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Antioxidant efficacy of the amino acids methionine, tryp- 
tophan, aspartic acid, serine, alanine and arglnine in methyl 
linoleate were compared to a methyl linoleate control at 
2, 50 or 79% relative humidity (RH) at 37~ Antioxidant 
efficacy varied with RH and the individual amino acids. 
Arginine had the highest antioxidant efficacy at all RH 
values compared to the control. The efficacy of alanine was 
equal to that of arginine at RHs of 50 and 79% but was 
lower at 2% RH. The presence of aliphatic, alkaline amin~ 
hydroxyl or thiol groups in the side chain of the amino 
acids increased the antioxidant efficacy at high RHs. 
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linoleate, relative humidity. 

Amino acids exhibit antioxidant properties in oils and fats 
(1-5). Marcuse (1) reported tryptephan and histidine to have 
good antioxidant effects in methyl linoleate emulsior~ Karel 
et aL (2) observed that histidin~ lysin~ ~amino butyric acid 
and cysteine have an antioxidant effect in freeze-dried model 
systems of methyl linoleate supported on cellulose and in 
the absence of water. Methionine, threonine, lysine and 
histidine have antioxidative effects in freeze-dried emulsions 
of safflower oil (3). Seher and LSschner (4) found a mixture 
of amino acids to have good antioxidant activity in lar~ 
Recently, Chen and Nawar (5) studied the positive antioxi- 
dant effects of amino acids on milk fat oxidation. However, 
the antioxidant efficacy of amino acids as a function of 
relative humidity in lipid systems is less well known. 
Because free amino acids are present in foods, a study of 
their antioxidant effects is of practical interest. The antiox- 
idant activities of aliphatic" aromatic, basic, dicarboxylic, 
hydroxylic and sulfur amino acids in methyl linoleate at 
37~ and at 2, 50 and 79% relative humidities (RHs) are 
reporte~ 

MATERIALS AND METHODS 

Materials. Methyl linoleate was prepared by methanolysis 
of safflower oil and purified by silica-gel column chro- 
matography, followed by high-vacuum distillation, as 
described earlier (6). Amino acids included L-methionine 
(L. Light & Co., Ltd., Colnbrook, Bucks, England), DL- 
tryptophan and L-arginine (E. Merck, Darmstadt, Ger- 
many}, DL-aspartic acid, DL-a(-alanine and DL-serine 
(BDH Chemicals Ltd., Poole, England). 

Autoxidat ion .  Duplicate methyl linoleate (2.5 mL) 
samples with and without amino acids were placed in the 
main vessel of War~ rg  flasks. Finely powdered amino 
acids were dispersed in methyl linoleate at 500 ppm prior 
to transfer to the flasks. Appropriate RH was maintained 
in the Warburg flask by 0.5 mL of a saturated solution 
of magnesium nitrate for 50% RH, 0.5 mL of a saturated 
solution of ammonium sulfate for 79% RH and 0.75 g 
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(equivalent to 0.5 mL of salt solution) of fused calcium 
chloride for 2% RH. The saturated salt solution or fused 
calcium chloride was placed in the side arm of the War- 
burg flask. The flasks were connected to manometers and 
flushed with air of the respective RH. The entire assembly 
was placed in a shaker water bath at 37 __ 0.1~ After 
equilibrating 2 h, the system was sealed, and the samples 
were heated for up to 182 h. 

Methods .  The Warburg flasks for determining oxygen 
uptake were calibrated with the procedure of Umbreit et  
al. (7). The monomolecular rate constant was calculated 
from oxygen uptake data according to procedure of 
Labuza et  al. (8) and analyzed statistically by one-way 
analysis of variance and by Duncan's multiple range test 
for segregating differences between mean values of rate 
constants (9). Antioxidant efficacy (AE) of the amino acids 
was calculated as the ratio of rates of oxygen uptake of 
the methyl linoleate control to that of amino acid-treated 
methyl linoleate samples. 

RESULTS AND DISCUSSION 

The oxygen uptake values of methyl linoleate oxidized at 
37~ with 500 ppm of methionine, tryptophan, aspartic 
acid, serine~ alanine or arginine are shown in Figure 1. At 
2 and 79% RH, control methyl linoleate showed higher 
oxygen uptake than at 50% RH, thus exhibiting the usual 
high-low-high pattern of oxidation of lipids with increas- 
ing RH of the system (10). All samples treated with amino 
acids showed decreasing oxygen absorption with increas- 
ing RH, from 2 to 50%. Alanine and arginine showed the 
lowest oxygen absorption at both 50 and 79% RH. 

The monomolecular rate constant (Kin) calculated from 
the oxygen uptake values are given in Table 1. The Km 
values of methyl linoleate dropped significantly when 
treated with any of the amino acids at all three RHs 2, 
50 and 79%). Alanine and arginine had zero K~ values at 
50 and 79% RH. 

The ratios of K~ of control methyl linoleate to that of 
linoleate treated with amino acids, expressed as AE for 
individual amino acids, are shown in Figure 2. The results 
showed that while AE of all amino acids Was high as com- 
pared to the control, that  of arginine was the highest at 
all RHs. Alanine had an AE close to that  of arginine at 
RHs of 50 and 79%; however, at RH of 2% it was less ef- 
fective. The amino acids showed the following order (_ 
equal to; >, higher than; >>, much higher than) of decreas- 
ing antioxidant efficacy at indicated RHs. At 2% RH, 
arginine > alanine = serine = methionine > tryptophan 
> aspartic acid; at 50% RH, arginine -- alanine >> 
methionine = serine -- aspartic acid > tryptophan; and 
at 79% RH, arginine = alanine >> methionine > serine 
> aspartic acid -- tryptophan. 

