
The Role of Amino Acids in the Autoxidation of Milk Fat 
Z.Y. C h e n l  a n d  W.W. N a w a r *  
Depa#ment of Food Science University of Massachusetts, Amherst, MA 01003 

47 

The e f f e c t s  o f  a m i n o  ac ids  and the ir  ana logs  on  mi lk  
fat  o x i d a t i o n  were  e x a m i n e d  under  var ious  c o n d i t i o n s  
by m e a s u r i n g  o x y g e n  c o n s u m p t i o n  and to ta l  unsatu-  
rated fatty  acids .  All  t h e  a m i n o  ac ids  t e s t e d  acted  a s  
ant iox idants ,  character i s t i ca l ly  e x t e n d i n g  the  induc- 
t ion per iod  ( IP) .  N o t  only  pr imary  a m i n o  groups  are  
r e s p o n s i b l e  for  the  ant iox idat ive  act iv i t ies  o f  amino  
acids ,  but  a l so  the  s ide -cha in  groups  contr ibute ,  at 
l eas t  partial ly,  to  the  protec t ive  e f f e c t s  o f  L-cysteine,  
L-tryptophan and L-tyrosine.  In a q u e o u s  and HCL 
s o l u t i o n s ,  the  ant iox ida t ive  e f f e c t s  o f  L-alanine w e r e  
s ign i f i cant ly  reduced .  The  freeze -dr ied  L-lysine-HCL 
and L-alanine HCL acce lerated ,  wh i l e  the  correspond-  
ing contro l  a m i n o  ac ids  inhibi ted ,  mi lk  fat  ox idat ion .  

KEY WORDS: A m i n o  acids ,  ant iox idant ,  autox idat ion ,  
mi lk  fat. 

Amino acids have been reported to act as antioxidants, 
prooxidants  and /o r  to have no effect on the oxidation of 
lipids (1,2). The mechanisms reported for the antioxidant 
effects include the following: (i) they act as pr imary 
antioxidants mainly due to their pr imary groups (3); (ii) 
chelation of prooxidative trace metals (4); (iii) genera- 
tion of pr imary antioxidants (5); (iv) synergism with 
other food constituents (3). However, fewer explanations 
have been proposed for the prooxidative effects of amino 
acids. Farag and co~workers (2) suggested that  protonat-  
ed amino groups (NH3 *) accelerate lipid oxidation, while 
non-protonated amino groups (NH2) inhibit the lipid 
oxidation. Riisom et al. (6) reported that  in emulsion the 
ant ioxidant /prooxidant  effects of amino acids depend 
on the pH. The prooxidant  activity of amino acids was 
enhanced with decreasing pH. 

In the present work, the effects of amino acids on milk 
fat oxidation were studied further. 

MATERIALS AND METHODS 

Materials. All amino acids (99%), N~-acetyllysine (99%), 
N~-acetyllysine (99%) and Na-acetyllysine methyl ester 
(99%) were purchased from Sigma Chemical Co. (St. 
Louis, MO). Succinic acid (99%), and indoleacetic acid 
(99%) were obtained from Aldrich Chemical Company 
(Milwaukee, WI). 

Preparation of milk fat. Fresh milk was obtained from 
the University of Massachusetts farm (Amherst, MA). 
After pasteurization, the cream was separated by centrif- 
ugation, churned at 4°C, melted at 45°C and centrifuged 
at 2,000 rpm (Size Z, Model K, International  Equipment 
Co., Boston, MA) for 40 min. The milk fat layer was 
pipetted and saved. 

Measurem~tt of oxygen uptake. The reactive vessel 
described by Bunick (7) was used to monitor  the milk fat 
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oxidation. Ten milligrams of amino acids or their corre- 
sponding analogs were weighed into the reactive vessels. 
Two milliliters of hexane containing 200 mg of milk fat 
was placed into each reaction vessel. The components  
were mixed thoroughly, and the hexane was removed 
under  a gentle stream of nitrogen. The reaction vessel was 
then flushed with air and sealed tightly. In some cases, 
300 pL of distilled water or 0.1 N HCL solution was added. 
Oxidation was conducted at 50°C and 95°C with constant  
stirring. The headspace oxygen was sampled periodically 
with a gas-tight syringe and analyzed in a Varian 90-P gas 
chromatograph fitted with a 1/8" X 3' stainless steel 
column packed with Molecular Sieve 5A (60/80 mesh) 
(supelco, Bellefonte, PA), and a thermal conductivity 
detector was used. The percent oxygen in the headspace 
was calculated from the ratio of the oxygen to nitrogen 
peaks. 

