rocess 
w as com p le te . R ig h t an d  le f t L D 's  w ere  a l­
te rn a te d  betw een  the  tw o  tre a tm e n ts .

A t the  end o f  th e  s to rag e  p e rio d , the  L D  
re m a in in g  o n  the  ca rcass  w as excised  using  
th e  sam e ske le ta l re fe ren ce  p o in ts  m en tio n ed  
earlie r.

A  20-g sa m p le  w as rem o v ed  f ro m  th e  a n ­
te r io r  end  o f  e ach  L D  by  m ak in g  a  c u t p e r­
p e n d ic u la r  to  the  lo n g  ax is  o f  the  m uscle .

T h is  sam p le  w as d iv ided , lo n g itu d in a lly , in to  
tw o  1 0 -g p o r tio n s , o n e  o f  w hich  w as used  fo r  
the  p ro te in  assay . T h e  o th e r  10-g p o r tio n  w as 
used  in c o n ju n c tio n  w ith  a n o th e r  e x p e r im e n t, 
th e  re su lts  o f  w h ich  a re  n o t re p o rte d  here .

A 3 m m  th ic k  slice  w as rem o v ed  f ro m  the  
a n te r io r  en d  o f  each  re m a in in g  m u sc le  an d  
w as im m ed ia te ly  fixed in a  1 0 %  fo rm a lin  
so lu tio n  a n d  s to red  fo r  fu tu re  m ic ro sco p ic  
analysis.

T h e  u n u se d  p o r tio n s  o f  L D  w ere  used  fo r  
sh e a r  s tren g th  m easu rem en ts .

Sarcomere length determination
A  3 X 3 m m  strip  w as rem o v ed  f ro m  :he 

fo rm a lin  fixed slice a n d  b len d ed  fo r  5V.j m in  
w ith  d is tilled  w a te r  in a  ch illed  b len d er. T h e  
suspen sio n  o f  m y ofib rils  w as ex am in ed  d i­
rec tly  in a  p h ase  c o n tra s t  m ic ro sco p e , a n d  
sa rc o m e re  len g th  w as d e te rm in ed  as an  a v e r ­
ag e  o f  25 m y ofib rils  fo r  each  o f  the  m usc le  
sam ples.

Shear force measurements
T h e  sa m p le  fo r  sh e a r  fo rc e  d e te rm in a tio n  

w as c lam p ed  loose ly  betw een  ' / ,  in. th ck  
a lu m in u m  p la te s  an d  im m ersed  in a  b a th  o f  
co rn  oil he ld  a t 1 2 7 CC . S am p le  te m p e ra tu re  
w as d e te rm in e d  c o n tin u o u s ly  by m ean s o :  a  
th e rm o c o u p le , p laced  in the  c e n te r  o f  th e  
sa m p le , an d  a  re c o rd in g  p o te n tio m e te r .

T h e  sam p le  w as rem o v ed  f ro m  th e  oil b a th  
w hen th e  in te rn a l te m p e ra tu re  reach ed  7 L C .  
M ax im a l in te rn a l te m p e ra tu re  reach ed  a f te r  
rem o v al f ro m  the  oil b a th  w as 9 0 °C .

T h e  sam p le  w as a llow ed  to  coo l to  ro o m  
te m p e ra tu re  a n d  s tr ip s  fo r  sh e a rin g  w ere  p re ­
p ared  w ith  a  dev ice consistin g  o f  tw o  su rg ica l 
sca lpels tap ed  to g e th e r  so th a t  the  d is ta n c e  
betw een  the  c u ttin g  edges o f th e  b lad es w as 
ex ac tly  7 m m . B eg inn ing  a t th e  p o s te r io r  end  
o f  the  m usc le , five 7 m m  th ick  slices w ere  re ­
m oved  by  cu ttin g  p e rp e n d ic u la r  to  th e  lo n g  
ax is o f  the  m usc le . A  7 m m  s tr ip  w as th e n  
rem oved  f ro m  the  c e n te r  o f  each  slice  by  
cu ttin g  in a  d o rsa l-v e n tra l d irec tio n . T a is  
p ro d u ced  a  s tr ip  w ith  m usc le  fibers d ia g o n a l 
to  th e  lo n g  ax is o f  th e  strip .

