
S o m e  Effects  of A m i n o  A c i d s  and Certain 
Other Subs tances  On Lard Containin$ 

P h e n o l i c  Ant ioxidants*  

D O N A L D  F. CLAUSEN,  W. O. LUNDBERG,  and G. O. B U R R  
Department of Physiological Chemistry and The Hormel Institute, University of Minnesota 

Minneapolis and Austin, Minnesota 

T H E  p h e n o m e n o n  of s y n e r g i s m  has  p r a c t i c a l  im- 
p o r t a n c e  in  the  s t ab i l i z a t i on  of bo th  vege tab le  

�9 a n d  a n i m a l  fa ts .  I n  the  f o r m e r ,  a p p r e c i a b l e  
quan t i t i e s  of n a t u r a l  a n t i o x i d a n t s  a re  p r e s e n t  whose 
effect iveness m a y  be g r e a t l y  i nc reased  by  the  a d d i t i o n  
of synerg is t s .  I n  a n i m a l  fats ,  the  p r a c t i c a l  impor -  
t ance  lies in  the  p o s s i b i l i t y  of effect ing a r e d u c t i o n  
in  the  costs a n d  the  amoun t s  of a d d e d  i n h i b i t o r s  t h a t  
are necessa ry  to achieve a des i r ed  s t ab i l i t y .  I n  m a n y  
cases i t  has  been  found ,  fo r  example ,  t h a t  0 .01% of 
a cost ly phenol ic  a n t i o x i d a n t  t oge the r  wi th  0 .01% of 
a r e l a t i ve ly  inexpens ive  s y n e r g i s t  is as effective in 
s t ab i l i z ing  l a r d  as 0 .1% of the  phenol ic  a n t i o x i d a n t  
alone.  

The p r e s e n t  i nves t iga t ion  was u n d e r t a k e n  to f ind 
syne rg i s t s  fo r  t h r ee  phenol ic  a n t i o x i d a n t s  : a l p h a  toco- 
pherol ,  txydroquinone,  and  n o r d i i l y d r o g u a i a r e t i c  acid.  
The amino  acids,  because  of t he i r  low t o x i c i t y  a n d  
the i r  a v a i l a b i l i t y  in m i x e d  fo rms  in a wide v a r i c t y  of 
p r e p a r a t i o n s ,  were  se lec ted  as syne rg i s t s  or  s e c o n d a r y  
an t iox idan t s .  O the r  compounds  t h a t  had  been  se lec ted  
fo r  specific reasons  were  also tes ted .  

E x p e r i m e n t a l  

The l a r d s  used  as s u b s t r a t e s  were  r e n d e r e d  a t  low 
t e m p e r a t u r e  u n d e r  vacuum.  E a c h  a n t i o x i d a n t  a n d  
each s y n e r g i s t  were  a d d e d  in a m o u n t s  of 0.01 g r a m  
p e r  cent  (10 mgm.  p e r  100 ml.  mc l t ed  l a r d ) .  E a c h  
l a r d  was t e s ted  w i thou t  a d d e d  a n t i o x i d a n t  or  syner -  
gist ,  w i th  a n t i o x i d a n t  a lone  added ,  w i th  s y n e r g i s t  
a lone added ,  a n d  wi th  a n t i o x i d a n t  a n d  s y n e r g i s t  bo th  
added .  The  tes t  used  was the  ac t ive  oxygen  m e t h o d  a t  
98.6~ (1) .  

The d a t a  a r e  r e p o r t e d  in th ree  sections,  each sec- 
t ion  r e p r e s e n t i n g  the d a t a  for  one phenol ic  an t iox i -  
dan t .  The p r o t e c t i v e  i ndex  is here  def ined as the  r a t i o  
o b t a i n e d  when  the  keep ing  t ime  in hours  of the  sub- 
s t r a t e  p lus  0.01% of  p r i m a r y  phenol ic  a n t i o x i d a n t  
p lus  0.01% of s y n e r g i s t  is d i v i d e d  b y  the  keep ing  
t ime  in hours  of the  s u b s t r a t e  p l u s  0.01% of p r i m a r y  
phenol ic  a n t i o x i d a n t .  This  e m p i r i c a l  def in i t ion  is used 
because  the  p r e sen t  lack  of knowledge  conce rn ing  the 
mechan i sms  involved  makes  a n y  def in i t ion  on a theo- 
re t i ca l  bas is  u n w a r r a n t e d .  

I n  all ,  t h r ee  s u b s t r a t e s  were  used,  h a v i n g  keep ing  
t imes  of 5, 11, a n d  15 hours .  I n  some cases more  t h a n  
one s u b s t r a t e  was used,  a n d  i t  was f o u n d  t h a t  the  
p ro tec t ive  i ndex  was i n d e p e n d e n t  of the  s u b s t r a t e  
wi th in  e x p e r i m e n t a l  e r ro r .  

