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Abstract

Antioxidative characteristics of dihydroxyphenylalainine (DOPA), melanin and enzymatic oxidation products
of tyrosine (EOPTs) were studied in a model system. EQPTs were prepared by the tyrosine-tyrosinase reaction at
pH 6.5 and 25° C at various time intervals (0~120min). All EOPTs were brown in varied intensities with increa-
sed absorption at 200~210, 280, 310~320nm, and 450~490nm. EOPTs obtained at the early stage of the reac-
tion (1~3min especially} showed a higher antioxidative activity than those from the later stage on the inhibition
of peroxide, conjugated dienoic acid and malonaldehyde formations in linoleic acid autooxidation. Additionally
among the substances of tyrosine, DOPA and melanin, DOPA showed the highest antioxidative activity while
that of tyrosine was the lowest during the linoleic acid autooxidation. It was observed that DOPA and melanin
had the ability of free radical scavenging, which may partly contribute to their antioxidative activity.
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INTRODUCTION

Tyrosine related enzymatic browning in foods and
other biological substances is mainly caused by the
oxidative reaction of tyrosine catalyzed by tyrosina-
se{F.C. 1.14.18.1) in the tissues. Tyrosinase initiates
the oxidation of tyrosine to dihydrexyphenylalanine
(DOPA) and leads to melanin, brown pigments. Some
of these reaction products have revealed specific che-
mical characteristics depending on the reaction can-
ditions (1,2). The antioxidant activity of non-enzymat-
ic browning products has been extensively studied
(3-5) while those of enzymatic browning products are
now beginning to be studied. A few select researches
on this type of research of apples have been report-
ed (6-8). However, there was no report on this antiox-
idative activity of the products from specific polyphe-
no} compounds such as tyrosine,

Tyrosine, one of the major aming acids found in
many kinds of foods, is also the principal phenolic
compound in biological substances (2,10). On the
other hand, tyrosine itself is the major cause of enzy-
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matic browning acting as a good substrate for tyrosi-
nase in animal tissue and in many kinds of food pro-
ducts including mushroom and fruits (11,12).

The present study was carried out to identify the
antioxidative activity of enzymatic oxidaticn produc-
ts of tyrosine (EOPTs), DOPA, and melanin in @ model
systerm.

MATERIALS AND METHODS

Reaction products and their absorption spectra

Enzymatic oxidation products of tyrosine (EOPTs)
were prepared as follows (13). A sample of 19.5ml of
tyrosine solution (2mM) in Mc'llvaine’s citric acid-
phosphate buffer (0.02M, pH 6.5) was mixed with
0.5mi tyrosinase (E.C. 1.14.18.1 ; 1000unit/ml) solu-
tion in the buffer and kept at 25°C in a water bath
while stirring. Sampies of the EOPTs were taken at 0,
1,3, 6,15, 30, 60 and 120 min of reaction time, So-
me samples were used directly to determine the anti-
oxidant activity while other samples were freeze-dri-
ed for the later use. The absorption spectra {190~700
nm) of EOPTs were measured using a spectrophoto-
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meter (Shimadzu UV 2100, japan).,

Determination of antioxidative activity

Inhibitory eifect, expressed as an antioxidative acti-
vity, of EOPTs, tyrosine, DOPA and melanin on the [i-
pic oxidation was measured by determining the level
of exidized products formed from the linoieic acid
oxidation system. For this reaction system 2.5ml of
EOPTs (or 7.5ug of tyrosine, DOPA or melanin in 2.5
ml of ethanol) was mixed with linoleic acid soluton
{15mg in 2.5ml ethanol) and kept at 37°C for 2~4
days for autooxidation,

The formed peroxides were then determined using
a ferric thiocyanate method {14,15). And also the for-
med malonaldehyde and conjugated dienoic acid
were determined by TBA method and ACCS Official
method, respectively{16,17).

