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Abstract

In this study, the antioxidant and tyrosinase inhibitory activities of aqueous ethanolic extract from the immature
fruits of Malus pumila cv. Fuji were evaluated. The antioxidant capacities of the extract was investigated employing
radical scavenging assays using DPPH and ABTS' radicals. The skin-whitening effect of M. pumila cv. Fuji extract
was tested using mushroom tyrosinase assay. In addition, the total phenolic content was measured by a
spectrophotometric analysis. All tested samples showed a dose-dependent radical scavenging and tyrosinase inhibitory
activities. Among the tested samples, the ethyl acetate (EtOAc)-soluble portion from the immature fruits of M.
pumila cv. Fuji was showed the significant DPPH and ABTS' radicals scavenging activities. Also, the tyrosinase
inhibitory activity of the ethyl acetate (EtOAc)-soluble portion from immature apples was higher than other
solvent-soluble portion. These results suggest that unripe fruits of M. pumila cv. Fuji could be considered as a
new valuable source of natural antioxidant and skin-whitening agents. Systematic investigation of immature fruits
of Malus pumila cv. Fuji will be performed for the further development of its biological properties.
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I, AW 2ZAES Tt A2 23 o H7F A<
EdE oAV EARo|, xS B Et 55 X8
Al =™ (3), superoxide, nitric oxide, nitrogen dioxide,
hydroxyl, peroxynitrite 5-°] E11¥ o] Ith4). A oA
g3k 2FolH free radicalo] DNAES FA AW, A4
ASAI7)I7] Al 25 F8AA =3hEA|, AR o
9] 715 sh= Aol ditsAlolH(5,6), AA dE] AHE-
H 1 = 4tskA] 24 = butylated hydroxy anisol(BHA)
2 butylated hydroxy toluene(BHT) 52| 3/d aHitshA| o]
B, o] 55 50 mg/kg/day ©]/3e] LEFoz F7|IE HE
Al AAALe] BR3P o A e B R ARG
A= 3 k7). ol2ldk 4 A E dAE 5 A=
Ho}h $pstar b gh Al Ao o] a5 1 9le
M, FZodle 245 HALA SolA tAdo] FHHE
g gAkstase] Hd drsAIE Ads] He B AT
o o3 EFule], Az, E 9 X& Soll= e
kst Aol FHrEo ol LA ATK®).
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Melanin& 3] 5-9] 235 AAst= T3 QAAEA £
3] 714%2] melanocyteg}il E2]= A4 )] melanosome
oA AtdEth Aepd g A she ELEA S oAt
o] UFQ tyrosine©| ™, WP A ]| A tyrosinase©] <]
3] DOPA, DOPA quinone 2 2 4}3}E™ DOPA chrome,
5,6-dihydroxyindole, indole-5,6-quinone®] ¥, I %
indole-5,6-quinone &2 5310l ]38l melaninS A 5= A
o2 & 31th9,10). Tyrosinase: 3] -0l A Hahd A
A7 At vl Fed dFe stm Jow,
melanosomeW] ol 4] tyrosine-s 4FSFA] 7] DOPAE A8t
tyrosinase hydroxylase &, DOPAS 4F5}A| 7 DOPA quinone
S W=+ DOPA oxidaseZA] 2H-8-ste] Wabd 344 &
33l key enzyme & 2H8-31Tl(11). wWEbA] tyrosinase
A= B Fuelxe] Wehd S A2 B9
Qo2 AsE & derz, 35 ujwz] sje] glojA
osinase &/ AR E-L -85 WP FRLsH &
ta ek @A7EA] dAE 29 tyrosinase €/ <14
= FEFFol 22 AHES kojic acide} -4}
Qo 2HE Held arbutin, %3] 2] oxyresveratrol
o, 1 9o = stilbeneA| 3+3E 2 flavonoid Al
o] Athk(12,13). ©]E % kojic acid & arbutin
Y AR skl glout 54 B FAkgo
to] Ho} ke A=z diAZE a5 9l
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AY2ZH(Malus pumila cv. Fuji)= “37] 2 (Rosaceae)l] 435}
A GgA Y EEA 1, ofrlol B Folr2]rte]
whtof] Au) dh Al 1753 E5s Ui
A= Ao, B, e R B dsA sgEe] o
F-rEo] ok 2o ATl maw Al = ikt &
] polyphenol 3}3=0] EAlst u|uk 31, ghete]
A, FEMd 59 g4 veille 3ol gEA vt
o

