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Studies on Antioxidant Activity of Amino-Carbonyl Reaction Products

Part 1I.

Influence of Reaction-Condition of Tryptophan

and Glucose on Antioxidant Activity
of the Resulting Browning-Solution

Yuichiro TomiTa

(Laboratory of Animal Nutrition)
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Table 1. The Influence of Buffer Variety of Reaction-Solution of Amino Acids
with Glucose on Antioxidant Activity of Resulting Browning-Solutions.

Tryptophan-glucose ‘ Lysine-glucose
Buffer solutions ’ - ,bVQ,,\VPng',SQL"L'“0,“;”,, b 7V_prqiwgirngr—vsqlutjpn?)’ o
(pH 7.0,0.05 M) | Color intensity” | POV &© \ Color iniensity” POV &
Veronal ; 0. 052 K 82 | 0. 065 o2
Borate 0. 531 | 30 0.615 | 33
IERE ‘ 0.635 . .

Phosphate i 0. 570

Linoleic acid was dissolved in ethyl alcohol and diluted with 0.05 M phosphate bufler of
pH 7.5. This solution, containing 20 % ethyl alcohol, was used as the substrate.

Five ml. of incubation mixture consisting of 2.5 ml. of linoleic acid solution and 2.5 ml.
of the adequately diluted browning-solution was shaken at 40°C for 24 hr..

Final concentration of linoleic acid was 10-2M. The concentration in incubation mixtue,
shown on the basis of initially given amino acid, was 5% 1074 M,

a) : A mixture of 10°M amino acid and 10 *M glucose in buffer solution was heated at
120°C for 1 hr..

b) 1 ODys Of browning-solution.

¢) : Peroxide value (POV) was determined as ODsg by the method of the previous
paper (1) The values are shown as the percentage to POV of the control experiment

without browning-solution.
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Table 2. The Influence of Phosphate-Buffer-Concentration in Reaction-
Solution of Tryptophan with Glucose upon Color Intensity of
Resulting Browning-Solution,

Phosphate buffer : 1 |
concentration 0. 025 0.05 j 0.10 | 0.20 }’ 0. 40
|

(M) :
Color intensity } , l
; AR . .9t .

Preparation of browning solution was the same as shown in Fig. 1
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tion Solution of Tryptophan with Fig. 3. The Influence of Initial pH of
Glucose upon Antioxidant Activity Reaction Solution of Tryptophan
of Resulting Browning-Solution. with Glucose upon Antioxidant
A mixture of 10°*M tryptophan and 10-2M [S\Cl“:,lty of Resulting Browning-
glucose in the Britton-Robinson’s buffer solu- otution.
tion was heated at 120°C for 1 Ar.. Preparation of browning solution and
Incubation was the same as shown in incubation mixture was the same as shown
Table 1, except that the concentration in in Fig. 2, except that the concentration in

incubation mixture was varied as indicated. incubation mixture was 5310 5M,
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Table 3. The Influence of Initial pH of Reaction Solution of Amino Acid with
Glucose upon Color-Intensity of Resulting Browning-Solutions.
pH Glucose } Tryptophan- i Lysine-
alone ‘ Glucose [ Glucose
2.0 3 — 0,017 Q 0
3.0 ‘ — 0.012 0
4.0 — 0.017 . 0.010
5.0 ‘ 0.010 0. 086 \ 0.071
6.0 | 0.116 0.218 \ 0. 385
7.0 i 0,480 0. 592 . 0. 883
8.0 0. 650 1. 210 1. 167
9.0 1 0. 820 1. 450 \ 1. 361
10.0 | 0.880 1. 160 | 1. 384
11.0 i 0. 890 0. 960 \‘ 1. 322

Preparahon of browmng solutlon was 1he same as shown in Flg 2.
are shown as ODys;, of browning solution,

WAL E U T TR IR OFERIC X » TEH T4 &
LRWIHT Ut 2 LCHERIBRTTSDE HEOD
pH D% JHNHTHTi- T R D UKD A
DBV DO HLE LWVWOT, FEEIRIE Britton-
Robinson [LSRFEMEHE— 1 % JINTo. O REMTHTIR
M/25 U Lk, R L TR ORRIL YK E N/S K
WAt F LV AR ET pH 2 W T 5 DTH S . ik
Ex L7z pH ORPHIL 2 ~11L O TH B, DI )
DOV TE Y TN T /I»rlm.xk’fm\bt. Fro
VT — 2N T AR LIz IRIEE L Y o VR
HNT 2X107'M Th- 7203 5>7107°M & LT,
1T LUHIR 6 24 TR0 POV 207 i UK
LTz 2 TH 5 .
OIS, 7
MELU TEFRAEZLL N E D ESAD

I/ WEONEALIEL pH 2 AT
S5 . L

BTN —=ADI, NVT NI 5 b =250
BEroKY oL e Sva— 2R T pH SPLITEA &
4ﬁ@ﬂmﬁDﬁmuﬁWKﬁmuw54u, T IL T T v
H D HEDUA & 75 R E RIZEROGI O PR LNE b il < 7

AUASED BNA. UL, YT T 5 00
a— 2Tk pH 9 T MLEL\ POV 5, 73

H B I IO HIRRALIEOTEBIAID 575

72T, pH 1~10 ORPHITIST A MY T h7 5 >
o VA — ARG Y 2 — VIRIBISINA, Y/ —
VI % [HNTR L S 12T L 51 5 POV OFRINHIYZS
L2 E URR LIz O 3T D 5 .

CORTY S D75 % 51 pH 9 THNEL T2 RGH D
iR ALHED TR C &M HN D .