A n A llo -K ra m e r  S h e a r  P ress , eq u ip p ed  
w ith  a  sin g le -b lad ed  m ea t sh e a r  cell, w as used  
to  d e te rm in e  th e  fo rc e  req u ired  to  sh e a r  the  
s tr ip s  p e rp e n d ic u la r  to  th e ir  lo n g  axes. O p ­
e ra tin g  p a ra m e te rs  w ere  as fo llo w s: p ro v in g  
ring . 100 lb ; p re ssu re . 90  lb ; ra m  speed . 21 .5  
sec. full s tro k e . T h e  re c o rd e r  ran g e  sw itch  
w as se t a t  2 0 % so th a t  fu ll scale  on  the  re ­
c o rd e r  c h a r t  eq u a led  2 0  lb.

Protein extraction and fractionation

A c to m y o s in  an d  m y o sin  w ere  d e te rm in e d  
by a  m o d ifica tio n  o f  the  m e th o d  d ev e lo p ed
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Table  1— Protein ex tractab ility  o f paired m uscles allowed to pass through rigor in free and  
stetched conditions.

Free Stretched
ACTO. ACTO.
as % of as % of

Trial
no.

T o ta l 1

protein A C T O 2 M Y O 3 N C P 4

total
protein

Total
protein A CTO MYO N CP

total
protein

i 48.1 14.9 6 .4 17.5 31.0 87.8 53.8 1 . 2 24.6 61.0
2 64.6 28.9 3.3 29.5 45.0 98.8 49 .0 18.7 31.8 50.0
3 86.4 38.8 3.9 19.0 45 .0 80.4 43.5 1.4 2 2 . 1 54.0
4 62.6 25.6 2 .4 37.0 41 .0 88.9 52.0 1.7 35.6 58.0
5 66.3 26.8 2 .7 25.2 40.0 82.6 43.8 0 23.7 53.0

x 's 65.6 27.0 3 .7 24.0 40.0 87.7 48 .4 4 .6 27.6 55 .2

' All figures, except those indicated as percentages, reported as m g /g  o f fresh tissue.
2 ACTO =  Actomyosin.
3 MYO =  Myosin.
4 N CP =  N on-contractile protein.

by Weinberg et al. (1960). Ten g of sample 
were homogenized in 2 0 0  ml of a solution 
of KC1, 0.4A/, and potassium phosphate 
buffer, pH 7.5, 0.05M. This solution had an 
ionic strength of 0.55.

The KC1 extracted samples were centri­
fuged at 750 X  G for 5 min and the sedi­
ment was discarded. An aliquot of the super­
natant fraction was removed for protein 
determination. A second aliquot was diluted 
to an ionic strength of 0.225 by the slow ad­
dition of distilled-deionized water to pre­
cipitate the actomyosin. The suspension was 
centrifuged at 1000 X G for 15 min and the 
actomyosin precipitate was resuspended in 
KC1 and saved for protein analysis.

An aliquot of the supernatant fraction was 
diluted to an ionic strength of 0.05 and the 
myosin fraction removed by centrifugation 
as indicated above. The protein content of 
the myosin fraction was also determined as 
was that in the final supernatant or non-con- 
tractile protein fraction. All extractions were 
conducted at 0-5 °C. The protein content of 
samples was estimated by a biuret method 
(Gornall et al., 1949.)

RESULTS & DISCUSSION
THE MUSCLES allowed to pass through 
rigor without restraint were approximately 
17 cm in length at the time of excision. 
These muscles did not show any mea­
surable cold shortening or cold contrac­
tion at the end of the storage period. This 
is in agreement with Locker et al. (1963) 
who reported a cold shortening effect for 
certain beef muscles but reported the cold 
contraction was absent in rabbit LD and 
psoas. The post rigor excised muscles 
were approximately 2 0  cm long when 
measured after excision. The carcass 
stretching technique employed was ef­
fective in increasing muscle lengths Z1/., 
to 4 cm over paired controls.