o Mo |r

(14-19). T3+ #= ¢}el 2 A}3} polyphenol2] F+4 #<1
proanthocyanine 41 & A A ge]] TN F oz Azt

o F5E wa UthQo).

AP FEAEZTFE F4atsl 2 tyrosinase A
1S Jeh e A s gastaxl e 242
B2 O eR 35S Fretdlen, asddA 3 A
s Jehd nAds Alale] 0% BOH 5% 2 7t 29
Eoll thate] 7 2tz 275 4 tyrosinase A3l 5 &
gt 2 AzE Bustaa) gt

Ol

Tz o
AEE
2 Ao Al52 AMES v s Atk (Malus pumila cv.
Fuji)= 20140 5¥€ell A& FHAJdA 2FA g A4 miAd<

T2 ZAA-FE8E A A23H A4E (2016)

e S The AHSST,

FEFO Mx 4 24
A3 v A 2.0 kg ZA A2 5 70% ethyl

alcohol (EtOH) 7 L& 397t A4 33] whi 353 &
dojzl FEHZ AAFH ¥, A9 FH([Rotary vacuum
evaporator N-N series, Eyela, Tokyo, Japan)d}o] doj7l
ZE(1129 gl tall g4tst E52] 7= ©]-8¥ DPPH
3 ABTS' git]Zbel] tiafA] ZH2te] AldsEellA] el zda
ALAAE H7FsE 2., tyrosinase A3 S = o] A ] A
Aol (21,22) Fate] st TR i o]
J= 4EHe] duE FH6] fall Fg 13 2ol w5
A3=E 10% MeOH= dEato] A=54d &<l nHaxane
o2 WA FE3 T 52 A ethyl acetate(BtOAc),
nbutyl alcohol(#BuOH) < ©|-&-3te] 7}7F atd o 2 33]
g ste] FEa5h 4 &ulFE 92 Ay w55t
A2 A17] & pHaxane 7F&%3(1.1 g), EtOAc 71458
(188 g), #BuOH 7H&-5-8/(17.6 ¢), KO 7}&453)(73.6 g
77 Aom 7+ BYES e gz AAs 4
tyrosinase #13 &4 718t

Unripe apples (2.0 kg)

— 70% EtOH
Cncd.
n-Hexane
[
n-Hexane ext. |— EtOAC
(1.19) |
|- n-BuOH
EtOAc ext. ey
(18:89) |
n-BuOH ext.
H,0 ext.
(17.6 ) (736 9)

Fig. 1. Extraction and isolation of 70% ethanolic extract from the
immature fruits of Malus pumila cv. Fuji.

DPPH 2if|ZaHs &3

1’3 < Atk 70% ethanol FE &2 7239 ‘52 Blois
WH19)0 wet S stAnh 2 Al =89l 120 Lol 045
mM] 3]4}&} 1,1-diphenyl-2-picrylhydrazyl(DPPH) - 60
LS ¥ wikeh 1583 WA S v 517 nmellA] §F
TE 3319 on] I 2ER ZE (+)-catechin(Sigma-
Aldrich Co., St. Louis, MO, USA)Z A-&-8lom Aalgol%s
S A B8] Hrbrn B S8 Aol & WiEE