Measurement of free radical scavenging property

Antioxidant characteristics in terms of free radical
scavenging were measured by using ¢ a’-diphenyi-
B-picrylhydrazy! (DPPH} method {18). DPPH (16mg)
was disselved in 100ml ethanol and diluted to 200mil
with distilled water and then filtered using Whatman
filter paper Na. 2. This DPPH solution (5ml) was mix-
ed with Tml of EOPTs and the absorbance decrease at
528nm was recorded.

Other materials and statistical analysis

Enzymes used in this experiment were from Sigma
Chemical Co. (St. Louis, MO, USA). Tyrosine, DOPA,
melfanin and other chemicals were purchased from
Fiuka Chemical Corp. (Ronkonkoma, NY, USA). Data
were analyzed by analysis of varience (p<(.01) and
mean separation was conducted using Duncan’s mul-
tiple range test (19).

RESULTS AND DISCUSSION

Browning characteristics and absorption spectra
of EOPTs

During the tyrosinase catalyzed oxidation of tyrosine
in the model system, the absorption spectra of EOPTs
are snown in Fig. 1. The browning degree expressed
as an absorbance at 420~520nm of EOPTs was slow

at the heginning, up to the 15min reaction time, and
then increased slowly at the steady rate reaching a
maximum absorption at 120min reaction time. It was
reported that catechine was oxidized within the first
i5min and more than 50% of ariginat substrate in
the model system of polyphenoloxidase-catechine
reaction has been converted to the enzymatic brown-
ing products within the first 12min of the reacticn
(20}, However, browning rate of ECPTs slowed during
the first 15min,

It was noted that tyrosine (control) showed an maxi-
mum abserption at around 200 and at 280nm. EOP-
Ts obtained at the early stages of the reaction showed
a similar spectral pattern but the reaction products ob-
tained later {after 15min) showed increased absorban-
ce at 400~510nm. A rapid color change was obse-
ved at 15min which was coincided with the increas-
ed in absorption at 200nm, 320 and 460~490nm. Th-
is increase in absorbance progressed with the reaction
time. It has been reported that the characteristics of
brown color in the enzymatic browning reactions de-
pend on the nature of the reactants, the rate of reac-
tion, and the photo ahsorption characteristics of the
reactants (21).
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190 300 400 500 600 700
{om}

Fig. 1. Changes in absorption spectra of enzymatic oxida-
tion products of tyrosine (ECPTs).
EOPTs were obtained from the reaction sysiem, which
was prepared with 19.5ml of 2mM tyrosine solution
and 0.5mi of tyrosinase solution (1000unit/ mi}, and reac-
ted at pH 6.5 and 25° C for U~120min.
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Antioxidative aciivity of EOPTs

Antioxidant activity of EOPTs, measured by the in-
hibitory effect on the peroxides formation in the lino-
leic acid autooxidation systern, is shown in Table 1.
The control lincleic acid alone) produced peroxides
very rapidly, reaching a maximum absorbance after
48hr, and then decreased thereafier, white the absor-
bance of samples to which tyrosine or EOPTs added
was fower than control due to their antioxidative act-
ivity. There were significant differences(p<<0.01} in
the antioxidant activity among tyrosine and EOPTs
obtained from various reaction times. The EOPTs
obtained from the early stages of the reaction (3min)
showed the highest level of antioxidative activity
compared to these of the other EOPTs or tyrosine, but
those EOPTs obtained at 60 and 120min of reaction
time exhibited lower antioxidative activity that decrea-
sed with increased reaction time, This tendency of an-
tioxidative characteristics of EOPTs were confirmed
by the Inhibitory effects on the formation of the conju-
gated dienoic acid (Fig. 2) and malonaldehyde (Table
2} in the linoleic acid autooxidation system.

And also all EOPTs showed a higher antioxidative
Table 1. Comparison of the antioxidative activity of enzy-

matic oxidation products of tyrosine (EOPTs) by the
various reaction times”

Relative antioxidative aclivities?