Fatty acid analysis. Fatty acids were methylated 
according to Glass (8), analyzed in an HP 5890 A 
instrument equipped with a 30 m X .32 mm I.D. Supel- 
cowax l0 capillary column. Triheptadecanoin was used 
as an internal s tandard for quantitation. 

RESULTS AND DISCUSSION 

All of the amino acids tested exhibited considerable 
protection of milk fat against oxidation at 95°C, as 
indicated by oxygen uptake (Fig. 1-3). This action was 
typically demonstrated by prolongation of the induction 
period (IP). As seen in Table 1 the degree of protection 
varied among the amino acids with cysteine, t ryptophan 
and lysine showing the strongest inhibition. When each of 
these three amino acids was added, the milk fat remained 
highly stable throughout  the period examined, i.e. 150 hr. 
Fat ty acid analysis data  were consistent with the above 
results. While total unsaturated fatty acids dropped by 
50% in 48 hr in the control milk fat, they remained 
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F IG.  1. E f f e c t s  o f  a m i n o  a c i d s  o n  t h e  o x i d a t i o n  o f  m i l k  f a t  a t  95~C 
in  t h e  a b s e n c e  o f  water :  • - -  i n s t r u m e n t a l  contro l ,  • - -  m i l k  fat ,  
• - -  m i l k  fat  + L-cyste ine ,  • - -  m i l k  fat  + L-ser ine ,  • - -  m i l k  fat  
+ L-tyros ine .  
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F I G .  2.  E f f e c t s  o f  a m i n o  a c i d s  o n  t h e  o x i d a t i o n  o f  m i l k  f a t  a t  95°C 
i n  t h e  a b s e n c e  o f  w a t e r :  • - -  i n s t r u m e n t a l  c o n t r o l ,  • - -  m i l k  fa t ,  
[ ]  - -  m i l k  f a t  + L - a l a n i n e ,  • - -  m i l k  f a t  + L - t r y p t o p h a n .  
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F I G .  3. E f f e c t s  o f  a m i n o  a c i d s  o n  t h e  o x i d a t i o n  o f  m i l k  f a t  a t  95°C 
i n  t h e  a b s e n c e  o f  w a t e r :  • - -  i n s t r u m e n t a l  c o n t r o l ,  • - -  m i l k  fa t ,  
• - -  m i l k  f a t  + L - l y s i n e ,  • - -  m i l k  f a t  + L - h i s t i d i n e .  

T A B L E  1 

I n d u c t i o n  p e r i o d s  ( I P )  o f  M i l k  F a t  w i t h  t h e  A d d i t i o n  o f  A m i n o  
A c i d s  a t  95°C 

Samples IP (hr) 

Milk fat <10 
Milk fat + cysteine ~150 
Milk fat + tryptophan ~150 
Milk fat + lysine )150 
Milk fat + alanine 120 
Milk fat + serine 90 
Milk fat + histidine 70 
Milk fat + tyrosine 65 
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F I G .  4 .  E f f e c t s  o f  a m i n o  a c i d s  o n  c h a n g e  i n  t o t a l  u n s a t u r a t e d  
f a t t y  a c i d s  o f  m i l k  f a t  a t  95°C i n  t h e  a b s e n c e  o f  w a t e r :  • - -  m i l k  
fa t ,  • - -  m i l k  f a t  + L - a l a n i n e ,  • - -  m i l k  f a t  + L - l y s i n e .  
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F I G .  5. E f f e c t s  o f  L - a s p a r t i c  a c i d  a n d  i t s  a n a l o g  s u c c i n i c  a c i d  o n  
t h e  o x i d a t i o n  o f  m i l k  f a t  a t  95°C in  t h e  a b s e n c e  o f  w a t e r :  • - -  
i n s t r u m e n t a l  c o n t r o l ,  • - -  m i l k  fa t ,  • - -  m i l k  f a t  + L - a s p a r t i c ,  • 
- -  m i l k  f a t  + s u c c i n i c  a c i d .  

u n c h a n g e d  when  a n y  of the amino  acids tes ted was  
added.  Only the  effects of a l an ine  a n d  try-ptophan are 
shown  here (Fig. 4). 