I n  each sec t ion  syne rg i s t s  have  been  l i s t ed  in  5 
g roups  c o r r e s p o n d i n g  to p ro t ec t i ve  ind ices  of 4.0 to 
3.1, 3.0 to 2.1, 2.0 to 1.6, 1.5 to 1.1, and  1.0 or  less. 
W i t h i n  each g r o u p  the syne rg i s t s  a re  l i s t ed  in  de- 
c reas ing  o r d e r  of effectiveness.  
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Summary of Results 
SECTION I. 

PRIMARY PHENOLIC AI'~"I'IOXlDANV: ALP.ItA-TOCOPHF~ROI~ 

Group A. Synvrgists  wi th  protective indices f rom 4.0 $0 3.1 
None. 

Group B. 3.0 to 2.1 
Ascorbic acid, methionine. 

Group C. 2.0 to 1.6 
Thre0nine, leucine, milk protein hydrolysate No. 2, norvaline, 
ascorbyl, palmitate, phenylalanine, milk protein hydrolysate 
No. 1, cysteine. 

Group D. 1.5 to 1.1 
Tryptophane, isoleucine, proline, alanine, peptic digest of 
pancreas protein, milk protein hydrolysate No. 000319, 
alpha amino iso-butyric acid, amidol, asparagin, acid pre- 
cipitate from alkali treated beef serum protein, casein 
hydrolysate made with sulfuric acid, trypsin, arginine, 
barbituric acid, arsphenamine, valine, trypsin hydrolysate 
of beef serum globulin, ninhydrin, glutamic acid, trypsin 
hydrolysate of beef serum, alkali treated beef serum protein, 
trypsin hydrolysate of beef serum albumin, propamidine, 
histidine, sulfuric acid hydrolysate of pancreas protein, pep- 
sin hydrolysate of beef serum albumin, peptone, glycero- 
phosphoric acid, hydroxyproline, sulfuric acid hydrolysate 
of beef serum protein. 

Group E. 1.0 or less 
Pepsin hydrolysate of beef serum globulin, pepsin hydroly- 
sate of beef serum, crepsin hydrolysate of beef serum, 
diiodotyrosine, dioxyphenylalanine, nicotinic acid, serine, 
lysine, norleucine, citrulline, glycolic acid, erepsin hydroly- 
sate of beef serum globulin, melanin, choline, cystinc, casein, 
hydrolysate made with HC1, aspartic acid, tyrosine, erepsin 
hydrolysate of beef serum albumin, egg albumin, casein, 
pepsin, glueonic acid, uric acid, suecinimide, urea, peptie- 
tryptic digest of pancreas, creatinine, levulinic acid, bovine 
alpha pseudoglobulin, casein hydrolysate made with barium 
hydroxide, oxamide, hydroxylamine. 

SECTION II.  
PRIMARY PHENOLIC ANTIOXIDANT: IIYDRO~U~NO~ 

Group A. Synergists  with protective indices f rom 4.0 to 3.1 
Methionine. 

Group B. 3.0 to 2.1 
Ascorbic acid, milk protein hydrolysate No. 1, tryptophane. 

Group C. 2.0 to 1.6 
Leucine, milk protein hydrolysate No. 2, ascorbyl palmitate, 
proline, phenylalanine, eystcine, alanine, glutamic acid, val- 
ine, peptic digest of pancreas protein, asparagin, arginine, 
barbituric acid, arsphenamine, ninhydrin, propamidine, his- 
tidine, norleueine, glycerophosphoric acid, trypsin, casein 
hydrolysate made with hydrochloric acid. 

Group D. 1.5 to 1.1 
Trypsin hydrolysate of beef serum globulin, trypsin hydroly- 
sate of beef serum albumin, threoninc, isoleucine, alpha- 
amino-isobutyric acid, acid precipitate from alkali treated 
beef serum protein, casein hydrolysate made with sulfuric 
acid, alkali treated beef serum protein, sulfuric acid hy- 
drolysate of pancreas protein, sulfuric acid hydrolysate of 
beef serum protein, norvaline, milk protein hydro]ysate No. 
000319, levulinic acid, diiodotyrosine, amidol, hydroxypro- 
line, erepsin hydrolysatc of beef serum globulin, casein hy- 
drolysate made with barium hydroxide. 
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Group E. 1.0 or less 
Trypsin hydrolysate of beef serum, pepsin hydrolysate of 
beef serum albumin, nicotinic acid, melanin, dioxyphenyl- 
alanine, pepsin hydrolysate of beef serum, serine, lysino, 
cystiue, egg albumin, casein, pepsin, urea, peptic-tryptic 
digest of pancreas, pepsin hydrolysate of beef serum globu- 
lin, glycollic acid, aspartic acid, erepsin hydrolysate of beef 
serum albumin, creatinine, oxamide, choline, bovine alpha 
pseudoglobulin, hydroxylaminc, peptone, erepsin hydrolysate 
of beef serum, tyrosine, citrulline, succinimide, gluconie 
acid, uric acid. 