2 e
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ABTS" 2iHZ 275 &3
u)Ad < AL} 70% methanol 559 2,2’-azinobis-3-
ethylbenzothiazoline-6-sulfonic acid(ABTS) radical &7 &
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= Re?| (2002 M E st th53 o] 375k
mM ABTS(in water)2} 2.4 mM KoOsS, 55 £3
el 122413 WA Ske] g el B
ABTS" 2tz &2 4slo] 734 nmel| M F21= gho]
0.6 =7t =5 3|4 sto] AHg-aksitt. 24§k ABTS+
etz &9 100 uLst Aok FE9 100 pL& st
AL A 783 A F 734 il A FREE S e
Stk olu 2= 2= (+)-catechins AHE-5H o A2}
= ARE AEskA] @& oo tgk %= FAISHIT

Tyrosinase Algd &3

Tyrosinase®] 28 27} AJ/d == DOPA chromes H| 4}
Hell oJ&] S7g3k= Yagi 52 WHE3)ol wek AAISHA
HH-S-71= 0.175 M sodium phosphate buffer(pH 6.8) 0.5 mL
o 10 mM L-DOPA 02 mL % A|E-8% 0.1 mLe] &3
mushroom tyrosinase(110 U/mL, Sigma-Aldrich Co., St.
Louis, MO, USA) 02 mL d7}ste] 37°Col|A] 287 uk-2-4]
7 w9l Zof AAE DOPA chrome S 475 nmol|A] S34%
£ 573tk Tyrosinase A3l 2732 A5 &9 A7
I FAIEY F3E AeE YERydth

2

O

H=M sigtE g2 got

Z s 35E2 32 Folin-Denis *H(24)00 whet
s on, &5 T2 FIES 1.0 mgml 5%
ZAIG -, 75 mLe] SFF7F e 100 mLe| Al g ¥
1 mLS Y3 2 £33} Folin-Denis Al 5 mLe} gHk}
EF 3389 15 mLE A= e v o] AL & £33
o] AgollA] 60% WA F, UV/VIS TFF=A = 640
molA FFEE SHegon, AFEEL  tannic
acid(Sigma-Aldrich Co., St. Louis, MO, USA)E ©|-&-3}

EFIAE Yol g B

Wy

a o naE
DPPH zt|Zt AHEN

A Woll EAete= gz ofA|%k DPPHE 1 AHA
7} EFAAE Zha 9lo] 517 nmel| A 73 B =S UE
th webA gakskso] Qe B2 vhesH| FW
o P2 SoA FBE gho] ATTH25). Fig. 290
A UERd A" s 2 wlds AL 70% BtOH F5 =
2 7} 7180 2ol vielA DPPH 2tt]Z 27242
B7er A}, A4 Ao 70% EtOH & 22| ICsak<
304.6+8.1 pg/mL, P]/d< AFEe] 70% EtOH F+% 52 ICs
2 1154464 pgmL=Z 1)/ 5 AL} 70% EtOH =&l
A HE e 22 YETh B8 njAd S Al
EtOAc 7H&-5-2] ICso#h-e 51.241.9 pg/mLO & Atz o=

7V e @4e JERIler, positive control Q1
(+)-catechin®] Aol Jdshe G5S Felslint oo
& nBuOH 7H8-3-9] ICoak- 789+3.1 pg/mL, H,O 785
9] ICspt-S 211.7£10.1 pg/mL, #-Hexane®] ICso%k-2 >500
pg/mLe] o2 gz £ALY S UehiS g1k

DPPH 2}tz 2753 F s st gditelele
A3 ABAA 7 ke Hae)dd 243k n)Ad<At
o] ksl G vlEA SighEe] S ke A
7}, Fig. 2 9 Table 1914 vebd A ¢, DPPH 2hv|Z
2ATE e SEY] ol AR #2 EOAc
9 nBuOH 7H-ollA 71 978 Ae 291 4 slrh

w0 G
3040 pg/mi

3i/0
00 - 1C=
2117 pg/mL
250

200 - IC=

1154 pg/ml Com
1= 78.8 pg/mlL
512 pg/mL

150

jlea
46 pg/mL

DPPH radical scavenging activity (ICsg;ug/mLy

i i =
tipe apple 70% unripe apple n-Hexane layer ETOAC layer  n-BuOH layer HaQ layer (+)- Catechin
EtOHext.  70% EfOH ext

Fig. 2. Comparison of DPPH radical scavenging activity of
immature apple extract and solvent-soluble portion.