To invest igate  the  role of the  a mi no  groups  in ant ioxi-  
da t ion ,  the  inhib i t ing  effects of a mi no  acids were com- 
p a r e d  with analogs  which are s t r uc tu r a l l y  s imilar  bu t  
where  the  amino  g roup  was absen t  or blocked. As shown  
in Figure  5, aspar t ic  acid s ignif icant ly pro longed  the  IP of 
milk fat  (85 hr),  while  the  sample  con t a in ing  succinic acid 
oxidized a lmos t  as fast  as the  con t ro l  (10 hr).  This clearly 
ind ica tes  t h a t  the  p r i m a r y  amino  group  plays a major  role 
in the  inhibi t ing act ivi ty of amino  acids. Figure 6 shows 
t h a t  an  amino  group  on  the side cha in  of an  amino  acid is 
also pro tec t ive  a l though  to a lesser degree t h a n  t h a t  of  
the  a lpha  amino  group.  When the  epsi lon amino  group  of 
lysine was  blocked, it exhibi ted  less p ro tec t ion  t h a n  w h e n  
the  p r i m a r y  group  was  inact ivated.  Obviously, the s t rong-  
est  effect was  d e m o n s t r a t e d  w h e n  bo th  groups were  
presen t .  
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F I G .  6. E f f e c t s  o f  L - l y s i n e  a n d  i t s  a n a l o g s  o n t h e  o x i d a t i o n  o f  m i l k  
fa t  a t  95°C in  t h e  a b s e n c e  o f  w a t e r :  • - -  i n s t r u m e n t a l  c o n t r o l ,  • 
- -  m i l k  fa t ,  • - -  m i l k  f a t  + L - l y s i n e ,  • - -  m i l k  f a t  + N ~ -  
a c e t y l l y s i n e ,  • - -  m i l k  f a t  + N ~ a c e t y l l y s i n e .  
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FIG. 7. E f f e c t s  o f  L - t r y p t o p h a n  a n d  i t s  a n a l o g  i n d o l e a c e t i c  a c i d  
o n  t h e  o x i d a t i o n  o f  m i l k  f a t  a t  95°C i n  t h e  a b s e n c e  o f  w a t e r :  • -- 
instrumental c o n t r o l ,  • --  milk fat, • -- milk fat + L - t r y p t o p h a n ,  
• - -  m i l k  f a t  + i n d o I e a c e t i c  a c i d .  

The r emarkab le  a n t i o x i d a n t  effect of the  indolyl  g roup  
is d e m o n s t r a t e d  in Figure 7. Even in the  absence  of the  
p r ima ry  amino  group,  as when  indoleacet ic  acid was 
used, s t rong s tabi l i ty  of milk fat could be observed beyond 
150 hr. 

To s tudy  the  effect of the  m e d i u m  in which  the  
subs t ra te ,  i.e. the  lipid, and  the  amino  acid co-exist,  the  
effects of some amino  acids in dry, aqueous  and  acidified 
med ia  were compared .  

At 95°C the  p resence  of wa te r  s ignif icant ly r educed  the  
an t iox ida t ive  effect of a l an ine  (Fig. 8). The ineffect iveness 
of the  p r ima ry  amino  group  in the  p resence  of wa te r  m a y  
be due  to a lesser con t ac t  wi th  the  subs t ra te ,  to hydrogen  
bond ing  be tween  the  amino  group and  the  wa te r  mole 

F I G .  8. E f f e c t s  o f  L - a l a n i n e  i n  0.1 N H C L  o n  t h e  o x i d a t i o n  o f  m i l k  
f a t  a t  95°C: O - -  m i l k  fa t ,  • - -  m i l k  f a t  + w a t e r ,  A - -  m i l k  f a t  + L- 
a l a n i n e ,  • - -  m i l k  f a t  + L - a l a n i n e  + w a t e r ,  • - -  m i l k  f a t  + L- 
a l a n i n e  + 0.1 N HCL s o l u t i o n .  
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F I G .  9.  E f f e c t s  o f  t h e  c a r b o x y l  g r o u p  o f  L - l y s i n e  o n  t h e  o x i d a t i o n  
o f  m i l k  f a t  a t  95°C i n  t h e  a b s e n c e  o f  w a t e r :  • - -  i n s t r u m e n t a l  
c o n t r o l ,  • - -  m i l k  fa t ,  • - -  m i l k  f a t  + N ~ - a c e t y l l y s i n e ,  • - -  m i l k  
f a t  + N ~ - a c e t y l l y s i n e  m e t h y l  e s t e r .  

cules, or  to a higher  degree of p r o t o n a t i o n  in the  aqueous  
sys tem (2). In 0.1 N HCL solut ion,  the  protect ive  inf luence  
of a l an ine  was fu r the r  reduced,  the  i nduc t ion  per iod  
a pp r oa c h i ng  tha t  of the  control .  In  this  case a change  in 
the  s ta te  of the  carboxyl  g roup  ma y  be involved. The 
p r o t o n a t e d  form (-COOH), more  a b u n d a n t  in the  acidi  
fled system, ma y  be less protect ive  t h a n  the negatively 
charged  group ( C O 0 - )  at  higher  pH. The fact t h a t  
carboxyl  groups  of amino  acids ma y  exhibi t  some ant iox-  
idative effect is ev ident  f rom the  d a t a  in Figure 9. When 
the  carboxyl  g roup  of Na-acetyl lysine,  which  exhibi ted  an  
inhib i t ing  effect, was blocked by methy la t ion ,  the  oxida-  
t ion  of milk fat was accelerated.  