Treatment
2 days 4 days
Control" 1.69+0.02" 1.40+0.05¢
Tyrosine™ 1.46+0.05¢ 1.65x0.01¢
EOPT
Tmin 0.09£0.01" 0.1240.01*
3min 0.06+0.01" 011 £0.01¢
6min 0.10£0.01" 0.13+0.01
15min 0.10+0.01¢ 0,140,011
30min 0.10+0.01" 0.15x0.01™
&0rmin 0.5+0.01 3.18+x0.01
120min 0.16+0.01" 0.18£0.01°

" For EQPTs preparation, see the legend of Fig. 1

#Relative antioxidative activities are expressed as an absorban-
ce a1 500nm, which represents the amounts of peroxides pro-
duced during autooxidation of lnoleic acid at 37°C during 2
and 4 days

“Citric acid-phosphate buffer of pH 6.5 was added to the reac-
tion system

“Tyrosine (7.5pg In 2.5ml ethanol] was added to the reaction
system instead of EOPTs

»The different letters in 2 days and 4 days are significantly dif
ferent at 0,01 level of Duncan’s muliple range test in=3)

activity compared to that of tyrosine alone. Thus anti-
oxidant activity of EOPTs was different from the resu-
Ilts of catechine products (20). Recently, the chemical
characteristics of phenolic compounds as a hydrogen
donor and free radical scavenger have been reviewed
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Fig. 2. Comparisor: of antioxidative activity of enzymatic oxi-
dation products of tyrosine (EOPTs) by various reac-
tion times.

Antioxidative activity was compared with the contents
of conjugated dienoic acids during the autooxidation of
linoleic acid, For the EQPTs preparation, see legend of
Fig. 1. The control and tyrosine groups were the same
as these in Table 1. The different letters on the curve in
figure are significandy different at the 0,07 level of Dun-
can’s muitiple range test (n=3).

Table 2. Comparison of the antioxidative activity of enzy-
matic oxidation products of tyrosine (EOPTs) by the
various reaction times”

Relative antioxidative activities”

Treatment S —
2 days 4 days
Control® 0.74£0.03+ 0.97 £0.07
Tyrosine” 0.75 £0.04 0.97+0.05
EGPT
1min 0.25x0.02" 0.39£0.01"
3min 0.26+0.01" 0.41+0.01"
6min 0.2620.02 0.31£0.02
15min 0.26+0.02" 0.41+£0.02"
30min 0.28£0.01" 0.4010.01"
60min 0.30+0.01" 0.55:x0.02
120min 0.29£0.01" Q,52:£0.02"

“iFor the preparation of EQOPTs, control, and tyrosine, see the
legend of Fig.1

*Relative antioxidative activities are expressed as an absor-
bance at 532nm, which represents the relative content of ma-
lonaldehyde (MA) produced during autooxidatien of linoleic
acid at 37° C for 2 and 4 days. Initial value {0 day) of reaction
mixture of linoleic acid was 0.043:0.01

" For the statistical analysis, see the legend of Table 1
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extensively (22). However, information on the antio-
xidant activity of the phenclic compeunds-polyphe-
nol oxidase reaction products is limited to a small
amount {7 -9).

Antioxidative activity of tyrosine, DOPA and me-
lanin

Fig. 3 focuses on the antioxidant activities of tyro-
sine, DOPA, and melanin on the perexide formation of
linoleic acid autooxidation. DOPA showed the hig-
hest antioxidative activity white that of tyrosine was
the lowest. These indicated that intermediate product
such as DOPA had higher antioxidant activity than
that of the original substrate, tyrosine or final product,
mefanin.

Although the mechanism of enzymatic browning of
phenolic compounds has not been understood comp-
letely, the general pathway of browning by tyrosine-
tyrosinase is reported. Tyrosine is at first converted in-
o DOPA, which is then oxidized to the correspond-
ing dopa guinone, and then finaily to the brown mela-
nins through intermolecular rearrangement or further
oxidation (2-4). Tyrosine, one of amino acids, was kn-
own to have a low level of antioxidative activity (8,9).
While DOPA or melanin, oxidized products from tyro-
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Fig. 3. Comparison of antioxidative activity of tyrosine, dihy-
droxyphenyialanine (DOPA) and melanin.
Antioxidative activity was compared with the peroxide
contents produced during the autooxidation of linoleic
acid (see the legend of Fig, 2\

sine, exhibited a relatively higher antioxidative activity
comparing to tyrosine itself in the present study. This
observation is in accordance with the results of EOPTs
in Table 1 and suggests that the EOPTs of early stage of
reaction or DOPA may have relatively higher antioxi-
dlative activity.