Data represent the meantSD three replication and (+)-catechin was used as a positive
control.

Table 1. Total phenolic contents of the 70% ethanolic extract and
organic solvent fractions of immature apple

Extraction Yield Phenolic Contents

Samples (@/100 9 (mgl9

70% EtOH ext. of tipe apple 48 20£02"
70% EtOH ext. of immature apple 5.6 4.740.2
nHexane layer 0.01 1.6£0.2

EtOAc layer 09 64103

BuOH layer 0.9 4.1+0.5

H,0 layer 37 2.6%0.2

"Each value is expressed as the meanSD of triplicate determinations

ABTS™ |t AHs =4

ABTS" &% 2AG S 543 A7 Fg. 3904 Be
AXHE A& A 70% EtOH FEE2 ICsoak<
341.1£14.8 pg/mL, "< AFEE] 70% EtOH F+EE-2] 1Cs
2 454493 pg/mLE "X 4 ALl 70% EtOH 5504
H& %43 ABTS' 2tz 2AZA S YelQlch =3
144 Ake] BtOAc -8 59] ICsak- 28.3+1.5 ngmLo
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2 AdAoz 1 gt @S YRl e, positive
control€! (+)-catechin®] ICsakQ] 1.3+0.2 pg/mLe] T H
o= et EA9lS gRlstitt. $h, #BuOH 71849
ICsot2 49.8+2.1 pg/mL, H,O 7H&-4-2] ICx#k-2 143.83.3
ng/mL, n-Hexane2] ICs@t-2 115.4+11.6 pg/mLe] 02
2z 2AGA S JeEPES gRIsISIT Table 19114 e
W A F dsd g Addo® =7 vehd BOAc,
#BuOH 29| ABTS® &tz &7 S84 ZA)7} A4
H Ao, 53] EOAc Sl taiA] o|& e ZdaALdd S
7Hx1 gtslEde] s3o] dasitta Alsdt

400

ICgo=
1438 pg/mL

200

ICa=
1154 pg/mL
150 - be

ICg=

ICeo=
454 pg/mL

1Ce= 488 pg/mL
28.3 pg/mL

100 -

ABTS+ radical scavenging activity (ICso;ug/mL)

ICe=
13 pg/mL

ripe apple 70% unripeapple n- Hexane layer EtOAClayer n-BuOHlayer  HzO layer  (+)- Catechin
EtOHext.  70% EtOH ext.

Fig. 3. Comparison of ABTS® radical scavenging activity of
immature apple extract and solvent-soluble portion.

Data represent the meantSD three replication and (+)-catechin was used as a positive
control.

Tyrosinase Xsllgy

AE A AEZHY kst 9 AepdAy A A=
AN SRR o] n|d<s ARl 70% EtOH 3=
< Z4Joll wet nhexane, EtOAc, nBuOHE =2} 23}
Aojzl zt §-8lof t3le] mushroom tyrosinaseE ©]-8
N3-S B3l @4e Hrleksith 1 23 Fg. 4004 vERd
AAE & 2 vld<s A 70% BOH 25 2 2 7718
] F-Ele tiallA] tyrosinase Al S = ke At A
AFHe] 70% EtOH F+%+-9 ICs#k2 >200 ng/mL o2 ot
45 verilon, vjd< Alke] 70% EtOH FE+9
ICso3t-& 173.0£3.2 pg/mL O 2 A< Al#e] 3H= EtOH F
EEHET % @45 eI ddd o g gt
B A S vERd S Ao EtOAc w852
ICs0%4-2 101.2+1.7 pg/mLe] 1. 2.M, positive control$! kojic
acid®] ICs#k<Q! 57.2+2.1 pgmle] TAHtE kgl FAd
< I3k} 3, #BuOH, H,O 2 nHexane 7852
ICso%k-2 >200 pg/mLe] Fh2A 0 2 <kt tyrosinase |3l 2
e UEhd S gttt 22 AALAZHE tyrosinase
Aol Sk Wapd A4 oA A d=s 918k
APe AFo]| ol o}lH Il (Persea americana)®)

