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Studies on Antioxidant Activity of Amino- -Carbonyl
Reaction Products

Part 1.

Antioxidant Activity of Amino Acids and

Browning Solutions of Amino Acids
with Glucose

Yuichiro ToMmrta

(Laboratory of Animal Nutrition)
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Table 1. Antioxidant Activity of Amino Acids
| | Heat I |
. . ! eated | . - ) Heated
Amino acids | Unheated 1(1200(:’ .| Amino acids . Unheated (120°C, 1hr)
S ,ﬂ,,,ﬂ,_,‘,,u,,,,_,‘, ——— SO DU D

Control " 100 ‘ 100 l

| i i
L-Alanine 97 74 | L-Lysine* 88 70
Glycine 67 ! 93 ‘\ L-Hydroxy-proline 78 63
L-Isoleucine 86 73 }‘ L-Proline 98 117
L-Leucine | 80 127 | L-Cystein® | 10 20

‘ |
L-Serine 1 71 ‘ 63 ‘ L-Mecthionine 46 43
L-Threonine 58 : 77 ‘w L-Phenylalanine 68 57
L-Valine L 50 50 i} L-Tryptophan 16 17

o | ‘ .

L-Aspartic acid i 69 94 ‘ L-Tyrosine 4 10

i 1 |
L-Glutamic acid - 76 94 | r-Amino butyric acid 100 79

i \ i
L-Glutamine \ 79 | 113 ,\[ e-Amino capric acid 98 92

i I .

L-Arginine* 1 56 | 52 | L-Ornithine* 84 80

| | !

il

L-Hsitidine* : 28 | 30 M 5-Hydroxy-tryptophan 2 5

* chloride

Linoleic acid was dissolved in ethyl alcohol and diluted with 0.05 M phosphate buffer of

pH 7.5.

concentraton of

Peroxide value was determined as ODsop by the method of

This solution, containing 20 % ethyl alcohol,
Amino acid was dissolved in the same buffer.
Five ml. of incubation-mixture which consisted of 2.5 ml.
2.5 mi. of the adequately-dilu-ted-amino-acid-solution was shaken at 40°C for 24 hr..
linoleic acid and amino acid was 10°*M and 10°* M, respectively.

was used as the substrate.

the linoleic acid solution and
Final

Mitsuda et al,,®

The values in the Table are the percentage 1o {the peroxide value of the control experi-

ment without amino acid.
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Table 2. Antioxidant Activity of Mixed and Browning-Solution of Various Amino

Acids and Glucose,

Amino acids

Control
L-Alanine
Glycine
L-Isoleucine
L-Leucine
L-Serine
L-Threonine
L-Valine
L-Aspartic acid
L-Glutamic acid
L-Glutamine

L-Arginine*
L-Histidine*
L-Lysine*
L-Hydroxy-proline
L-Proline
L-Cystein®
L-Methionine
L-Phenylalanine
L-Tryptophan
L-Tyrosine

r-Amino butyric acid
s~Amino capric acid
L-Ornithine*

5= HleOXY-lI‘ypiophn
Arginine-Glutamic acid
Lysine-Aspartic acid
Lysme Glutdmlc aud

® ch101 ide

Mixed solution® f

Browmng solutlon"’

1079 M© | 103NF> 24101 M
100 100 100
114 35 76
119 5 56

154 10 47
156 6 62
89 5 70
85 12 81
95 3 90
129 7 12
148 23 130
58 41 77
88 43 73
58 41 37
119 3 72
120 10 57
110 5 54
19 5 62
110 73 62
94 7 62
17 0 9
4 78 75
162 37 49
118 55 51
97 4 70
1 , 3 23
32
52
; 56

a) : A mixture of the same molar amino acid and glucose in buffer solution.

b) : A mixture of 10°2M amino acid and 10

at 120°C for 1 hr..