SECTION III. 

l~RIMAKY PItENOLIC ANTIOXlDAN'I~: NOI~DIHYDROGUAIARETIC 
AcID 

Group A. Syncrgists  with protective indices from 4.0 $o 3.1 
None. 

Group B. 3.0 to 2.1 
Methionine. 

Group C. 2.0 to 1.6 
Phenylalanine, leuelne, tryptophane, alanine, norlcucine, 
milk protein hydrolysate No. 2, norvaline, vallne, ascorbie 
acid. 

Group D. L5  to 1.1 
Milk protein hydrolysate No. 1, threonine, isoleucine, pro- 
line, alpha-anfino-isobutyric acid, dioxyphenylalanine, nin- 
hydrin, glutamic acid, propamidine, cystine, casein, milk 
protein hydrolysate No. 000319, eysteine, ascorbyl palmi- 
tare, arginine, histidine, choline, levulinic acid, bovine alpha 
pseudo-globulin, serine, asparagin, glycerophosphoric acid, 
hydroxyproline, diiodotyrosine, citrulinc, uric acid, urea, 
creatinine. 

Group E. 1.0 or less 
Trypsin hydrolysate of beef serum, amidol, casein hydroly- 
sate made with sulfuric acid, trypsin hydrolysate of beef 
serum albumin, peptone, tyrosine, erepsin hydrolysate of beef 
serum globulin, melanin, aspartie acid, egg albumin, pepsin, 
gluconic acid, peptic-tryptic digest of pancreas, peptic di- 
gest of pancreas protein, acid precipitate from alkali treated 
beef serum protein, trypsin, nicotinic acid, lysine, erepsin 
hydrolysate of beef serum albumin, succinimide, casein hy- 
drolysatc made with barium hydroxide, oxamide, barbituric 
acid, sulfuric acid hydrolysate of beef serum protein, glycol- 
lic acid, trypsin hydrolysate of beef serum globulin, alkali 
treated beef serum protein, sulfuric acid hydrolysate of 
paucreas protein, arsphenamine, casein hydrolysate made 
with hydrochloric acid, erepsin hydrolysate of beef serum, 
pepsin hydrolysate of beef serum albumin, pepsin hydroly- 
sate of beef serum globulin, pepsin hydrolysate of beef 
serum, hydroxylamine. 

A c k n o w l e d g m e n t s  
The p a n c r e a s  a n d  beef  s e r u m  p r o t e i n  h y d r o l y s a t e s  

m a n u f a c t u r e d  b y  S h a r p  a n d  Dohme,  Inc. ,  were gen- 
e rous ly  p r o v i d e d  b y  R. H.  B a r n e s  of t h a t  company .  
The mi lk  p r o t e i n  h y d r o l y s a t e s  which  were  m a n u f a c -  
t u r e d  b y  the  W.  F .  S t r a u b  C o m p a n y  were  gene rous ly  
p r o v i d e d  b y  C. P.  B a r n u m  of the  U n i v e r s i t y  of Min-  
nesota.  A c k n o w l e d g m e n t s  a re  also due  F r e d  Bock, 
A l b e r t  Mi lg rom,  a n d  Miss B a b e t t e  S p r i n g e r  for  t h e i r  
t echn ica l  ass is tance .  
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W H I L E  pur i f i ed  ca ro tene  is qu i te  suscep t ib le  to 
ox ida t ion ,  ca ro tene  in ca r ro t s  is r e m a r k a b l y  
s t ab le  a n d  qu i te  unaf fec ted  b y  a u t o c l a v i n g  a n d  

d r y i n g  on a i r .  Occur rence  of f a t - so lub le  a n t i o x i d a n t s  
in  ca r ro t s  has  been  d e s c r i b e d  b y  B r a d w a y  a n d  M a t t i l l  
(1) ,  b u t  t h e y  exc luded  the  presence  of tocophero ls  oil 
the  fo l lowing  g r o u n d s :  1) Bioassays  of ca r ro t s  gave 
low resul ts .  2) W h e a t  g e r m  a n t i o x i d a n t s  were  p re f -  
e r a b l y  so luble  in p e t r o l e u m  e the r  while  c a r r o t  an t i -  
o x i d a n t s  were  not. 3) The  d i s t i l l a t i on  r anges  u n d e r  
r e d u c e d  p r e s s u r e  of the  two f ac to r s  were  di f ferent .  

