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Abstract

The objective of this study was to investigate the antioxidant activity of imported tropical and subtropical fruits
including dragon fruits, green kiwi, papaya, pineapple, pomegranate, and yellow mango. A seventy percent of ethanol
extracts were prepared. Total phenolic content, DPPH (1,1-diphenyl-2-picryl hydrazyl)-, ABTS (2,2'-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid)), superoxide anion radical scavenging activity, FRAP (fernic reducing
antioxidant power), tyrosinase inhibitory activity, and reducing power were investigated for the comparisons of
antioxidant activities. The phenolic content expressed as gallic acid equivalents (GAE) was found to be highest
in pomegranate (12.22 mg GAE/g), followed by pineapple (3.77 mg GAE/g). Pomegranate and pineapple exhibited
higher antioxidant activity than those of other fruits except for FRAP. DPPH and ABTS radical scavenging activity
from pomegranate were 93.00% and 98.98%, respectively, at a concentration of 5 mg/mL, which were equal to

those of ascorbic acid used for a positive control.
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AHrsE 3 Tkl 9 Y Aol BAH R A

Z 70l 7Fs kA Hol #4 e
o o) 5HakA] o2 AR &8l F50] HATHL).
Guh - oFEh AL o5 F]o} AeH 5E& 71
I Qe R ok GEH THATE sk AR
= o] Sle ZoE WeA12,13) B
A7Eol olFolAa gt e Ffell X dd - obd
o) Zhdel] gt 7154 AT Barh 2w BR] 92 Ao
DE B AfoME FUEE G - okdd) Bl T URE
Adefste] gitst 2SS4t vlugoza o] Fof
7|2ARE Alsstaat sl
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HEM=
2 A ARS 9] HF-2 13 7) H(green kiwi, &
A=A, 2 F(pomegranate, U1, A 2913 (yellow

mango, D] A2h), & FH(dragon fruit, W EFAH), oS0
(pineapple, 2 2] A4h), Tt3}ok(papaya, E]HLH T 652
2 Me2A ErkEdA 20143 9ol FYH8Ih ol
Zzte] S AAs 24s A3 & $2AAZ7]
(TFD, Tishin, Seoul, Korea)S ©]-&-3}o] AZ3 T} £23
st 20T W R A A8-3F T} Folin-ciocalteau’s
phenol reagent, gallic acid, 1,1-diphenyl-2-picryl hydrazyl
(DPPH), 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS), potassium persulfate, xanthine, xanthine oxidase,
nitroblue tetrazolium(NBT), potassium ferricyanide, 2, 4,
6-tri-2-pyridyl-1, 3, 5-triazine(TPTZ), mushroom tyrosinase
52 Sigma-Aldrich(St. Louis, MO, USA)ell A T<3F53aL
7 9)9) Aoke S R DFAES FUste] AL

4
ZAZ g ARE FHsY 1, 25, 5 mgmLe] T}t HE
£ 50% dimethyl sulfoxide®l] 83|53t A B E A|Z}H L
o, AN ZTF O EE ascorbic acidS 1 mgmL FE=E A%
st ARS8
& Zod= 8 53
Z ZY9E FHEHS Dewanto S5(14)9] Wy we} 2+
A28 0.1 mLol| 7 1.9 mL9} Folin-Ciocalteau’s
phenol reagent 0.2 mLE 7}5}e] ALo ] 387 Wk-g-A1 7
o} 7]l 23} Na,CO; €9 04 mL9} SH#F 1.9 mLE

7ete] EFstal AolA A7 RESAIZL & 725 nm
(Smart Plus SP-1900PC, Seoul, Korea)ol 4] 3 5== =343}
Atk & Z8HE 8-S mg gallic acid equivalents (GAE)
/go- 2 YERH AT

DPPH radical 275 &%

A 8894 9] DPPH radical 4752 Blois®] %% (15)0])
w2} 0.1 mM DPPH -89 2 mLo] A]E-88 04 mLE 7}5}]
2 E5teta 22oA 3027 ¥HA1Zl & 517 nmoll A
TREE St A58 A RV e £
T H[(%)Z YE A
ABTS radical 2715 &%

A 4] ABTS radical 27%5-S Re 5(16)9] W<
I wFst] SH3AT =, ABTS €47 245 mM
potassium persulfate S 14:12 E3H(v/v)ste] A-29] Aol
A 2071t WAGE & SHRFE 7Fke] 734 nmell A 9] &
T3ko] 0.70 W9)7} == 3|45t} o] F 1.6 mLE
sl A58 0.1 mLE 718k A4 587 W3
o 734 oA FFEE At AlE&Y At
FA7 He F3= Bl(%)E JERIS