Sarcomere lengths of free and 
restrained muscles

Several reports have been published

demonstrating a relationship between state 
of contraction during rigor and sarco­
mere length (Herring et al., 1967; 1965 
a,b; Howard et al., 1968). In this study, 
sarcomere length was determined to mea­
sure the effectiveness of the stretching 
treatment to be sure that the paired 
muscles did have different average 
amounts of overlap of the actin and myo­
sin filaments.

The average sarcomere lengths of the 
muscles used in the five trials are shown 
in Figure 1. The sarcomere lengths of the 
free muscles were relatively uniform 
ranging from 1.74 to 1.95/x. These values 
are similar to those reported by Paul
(1965) who found an average sarcomere 
length of 1.76^ for raw rabbit LD after 
24 hr cold storage.

The effectiveness of the stretching treat­
ment employed was variable, producing 
sarcomere lengths in post-rigor excised 
muscles ranging from 2.27 to 3.17^. This 
represents increases in sarcomere lengths, 
over paired free muscles, ranging from 16 
to 82%. The paired differences were 
tested for significance by means of the

paired t-test (Snedecor, 1956) and were 
found to be significantly different (P <  
0 .02).

Shear force measurements
The average force required to shear 5 

strips prepared from each of the free and 
stretched muscle samples used in the five 
trials is shown in Figure 2.

Greater force was required to shear 
samples prepared from free muscles in 
all trials. Application of the paired t-test 
revealed that the differences in shear force 
between free and stretched muscles in 
this study were statistically significant 
(P <  0.01).

The differences in shear force between 
muscle samples were consistently large 
with the exception of Trial 2. It will be 
recalled, however, that the stretching 
treatment employed was least effective in 
this trial producing only a 16% increase 
in sarcomere length.

The interrelationships of shear force, 
sarcomere length and muscle restraint re­
ported in this study were expected and 
have appeared in the literature previously

Fig. 1 — Average s a r c o m e r e  le n g th  o f  f r e e  a n d  r e s t r a in e d
lo n g is s im u s  d o rs i  m u s c le s .

F i g .  2 — A v e r a g e  f o r c e  r e q u i r e d  t o  s h e a r  c o o k e d  m u s c l e  s t r i p s  

p r e p a r e d  f r o m  f r e e  a n d  r e s t r a i n e d  l o n g i s s i m u s  d o r s i  m u s c l e s .
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(Herring et al., 1965 a,b Herring et al., 
1967; Cook, 1967; Buck et al., 1967).

Protein extraction
The results of the protein extractions 

are shown in Table 1. Greater amounts of 
total protein were extracted, post-rigor, 
from stretched muscles in all trials ex­
cept Trial 3. Although these differences 
did not prove to be statistically signifi­
cant, they were approaching significance 
(P <  0.1) and are similar to those re­
ported by Cook (1967) who found 
stretching significantly increased the post­
rigor extraction of protein from bovine 
muscle.

The increased protein extraction as­
sociated with the stretched, more tender, 
muscles offers support to the work of 
Hegarty et al. (1963) who found a posi­
tive relation between myofibrillar protein 
solubility and tenderness of bovine 
muscle. These results are not in agree­
ment, however, with Goll et al. (1964) 
who stated that protein solubility did not 
appear to be related to tenderness.

The longer sarcomeres associated with 
the stretched muscles from which greater 
amounts of total protein are extracted 
offer additional support to Cook (1967) 
who suggested a relationship between pro­
tein solubility and the contractile state 
of the proteins.

