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ABSTRACT

This study compared the antioxidant activities and skin whitening effects of water extracts from GABA-enriched tomato
(EGT) with those from conventional tomato (ECT). The antioxidant properties were evaluated through the total phenolic
content (TPC), DPPH radical scavenging activity, and cupric ion-reducing capacity, while the antimelanogenic potential was
assessed using a tyrosinase inhibitor. Both extracts showed comparable TPC values across all concentrations, indicating that
GABA enrichment did not substantially alter the phenolic content of the tomato extracts. Consistent with the TPC results,
EGT and ECT showed similar DPPH radical scavenging activities and concentration-dependent increases in the reducing
capacity, with no substantial enhancement attributable to GABA enrichment. Neither extract exhibited concentration-dependent
inhibition in the tyrosinase inhibition assay, and the overall inhibitory levels were low compared to the positive control. These
findings suggest that the whitening-related effects of the tomato extracts may arise primarily from antioxidant-mediated indirect
pathways rather than direct tyrosinase suppression. Overall, these findings indicate that EGT maintains comparable antioxidant
and skin-related functional properties to ECT and that GABA enrichment does not significantly enhance the biochemical
activities examined in this study. Nevertheless, the stable antioxidant characteristics of EGT support its potential application

as a functional food material.
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y-Aminobutyric acid(GABA)E A A<l de] E¥ste
Hehild opmliko 2 dSt 7sl, ol AHE, a2 A8
9 kst &4 5 tekdt Aedde JERH, glutamic
acid decarboxylase(GAD)®l| €]} glutamate”} EEHAF WF-3-2
A BAEHCho SC 5 2012). BEVEE A% 2 olA
glutamate©} GABA ?ﬂ'ao] = A EE AeE Byl
THTakayama M & Ezura H 2015), ©]2]13 4 &-g3}o]
Frakt E 7|8 GABA 738} ERfE A&
AT 2Ale 9E EvlE oiv] @44 A A se]
Aoz HAEAtKCho SC & 2012).

ErlEE 53 gk 4 —‘i"—-\% =2 glutamate 3
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Ao 2 Hlwgk AT o3 AlgH olth wheba] & ATtellA]
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2 AN Fus 9S B S8l AHEE 2-di
phenyl-1-picrylhydrazyl(DPPH), ascorbic acid, copper(IT) chlo-
sodium
carbonate(Na,CO3), gallic acid$} tyrosinase A3l &S H7}
3}7] $13l A8t sodium phosphate monobasic dehydrate,
sodium phosphate dibasic, L-tyrosine, mushroom tyrosinase,
arbutin= Sigma Aldrich Co.(St. Louis, MO, USA)°l|A -}
3}tk Dimethyl sulfoxide(DMSO)+= Junsei Chemical Co.,
Ltd.(Chuo-ku, Tokyo)ollA Tuldlsial, 94.5% ethanol<
Daejung(Seoul, Korea)ollA] —Ful 5191

ride, neocuproine, folin-ciocalteu phenol reagent,
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GABA 73} EnlE &5

o gzt gl vlw By 671

29 A2 (Jinju, Korea)oll X TAZ B¢ FJH 2 Al-gwo}
A}ﬁﬁ} ATh GABA 73} EvtEel At EntE= 747}t 9
8TC+1oA G =3 5, 31 7t &4 Azt
Gtk GABA 3} EvlES] F& &2 52.10%(w/w-dried
weight), EHl ErlES] F&H $£&2 44.41%(w/w-dried
weight) = UFERITE Uubd o7 EnlEo] GABA &Heke oF
219.86~404.90 mg/100g (dry weight)= W i1Eom
(Tilahun S 2021), ¥ Al A8 GABA 73} EvlEe)
GABA 32 573.48 mg/100 g(dry weight)= 15},
2 AFo| A Ztzte] F=ZFE-2 EGT(water extract of GABA-
enriched tomato) % ECT(water extract of conventional
tomato) 2 MU RE FEELS FEUZE T 20T

oA st o, A3 2 DMSOo| A% == £4
sto] AF8-SFATHTable 1).