Superoxide anion radical &5 &3

A 584 9] superoxide anion radical 4752 Wang 5
(17 WHE ot S&3skATh F, 4 A58 04 mLol
0.4 mM xanthine¥} 0.24 mM NBTE 1:12 &3 £
1 mL, xanthine oxidase(0.049 unimL) 0.75 mLE 7} th&
37CollA 4083t WE-AIZATE 3 7]9] 69 mM SDS 2 mLE
7Fsted ¥EE-S HAAIZ] T 560 nmoll A FEE=E S48}
of A58 H7hwtd TN FRE H(%)E YERY
Atk

Ferric ion reducing antioxidant power(FRAP) &4

FRAP-2 Benzie 5(18)9] WH-& W33l =43 AT)
=, 300 mM acetate buffer(pH 3.6)2} 40 mM HCIol| =<1
10 mM TPTZ % 20 mM ferric chlorideZ 10 : 1 : 1(v/v)<]
H&2 E3ato] FRAPE S A2 th5 A58 0.2
mLol| FRAPE- 2 mLE 7}ate] Aol A 47F w-3-A|171
% 593 nmolA FEEE SAAH

Tyrosinase X3l &1t =3
A 58N tyrosinase A3 EF}= Chang 5(19)2] W
< st 4319tk =, 10 mM L-DOPA 0.04 mL<}
0.175 M phosphate buffer(pH 6.8) 2 mLol| A|Z&< 0.5
E 7Fste] & &3ttt o 719l mushroom tyrosinase
(110 uniymL) 0.04 mLE 7}3}aL 35CollA] 223 ¥H3-A1Z]
o2 475 nmol| A FREE St A58 H7hr
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PAE 2] FHE H(%)2 Yt

8- 9] 3918 (reducing power)= Wong 5(20)2] %
HE "yt AT =, 4 A58 05 mLel 0.2
M phosphate buffer(pH 6.6) 0.5 mL9} 1% potassium
ferricyanide 0.5 mLE E¢3ske] 50ColA 20323+ ¥E-&A1%
Th 10% TCA 89 0.5 mL9} 0.1% FeCl; 02 mLE 7}3}e]
Z 3 & 700 nmollA FHEE SAIIATH

SHRE

RE A¥0 33 o)A} WHE 23197 SPSS(12.0, SPSS
Inc., Chicago, IL, USA)E ©]-&3}] H+HFHRZE HA]
SISt ZF AR 2he] Aole FolFE p<0.0591A At
2 (ANOVA)O.Z #2413} T} Duncan’s multiple range
test® HX|7He] fro]F AolE HEsIATh

gdnr & nE

E Ecjd=s g
Z8ds d3FEL  flavonoid, isoflavone, flavone,
anthocyanin, tannin, catechin 5= F33l= Aoz HIS
2 A EA gl EEEo] k521, EYHEe] &
Adh= B4l hydroxyl (-OH)7 = @82 5 of2 5=
I Ak 5A40] o At Aol I, AEER 2
7 e 2o w BauE )lvk21-23). Gui-obdd) 3
S 70% NEHSE FE3 T T Zevs FFSE ST
A= Table 13 2tk 477} 12.22 mg GAE/gC. 2 713
=A Vebgar 32lo 0] 3.77 mg GAE/gO 2 1 TS0
2 Eston &3, a¥7§, duol, A=9Havt
2.45~2.99 mg GAE/g® & e THp<0.05). Hossain &
Q4L FRANE vere FE59] s FFS 511
mg caffeic acid equivalentjg ©. 2 R 315}$ 3L Ozgen 5(25)
<6 FF AR F e T 427 124.5~207.6 mg
GAF/100 mL9] ® 9t B3tk Liu 526)2 4 257
ware] & ¥ ko] 22.27~139.71 mg GAE/100 gO. &
50l Wt 2ho)7h JS-S K13} al Patthamakanokporn
QN el vpupore] Eejds TS 71~113 mg
GAE/100 g#} 54 mg GAE/100 g© & z}z} B 13}3ith Yu
S(28)2 Tufols H&, T4, AR Pt FEEE
kS =43 At 217}; 4.67 ug/mg, 25.47 ug/mg, 7.99
ug/mg O 2 H I3 0|9} o] e FRo Fogtx

A% =g o 23y BYo] YehlE

7 o]je] E-oA HIREE Ao,
EA AHo] HE4 ol ©]E9] free radical 27A%
< =3 gag A4S Yeddn 2uE bl 9h9).

