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Abstract

Previously, the methanclic extrct of peach seeds was found to have a strong tyrosinase jnhibjtory activity in an in
vuro assay. Several phenclic compounds were isolated fram the seeds by solvent fiactionation, Sephadex IH-20
chromatography, and preparative HPLC, and one of them showing strong tyrosinase inhibition was identified as benzoic
acid by UV, IR, 'H"C-NMR, and EL-MS spectroscopy. Benzoic acid (ICy= 250 pg/ml) showed a considerable
mhibitory effect against mushroom tyrosinase, although ifs activity was weaker than that of kojic acid (ICsw= 6 pg/mL)
and L-ascorbic acid (ICx~28 jep/mL), well-known tyrosinase inhibitors. In particular, benzoic acid inhibited markedly
the enzymatic browning (melanosis) of apple juices at Jow concentration of 0.01 % and (.05%, comparable to that of
Leascorbic acid (P<0.05). These results suggest that benzoic acid, one of an effective fuod preservatives, may be

potenmally useful as a functional alternative to sulfites for the conerol of melanosis m fruit juices
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Introduction

Enzymatic browning (melanosis) of raw fruits and
vegetables is a cosmetic discoloration which has a
tegative impact on the appearance, consumer acceptabiliry,
commercial value, and organoleptic properties For this
reason, an unfavorable enzymatic browning of many
food products has been of great comcem to food
technologists and processors.

Tyrosinase  (monophenol, dihydroxy-L-phenylalanine.
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1.14.18.1), which
enzyme nvolved in enzymatic browning, catalyzes the
of tyrosinase to E-DOPA and ifs
subsequent oxidation to form dopa-quinones. Further

oxygen reductase, EC is a key

hydroxylation

condensation of dopa-quinones, or reaction with amino
acids and proteins, leads to brown melanin pigments
(1,2). Hence, a specific tyrosinase inhibitor is expected
to develope as potential anti-melanosis agent.

The most widely method used in the food and
beverage industifes for control of emzymatic browning
is the addition of sulfiting agent to foods susceptible
to browning. Sulfites are cumently used to inhibit the
melanosis of a varety of foods including shrimp,
potatoes, mwshtooms, apples, and wines. However, the
Food and Drug Administration has recently banned the
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use of sulfites in foods due to adverse health effects and
off-flavor(3-3). Unfil now, a number of amti-browning
freatments, including reducing agents, phenolic acids,
tyrosinase  inhibitors,
morganic salts and enzymes, have been investigated as

actdulants, chelating agents,
alternatives to sulfites but are not in commercial use
except L-ascorbic acid, 4-hexylresorcinol and Sporix
{(6-11). Therefore, the development of new functional
alternatives to sulfites is essential.

Recently, we have screened for alternative safe and
efficacious tyrosinase inhibitors from plant extracts
using i vitro assay. Among the extracts tested, peach
seed was shown to have a strong tyrosinase inhibitory
activity(12). In addition, peach seed oils are well-known
to have anti-melanogenesis (welanin biosynthesis) activity,
and widely used in cosmetics as therapeutic agents for
treatment of [ocalized hyperpigmentation in humans,
such as lentigo, melasma and freckling(13,14). However,
few study on the screening of major tyrosinase
inhibitors from peach seeds is available,

The objective of the present study was to isolate
and identify tyrosinase inhibitors from peach (Prunus
persica Batsch) seeds, and furmher to investigate the
effect of tyrosinase inhibitors on the melanosis of
apple juices.

Materials and Methods

Materials

Peach seeds were obfained from local food factory,
Hyupsung Nongsan Co. Ltd, in Taegu, Korea, and its
kemels are selected, and dred before uss. Mushroom
tyrosinase (1.14.18.1; 4,400 unitsimg), L-DOPA, kojic
acid and L-ascorbic acid were purchased from Sigma
Chemical Co. (St Louis, MO, U.S.A). All other
chemicals used for this study were of analytical grade.

