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Abstract

The peel of newly bred Green ball apple was extracted using water and ethanol. Water and 70% ethanol extract
showed high phenolic contents of 5.30 and 8.31 mg/g, respectively. The water and ethanol extracts of Green ball
apple peel showed 88.26% and 100% DPPH radical scavenging activity, and 99.27% and 99.09% ABTS radical
scavenging activity at phenolic concentration of 100 pg/mL, respectively. The water and ethanol extract of Green
ball apple peel showed antioxidant protection factor of 1.43 PF and 1.21 PF, respectively. The water and ethanol
extracts showed 60.29% and 75.92% anti-oxidative effect on thiobarbituric acid reactive substances (TBARS) at
phenolic concentration of 100 pg/mL. Hence, Green ball apple peel extract can be considered a potential anti-oxidant
with anti-aging properties. The water and ethanol extracts 6.45% and 20.78% hyaluronidase inhibition, respectively,
at phenolic concentration of 200 pg/ml. The water extract showed 4.55% and 40.06% elastase inhibition and collagenase
inhibition, while the ethanol extract showed 63.38% and 80.07% inhibition, respectively. Green ball apple peel
was found to exhibit anti-oxidation activity, as well as hyaluronidase, elastase and collagenase inhibitory activities.
Therefore, Green ball apple peel can be considered a potential source for new functional foods.
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2ol itk Al Al g of B T T
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Atztel] gHfE o] Qe EeuleS Al diks Aol
8 9L ste AAd=Holtke). 53] Aol Zeles
o] 7164 A 28 stolv sHdstel 2 A
ool g3/} ol A2 delA k7). Aol 5
o] 9l procyanidin, chlorogenic acid, caffeic acid,
epicatechin, catechin, p-coumaroyl quinic acid, rutin,
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shaking incubator®l| X 24A17F &}t wRF FE319 oM,
methanol, acetone, ethyl acetate, butanol FZE-2 100% &
T2 FYs o g wyk FEINY 4 FEES
Whatman No.1 filter paper(Whatman Inc., Piscataway, NJ,
USA)Z ]38+ & A] 5.9 phenolic compounds &=5 Z}7}
25, 50, 75, 100 pg/mL H== 50, 100, 150, 200 pg/mL phenolics
FTE2 %3] rotary vacuum evaporator(Eyela NE,
Tokyo, Japan)oll Al F%3l o, g Frd ue} 7S
2 3Mste] 4T YAaelA A& Hashy A3 A8
At

Total phenolic compounds &z

Total phenolic 7 &2 FolinZ} Denis®] ¥ (13)0]] $35}]
FZE2 | mLo 95% ethanol 1 mL} 75 5 mLE H7}s
3l 1 N Folin-Ciocalteu reagent 0.5 mLE 2 41¢] 583t
WA 8 NapCO; 1 mLE 71ske] F335% 725 nmol|A] 1A13E
oo =43l gallic acidE ©]-&3F T4 0 2HH
Fe it

1,1-Diphenyl-2-picrylhydrazy|(DPPH)
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DPPH radical A2l &7} 574 Blois®] ™ (14)° T35
o], A]& 0.5 mLol|] 60 M DPPH 3 mLE ¥ 1 vortex &t
F 158 Bok Wk 3 e 517 nmoll A SR =S 248l
DPPH radical A&l E3}= A|5 &99] w879} th 219
FFE Aol 2 Atete] YeR AT
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2,2’-Azinobis-(3-ethylbenzothiazoline-6-sulfo
nic acid) (ABTS) radical X3l &2}

ABTS radical A3 &7} 57 Pellegrini 5] **(15)
o] F3led, 7 mM ABTS®} 140 mM K,S,052 5 mL:88 L&
o] o] T2 2ol 12-16A17F WA AIZ] F, ©] & ethanol #}
1:882] H] &= 4o} 734 nmolA th2Te &FFE Fhol
0.7£t0.027} H =% ZZH3F ABTS solutionS AM&3le] A|&
£ 50 uL9} ABTS solution 1 mLE 30% &<t 412 &
2.5%%t incubationdled 734 nmol|A SF=E =35It
ABTS radical 2A &2 A& S99 vh-g-9} t 219
T Apol2 AlLkete] YERITE