o 8

29

T2 ZAA-FE8E A A23H A4E (2016)

catechin =49 proanthocyanidin®] %3+ & 55 YE}
W™ (27), N AW F-(Ceratonia siliqua) +Z52] 1,2,3,6-
tetra-O-galloyl-B-D-glucoside 2] ICspt-= 83.3 pg/mL< 4
ERY S E13F Th28). o] /4] Ax L 29 tyrosinase
Aal L7 gdd 9E F dsd SeEe] depd
A A A4S Uil 4] b BasolA] gle
o, ndss Albke] depd A4 oA SRR F4H
© H5d seEe] £, 58 B 24713 HUkE 59
s At FEE] g v A EA e F7EA<
A7 Besttta Atgd

ICe= ICso=
>200 pg/mL  »200 pg/mL

ICso=
1012 pg/mL

1Cec=
57.2 pg/mL

Tyrosinase inhibitory activity (Cs;pg/mL)

ripe apple 70% unripeapple n-Hexane  EtOAC layer n-BuOH layer  HzO layer Kajic acid
EtOH ext.  70% EtOH ext layer

Fig. 4. Tyrosinase inhibitory activity of immature apple extract and
solvent-soluble portion.

Data represent the mean+SD three replication and (+)-catechin was used as a positive

£7s 2H3E e
s D nA4 A} 70% EtOH 5% 2 7 #1718
g el A2 Fol F¥EA T8 TS Table

19] el om, A< Atte] 70% EtOH F&EHT v
< A1) 70% EtOH FEEol|A 1 g 4.7+02 mgl =
A=A ggEe] o] = Yelsith 18 n)g s Al
©] 70% EtOH FZ%2| EtOAc ¥& E°] 1 g 64403
mgol FE4d SFES FHdte R YEhgon,
#BuOH £ E-0] | g 4.130.5 mg, H,OZHE 1 g&
2.6+0.2 mge] =4 s}3tEe] ko] Rl AUt EI
nhexane T8 0] 1 g 1.6+02 mge] FF oz e
=54 SgEe] FREFE Uehlle Ae2 4530
HZ v s Ak B st Hsg siihee] gl
it AT Bt ndSAA chlorogenic acid®] 3
Fol FAC R w& AL F2l8t% 2 (29), DPPH &t
A 3|

—

i

o]
2R
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o o]
I =

u] A< AlZE 70% ethanol FE5
FtOAc ¥ nBuOHZ 3} 8w E8315 1, Aozl d3E
of thsle] DPPH % ABTS' radical &7 % % tyrosinase
A& 284S #7135+ DPPH F/}‘r/]?al 2A5e A=A
5}51- _/] 6‘]—3]:0] /\Lqpq og = 2 EtOAc 7}‘ Q _I—-J ICSOH}\
< 512419 pgmLo 2 JF oz 7 43 &4 S
99l siglom, m4% At 42 FE8e] EANE A
4 Aitgel g 2% AR e s
& ABTS' ee] 2 £71°5.2 BOACT S| ICoghe 283415
ngmLe] A7 Aol ol Hl 3, 7 S A EA)7t
AAFE| QAT B, tyrosinase Alel 2 & S8 ¢ A3t AT
X o2 $-<3% DPPH ¥ ABTS' iz A%E YERA
EtOAc 29| ICspS 101.2+1.7 mgmLe] A& 242 vbe}
glom o]l 2Tl kojic acid®] ICs@kS! 57.2+2.1 L

o vlg) st G EAZ GAT A5 oL s 259

3k

o] &l mhexane,

%;d

spetEo] A 7]“:‘” O] U5 AAKERAT &% o5
e 8= 5 712 thek A7 E s
2 AFAn= Er/} f?} gz 275 2 tyrosinase
Adles 7 e N2 Axslds T2S 98 7|2A=
2 d8rbsetelet AlsETh
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