Isolation and purification of tyrasinase inhibitor

Dricd peach seeds (600 g) were extracted twice with
n-hexane under reflux to remove lipid, and then
extracted twice with B0% aqueous methanol under
reflux. The methanolic extract was evaporated to small
volumn /n vacuo, and then partitioned spccessively
with cther, ethyl acetate, and n-butanol. The ether
soluble fraction (09 g) showing strong tyrosinase

activity was chromatographed on a Sephadex LH-20
column (2 X 100 cin} eluting with methanol to give
seven fractions: Fr. [ (134 mg), Fr II (58 mg), Fr.
I (368 mg), Fr. IV (134 mg), Fr. V (84 mg), Fr. VI
@45 mg) and Fr. VII (27 mg). The tyrosinase
inhibitory activity of each fraction was 12, 36, 83, 35,
24, 15 and 53%, respectively, at a concentrahon of 0.3
mg/ml. A portion {350 mg) of Fr. Il was purified
finally by preparative HPLC (Waters Delia Prep 4000,
Baston, U.5.A) using a Nova-pak C18 column (25 om
» 10 cm) at a flow rate of 5 ml/min with monitored
at 280 mm in a gadient solvent system: solvent A
(MeOH-H,0-TFA=20:80-0.1, v/vf/v) and slovent B
(MeOH-H;0=80:20, v/v) for 55 min to give a major
four compound (1, 16 mg), {2, 24 mg), (3, 15 mg)
and (4, 32 mg) (Fig. 1).

125

Fig L. HPLC chromatogram of four compounds isolated

from the peach seeds.

HPLC condibions column, Novapak Ci (25 cm %
10 ¢m). gradient slution from salvent A (MeQOH-H:O
-TFA=20 800 1, v/v/v) to slovent B (MeOH-H:0=
80°20, v/v) for 55 min. flow rate, 5 mL/min. detector,
UV nm,

Instrumental anatysis

UV-visible absorpiion spectrum  in MeOH  was
recorded on a spectrophotometer (Shinco, 52030, Seoul,
Koreaj. The IR spectrum was takem on an FS 120
HR/FRA infrared spectrophotometer (Bruker, Germany)
as KBR disce, and the abosorbance frequency was
exptessed in cm”. 'H-NMR (500MHz) and “C-NMR
(125MHz) specita were measured on 2 Bruker AMX-300
spectrophtometer in CDyOD containing tetramethylsilane
(TMS) as an internal standard. The electron impact-mass
spectrometry (EI-MS) was determined with a Quattro
II mass spectrometer (VG, TLK) at an ionizahon
voltage of 70 eV.

Tyrosinase assay
Tyrosinase mhibitory activity was determined aceording
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to the method of Fukushima and Kimura (14) with a
slight modification. The recation mixture (3 mL)
containing 1.52 mM L-DOPA, 67 mM phosphate
buffer {pH 6.8), 90 units of mushroom tyrosinase, and
the extracts at various concentrations, was incubated at
257 for 7 min. The change in absorbance at 473 nm
with or without sample was calculated as follow,
Inhibition(%) = [{A-B)fA X 1001,
absorbance at 4735num after incubation with test sample.

where A is an

The results were obtained from the almost concurrent
three reading so that the standard deviation (5.D) was

negligible and is not shown in the results.

Preparation of apple juices

Apple juices were prepared from ripe Fuji apples
obtained at local food stores. The apples (10 g} were
cut imfo wedges with a kitchen appliance, and then
mixed with ACE homogenizer (Nissei, Tokyo, Japan)
in 9.01% and 0.05% benzoic acid solution for 3 min.
The homogenate was further filtered with Whatman
No, 2 filter paper under suction. Portions of juices
treated by two concentrations (.01% & 003%) of
L-ascorbic acid were prepared like above apple juices,
and used as references, while untreated portions were
used as controls. The extent of browning of apple
juices was calculated at intervals with colorimeter
(Celor JC 801, Color Techne System, Tokyo, Japan),
and represented as “L“ value (whifeness).

Results and Discussion

Tyrosinase inhibitory activity
inhibitory
compounds isolated from peach seeds is shown in

The tyrosinase effect of four major

Table 1. Tyrsinase inhibitory effects of four compounds
isolated from peach seeds

Compound Inhitation {ICs, 2 g/ml)
Compound [ 345
Compound 2 465
Compound 3 276
Compound 4 250
L-Ascorbic acid 28
Koijic acid [

ICs represent the concentration of compeunds causing 50%
reduction of tyrosinase activity,

Values are mean of triplicate measurements.