Free radical scavenging ability of EOPTs

Fig. 4 shows the free radical scavenging activities of
tyrosine, DOPA and melanin using a DPPH method.
This method has been used often to determine the
antioxidative activity, ability of hydrogen donor, or
free radical scavenging ability (8,19). The present stu-
dy indicated that a varied range of scavenging activity
was shown ameng tested materials. Melanin or DO-
PA was found to have a higher free radical scaveng-
ing activity than that from tyrosine. However, melanin
showed the highest activity among them. It is consi-
dered that the antioxidative characteristics of EQPTs
may be partly explained by their ability to free radical
scavenging. However, further research in this area is
deerned necessary.

On the other hand, it was reported a varied range
of free radical scavenging activity among enzymatic
oxidation products of catechin (EOPCs) obtained at

1.4
—ér- Tyrosine(0.5%)
—#r— DOPA{D.5%)
in ~=F= Melanin(0.5%)
: —+— d -Tocapherol(0.01%)
1

0.8 -L‘d"\*\

Free radical levei(at 528 nm)

0 5 10 18 20 258 3¢
Reaction time (min)
Fig. 4. Effect of tyrosine, dihydroxyphenylalanine (DOPA) and
melanin on the changes in the free radical level of
DPPH solution.
Free radical levels were determined by, «,a’-diphenyt
B-picrylhydrazyl (DPPH) method and expressed as an
absorbance at 528nm.
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the various reaction time and EOPCs collected from
the early stages of reaction had a higher aclivity (20),

REFERENCES

- Cheigh, H. 5. ¢ Inhibition of enxzymatic oxidation and

browning of plant phenaiic compounds, Life Science
(Korea), 3, 115(1993)

Mason, H. 8. : Comparative biochemisrry of the pheno-
lase complex. Adv. Enzyme., 16, 136(1955)

. Cheigh, H. 5. and Lee, C. Y. © Antioxidative and anti-

mutagenic characteristics of melanoidin related prod-
ucts. f. Korean Soc. Food Nutr., 22, 246 (1993)
Cheigh, H. S., Lee, . 5. and Lee, C. Y. : Antioxidative
characteristic of melanoidin related products fractiona-
ted from fermented soybean sause. J, Korean Soc.
Food Nutr., 22, 570(1993)

Cheigh, H. 5., Lee, |. §. and Lee, C. Y. : Antioxidative
characteristic of browning products fractionated from
fermented soybean sause, J. Korean Soc. Food Nutr.,
22, 565(1993)

Ormura, H,, Sonda, T., Asada, Y. and Tachibana, H. :
Antioxidative activity of the browing systern with apple
enzyme. Nippon shokuhin Kogyo Gakkaishi, 22, 387
(1975)

Omura, H., Sonda, T., Asada, Y., Muranaka, M. and
Tachibana, H. : Effect of amino acid on the antioxida-
tive activity of the browning system of apple enzyme
and catechol. Nippon Shokuhin Kogyo Gakkasihi, 22,
395(1975)

Nicolas, }. |, Richard-Forget, F. C., Goupy, P. M. and
Aubert, 5. Y, Enzymatic browning reaction in apple
and apple production. Crit. Rev. Food Sci. Nutr, 34,
109{1994)

. Rhodes, J. M. and Wooltorton, L. 5. C. : The biosyn-

thesis of phenolic compounds in wounded plant stora-
ge tissues, “Biochemistry of Wounded Plant Tissues™,
Kahl, Gled.), Walter de Gruyter & Co., Berlin, p.244
(1978)

Mathew, A. G. and Parpia, H. A. B. : Food browning as

20.

21.

22.