TE 5
=5

3. & ol g &%
% Z8)9E %2 Folin-Denis H(Singleton VL 5 1999)
< o]gste] BA8IATE EGTS ECT A= 247 1, 25, 50,

100 % 200 pg/mLe] s=2 3]st Fhleith Al &
ol 200 L, 94.5%(v/v) ethanol 100 UL, &< 1,000 pL 2
Folin-Ciocalteu phenol reagent(FCP) 100 yLE 2 mL micro-
centrifuge tubedl] 718+ & 2 Eg3to] 25T A 5 min &
QF HESAIH T o] 3 5%(w/v) Na,CO; £ 200 yLE 7}
St vortex® 3 5, d2lA 1 hr FF HEEAIZH.
Hkgo] &g d &3-S 96-well plateol] 200 LA 53},
microplate reader(VersaMax; Molecular Devices, Sunnyvale
CA, USA)E Al&3sle 725 nmoﬂf\i FF=E S h
EGT®} ECTY] % Z8]¥E 2 gallic acidE ZTEZAE
2dgk 52 (=0.0383x 0. 0243)01] g d3ted gallic acid
equivalent (GAE)Z gHiteld om, 2F A¥+= g GAE/mL
@G 2 Fd3gch

3T 2B 7]

4. DPPH 2jC|Zt
EGTS} ECTS] &4tsl 438 #71sl7] $18] DPPH 2lcizt

27 By

Table 1. The extraction yield of GABA-enriched tomato
and conventional tomato

Extraction yield

N Extracti 1 t . .
ame xtraction solven (%, wiw-dried weight)

EGT Hot-water 52.10+£2.67

ECT Hot-water 44.41+1.94

EGT: Water extract of GABA-enriched tomato, ECT: Water
extract of conventional tomato.
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A ZAS =435tk DPPH A12FS 94.5%(v/v) ethanol ]
It 5, S = 2pgate] W 2ol A 1 hr K3 = A}
319tk EGT} ECT+ 242} 1, 25, 50, 100 2 200 pg/mLe]
FEE DMSO9| gAste] FH|EAH 96-well platec]] 7
s} A121 200 uM DPPH 2}t]Z €9 190 uLe} A= 10 ulLE 3
7¥atan, %1333k Aelol| A 37T incubatoroll A 30 min <t ¥H&-
Ak k8- F5 3 microplate reader(VersaMax; Molecular
Devices, Sunnyvale CA, USA)E AF8-314] 517 nmol|A] S4=
2 243130ty A T O R ascorbic acidS A 89 T
FTER 3| sto] Hlwsllom, Al 394 2T 0 2= DMSO
£ 20 uL A7}k EGT, ECT ¥ ascorbic acid®] DPPH 2+
Oz oA 2442 ool e wet Aketich

do oo by

DPPH &}tz iﬂb(% =

5. 2helzd Ty}

EGTS} ECTS] #918& =%l CuCLE o]L3lo]
C? A cu'E FAANTE FES BT 1 mM
CuCl, &2 SHFo| Lzt A3, 250 uM

neocuproine £-2-> 10 mM potassium phosphate buffer(pH
7.41)°l Saf3te] F=H])EAtE EGTSF ECTE 24+ 1, 25, 50,
100 2 200 pg/mL FE=Z DMSOC 3|A3lth 96-well
platee] 1 mM CuCl, 20 pL, 10 mM photassium phosphate
buffer 60 pL, 250 uM neocuproine 80 uL 121 FEE A|
BE 40 pL AR Hkske] 25ToA 1 hr B¢t R34
Zt} ¥kS £33 microplate reader(VersaMax; Molecular
Devices, Sunnyvale CA, USA)E AF&-319 454 nmollA &3
T2 2389t S RET 2= ascorbic acidS Al 829}
FU wEw 345 A8t dolzl FRE e
copper( I Y/neocuproine complex2] extinction coefficient(7.95
x 10> M 'em )& ©]83t copper(1)d FE=Z2 st
YERAAT