L-Ascorbic acld and benzoic acid were used as positive
references,

Table 1 Among four compounds tested, compound 4
(IC50=250 zz g/ml.) showed strong tyrosinase inhibitory
activity, although its activity was weaker than that of
(ICs0=28 1 g/mL)
well-known  tyrosinase
inhibitory  cffect of

L-ascorbic  acid and kojic acid
(ICs0=tr p gfml), inhibitors.
Meanwhils, the three  other
compounds was less than that of benzoic acid. These
resuits  suggest that compound 4 may be mainky
responsible for a strong tyrosinase inhibitory activity of

the peach seed extracts,

Table 2. The detailed UV, IR, NMR and MS spectral
data of benzoic acid isolated from peach

seeds
Irstnimental analysis Berooe and
OV s 1 (log £) mEm
R ypme (cm) 8%, 1685, 1472, 1325, 1291, 931
'HENMR (acetone.ss) 681 (1H, brs, -OH)
751 (GH, 1, <75 He, H3 & HS)
761 (IH, 1, <75 I, E4)
810 (M, 4, /75 He, H? & HE)
UCNMR (acetonz.g) 2081 (-COOH)
1318 (1)
1305 (C2 & C-6)
193 (C1 & C5)
1279 (C4)
EMS () 122 105, 73, 51

Structural ejucidation of compound 4

UV maximum absorption at 272 nm, and IR
spectum  showing aromatic {2836 cm‘l), carboxylic
(1685 cm™’) and aromatic (1422-1291 cm™) groups
indicated that compound 4 was a simple phenolic
compound containing carboxylic group. 1H-NMR
showed 4751 (ZH, t, =75 Hz, H-3 & H-3), 76l
(1H, t, J=7.5 Hz, H-4), 8 10 (2H, d, J=7.5 Hz, H-2 &
H-6}, and 6.81 (1H, brs, -OH). 13C-NMR spectrum of
compound 4 was consistent with spectral data of
benzoic acid (15). The EI-MS showed a molecular ion
peak at mjz 122 with a base peak at mjz 77 and 105
which was deduced to benzyl and carboxylic group,
respectively, Thus, cocmpound 4 was readily identified
as benzoic acid. The detailed UV, IR, 'H/"C-NMR,
and EI-MS spectral data of compound 4 is given in
Table 2. Benzoic acid was for the first time isolated
and identified from peach seeds. It was found that
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amygdalin, cyarogenic glycosides in the fresh peach
seeds, was teadily transformed into benzaldehyde by
heating and emulsion (16). Thus, benzoic acid could
be formed from benzaldehyde during extraction and
separation procedures.
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Fig. 2. Control of enzymatic browning in apple juices
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Fig. 3 Conrol of enzymatic browning in apple juices
according 1o the treatments (0.05%) at 20T,

L-ascorbic acid was uged as a positive relerence

Inhibition of apple juices by benzoic acid

Preliminary observation of raw Fuji apple juices
ireated with the cther fraction of peach seeds indicated
that such juices did not undergo an  enmzymatic
browning during subsequent storage. To confirm this
observation by major tyrosinase inhibiter in the ether
fraction, we investigated the effect of benzoic acid, a
predominant component in the ether fraction of peach
seeds, on enzymatic browning of apple juices. As

shown in Fig. 2 and Fig. 3, benzoic acid was very
effective in preventing browning in Fuji apple juice at
low concentration of 0.01% and 0.05%, comparable to
that of L-ascorbic acid (P<0.05). In particular, with
lapse of time, the inhibitory effect of benzoic acid
enzymatic browning of apple juices was
In addition,

against

superior to that of L-ascorbic acid.
blanching effect for control of enzymatic browning of
apple juices appeared more great in the apple juices
treated with benzoic acid than in the apple juices
treated  with  L-ascorbic which iz readily

susceptible to oxidation during storage (data are not

acid,

shown). This obsetvation also supports earlier reports
that benzoic acid, food
preservative, acted as a potent polyphenol oxidase
inhibitor (17-19), and inhibited the enzymatic browning
of some fruits and vegetables (20,21). Thus, these
tesults suggest that benzoic acid may be potentially

well-kmown  as  effective

useful as anti-melanosis agent for control of enzymatic
browning of fruit juices. Further research on control of
enzymatic brownihg of minimally processed fmits and
vegetables by benzoic acid is now in progress.
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