Five mi. of incubation- mixture which consisted of

M glucose in buffer solution was heated

2.5 ml. of the linoleic acid solution

and 2.5 ml. of the aedquately diluted mixed or browning-solution of amino acid and

glucose were shaken at 40°C for 24 hr.,

¢) : Shown on the basis of the concentration of initially given amino acid.
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Antioxidant Activity of Several Amino Acids and Browning-

Solution of those Amino Acids with Glucose.

Amino acids

Control
L-Valine
L-Aspartic acid
L-Lysine*
I-Histidine*
L-Proline
L-Cystein*
L-Tryptophan
L-Tyrosine
5-Hydroxy-tryptophan

None-\k* “

Amino acid Browning solution
alone (120°C, 1 hr.)

100 100
120 51
124 93
132 53
51 26
117 33
183 44
64 3
110 50
21 8

50

# chloride , *¥* glucose alone

Preparation of the browning-solution and the incubation-mixture was the same as shown
in the legend of Table 1 and 2, except that the conceniration in incubation mixture, shown
on the basis of the initially given amino acid, was 5<10°°M and that the incubation time

was 20 hr..

The values are shown as the percentage to the peroxide value of the control experiment

without amino acid or browning-solution.
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TBA value

PRSI |
100

Incubation time (hr.)

Fig. 3. Antioxidant Activity of Browing-
Solution of Several Amino Acids

with Glucose.

Preparation of the browning-solution and
the incubation-mixture was the same as
shown in Table 2, except that the concent-
ration of incubation-mixture was 210 °M.

TBA value was determined accoding to
the method of Dahle (13) and shown as
malonaldehyde 7 per Smi. of the incubation
mixture.
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Table 4. Color Intensity and Electron-Donating-Ability of Browning-Solution
of Various Amino Acids with Glucose.

Amino Acids
Lysine-Aspartic acid
L-Tryptophan
L-Lysine*
Lysine-Glutamic acid
Glycine
e-Amino capric acid
r-Amino butyric acid
L-Tyrosine
L-Methionine
L-Ornithine*

L-Phenylalanine
L-Proline
L-Leucine
L-Valine
L-Glutamine
L-Isoleucine
L-Alanine
L-Hydoxy-proline
L-Serine
L-Threonine

Arginine-Glutamic acid
L-Arginine*
L-Aspartic acid
L-Glutamic acid
L-Cystein*

Color intensity®

Electron donating

Ability®
0.990 0.313
0.985 ‘ 0.318
0.950 ‘ 0. 280
0.913 | 0.315
0.872 | 0. 230
0.872 | 0.173
0.815 0.167
0. 685 0. 268
0. 647 | 0.187
0.615 5 0.225
0.595 0.250
0.595 | 0.198
0.578 A 0. 222
0.578 0.197
0.573 0.130
0.529 0.198
0.525 0.173
0.515 0. 200
0. 448 0. 194
0.372 0.195
0.287 0.185
0. 264 0.174
0. 245 0.073
0.225 0. 105

0. 050 i 0. 540

* chloride
a) : ODyy, of browning solution.

b) : a,a’-Diphenyl-ﬂ-picrylhydrazyl (DPPH) colorimetry was fixed according to Mi-
tsuda et al..” Shown as the difference of OD;,; between DPPH with and without

browning-solution,
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Summary

Some amino acids exhibited antioxidative effects upon the autoxidation of linoleic acid,

and those heated at 120°C for 1 hr. also showed the same effects.

Among these amino acids,

5-hydroxy-tryptophan, tyrosine, cystein, tryptophan, and histidine were ascertained to be

especially and effectively antioxidant.

Addition of unheated glucose to amino acid resulted in

a proxidation of linoleic acid. However, in the case of the above mentioned five amino acids,
their antioxidative effects surpassed the negative effects due to glucose.

On the other hand, when the mixture of amino acid and glucose was heated at 120°C for
1 hr., the resulting browning-solution showed stronger antioxidant activity than in the case of
amino acid alone. The browning-solution prepared from tryptophan with glucose was noted
to be most effective. Moreover, it was found that there was a clear correlationship between
the color intensity and the electron-donating-ability.,