When the  a lanine-HCL or lysine-HCL solut ions  were  
freeze-dried, the i r  an t iox ida t ive  effects at  95°C were  
reversed.  They acce lera ted  ox ida t ion  of milk fat (Fig. 10). 
The same  behavior  was also observed at  50°C (Fig. 11). 
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It can  be seen  t h a t  HCL a p p e a r s  to  n e g a t e  the  ant ioxi-  
da t ive  effects  o f  a m i n o  acids, bo th  in t he  p r e s e n c e  and  the  
absence  of  wa te r .  W h e t h e r  th is  behav ior  is due  to an effect 
on the  amino  or  t he  ca rboxy l  groups,  to an  effect of  the  
ch lor ine  moiety,  or  to  some  o t h e r  phys ica l  p h e n o m e n o n ,  
is not  c lear  a t  this  t ime.  The an t iox ida t ive  effects  of  lysine 
and  a lan ine  w e r e  also m a r k e d l y  r e d u c e d  w h e n  H2SO4 was  
used in s t ead  of  HCL, a l though  no acce le ra t ion  was  
observed.  

The p r i m a r y  amino  g roup  of  amino  acids  plays a ma jo r  
role  in the i r  an t i ox ida t ive  proper t ies .  However ,  carboxyl  
groups,  as well  as va r ious  func t iona l  g roups  on the  side 
chains,  c o n t r i b u t e  to  va ry ing  degrees  to  t h e  p ro tec t ive  
effects of  amino  acids. The p r e s e n c e  of  w a t e r  and addi-  
t ion of  acids  reduce ,  pa r t i a l ly  or  complete ly ,  the  ability of  
amino  acids  to ac t  as an t iox idan t s .  U n d e r  some condi-  
t ions amino  acids  m a y  exhib i t  p ro o x id a t i v e  activities. It  is 
more  t h a n  likely t h a t  the  effect  of  any  single p a r a m e t e r  
ref lects  t he  ne t  ba l ance  or  i n t e r ac t i on  b e t w e e n  oppos ing  
inf luences  occu r r ing  s imul taneously .  
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F I G .  11 .  E f f e c t s  o f  f r e e z e - d r i e d  a m i n o  a c i d - H C L  s o l u t i o n  o n  t h e  
o x i d a t i o n  o f  m i l k  f a t  a t  50°C: • - -  m i l k  f a t ,  A - -  m i l k  f a t  + I~ 
l y s i n e ,  • - -  m i l k  f a t  + L - l y s i n e . H C L ,  [ ]  - -  m i l k  f a t  + L - a l a n i n e ,  • 
- -  m i l k  f a t  + L - a l a n i n e . H C L .  

A C K N O W L E D G M E N T  

This research was supported in part by University of Massachusetts 
Expt. St. Hatch Project No. 654 and a grant from the Dairy Bureau of 
Canada. 

REFERENCES 

1. Taylor, M.J., and T. Richardson, J. Food Sci. 45:1223 (1980). 
2. Farag, R.S., S.A. Osman, S.A.S. Hallabo and A.A. Nasr, J. Am. Oil 

Chem. Soc. 55:703 (1978). 
3. Marcuse, R., Ibid. 39:97 (1962). 
4. Desnuelle, P., The Protein, edited by H. Hans, and B. Kenneth, 

Academic Press, New York, NY, 1953, p. 116. 
5. Golumbic, C., The Biological Antioxidants, Josiah Nacy, Jr. 

Foundation, New York, NY, 1946, p. 46. 
6. Riisom, T., R.J. Sims and J.A. Fioriti, J. Am. Oil Chem. Soc. 

57.'354 (1980). 
7. Bunick, F.J., Lipid Autooxidation in Human Red Blood Cell 

Membrane, Ph.D. Dissertation, University of Massachusetts at 
Amherst, Massachusetts, 1984. 

8. Glass, R.L., Lipids 6:919 (1972). 

[Received June 10, 1990; accepted October 30, 1990] 

J A O C S ,  Vo l .  68, no.  1 ( J a n u a r y  1 9 9 1 )  