Antioxidant protection factor(PF) &3

PF =% & Andarwulan®} Shetty] "R (16)0] =3}o],
10 mge] B-carotenes 50 mL2] chloroformel] =91 &<
1 mLE evaporator& 7)ol Y1 40C water batholA]
chloroform< %4171 2 20 1L linoleic acid, 184 1L tween
407} 50 mL H,0,5 7}8te] emulsionS P51, 5 mLe]
emulsion®] A& 100 ULE =3}15}9] vortex® 2 o] =
% 50Cel|A] 303E7F ¥ A1A WZHAZ] T, 470 nmel| A
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Thiobarbituric acid reactive substances(TBARs)
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TBARs A3 &3 =% & Buege?t Auste] HPH17)el
35}t 1% linoleic acid®} 1% Tween 402 % emulsions
7531 emulsion 0.8 mL9} AlF 02 mLE 41 ¥ 50T
water bathol| 4] 10A]7F ¥H-S-A]Z T} ¥H-3-< 1 mLel| TBA
regent 2 mLE 7}5}aL 15%-3F boilinggt tha- 1057+ W ZHA]
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HAase #8] 7= Dorfman$} Ott2] W (18)dl] F31d,
acidHA)ZFH FAE  N-acetyl-
glucosamine< glucoxazoline F=A4Z WPHAIZL & p
-dimethyl-aminobenzaldehyde(DMAB) 2 Al A &3 %=
600 nmol|A] FHE=E S4 et th HAase Aol E3= A=
folof Whg-e} g 2o FHE zto] = Alkste] YR
ATt
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Elastase AKX =0}

Elastase A3 £3}+= Kraunsoe 52| W (19)0l] 3},
02 M Tris-HCI buffer(pH 8.0) 1 mLo] 7]2< 0.8 mM
N-succinyl-(Ala)3-p-nitroanilide &2} 0.1 mL2] Egelo
1.0 U/mL porcine pancreatic elastase(PPE)(Sigma-Aldrich
Co., St. Louis, MO, USA) &4~8-9 0.1 mL<} 50-200 pg/mL
phenolic compounds &=2| 7+ A& 0.1 mLE ¥ |27
o Al ti4l T/ 0.1 mLE H7sle] 25CollA 208-7¢
"2 A]17] & popitroaniline A S F33 % 410 nmol A
574 3k31th. Elastase A3 &3 A =5-8-9] H7}F w3
o A7t vETe) FHE FaER tehigich

Collagenase 4K 3l &1}

Collagenase A3l &7} =72 Wunsch®} Heidrich®] ¥
0)°l] &3}, 0.1 M Tris-HCl buffer(pH 7.5)l 4 mM CaCl,
£ 7}8ke] 4-phenylazobenzyloxycarbonyl-Pro-Leu-Gly-Pro-
D-Arg(0.3 mg/mL)E =<1 7|29 0.25 mLe} 50-200 pg/mL
phenolic compounds F%=2] Z+ A|& &9 0.1 mLe] Z&
o 0.2 mg/mL collagenase(Sigma-Aldrich Co.) 0.15 mL&
A71ste] 4 Lol A 2087 WAIZ T 6% citric acid 0.5
mLE o] WS HAAIZ] th, ethyl acetate 2 mLE
78kl 320 nmoll A FF =& =735t Collagenase
A E A= A 28d o] whgFe} 2T FHE s

= Yehfsleh

SH Xz

BE AP 33] o] wkE 46 Ate] SAIA
= SPSS 23 for windows(Statistical Package for Social
Science, SPSS Inc., Chicago, IL, USA)E ©|&-3lo] B+
FH 2 (mean+SD) & ¥A| 81 12 F4H24 Duncan’s multiple
range test, one-way ANOVAE AAlst] A5 7he] -2 2f
E p<0.05 FFo 2 Hlw BA5I3Th
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A3} Ak A9 phenolic A+ 3 1
2 Aydd 552 BuS 980 phenolic S =%
A3} Fg. 1914 ¢} 2ol Akl 44 water, ethanol 25l 4]
£ 426, 6.51 mg/g®] phenolic 332 UERfo], Al3} A A
water, ethanol FZ%2] 2.72, 2.87 mg/gol] H]3| dtid oz
- phenolic 3&F2 UERH AT whebA] Abat H A ok
At A el ok e o] 1= phenolic /4 E0] A2
o S vX e o R Ao A AH FEER
7157 B7HE Fadstanh