6. Tyrosinase X5 24

Tyrosinase A3l &4 48 E3) EGT9 ECTS] v &
A< 71819tk 0.1 M sodium phosphate buffer(pH 6.5)ll
L-tyrosines 8-313F°] 1.5 mM L-tyrosine &2 A| %3+ F 7|
A2 A8 96-well plateo] EGTF ECTE 242} 1, 25,
50, 100 2 200 pg/mLe] FE=Z 343 A& 20 L, 1.5 mM
L-tyrosine 40 pL, 0.1 M sodium phosphate buffer 220 uLE
T wlx]=of 1,500 U mushroom tyrosinase 20 pLE
#7ksted 37C incubatorell Al 15 min &<k RH-&AIZ T ¥HE

H = =
=53

A% - A

HoFA oF BAEREAERS

%3 %, microplate reader(VersaMax; Molecular Devices,
Sunnyvale CA, USA)E AF&3ld 490 nmolA SF=E S
Aottt A dRZT O EE tyrosinase SAA =2 2 LA
& arbuting A| 59} 2L TR 2 A ske] AFESIA L, A
29} vlwslr] 98 gz Al82] vl DMSOE 20 u
L A7tk Tyrosinase A8l 242 ofgfjo] 28 o] &3}
of AlLkstaitt.

Tyrosinase A3&7d(%) =

EGTS} ECT A9 F4=
ze] 3%

x 100

7. A=A
5’% dlolel= 33] Wk A3 Sl d3lon, dve o

R THAZ JERITE BAIEA2 Statistical Package
for Social Science software(version 18.0; SPSS Inc., Chicago,
IL, USA)E ol&ste] Fasiglon, el 3t frold 17
2 B4HEA(ANOVA) 5 Duncan’s multiple range testS 2
§31e] p<0.05 FEAN FIHS A3
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EollA] s tEA Q] 23} giAk
A HA7E vl W Al
A} W phenolic hydroxyl7] & X
718f A 24 As }7
thekgt AelgA S veil=
HEo] 9ltKLee SO & 2005). 2154 2] A—ZH*E}

JHlsFE o3 7124 A4S ngow A3k

o #ste] goizs PFsT]= T I A
W (Scalbert A 5 2005), o] wle} = Zelds 3
B FE29 st 545 Hrtshe 7184< AR
F 32 JThPrior RL 5 2005).

B Ao e EGTQ‘r ECTY] % Zdds d3S gallic
acid FETAS 7o 2 AFEsto] Fig. 190 A A8kt F
ABZ 1, 25, 50, 100 2 200 pg/mLe] F=& A2 A3}
EGTE —0.10, —0.07, 0.01, 0.28 & 0.72 g GAE/mLE YE}
WLz, ECTE —0.17, —0.08, 0.02, 0.28 2 0.69 ng GAE/mL
o] #Z Btk EE =X EGT9 ECTE 5% 571
gt F FEls o] fola Stk TR oA &
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Fig. 1. The total phenolic content of EGT and ECT. The assay was conducted at concentrations of 1, 25, 50, 100, and
200 pg/mL. The results were expressed as gallic acid equivalents (GAE) using a gallic acid standard curve. (A) shows the
standard curve of gallic acid, (B) represents the total phenolic content of EGT and (C) represents the total phenolic content
of ECT. Different letters indicate significant differences by Duncan’s test (p<0.05). EGT: Water extract of GABA-enriched
tomato; ECT: Water extract of conventional tomato.
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gz 27 84 Uk
Aatath & A 8E 7H2t 1, 25, 50, 100 2 200 pg/mLe] 5
T2 A2)g A3} EGTE 19.79%, 21.07%, 21.90%, 22.70%
2 25.19%2] DPPH Z)Z 27%< Yelial, ECTE

