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Abstract

The in-vitro whitening and anti-wrinkle effect of ethanol extracts from apple flesh and peel were investigated. The
EtOAc fractions from the ethanol extracts of apple flesh and peel showed in-vifro antioxidant activities in a
dose-dependent manner on ABTS radical-scavenging activity and ferric-reducing/antioxidant power, and had the
highest total phenolic contents (84.25 and 318.25 mg GAE/g). In addition, the EtOAc fractions generally showed
strong UV absorption within the UV-B range. In the cellular system, the melanin synthesis of the B16/F10 melanoma
cells was decreased by the EtOAc fractions of apple peel in a concentration-dependent manner. The EtOAc fractions
of apple peel also showed a great elastase inhibition of 46.40% at 100 pg/ml., thus showing good in-vitro anti-wrinkle
characteristics. These results suggest that the EtOAc fractions from the ethanol extract of apple peel can be used
as whitening and anti-wrinkle agents as well as antioxidant resources.
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AA) ko] B3 AAolry.

B AT ARt} ks FUAt Ak Aol
vitamin C & phenolics 5 TH¥Fe 7154 &S FHstn
Jom A¥A Ag 2 o F AW oo a3t Qe
Aoz SHA 1 ITh9). ZTelHEe Alate] 4 gt
3t 24 4E10,1) 22 53] Fold] ghie] ol 28w}
v wate] F3o] wat o 2ou) A P Aow dejyr}
(12,13). AF7HA] Ataol] B3t AF2e Fatsl B84(14),
g gak9) @ AAANE R EFH}(15) 52 /RTa B
HAl1, 1 Y= At &of Z2julE A EQ quercetinS
HYE# A3l ©2-5 Fou LA dukie). 22y A
7 AAE AR @ 3 B2 A9 AdEgd
HaEa AT Fult Al 28 9 39 & 843 V)5
A SE A T A7 o1y nju] gk Agelr) uletba
B drdM e T Al 3 2 Tl s BS) 4 R
A8, & wlEg sshE dee] 7MY B9k9 BOAc
955 A3 ABTS, FRAPH & in vitro 3H4k3} 24
3} UV &% &AL, melanogenesis inhibitory assay 2} 78
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B A7 AR Al AAEE AR €AW A
o4 20108 9€7 ol & FERA FANMalus pumila
MILL)E Al 31 &o} ALE-SIGATE £ Agd] AMRH Alekoz
Folin & Ciocalteau’s phenol reagent, 2,2’-azobis-(2-
amidinopropane) dihydrochloride (AAPH), 2,2’-azino-bis
(3-ethylbenzthiazoline-6-sulfonicacid) ~diammonium  salt
(ABTS), 2,4,6-trip-yridyl-S-triazine (TPTZ) solution, arbutin,
o-melanocyte stimulating hormone (a-MSH), N-succinyl-
(Ala)s-p-nitroanilide, 2 1 unit elastase (porcine pancreas
solution)+= Sigma Chemical Co(St Louis, MO, USA)A| Z-&
sl AR, 7 9 ALSE o) L Ate B
A5 ©]’4°] GR (Guaranteed pure)s- 52 AFE-SIATE Al
g0 BERY AL &7 F, ALT 2BA R ethanol
& AR o) Liowwel 18R EFEle] 2403t B 2R
97 #2353k o] 2912 No. 2 o3| (Whatman ple,
Kent, UK)E J#3l] 31331 5Z%7|(EYLYA Co, Tokyo,
Japan) = 45CollA w53}, o] F2ES 4 2 o83
Az O e Hrlete] dAFd oz 2IE3) Alat
NehE FZ5< chloroform}
o Y1 chloroform%3 &&%
ethyl acetate®} 1:18]& % #2] Zt)7]of] ¥ 11 ethyl acetate

EEE B3 3 T FEole] 20C Wl BasieA

A]-€-3+ B16/F10 melanoma A 3¥(CRL-
6475M, ATCC, USA)+ 25 mM HEPES, 25 mM sodium
bicarbonate, 10% fetal bovine serum (Gibco BRL Co, Grand
Island, NY, USA), 50 units/mL penicillin 2 100 pg/mL
streptomycin®] 3 3¢ Dulbecco’s modified Eagle medium
(DMEM) A& Wl oz dte] 37T, 5% CO, 2719
Hj F7] o)A u) st

= #=3aE g 24

F2 A8 &9 1 mLd 33 FFHF 9 mLE /M &
Folin & Ciocalteau’s phenol reagent 1 mLE 231 &3l
Ao 5 WA AT ¥hE-& A 7% NayCOs &4
10 mLE ¥ol A &3 U= 37) TFFE 25 mLE
L3It o] E3F 89E 23Tl A 2413 B BA| &
% 760 nm A FHEE SHIAT SHE FREE
gallic acid& ol &3t} A E HFHNCZ F =33
ke Al Th7).