The results of the actomyosin extrac­
tion shown in Table 1 were completely un­
expected. Greater total amounts of acto­
myosin were extracted from stretched 
muscles in all trials. This was associated 
with the greater amounts of total pro­
tein extracted from stretched muscle. 
However, when actomyosin is expressed 
as a percent of the total protein ex­
tracted, it is still greater in stretched 
muscles. These differences proved to be 
statistically significant (P <  0.01).

It is generally agreed that linkages are 
formed between actin and myosin fila­
ments during rigor. The amount of acto­
myosin formed during rigor may be af­
fected by state of contraction and tender­
ness could be improved by physically in­
hibiting the formation of actomyosin

during rigor mortis (Herring et al., 1965 
a,b; Buck et al., 1967; Cook, 1967).

The results of this study do not offer 
any support to this theory and it would 
appear that stretching increases the acto­
myosin content of muscle and that in­
creased tenderness is associated with in­
creased amounts of actomyosin rather 
than decreased amounts.

One must interpret these results cau­
tiously, however, since the extraction 
techniques employed may not present a 
true picture of the proteins as they exist 
in muscle prior to extraction.

One possible explanation for the un­
expected results of this study is that 
stretching may stimulate muscle so that 
it uses ATP more rapidly and more com­
pletely, forming actomyosin which does 
not dissociate upon extraction. Free 
muscle, on the other hand, may contain 
greater amounts of residual ATP which 
would tend to dissociate the actomyosin 
during extraction.

Evidence has been offered by several 
workers (Valin, 1968; Davey et al., 1968) 
that the tenderizing effects of aging are 
associated with the weakening and final 
dissolution of the Z-band structures. They 
also found that extraction of myofibrillar 
protein increased as aging progressed. 
Another possible explanation for the 
greater extraction of total protein and 
actomyosin from stretched muscle, there­
fore, may be that the stretching causes a 
similar disruption, perhaps even detach­
ing actin from the Z-band membranes, re­
sulting in the extraction of greater 
amounts of complex.

The results reported in this investiga­
tion do not necessarily contradict those 
who have suggested that actomyosin 
formation is related to tenderness. They 
do, however, point out the importance of 
understanding more clearly the changes 
taking place in muscle during rigor and 
the reliability of present procedures for 
actomyosin extraction.
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m em bers.  M e m bersh ip  is  w or th  m a n y  tu n e s  i t s  m o d es t  cost , 
r e f lec ting  posi t ive  benefits,  s t im u la t io n  a n d  o p p o r tu n i t i e s  f o r  th e  
in d iv id u a l  in his business  or  p rofess ion .

O B J E C T IV E S
T h e  I n s t i t u t e ,  a s  a  non-profit ,  p ro fe ss io n a l ,  ed u ca t io n a l  so­

ciety , has severa l  m a j o r  a im s :  to  s t im u la te  in v e s t ig a t io n s  in to  
technolog ica l  food  p ro b le m s ;  to p re sen t ,  d iscuss a n d  pub l ish  the 
resu l ts  o f  such in v e s t ig a t io n s ;  to ra ise  the  ed u c a t io n a l  s t a n d a rd s  
o f  Food  T e c h n o lo g is ts ;  a n d  to  p ro m o te  reco g n i t io n  of^ the  
scientif ic ap p ro a c h  to food a n d  the  basic  role o f  the  Food T e c h ­
n o lo g is t  in  i n d u s t ry .  A ll  o f  these  a c t iv i t ie s  h ave  th e  u l t im a te  
o b jec t ive  to  p ro v id e  th e  b es t  poss ib le  fo o d s  f o r  m an k in d .

O R G A N I Z A T I O N  A N D  P R O G R E S S
O rg an ized  J u l y  1, 1939, a t  C a m b r id g e ,  Mass.,  w i th  a  m em ­

bersh ip  of  less th a n  100, the  I n s t i t u t e  has  g row n  to  m ore  th a n  
10,000. I t  is world-wide  in  scope, w i th  m em b ers  in th e  A m e r i ­
cas, S can d in av ia ,  E n g la n d ,  H o l lan d ,  G erm an y ,  F r a n c e ,  I n d ia ,  
A u s t r a l i a ,  N ew  Z ea land ,  a n d  J a p a n ,  a m o n g  others.