120

HORA oF RAHEAETS

19.38%, 21.66%, 21.89%, 22.62% % 25.41%2] S HIch
FEE ¥ ¥ 7l wek DPPH gl 2750
ke dds Blov, Y FxolM EGTS ECT Ale]
o= BAACRE folgt Alol= YERA] dth Y tix
TOo 2 ARE-3) ascorbic acidE TY T Z7NA 14.44%,
97.75%, 98.86%, 98.75% % 98.94%°] & #r|d 2%
< YeERATE EGTS ECTE A4 thZ+<l ascorbic acid
o Hl3] gtid & ket DPPH 2tt]Z &7 I4-& Hoich
EGT®} ECT7} IA AR 27 TS UER H2,
WA F AR F Eeus el vl veht A3
= A3 B Ao AL H WM E GABA
743} o] X7} DPPH ]2 A7 EAdd)] F2l3k kS n)x
A gken, T FE= AU E &4 Y —zri 2
o2 e Fejuls 9 7IE Akt AR ¢
k.
Qb

= o
d S

—{ﬂ

=
RE %

ATl e EnfES} HEErETL 717
23 glon, ez Bl o Fe e
Iyl EvbES} A1 DPPH 2% 2758 HSiThe
2 THShahzad T & 2014). 31 AT+ it &4
2] ZH Y ol g} B-carotene, xanthophyll 5 T}3E A4k
A7k BEH 0z slof3t Anjel FFsA S AN, o]
Zé_ﬂr% A-ollAl EGT<} ECTS] DPPH 2tt]Z 47
Aelh UehtA gre At wee,
37} Eobge] ARATL £AS Wl 2

74 Bee AT,

A

L

I}

_&

A A% FEBe) FAE DL T2 4R

E4do] 71913t} Kihkonen MP 5(1999)

100 -

80

60

activity
(% of Control)

40 |
b be ¢
19.79 21.07 21.90 22.70

b

DPPH radical scavenging

EGT

c

O1 pg/mL 325 pg/mL 850 pg/mL 2100 pg/mL 2200 png/mL
[ (3 [ (3
97.75 98.86 98.75 98.94

c

ECT Ascorbic acid (vit C)

Fig. 2. The DPPH radical scavenging activities of EGT and ECT. The assay was conducted at concentrations of 1, 25,
50, 100, and 200 pg/mL. Ascorbic acid was used as a positive control. Different letters indicate significant differences by
Duncan’s test (p<0.05). EGT: Water extract of GABA-enriched tomato; ECT: Water extract of conventional tomato.



35(6): 676 ~683 (2025)

o AT 80 T A ARl A48
Ak bl 8L A2 glof *&ﬁ‘rﬂﬂ At
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AEE BEoled FUAIE HEE Helehe Ao
Gars) 5elo] £248 AU 7 FEPTHOyaizu M

1986).

2 A= GABA EvlE FEE(EGT)S g8t Ent
B FEE(ECT)O] CuollA Cu"2 A7) S-S
3F7] 918l cupric ion-reducing capacity A& -2 73S
., 1 A3E Fig. 39| YeERAITE EGTS ECTE 42 |,
25,50, 100 2 200 pg/mLe] =2 A2)etS ) EGT+
0.12, 0.40, 1.37, 3.27 2 444 yM2] $8S Ve,

GABA 73} EnlE &5

o] gs} 2 vl 2y 681
S0l 9lom, GABA 3 S7P7t 9l el AxA
2 7198 = ?%% Ao BTt

4. Tyrosinase X3l &4

Wzhd $4do] %7] DAl tyrosinaseol] 28l ZZ1EH, o] &
AF tyrosines 3,4-dihydroxyphenylalanine(DOPA)Z, DOPAE
dopaquinone ©.2 2FIAI71E WM& =313 Prota G 1980).
E3] ultraviolet(UV)L} ROS A2 melanocyteol| 4] =3t 2
s SR tyrosinase B8-S S7FA1F]3L microphthal-
mia-associated transcription factor(MITF) 5312] melanogenic
signaling& &/g3igo =] depd AP F1lehke 3o
LA 9 o H(BEberlein-Konig B 5 1998), A8 Aol UVE
fr ROS7F ekl A STk BaE bt 9l
SH 5 2019).