A

¢

i

ABTS radical &H&4

1.0 mM (2,2’-azobis-(2-amidinopropane)dihydrochloride
(AAPH)$} 2.5 mM 2,2’-azino-bis(3-ethylbenzthiazoline-6-sulfonic
acid) diammonium salt(ABTS)Z 150 mM NaCle| ta]|=l
100 mM phosphate buffer(pH 7.4)9} &7 & 3to] 68T
water bathol| 4] 305 F<F & rista A-2olA 108 &<
AP} ABTS £4L 734 nmol| A 3% ko] 0650027}
U T E buffer® 3|AA|AH AHESIATE A58 20 pLoj

[e]
1087 ¥k 7)1, 734 nmoll 4] EFEE 233 Th(is).

FRAP (Ferric reducing/antioxidant power) assay

FRAP assay®]] A8 A]2F2 0.3 M Sodium acetate buffer
(pH 3.6)¢} 40 mM HCIE. 8314171 10 mM 2,4,6- tripyridyl-
S-triazine(TPTZ) solution, 2] 32 20 mM FeCls solution-2-
ARS8kt v)a]l A Z¥ sodium acetate buffer, TPTZ
solution & FeCl; solutions 27} 10 : 1 : 1(vjvjv)2] BEZ
E33le] 37CollA 10~15%3) incubation Al FRAP
reagentE 8] 3} tE FRAP reagent 1.5 mLE F2%& 50
pLoll E331 vortexdte] A-2ollA 30837 W] £ 593
oA FFEE F3HTH19).

UV-A(350-370 nm)& UV-B(270-290 nm)gHA
olliMel XM g4 EH
Methanol®l] A &5 3¢} UV-spectrophotometerE- ©]
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g8t 200~500 nmol| A 8] EFEE 245191 TH20).

ot ek £3

B16/F10 melanoma cell & 6 well plateol] 1x10° cells 3
mLE F53 §- 10% FBS7} #-+¥ DMEM £20l| 4] 244]
b Eb wlekskd et 18l 3 125, 250, 500 pg/mLe) Abat
5 3 #3919 EOAc 8 &7} 1 iM2] e MSHE A 2)38}
of 37°ClA 48A17F B2t vk Shich wjoFo] HutaL
% 1% (w/v) phosphate buffered saline (PBS)E 33| HH=-3}0]
AT FAZE B ul kel 2,000 rpmol| A 5EZ
LAED st FANE AAGAL, Bol B448 ey
= gapde] QgE dog|y] Ykl 1 N NaOH 200 L=
7¥etaL 80T A 1A17F #of dehd & ¢had) 59 F 96
well plateol] 100 pLE %7131 405 nmolA] FP=2 243}
o e-MSHRHS: 7Fehd & w9} A A9 arbutin3} A}}
5 3 A9 EOAc #EES BAl Hrbekl S o)
WER = melanin 3/52] Jold R134& 241819 0H2)).

Elastase inhibitory assay

Elastase inhibitory assay+= 0.2 M Tris-HCl buffer (pH 8.0)
200 pLefl A& 20 uLE 74 o2, 712 1.0 mM N-
succinyl-(Ala)s-p-nitroanilide 20 pLE& 7}6}53 1, 25 TlA]
10574 w8l U2 1 unit elastaseZ 20 il A 7)sra o),
HEG-E 2 thA] 25Tl A] 2087 wioFeh & W o
W& FAAIZI AL 405 nmell A EF = 23819 th22).
SAHAM

e AL 33] vHE AAJ8te] meantSDE UERASC.
™, Z} gkl g HSE SAS version 6.12(SAS
Institute, Cary, NC, USA)E ©|-&3t] W3} T+ A=
YERY 2Tk