DPPH radical &7

DPPH= A2 RS YEh = free radical2 3H+s}
ggo] = E483} vhid hydrogen radical®] HALE Hro}
9 =@ o F gy = EXE 7RIt o] glojA=
%7} A2 DPPH radical 2275°] & AL 2Ju]gch30).
Grff-o}dt] #Y o] DPPH radical 27%5S =43 Aa=
Fig. 13} 2t} A8 F% 1 mgmLoAE 13.52~61.73% =
el F5 Z7}ol uet 275 dubgo g Z7138)e
2.5 mg/mLol| 4] 31.46~92.80%, 5 mg/mLol| 4] 43.46~93.00%
= YeERIth AfF= ZE sToA T2 AlgHY &
2SS HAFal 2.5 mgmL ©]42] FEolMe A
z7 o2 A3l ascorbic acid®] &44(95.26%)3 th535f
o skl 3 Ao E YERE=H (p<0.05) ol &
gz T 2 A o] de AS ¢ F AUth
e, 8= 7Y W 2448 Holm 479 129 sigst
AA5S BYth Rho 5G3DS AF vare F2E0]

rr

B Ascorbic acid W dragon fruit B green kiwi papaya

O pineapple

Bpomegranate [ yellow mango
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Fig. 1. DPPH radical scavenging activity of imported tropical and
subtropical  fruits. Values with different small letters are
significantly different at p<0.05 among various fruits.

Values with different capital letters are significantly different at p<0.05 among
concentrations.

Table 1. Total polyphenol contents of imported tropical and subtropical fruits

Dragon fruit

Green kiwi Papaya

Pineapple Pomegranate Yellow mango

mg GAE/g 245+0.07° 2.9940.15"

2.530.26'

3.7740.26" 1222+047° 2.55+0.15"
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10~100 ug/mL2] Mol A %0 H|#|5}E= DPPH radical
2AZE-S YERAATHL 3T Chung 5(32)2 473
71¥1¢] DPPH radical £271%5& 543 27 1~20 mg/mL9]
Ao A T HlEHoR FoH F7FAIE Kol
20 mg/mLoll A 87.12~94.83% %5 YER AATHL Ha1sko]th
Hossain 5(24)2 311 &S &, o|golrH o E, W e
2 247} $&3}3L 100 ppm FEA DPPH 2455 578
3 A7 Wk > g oA HO|E > & FEFE o2
A JeltaL ol FejdlE e vdgitia Bkl
o & A3 A% F ds gl 7P w2 AFelA DPPH
rAGe 7V EA #EEATH

ABTS radical &7{s
ABTS+= potassium persulfate®} HH3-3le] A EA) 9]
ABTS cation radical (ABTS )2 A A sl=d| 34t3) A
S 71X EAZRE AAE oy Fao=m galg

ABTS cation radical> &3} -7]-&1j o
A58 2 2543 A5 Filksks S0 BT A8 s
sted Eo] ARE-EH AL 1th30). df-old ] A ] ABTS
radical 27% %4 23+ Fig. 29 2tk A8 5% 1
mg/mLoAE 6.31~38.89% 2 &3}, 181719, glujopr} v
< 2758 BAL AF7F M w2 275 B
(p<0.05). TE 7t W} 2ATE B AlRolA 197
© 2 F7kete] 2.5 mg/mLoll 4] 18.15~78.40% = LHEFSEAL,
5 mgmLA A= 28.16~9898% 2 A5 > A= 0mk71 > T}l
NE > 277]9] > Fpupol > &3 O & LEFHTHp<0.05).
ARe AAT0] 7P w2 83 3.5u) o]ifolen ¢
A 29 ascorbic acid(98.23%)¢F thE3F Aot
ABTS 242 Z89s o] 52 ARA 718 =4
Ueht DPPH &A% % v 2 5 sl Aol
B Ascorbic acid W dragon fruit

Hgreen kiwi papaya

O pineapple

Bpomegranate [ yellow mango

B o 5 B
S 3 a S o

ABTS radical scavenging activity(%)
w
o

2.5 mg/mL

Fig. 2. ABTS radical scavenging activity of imported tropical and
subtropical fruits. Different small letters above the bars indicate
significantly different at p<0.05 among various fruits.

Different capital letters above the bars indicate significantly different at p<0.05 among
concentrations.