ECTE —0.57, 1.04, 2.59, 2.89 & 593 yM<S YERAATH
EGT9} ECT 25 =7t 2718t we s Gu'& 3
A71E seo] Hat F718kdth EGTE 50 pug/mL o] &lel| A ECTZ 1, 25, 50, 100 & 200 pg/mLe] HE= A 2lg A3}
£ shdo] mf$ Skxut 100 pg/mL o]l E FFeldh EGTE 6.26%, 7.97%, 8.96%, 14.12% 2 9.25%2] Aal&<
Z718 How ECTE A¥Eor we ke HAw B3, ECTE 10.74%, 10.12%, 9.21%, 11.26% 2 10.21%
200 pg/mLellA] EGTE T =2 212 & YehfiQlch o]t o] A3 &A= JERNRATE EGTS ECTE ¢4 dixa<l
ANE F FEE BT TR o242 AAFsE /AL arbutin®] H|3] Y& tyrosinase A& 24 YebiLE F &+
Jot ilf—t M= ECT7F Biid ez =& 35 5 BT % & TP YEA] AT EGT=
UehdS HojErh 100 pg/mLolA] 14.12%= 7F¢ =& Aa)&S B33, ECT

Rhim TJ(2022)2] AToX = ErtE E3Fo| wel cupric + 200 pg/mLolA 11.26%= 71 =2 tyrosinase A3l &<
ion reducing antioxidant capacity(CUPRAC) #to] tt27 Y YERAGITE ol gt é-"]’t‘ F 3289 tyrorinase 2% A3
Eion, EEnES} ftute] EvtETE & SdE s B sYol Ao, 1 FE AdAME B4 &S A9
ol ¢ EntEE Atidow v gea g vehd vt A BA] Hehe Aw?ﬂu} Entg 9 294 FE2ES A1

t} ¥ AFoA EGT7} ECTET} o] ¥ Y& A gk Ao M = FEES =2 A5 S Al tyrosinase
FEE (ks A 2439 vlAHg Ao wjEd 7t o] &do] JAEA e, ME 71¥k9] tyrosinase, tyrosinase

B Ao M= mushroom tyrosinaseE ©]-&3to] EGT2}
ECT9] tyrosinase A3l &S H7Fsl3thFig. 4). EGTS

o §°

flo %2

T IEE

O1 pg/mL ©25 pg/mL 250 pg/mL @100 pg/mL =200 pg/mL

g g
g 40 - 35.00 36.42
=
N’ 30 +
7]
=
=
o~ 20
()

N’

£ e

Q10 cd de de
=" a a abe 327 444 a ap Ped :cd 5.93 ab 404
= o2 oae 137 oy 104 259 2.89 106 [
S X . ﬁ - . 0.5 4 sl

EGT ECT Ascorbic acid

-10

Fig. 3. The cupric ions-reducing capacity of EGT and ECT. The assay was conducted at concentrations of 1, 25, 50, 100,
and 200 pg/mL. Ascorbic acid was used as a positive control. Different letters indicate significant differences by Duncan’s
test (»p<0.05). EGT: Water extract of GABA-enriched tomato; ECT: Water extract of conventional tomato.



682 o] &7 . Fwlo} .

80

HORA oF RAHEAETS

=)
>
T

N
=l
T

1402 0 abed

abce

Tyrosinase inhibition assay
(% of control)

abed  abed 1126 abed 11.89

1074 1042 9.21 10.21
609

EGT

cd

Arbutin

Fig. 4. The tyrosinase inhibition activities of EGT and ECT. The assay was conducted at concentrations of 1, 25, 50, 100,
and 200 pg/mL. Arbutin was used as a positive control. Different letters indicate significant differences by Duncan’s test
(»<0.05). EGT: Water extract of GABA-enriched tomato; ECT: Water extract of conventional tomato.
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