4% 9 78
£ st B 24

Abattol] EANBAL & quercetind} 22 A IEEL
AR Yol Fao] Sl Groz oS 2a AT
A Ze 2AGE Holghs A7t Be] Za
lem, olgfgt dl5A shEhEel Zelr o= ¥
2 QtEAoRd Fof F3j] & ¥=A) 83HE 9k DPPH

T HleA e TS Table 1914 YER vheh 2t

53| ethyl acetate (EtOAc) T-8&9] At} 215 2 139
% A 35HE &% % H3 247} 84.25 meeT} 31825
mg/gC & 7HE A e on, gl fajoa] <f
4] A e kS Ho] FUTh Schieber & Tsao(12,13)
T2 2 A F5d et ISR #aldx 29
v A E =8 F slEA siehE de] Yehdtla B sl
o 2 Ad3 fA8E A7E B EQITh T3 Kelly(14) 5
S nFoflA F2 SAYE ALY FF mE s Y
ool F HEA d9E dgs 24 A% AsEY
oA 2-6v) HE #A Uehte Ao R glEdth
T 2 AT dae dd HY S skl R 7o
50% WErE: FE2EY F HEd F3%E Tl 1228 mg
GAF/g24) X} & AAE Veho] g 9 3 4]
A 2A ] &g TheAel F AR ZuHEk gyt 7]E
4 m A EA Y TS Boh FASE] fsiM e
AFZboll 38 main phenolicsell W&t chemical analysis &
o] Hgtrjojof & Fow AlmETh

Table 1. Contents of total phenolics of various solvent fractions
from apple flesh and peel.

Total phenolics (mg GAE/g)

Solvent
Apple flesh Apple peel
Chioroform 9.50+1.36 19.50+1.061)
Ethyl acetate 84.25£1.06 31825141
Water 375035 10.75+0.36

"Results are mean+SD (n=3).
=
setE O 29 7P E=A W BOAe 5

HA)S FE2EY TX7F S7Hel we} 2722 o] 2A
Z7eb= A gkl v, 53 #u9 A § FX 500 p
gmLol A= 98.71% = 71 -2 ABTS radical &7 &4
YERP 2] 2™, positive control 2 AF&-%H vitamin C (500 p
gimL)dl| 7V7hE- in vitro 34FsE &4 S ERN QAT Park
TQ25)2 AAE o] &T A AE FEERYE ABTS
radical 227 273 543 27 4 mgmLol| A 100%l] 717
& radical AAZFY vERATE D R aEkdit) ol B A
QAT Grbsl Aol BlejAl = tha WA vEeRgow,
ol full @ FEHe| W &4 Ajo|m FEHTL
FRAP assaye= A& ol EA3l= AitstAlo] 2l
ferric ion (Fe”")©] ferrous ion (Fe’) 2.2 S E o 24 ¢lo]
A= colored ferrous tripyridyl triazine complexE 593 nmol|
A Z9Fe A T Ao FAARAE 2ok ol
th26). Ab 28 9 23] EtOAc £2E2] FRAP assay
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Fig. 1. ABTS(A) radical scavenging activities and FRAP assay(B)
of EtOAc fractions from apple flesh and peel.

Results are meantSD (n=3).

UV-A 2t UV-B gHolAe XM E5x =3
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BOAc £88] 200500 nm 9] FFEE SH I 2}
& Fig 29F 2k Fig. 2(8)% @ol A 3h49] 45 UV
Joox EAAQ EF5E Uehlov} Fig 2B)9 Alg
Sl E UV-A 9 UV-B 99 55 FEst wstch
o|4e] A v Fof AL} 23]e] BOAc 8 &2 17
EX A UV-A 9 UV-BY H& Foolxe) Aojd Ag
348 7 5 ol A0 AeHAT Hwng2Y e M3t
o e & AE- Fo| A cinnamic acid’7} UV-B 49|
N 7V 5442 08 vehla, 99 Fol4Ed
maltol 4] UV-B 98] A0 & Faisiva w el

o] & o] AgE ATle] 4R FoA A4 Ffeto
79 93L = BYYRe] B¢ A IF Basitka
sy,
()

A
(A) —— 62.5 ug/mL

-~ 125 pg/mL
—— 250 pg/mL
3 —— 500 pg/mL
—— 1000 pg/mL

Abs

200 300 400 500 600

Wavelenth[nm]

(A)

——— 62.5 ugimL
125 pgimL
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—— 1000 pg/mL

Abs

Wavelenth[nm]