A

rr
tlo

A & T A
Superoxide anion radical &S

Superoxide anion radical(O, ) xanthine oxidaseol] 2|3}
o] A= 31 NBTS} HH3-314] superoxide anion radical-NBT
EAE FA8HE AAs WA Hed dilsl 2498 2te
B4 g3 g A2 o]&st] SAHFATH33).
Superoxide anion radical2 hydrogen peroxide (HO,),
hydroxyl radical (OH ), singlet oxygen 5] Z-7A| 2 28
st Al 9 AR ZAS ST B/30] A3 radical©l
tH34). di-otd o 3+ 9] superoxide anion radical 4~ %
S ZA% 27+ Fig. 3% 2t A155%E 1 mg/mLolA
279} mpolofZo] 72} 67.27%} 6430% 2 71 A Y
Bl gtutoel I 7| 917F 242t 29.34% 9 32.58% = 7}
A Yehdth Al B F7h bt AA%S S8
© A% B 2.5 mg/mLol| A 33.11~81.29%, 5 mg/mLel|
A 45.86~86.63% % Tilol= A T WA 7P e
AASS HAT AR ShEL P Ee £ATS
HATHP<0.05). FANZTOZ A}-8-3F ascorbic acide
do] YepA] ol B A oA ARG & A
superoxide anion radicalS X2 38l= FEo| §le Ao=Z
yelhgton o]#j3k A= Jeong 5(35)9 ATolA
vitamin C, vitamin E, BHA, BHT 59 & &4tsiA]7}
superoxide anion radical 2752 YERNA] &t B
& g ARk,

B Ascorbic acid B dragon fruit @ green kiwi
O pineapple

papaya
E pomegranate [ yellow mango

5]
S

100 -

20 -

40 -

20

Superoxide radical scavenging activity (%)

=3

1 mg/mL 2.5 mg/mL

Fig. 3. Superoxide anion radical scavenging activity of imported
tropical and subtropical fruits. Different small letters above the
bars indicate significantly different at p<0.05 among various fruits.

Different capital letters above the bars indicate significantly different at p<0.05 among
concentrations.

FRAP &4

FRAPH-2 2ts}-8he] 18-S S4sh= A2 A8 Fol
31213l o] A5 = o] Fe(Il)-TPTZ7} 24
o] Fe(ID)-TPTZE Y= = L E o]&3s= Aolth36).
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doj-oldt] BU] FRAP 84S S3=2 Vel 2=
Fig. 49} Zt} A8 &% 1 mg/mLo A= 0.02~0.14 absZ
UERG 2.5 mgmLo A& 0.05~0.15 absE 2 #H3}7} §1
o} 71 o] %9 Frol A FH 0= F715e] 5 mgmLol
A= 0.10~0.37 absE Fufolrl 714 =9ty 11 theo®
3719 > 3RIKE = AR/ > 83 > A=Z9a £ol3d

(p<0.05). Guo 5(37)2 28% HY<| FRAP 48 543
A 2 Aol AMES TIFY oA 719 > A7
> Hlof & > Bal =02 EA YeEhgdtha Haste] B
Aeo) Aol FARE BES HTh o] o] datsl AY
W wal A8 B4 A g2 Yehdes AL
ikl vttt 24 92]9 ¥ES mechanism©] 217 th2
357 AR ok v Axrt tEr] giEel A=
x| dok36). WEbA Al59] Aitkst A4S ket

W M olgel o g WS o

WAscorbic acid MW dragon fruit [ green kiwi
O pineapple

papaya

05 B pomegranate [ yellow mango

e e 2
i~ w IS

FRAP (absrobanceat 593 nm)

e
=

an A

1mg/mL 2.5 mg/mL 5 mg/mL

Fig. 4. FRAP of imported tropical and subtropical fruits. Different
small letters above the bars indicate significantly different at p<0.05
among various fruits.

Different capital letters above the bars indicate significantly different at p<0.05 among
concentrations.

Tyrosinase A&l 51}

R A= M4 melanind FE I A X2
melanocyte®l| 4] tyrosinaseE HAHEALZ 3] tyrosine o2
FE A g 97 AdE EAISHE melanine 29
A GAAERE RS BH5de 98-S ST
g Age WA R ofojX| A IR e3kE FHZIAT]H
TR o] Aglo] H7 & ghok38). gk AAE depd
< AA 9 e 85 7] o5 7] ol melanin 3]
FE 20 tyrosinase E4S Asfste E2 9 ©A A7t
o] F0 XL $JTH38). Mushroom tyrosinase €45 ©]-8-3}
o] doj-oldt] HYY tyrosinase A3l &S S A
= Fig. 59 2t} A8 % | mgmLolA= 2187907}
2061%E 714 Sk AF7) 4.00% 2 M B9 BE