The reason for the variation in AE for different amino 
acids with RH is not clear; however, this study indicated 
that  the functional groups in the side chain of individual 
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FIG. 1. Oxygen uptake of amino acids treated methyl  linoleate at 
37~ and at three levels of relative humidity {RH) (ML, methyl  
linoleate; Met, ML + methionine; Trp, ML + tryptophan; Asp, ML 
+ aspartic acid; Ser, ML + serine; Ala, ML + alanine; Arg, ML + 
arginine). 

amino acids may be important. Alanine has a methyl 
group in the side chain, arginine has a guanidino ethyl 
group attached to the methyl group of alanine and aspar- 
tic acid has a carboxyl group attached to the methyl group 

T A B L E  1 

Monomoleeular Rate Constants  of Methyl  Linoleate Autoxidized 
at Different Relative Humidit ies  with and without  Added Amino 
Acids at 37~ 

K m X 103 (mM 02/Mole)l /2/h a 
a t  re la t ive  h u m i d i t y  (%) 

Sample  2 50 79 

1. M e t h y l  l inoleate  (ML) 
(control) 20.5 g 12.4 f 17.6 g 

2. M L  + m e t h i o n i n e  3.3 d 2.8 d 2.4 d 
3. M L  + t r y p t o p h a n  4.8 e 3.2 e 3.3 f 
4. M L  + a spa r t i c  acid 5.2 f 2.9 d'e 3.2 e,f 
5. M L  + ser ine  3.1 d 2.8 d 2.9 d'e 
6. M L  + a lan ine  3.1 d 0.0 c 0.0 c 
7. ML + a rg in ine  2.1 c 0.0 c 0.0 c 
SErn (df) +-0.10 114) +--0.11 (14) +0 . 0 9  (14) 

aRate  c o n s t a n t s  wi th  d i f fe ren t  supe r sc r i p t  l e t t e r s  in a co lumn  are  
s ign i f ican t ly  d i f fe rent  f r o m  each  o the r  (P < 0.05). SEm = s t a n d a r d  
error; df  -- degrees  of f reedom.  

of alanine (Table 2). Substitution of one hydrogen atom 
of the methyl group of alanine by a guanidino ethyl group 
enhanced the antioxidant efficacy, while a carboxyl group 
substitution lowered the AE (Table 2). Substitution altered 
the isoelectric pH of alanine (11) and also brought in the 
factor of pK value of the side chain. All the amino acids 
studied showed considerable AE at 2% RH in the absence 
of moisture. This indicates that  the amino acids can ex- 
hibit considerable antioxidant activity in the un- 
dissociated form. Dissociation of the amino acid (or the 
side chain) therefore may not be a factor for antioxidant 
activity of amino acids. At 50 and 79% RH, some dissocia- 
tion of the amino acids could exist, but such dissociation 
appears to be important only with arginine. Increase in 
isoelectric pH of the aliphatic amino acids (except the 
aromatic tryptophan) seems to correlate with the AE; 
however, with the limited data available, no definite con- 
clusion can be made. 
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FIG. 2. Antioxidant efficacy of amino acids to oxidizing methyl 
linoleate at different RHs. Antioxidant efficacy equals the rate of 
autoxidation of control methyl linoleate/rate of autoxidation of amino 
acid-treated methyl  linoleate. For samples Ala and Arg at 50 and 
79% RH, the rate of autoxidation has been taken as 0.1 (K m = 0.0) 
for calculation of their antioxidant efficacy. Abbreviations as in 
Figure 1. 
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TABLE 2 

Comparison of Observed Antioxidant Efficacy of Amino Acids with Isoelectric pH and pK Values from the Literature 
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H2 H2 H2 H2 H2 H2 
HNH 2 HNH 2 HNH 2 HNH 2 NH 2 HNH 2 

COOH COOH COOH COOH COOH COOH 

Aspartic Serine Methionine Tryptophan Alanine Arginihe Reference 

ipH a 2.77 5.68 5.74 5.89 6.01 10.7,6 11 
pK b 3.65 . . . .  12.~4 11 
AE c 3.9 6.6 6.2 4.3 6.6 9.~ - -  

aipH, isoelectric pH. 
bpK, pK of side chain. 
CAE, antioxidant efficacy at 2% relative humidity. 

A t  h igh R H s  of 50 and  79%, A E  of all amino  acids in- 
creased in compar i son  to the  control  me thy l  linoleate, ir- 
respective of the  funct ional  g roups  in their  side chain. 
Water  molecules have been impl ica ted  in the  radical  re- 
combina t ion  react ions (12), and perhaps  the  react ions are 
more effective in the  presence of amino acids. 

These resul ts  indicate  t h a t  free amino  acids signifi- 
cant ly  protec ted  methy l  linoleate aga ins t  oxidation. Shelf 
life of  foods can be improved  by  regula t ion  of the  equil- 
ibr ium R H  to  control  lipid ox ida t ion  react ions  (10). 
Therefore, improved an t iox idan t  ac t iv i ty  in foods m a y  be 
possible under  specific R H  condi t ions  and  wi th  amino 
acids na tu ra l ly  present  in such foods. 
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