Fig. 2. UV absorption of EtQAc fractions from apple flesh (A) and
peel (B).
Results are mean+SD (n=3).
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&7) A o] F017TH29). Wehd 2 oM T RN -E
AF-E H3steE 982 AT ol9] I} gL 7],
T, A, 35 o A8E FEET E Al
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2= 98-S =451} B16/F10 melanoma A3 vl ool
A 71 2R S AL2EE AS control 2 BFE 1 MY «
-MSH (melanocyte stimulating hormone)7H2- #7}eF A, 1
221 o-MSHE #H7}3t #jAloll positive control 4] 2]
arbutin, A3 35 9 #3]o| EOAc I EE sEUE
A7betl s W depd 44 As I=E =33 dxe

Fig. 32} #th
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Fig. 3. Melanogenesis inhibition of EtOQAc fractions from apple
flesh and peel on melanin synthesis in B16/F10 melanoma cells.

1 : Contol, 2 : 1 mM a-MSH, 3 : Arbutin 500 ug/mL, 4 : Apple flesh 125 pg/mL,
5 Apple flesh 250 pg/mL, 6 : Apple flesh 500 ug/mL, 7 : Apple peel 125 pg/mL,
8 : Apple peel 250 pg/mL, 9 : Apple peel 500 pg/mL

Results are meantSD (n=3).

Melanogenesis stimulating agent$! o-MSHE A 2] 3} 7
B16/F10 melanoma Ao ]&] AAH #apd b
control®] B3| A} ¢k 20% F7Fet o, At 25 9 w7}y
o] BOAc 8 E-5 125, 250, 500 pg/mL 5 2 A 2] slo]
dehd 3 AAIE BR1e A7) FrejEael dehd M
74 A7 ettt 53] 5= 500 pg/mLoj A 2] w}u)e]
74 positive controliz AF-¥ arbutin (500 pg/mL)el B3}
40% ©)/del & A AHE HoFAr) olejg A3 =
TE 2w T e 3EE I 2 s 2
debd 44 A 2 dad o] ﬂ% Ao FFum

ol T Hrk= Fulof thek
b

2 HERTY 7I0E A

r{o —10

Elastase HMaligty &

3| o] 2324 4ol collagen®} elastine] “1&%
25 GARA 5e) GRS FANA Fed ol
X}ﬂ’ﬂiﬂr e Uf] 94%4 }\Egﬂ_i 0] o]—oq /\é %E_u/g
o] Ztz2xstal I}t LA elastasect] 2J31 elastin®] &Y

F27H A HR W} A D F gl AR Ty
e A f30). 2B 95 este] F A
o] shiRl Aekarle] Bl B9 elastase®] BAS As)A|
Aomm 3 waE o & ok 28 Y43} B
elastase Adll E4S =33 A3} Fig 49 2k A1a}
74 BOAc 82 E A3 BHo| LehtA] Qgko.

-
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w519 A ¥l B wek 4R e
78S Bt £3) B 500 pg/mLe 7 $- 46.40% FA
positive control 2 A& ursolic acid (250 pg/mL)ol| )& A
=2 A 3E HoAF9IT Kim *—(3l)t =5 A9

) EZ Q1 AR EAME0l AaRAo] BB clastase A13f
g4E 343 A% T 1000 ug/mL4 o obA| Hlo] E
FE B M 449%2 =2 837} JeEbgtha Haushsic
ol ¢} v w2 w, At} 343 2] EtOAc FE8 &9 elastase
Aafgdo] Aoz ek Ao UEom, o] 24
g% Alyh 33 EtOAc FEEC] 5 /M B4 7154
s A EA &8 AL iE‘rE_ Fere

Ursolic acid
EZZA Apple flesh
B Apple peel

40

Elastase inhibition (%)

Ursolic acid
250 pg/mL

Concentration (ug/mL)

Fig. 4. Elastase inhibiton of EtOAc fractions from apple flesh and
peel.
Results are meantSD (n=3).
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& Holinh ek dapd 3 A8 53E
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= el ot ﬁO] 32 749 positive control EA4] 2]
arbutin B ohE H-& Al AIHE BT vlEo] Al
3 9] EtOAc FEE-L 500 pg/mLe] FZolA 46.40%2]
elastase A 2 2/d 0“1 B3Rt & A2 HE E3sl
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Hﬂr
N %o
>

2w vige] s BES B4 AL 75]9] BOAC
REge g, o 2 FEAN 1SHEE R
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