7kl wet A &ae] F7k= wH|Eke] 2.5 mg/mLol| A
39.79~53.79%, 5 mg/mLoll A} 45.72~67.28%% LERH L
M 1 F AR, RIS, 87 bE AlsRT B2 S4S
HER ATHp<0.05). Shin ‘5(40)< 3] F5E9] tyrosinase
A 8-S SA3 A7 1,000 ppmol A1 tyrosinase #13]
gAJo] YRR 99kar 10,000 ppmell A AA 17.71%,
5 1681%, B3} 12.59%5 Kol Z} -8R 20% ©]8ke]
@ A anE e okl Ba1skth40). Chung 5
9] A(32)°1 4 gold, green, red 71919 tyrosinase A3l &
= F% 7l wet S7kske B3-S UElo] 5 mg/mlL
o)A 35.17~43.11%, 10 mg/mLolA 44.09~50.00%, 20
mg/mLoIA] 57.06~86.76% 5 WEMIAIL F wls §Hol
F2 0= A Ert otk Barste] & A3e] Ay
= o ApolE Bt

B Ascorbic acid W dragon fruit  Dgreen kiwi papaya

O pineapple Spomegranate  [Myellow mango
120

@ ]
S a

Tyrosinase inhibitory activity (%)
o
o

1 mg/mL 2.5 mg/mlL 5 mg/mL

Fig. 5. Tyrosinase inhibitory activity of imported tropical and
subtropical fruits. Different small letters above the bars indicate
significantly different at p<0.05 among various fruits.

Different capital letters above the bars indicate significantly different at p<0.05 among
concentrations.
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St gkl @439 #Ho] e Fash Aotk
Potassium ferricyanideS ©]-&3to] &4JH ferric jon(Fe™)
ferricyanide &34 = A8 Foll EAlsh= d4tst &40
)&} ferrous(Fe™") Al Z SLAEHA FE24S A Hu
o]l W] FRER ksl S A TTH5,30,33). Edi-
oldd] T glH S 43 A= Fg 67 2th AR
TE 1 mgmLAAE 771 042 absZ 71 =3k 10
Z0] 017 absZ 1 T 22 =9tk Al % 371l
et S8 fFoFoz 78I 2.5 mg/mLolA
0.24~0.98 absE YEIN UL 5 mg/mLAlA = &7} 0.34
absE 7P Bkl X771 128 absE 3 H T} 378 o]t
o] S Kol 7P =4 Yo Azl
ascorbic acid(1.25 abs)2} TH53F3 tHp<0.05). o] =X A&
EFR'S andow 907 AL & F U0 B
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A3 A3 F9hgL Hs o] =2 AlBoA =4 YE
DPPH radical 2A5|A¢} ntx71x2 HE ek
FBBAF L Aew B

E Ascorbicacid W dragon fruit @ green kiwi

¥ papaya
Opineapple

Hpomegranate [ yellow mango

Reducing power (absorbance at 700 nm)

0 A
1mg/mL

2.5 mg/mlL

Fig. 6. Reducing power of imported tropical and subtropical fruits.
Different small letters above the bars indicate significantly different
at p<0.05 among various fruits.

Different capital letters above the bars indicate significantly different at p<0.05 among
concentrations.

o OF
I =

£ AFeAe FUL Gof-ofEt] #Y o itksl mat
£ Hlushy] st & E2]3ls %, DPPH radical £~A
5, ABTS radical 4715, superoxide anion radical 4~7 %,
FRAP &4, tyrosinase A3 &7, e 55 SA3HATh
% Zo9)E S AF7) 1222 mg GAEgC 2 7P =%
I T o2 91 E0] 3.77 mg GAE/go| o.M,
|3}, 2719, dajol, A2a17} 2.45~2.99 mg GAF/g
o] M2 Yeldt) 45+ DPPH, ABTS, superoxide anion
radical 27A%F, LM T2 HYHT =2 S B
oFRal 1 o2 IRlfEe] & A4S Rtk &
3] ARe FE2EY o7 S7H uet Az os &4
o] Vbl AEgS EAI AR FE 5 mgmLiA =
DPPH radical 2753 ABTS radical 2% @ L& 9o]
A 270 2 A8} ascorbic acide} 53 A2 H Y
o}, W], §-3e} vlulol= tiFEe] dHitkel a3 A F
Al gk A4S eI

Aol =
o] =22 20158hd e Bt StaL Sha A A<l
oJste] FRHIA7N ool FIA=EH YT,

10.

11.

12.

. Kim AR, Lee HJ,
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