Q U A L I F I C A T I O N S  F O R  M E M B E R S H I P
Professional M em b ers . A n y  qualif ied pe r so n  who h a s  h a d  

t r a i n in g  a n d  exper ience  in  fo o d  technology , o r  who in  th e  
op in ion  o f  th e  C ounc il  is  recogn ized  as  d i s t in g u is h e d  in  th e  
c o n t r i b u t in g  sciences a s  they  a p p ly  to  foods,  sha ll  be e l ig ib le  to 
be a  P ro fe s s io n a l  M e m ber  of  the i n s t i t u t e .  T h e  m in im um  t r a i n ­
in g  which shall  q u a l i f y  a  c a n d id a te  f o r  such m em b ersh ip  is, in 
genera l ,  g r a d u a t io n  f ro m  a  college,  un iv e r s i ty  or  s im i la r  in s t i ­
tu t io n  in which he h a s  m a jo re d  in one or  m ore  of  the  sc iences 
o r  b r a n c h e s  asso c ia ted  w i th  food  technology . T he  m in im u m  ex­
per ience  sha l l  b e  live y e a r s  exper ience  in  fo o d  technology.

M em bers. A n y  qualif ied p e r so n  ac t iv e  in  a n y  a s p e c t  of  
food  technology.

S tu d e n t M em bers. A n y  qualif ied pe r so n  who is re g is te re d  
a s  a  s tu d e n t  in a n  e d u c a t io n a l  in s t i t u t i o n  who is ac t ive ly  p u r ­
su in g  c a n d id acy  f o r  a  deg ree  o f  A s soc ia te  o f  A r t s  or  h ig h e r  
in  one or  m ore  o f  th e  sc iences or  b ran ch es  o f  e n g in e e r in g  a s so ­
c ia ted  w i th  fo o d  techno logy  shall  be  e l ig ib le  f o r  m em bersh ip  
a s  a S tu d e n t  M em ber.  H e  m a y  r em a in  a  S tu d e n t  M e m ber  u n ­
t i l  the  en d  o f  th e  ca le n d a r  y e a r  in  w hich  he  com ple tes  his 
schooling.

Fellows. A n y  P ro fe s s io n a l  M em ber  who h a s  b een  ac t ive  
fo r  a t  least ten  y e a r s  a n d  who h a s  b een  n o m in a te d  by  th e  I F T  
C om m it tee  on F e l low s fo r  o u t s ta n d in g  c o n t r ib u t io n s  to  the  
field o f  food  sc ience / teehno logy  is  e l ig ib le  to  be  e lected  a  
F e l low  o f  th e  I n s t i t u t e  by  th e  I F T  Council .

D U E S
P ro fe s s io n a l  M e m bers  a n d  M em bers— $20 a  y e a r ;  inc ludes  

su b sc r ip t io n  to  F ood Technology a n d  A n n u a l  D irec to ry .  S t u ­
d e n t  M em bers— $5 a  y e a r ;  inc ludes  s u b s c r ip t io n  to  one I F T  
jo u rn a l .

P U B L I C A T I O N S
T h e  I n s t i t u t e  pub l ish es  two jo u rn a ls .  F ood T echnology, i s ­

sued m on th ly ,  is th e  official j o u rn a l  o f  the  I n s t i t u t e .  Besides 
cover ing  m a n y  fields o f  i n t e r e s t  to food techno log is ts  th ro u g h o u t  
the  world, it pub l ishes  the  re su l t s  o f  research  in food technology  
a n d  th e i r  p r a c t i c a l  a p p l ic a t io n  to  in d u s t ry .  T he  J ournal op 
F ood Science, i ssued  b im on th ly ,  is  demoted exclusively to 
p a p e r s  p r e s e n t in g  o r ig in a l  i n v e s t ig a t io n s  a n d  bas ic  r e sea rch  in  
fu n d a m e n ta l  fo o d  com ponen ts  a n d  processes. I n  ad d i t io n ,  a n  
I F T  W O R L D , 'Directory & Guide is  pu b l i sh ed  annua l ly .