Muymbo grva—A& 7)oy, TAF= P
Yorrv=vrkerngZN pH %2 A TR LTI
WG R BT UTIRIc A T 2 4 2 OHIRILIRE T v B
YT T2 8 O D T E R TV AR, pH

The values

DAERRIT W TR LIz 3 OTIE78 L, FIfLORME
DGz, N7 2 2 TR B R % O THEA M b
HEskezoundhs, —fRZi3 7 v 71 Y D RUS Bk Pa L35
WHIRRLIE 2 7R C L ik—H L T %

URIT, TR E U Tzl pHIT X % v a
— 2R, MY TR T e ST = ARBLTY
e LA — ZERROGIR DT L %A1 3 KIT
ﬁut.

Tinsit pH 5 DUR Tk TENDS, pH 535 1),
JihithMWWbﬂ,ﬁijZQ%@mﬂQ

TH OO S THSH. VT N7 7
20— ZNESATIE pH 9 OIRT, VY- Fva

— ZJLGFRTUE pH 10 ORRTH AL ORI
ATz,

73/ iR EEHIN ORI RITI T pH TS
QB A T O A OY A S S ARG S D3 o (11X
fi Ut KATO!D 3 2770 Lo b B f-7 T =&
Fon—2EDMIT DTS, HODGED (TX 5

”‘/M&ﬁ@&@i@'#%hﬂ&@bf%ém
) AUNEEEN T AT S DR TR ZA I P U e
TRDA NV =R TV 20 N U
EDIEIRL, TSI DTG & > THEIMEZ BN
b EMWMLENTNS. Fiz, KATo!? |37 3/
« POV DOV pH SR E R B3 E R Y, 7

VU PETIR RGBS T R UIc DB, SR
M7 2 AL ERIGT A T EBWIE L, TR .

F1v A = VORI X 5 PR ALIR O TEDL b fisd THMES
PR B D EWIN .

BRNUILC & 7 v Y NS EDURRILIES T L, E TR
I AT T &My Sz, BULER 519 (3700
V9 DTN B T ETd » TR s v

TN THH PV F =AY MRl TV

— 2T



0.9r Control

Induction
period

Peroxide value {OD g5

TR A BV BN O D AR S BFSE (2 1) 165

915 30 22.5

Incubation time

0 ) 100

(hr.)

Fig. 1. Antioxidant Activity of Browning-Solutions obtained by a Reaction
between Tryptophan and Glucose under Various Concentration Ratios
and Determination of Induction Period,

A mixture of tryptophan and glucose in 0.1M phosphate buffer of pH 9.0

was heated at 120°C for 1 Ar..

The concentration in incubation mixture, which was shown on the basis
of initially given tryptophan, was 5x10-5M.
Figures on curves indicated the concentration of glucose (<10 M) reacted

with 1072M tryptophan.

Induction period was determined graphically from the intersection, shown
by the arrow, of the dotted and broken lines.
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Fig. 5. Changes of Antioxidant Activity, Electron Donating Ability,

Amount of Reductone and Color-Intensity of Browning-Solutions
obtained by a Reaction between Tryptophan and Glucose
under Various Conceniration Ratios.

Preparation of browning solution and the incubation mixture was the
same as shown in Fig. 4.

Antioxidant activity was shown as the induction period obtained from
Fig. 4.

Electron donating ability and amount of reductone was shown as
ascorbic acid equivalent determined by colorimetry of the previous
paper?.
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Table 4. Color-Intensity and Antioxidant Activity of Browning-Solution obtained
by a Reaction between Tryptophan and Glucose under Various Con-

centration Ratios.

Tryptophan concentration (M) [ 1071
Glucose concemrduon M) r ’\’10 1
i o U SR
Dilution | 100 ! 0.510 ’
Color Fold of . . .
intensity browning 10 | —
(OD ey browning-
130 solution X
Antioxidant dctnltw‘> ' 52

(Inducuon period, hr.)

A mixture of tryptophan and glucose in 0.1 M phosphate buffer of PH 9.0 was heated

at 120°C for 1 hr.,

|
1072 | 1078 10
: | Control
3X107% | 3X107% | 3107
e R

—_ | R — —
0.465 | — — —

— Coo0878 1 0032 —

97 78

19 [ 6

The concentration in incubation mixture was 5x107°M.
a) ¢ Determined in the same way as shown in Fig. 4.
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Fig. 6. Relationship between Color-Intensity and Antioxidant Activity
of the Browning-Solution.

A mixture of 1072M {tryptophan and 3x10*M glucose in 0.1 M
phosphate buffer of 9.0 was heated at 120°C for 1.0, 2.5, and 5hr..
Figures on curves indicate the reaction time Chr.).

100 = .
140 C

(hr.)

Induction period

0 10 20 30
Color intensity (OD )

Fig. 7. Reliationship between Color-Intensity and Antioxidant Activity
of Browning Solution.
A mixture of 10°M tryptophan and 107°M glucose in 0.05M phosphate
buffer of pH 7.5 was heated at 1007, 1107, 120, 130° or 140 C for 1hr..
The concentration in incubation mixture was 2. 110 "M.
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Summary

The influences of various factors upon the antioxidant activity exhibited by a browning-
solution of tryptophan with glucose were investigated. The activity of the resulting browning-
solution was cffected by all the factors examined here. The antioxidant activity and the color-
intensity were observed to be strong at the time when the reaction-conditions were kept as
follows : — high initial pH, high temperature long period of the browning-reaction, and also
high concentration ratio of glucose to tryptophan. Thus, a close correlationship between the
activity and the color-intensity was indicated. It should, however, not be ignored that the
colorless, low morecule substances may play a role, to some extent, in the antioxidant activity.