I n  the  fo l lowing  p a p e r  ev idence  wil l  be p r e sen t ed  
which ind i ca t e s  t h a t  tocophero l s  a re  chiefly respons i -  
ble  fo r  the  a n t i o x i d a n t  p r o p e r t i e s  of the  f a t - so lub le  
p o r t i o n  of car ro t s .  Mo lecu l a r  d i s t i l l a t i on  was used  fo r  
the  p u r p o s e  of c o n c e n t r a t i n g  a n d  c h a r a c t e r i z i n g  the  
a n t i ox idan t s .  This  t echn ique  has  f r e q u e n t l y  been  suc- 
cessful  in  dea l i ng  wi th  l ab i l e  f a t - so lub le  subs tances .  
Robeson a n d  B a x t e r  (13)  fo r  examp le  iden t i f i ed  the  
a n t i o x i d a n t  of sha rk  l i ve r  oil as a - tocophero l  b y  mo- 
l ecu l a r  d i s t i l l a t ion .  F o r  a d iscuss ion  of the  " a n a l y t i -  
c a l "  t echn ique  of m o l e c u l a r  d i s t i l l a t i on  used  in th i s  
work  the o r i g i n a l  a r t i c l e s  of H i c k m a n  (3) a n d  Em-  
b ree  (2)  shou ld  be consul ted .  

D e t e r m i n a t i o n  of  A n t i o x i d a n t  Ef fec t  

The  a n t i o x i d a n t  effect of d i f fe ren t  m a t e r i a l s  was 
c o m p a r e d  b y  a d d i t i o n  to a s u b s t r a t e  of d i s t i l l ed  

t From a thesis submitted in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy. 
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m e t h y l  es ters  of olive oil f a t t y  ac ids  a n d  d e t e r m i n a t i o n  
of pe rox ide  concen t r a t i ons  b y  a modi f ica t ion  of Whee l -  
e r ' s  me thod  (14) .  Such  a s u b s t r a t e  is conven ien t  fo r  
vo lumet r i c  a n d  co lo r ime t r i c  work,  b u t  qu i te  uns tab le .  
I t  was f r e s h l y  p r e p a r e d  be fo re  use a n d  a sample  of 
s u b s t r a t e  was i n c l u d e d  in e v e r y  a n a l y t i c a l  r u n  to 
account  fo r  v a r i a t i o n s  in  the  s u s c e p t i b i l i t y  to au tox i -  
da t ion  be tween  d i f fe ren t  ba tches  of subs t r a t e .  A t y p i -  
cal  s u b s t r a t e  p r e p a r a t i o n  is desc r ibed  be low:  

One hundred grams of olive oil were dehydrated by mixing 
with a small amount of benzene and distilling off the water- 
benzene azeotrope. The olive oil was refluxed with 300 ml. abso- 
lute methanol and 2.5 ml. concentrated sulfuric acid at the 
boiling point of methyl alcohol for about 16 hours. After 
cooling, fatty acids and glycerol were removed by adding ether 
and extracting with sodium carbonate solution. The product 
was dried overnight with drierite, the ether distilled off, and 
the crude methyl esters, weighing 91 gm., subjected to vacuum 
distillation in an asbestos-covered modified Claisen flask with 
electrically heated Vigreaux column. Most of the material 
(83 gm.) distilled between 190 and 200 ~ at 10 mm. pressure. 
The saponification equivalent of this fraction was 293, the 

"iodine value (Wijs '  method) was 79.5. 
F o r  the  e s t ima t ion  of the  r e l a t i ve  a n t i o x i d a n t  effect 

the  s u b s t r a t e  a n d  a d d e d  tes t  m a t e r i a l s  were  i n c u b a t e d  
in  g l a s s - s toppe red  125-ml. E r l c n m e y e r  flasks in  an 
o r d i n a r y  w a t e r  b a t h  k e p t  a t  50 • .25~ Cons t an t  
i l l u m i n a t i o n  f rom a 200-W. l i g h t  bu lb ,  a b o u t  one foot  
above  the su r f ace  of the  wa te r ,  was used  to acce le ra te  
au tox ida t i on .  E v e r y  24 hours  the  flasks were  m i x e d  
b y  ro ta t ion ,  t hen  a sample  was w i t h d r a w n  b y  p ipe t t e .  
A f t e r  h a v i n g  once d e t e r m i n e d  the we igh t  of m a t e r i a l  
de l ive red  b y  th is  p i p e t t e  a t  50 ~ we igh ing  of samples  