R E G I O N A L  S E C T I O N S
W h ere  25 or  m ore  m em bers  live w ith in  co m m u t in g  d is tance  

of  a  given p o in t ,  a. reg ional  section m ay  l e e s tab l ished .  M e e t ­
i n g s  can be  held  a t  m ore  f r e q u e n t  in te rv a ls  b y  such g roups .  
P re s e n t ly ,  th e re  a re  40 reg iona l  sections.

A F F I L I A T E  O R G A N I Z A T I O N S
Affi liate cer t if ica tes  m a y  be  g r a n t e d  to food  te chno logy  

o rg a n iz a t io n s  ou ts ide  the  U .S .A . T h e re  a r e  c u r re n t ly  six 
c h a r te r e d  affi l iate o rgan iza t ions .

A N N U A L  M E E T I N G S
A n  A n n u a l M e e tin g  o f  th e  I n s t i tu te  p ro v id es a  sp ec ia lly - 

o rg an ized  tech n ica l p ro g ra m , a w a rd s  b a n q u e t, a n d  in d u s tr ia l  
ex h ib it o f  eq u ip m en t, serv ices, p rocesses an d  in g re d ie n ts . T h e  
p ro g ra m  is  d es ig n ed  to  em phasize  c u r re n t  tr e n d s  a n d  te c h n o ­
log ica l developm en ts . S pecia l g u e s t sp e ak e rs  a re  in v ite d .

A W A R D S

T h e  In s t i tu te  a d m in is te rs  th e  fo llow ing , a w a r d s :
NICHOLAS A PPERT A W A R D . P u  rp o se  o f  th is  a w a rd  

(M ed al fu rn ish e d  b y  th e  C hicago S ection , a n d  $1 ,000) is  to  
h onor a p e rso n  fo r  p re-em inence  in  an d  c o n tr ib u tio n s  to  F o o d  
T echnology .

BABCOCK-H ART A W A R D . P u rp o se  o f  th is  a w a rd  ($1 ,000  
a n d  P la q u e  sponso red  b y  T he N u tr i tio n  F o u n d a tio n )  is  to 
honor a  person  fo r  c o n tr ib u tio n s  :o F o o d  T echno logy  th a t  hav e  
im proved  p ub lic  h e a lth  th ro u g h  som e a sp e c ts  o f  n u t r i t io n  Dr 
m ore n u tr it io u s  food .

IFT IN TER N A TIO N A L A W A R D . P u rp o se  o f  th is  a w a rd  
(S ilv e r  S a lv e r  sponsored  by A u s tra l ia n  I n s t i tu te  o f  F o o d  S c i­
ence an d  T echnology, a n d  $1,000) is  to reco g n ize  a n  I F T  
M em ber fo r  p ro m o tin g  in te rn a tio n a l  exchange o f  id e a s  in  F o o d  
T echnology.

FOOD T E C H N O L O G Y  IN D U S T R IA L  A C H IE V E M E N T  
A W A R D . P u  rpose  o f  th is  a w a rd  (P la q u e s  to  com p an y  an d  
in d iv id u a ls )  is  to  recogn ize  a n d  h onor th e  deve lo p ers  o f  an  
o u ts ta n d in g  new  fo o d  p rocess a n d /o r  p ro d u c t re p re se n tin g  a  
s ig n if ic a n t ad v an ce  in  th e  a p p lic a tio n  o f  F o o d  T echnology  to 
food  p ro d u c tio n , su ccessfu lly  a p p lie d  in  a c tu a l  com m ercia l 
o p e ra tio n .