413

a polyphenol reaction. In “Advances in Food Ressarch”

Chichester, C. O., Mark, E. M, and Stewart, G, F. {eds.),
Academic Press, Vol. 19, New York, p.104 (1971)

. Joslyn, M. A, and Ponting, ). D. : Enzyme catalyzed

oxidative browing of fruit products. In “Advances in
Food Research” Mark, E. M, and Stewart, G. F. (eds.),
Academic Press, Vol I, New York, p.22(1951)

. Constantindes, 5. M. and Bedford, C. L. : Multiple

forms of phenotoxidase. 1. Food Sci., 32, 4451 967)

. Oszmianski, |. and Lee, C, Y, Enzymatic oxidative

reaction of catechin and chlorogenic acid in a model
system. /. Agric. Food Chem., 38, 1202(19%0)

- Inatani, R., Nakatani, N. and Fuwa, H. I Antioxidati-

ve effect the constituent of rosemary and their deriva-
tives. Agric. Biol, Chem., 47, 521 {1983)

. Stire, C. M., Horfand, H. A, Coulter, S, T. and jenness,

R. : A modified peroxide test for detection of lipid
oxidation in dairy products. /. Dairly Science, 37, 202
(1954}

- Osawa, T, and Namiki, M. : A novel type of antioxi-

dant isolated from leaf wax of eucalyptus leaves. Agr-
ic. Biol. Chem., 45, 735(1981)

A.O.CS, 1 AO.CS Official Method. A.O.CS., lllinois,
£.365(1973).

. Blois, M. 5. : Antioxidant determination by the use of

a stable free radical. Nature, 26, 1199 (1958)

. Steel, R, G. D. and Torrie, 1. H. : “Principles and Proc-

edure of Statistics’
kyo, p.96 (1980)
Cheigh, 1. S., Um, S. H. and Lee, C. Y. : Antioxidant
characteristics of mefanin related products from enzy- |
matic browning reaction of catechin in a model sys-
tem.lin press ; at "ACS Symposium Series” on “Enzy-
matic Browning and its Prevention”, 1995)

Masom, H. 5. : The chemistry of melanin. [ Mecha-
nism of the oxidation dihydroxyphenylanine by tyro-
sinase. J. Biol. Chem., 172, 83{1948)

Gordon, M. H. : The mechanism of antioxidant acti-
on in vitro, In “Food Antioxidants” Hudson, B. J. F.
(ed.), Elsevier Applied Science, London, p-1(1990)

{Received May 7, 1995)

, Magraw-Hill Kogakusha, Ltd,, To-



Soo-Hyoun Um, Hae-Cyoung Kim, Hong-Sik Cheigh and Chang Y. Lee

Dihydroxyphenylalanine, Meianin ¥ Tyrosine®] 4%
MHLS MM EEQ] SiiEl EM

eled sy - HEA - 0lFES”
UL S ERY,

m Al Aol 4 delal wyrosined] H4A Adbhg
EOPT) rejir & 9b34 £3) v A% als d4ofdl 77179 ZFE §4 5, dihydroxyphenylalanine
(DOPAIE mefanine)] it Qe 348 54-% daBgioh Tyrasine-tyrosinase BH5-Al 2" (pH 6.5, %
25°C, A7 0~1208 )04 ale]x EOPTsde A 4bA © & 200~210, 280, 310~320 2] 7 450~490mmeii A 2
Mg b A FEAE ¥9lon] 158 Fojli 450~520nmell 4] 74 F4-54 & vFebdch FOPTs 4
2l e atel] hak 4Eehg oA ks o} o] A& LA tyrosine Bobe A Ea 927 0

g} Zle] 3718 AE B} Fohoh =3 tyrosine, DOPA 2 melanin 2] Z&& 4]« gleiAl= tyrosine B
e 2 ¥ EAA ghaksl Gatrl o] ESEE 2 F DOPAS] st o] bk EA vhEyvh 1Y o) E
2] frel7] 2452 tyrosine Avhe ohE F REEAAA 25w ol w T dEhg 2RSS ke 4
5 EBAE Veb R glend B3] #F i AR E Bobe 37 A6 o 8 AaE Relm gkt zE
obal-g I g sFhge] BRA wow $oz o FrHEH o ¥ ALz g

A F lenzymatic oxidation products of tyrosine