W M . V . CRUESS A W A R D  FOR EXCELLENCE IN T EA C H ­
ING. P u rp o se  o f  th is  a w a rd  ($1 000 a n d  M edal sp o n so red  b y  
th e  N o r th e rn  C a lifo rn ia  S ec tio n ) is  to  reco g n ize  th e  te a c h e r ’s 
ro le  in  fo o d  techno logy  adv an ces

SAMUEL CATE PRESCOTT A W A R D  FOR RESEARCH. P u r ­
pose o f  th is  a w a rd  ($1,000 a n d  P la q u e )  is  to  reco g n ize  a  r e ­
se arc h  s c ie n tis t  35 y e a r s  o f  a g e  o r y o u n g e r, w ho h a s  d em o n ­
s t r a te d  o u ts ta n d in g  a b il i ty  in  F o o d  Science o r T echno logy  
re sca rch .

FELLOW SHIPS
•  F lo ra sy n th — $1,000 an d  p laque
•  G enera l F o o d s— T h ree , each $4,000 an d  p laque
•  I F F — $1,000 a n d  p laque
•  M on san to — $1,000 an d  p laq u e
•  N es tle— Two, each  $1,000 an d  p laque
•  P il lsb u ry — Tw o, each  $1,000 a n d  p laq u e

P u rp o se  o f  IF T -a d m in is te rc d  F e llo w sh ip s  is  to  e n c o u rag e  
g r a d u a te  w o rk  in  th e  field  o f  F o o d  Science a n d  Technology- 
d ire c te d  to  ex te n d in g  or im p ro v in g  know led g e  in  som e p h a se  
o f  fo o d  co n se rv a tio n , fo o d  p ro d u c tio n , o r fo o d  p ro cess in g . 
A v a ilab le  to  g r a d u a te  s tu d e n ts .

SCHOLARSHIPS

•  R. T . F re n c h  (d o n o r: R. T . F re n c h  C o .)— Tw o, each $ 1 ,0 0 0 ;
acco m p an ied  b}’ p laq u e

•  F ritzsche-D & O  s F .  I I . L e o n h a rd t  S r. M e m o ria l (d o n o r :
F ritzsche-D & O , I n c . ) — $1,000 a n d  p la q u e

•  G erb e r (d o n o r: G erb er P ro d u c ts  C o .)— S ix , each  $ 1 ,0 0 0 ;
acco m p an ied  by  p laq u e .

•  A le x a n d e r E .  K a tz  M em orial (d o n o r: F .  R i t te r  &  C o .)— -
$1,000 a n d  p laque

•  M exico (d o n o r :  M exico S ection  o f  I F T ) — $1,000 a n d  p la q u e

_ P u rp o se  o f  IF T -a d m in is te re d  S ch o la rsh ip s  is  to  fo cu s a t t e n ­
tion  on llie need fo r  m ore y o u n g  people in F ood  S cience  an d  
T echnology , an d  to en co u rag e  d ese rv in g  an d  o u ts ta n d in g  s tu ­
d e n ts  to  ta k e  u n d e rg ra d u a te  w ork lead in g  to  a B a c h e lo r ’s 
D eg ree  in  F o o d  Science, F o o d  E n g in e e rin g , o r F o o d  T ech ­
no logy . A v a ila b le  to  J u n io r s  a n d  S en io rs  w ho h av e  com pleted  
a t  le a s t  one te rm  o f s tu d y  a t  th e  in s t i tu t io n  f ro m  w hich  th e y  
ex p ee t to  e a rn  a  b a c h e lo r’s degree.

IFT SCHOLARSHIPS

•  I F T  F re sh m a n /S o p h o m o re  S ch o la rsh ip s— T h ir ty , each v alued
at $5(il) plus a complimentary subscription to F ood Tech­
nology during the tenure of the scholarship.

P u rp o se  o f  th e  I F T  S ch o la rsh ip s  is to  a t t r a c t  a n d  en c o u ra g e  
w o rth y  s tu d e n ts  to  e n te r  th e  fields o f  F o o d  T echnology , F o o d  
E n g in e e r in g  or F o o d  Science. A v a ilab le  to  in co m in g  college 
fre sh m en , a n d  sophom ores.
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