Abke] 113 F-3} phenolic 2] AElEd 5 vl
£ 913l DPPH radical A3l &35 =% %+ 23} Fg 2A°lA
9} o] At} 7 A water, ethanol FZE-2] 100 pg/mlL E%
o] ngF-AM = 717t 58.95% 9 69.28%<] DPPH radical
Al &35 Yepfloy, Y F=2] phenolic compound
o] Aol e 22t 92.47%9} 80.62%2] DPPH radical
Adl &3= YeElf o] phenolic compoundol] &J& &4
Yehle Ao & elx 9 on, whole Aol A = Fig. 2A
o| A9} ol water, ethanol +%%°] 100 pg/mL F%E°
RP R = 2+t 2584% 9} 20.62% 2] HAAE5S YE}
o, 5Y 5% phenolic compound®] *2]ol|A Zhz}
90.78% %t 84.01%<2 ZAAFs S YeRfo] phenolic
compound®l] oJ3f &4& UYElfl= Ao R Rl 1
3 &7 phenolic &2 &Y &5 ¥uE {3l
ABTS radical 2755 5793 23 Fig. 2Bol| 4] 9} 20|
AL 4 9] water, ethanol FE%& 100 pg/mL 5%9] 113
ol A ZH7t 993%9) 9.53%2] ABTS radical 22752 W}
H$lem™, 100 pg/mL phenolic 5%=2] phenolic compound®]]
A 217} 89.15%<} 83.08%2] ABTS radical 427 %62 YER)
Atk FESF whole AF22] water, ethanol F+Z5<] 100 pg/mL
T 1 EolME Fig. 2Bl 9t o] Z+7; 5.61%9)
4.02%2] ABTS radical 22452 YER IS H, 100 pg/mL
phenolic F%=oll4 22} 90.34% 9} 91.44% 2] ABTS radical
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Fig. 1. The content of phenolic in water and ethanol extracts from
peel and whole Green ball apple.

PW, peel water extracts; PE, peel ethanol extracts; WhW, whole fruit water extracts;
WhE, whole fruit ethanol extracts.

Means with different superscript letters are significantly different at p<0.05 by a Duncan’s
multiple range tests.
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+= T AAVt -4—;434 2] Z-A] 9] tannin, saponin, organic
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©] ethanol ‘F%="8, #7187 phenolic ¥d2 43 23}
Aol &ud FEEo| A& Fg 3A04 ¢} 2-o] methanol,
ethanol, water, acetone, butanol, ethyl acetate =22 7.46,
6.38, 5.30, 3.31, 3.24, 2.36 mg/g2] phenolic &= UERIA
31, A4 ethanol =9 FEE°l|A = Fig. 3Bo|A 9F 22o]
70% ethanol FZ&<4 8.31 mg/gS & phenolic 3]
7P =A 825 o] YEbTh Whole AF4€] ethanol &%=
9 FZ5 A= Fg 3Col|lA 2t 2ol 60% ethanol F+EE-2
3.49 mg/g®] phenolic &S UERATE b =& =
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Fig. 2. The DPPH radical scavenging activity of peel and whole
apple (A) and ABTS activity of peel and whole apple (B) on
extracted solid and phenolics from Green ball apple.

Means with different superscript letters are significantly different at p<0.05 by a Duncan’s
multiple range tests.

At A3 whole A2 FZE712] phenolic compounds
FF AollM e A2 FEE0] whole A} FE2EET
o 230 H o] =& TS UehliSlt) 919 A3t wet
water, 70, 60% ethanol = ngﬂ- FEES AYY AP ES
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Fig. 3. The phenolic contents in extracts by different solvents (A)
and by different concentrations of ethanol (B), (C) from Green ball
peel and whole apple.

Means with different superscript letters are significantly different at p<0.05 by a Duncan’s
multiple range tests.

superoxide dismutase(SOD), catalase, glutathione peroxidase
(GSH-Px), glutathione S-transferase(GST) ‘5-°] &5},
A2 gAakslA] 22 free radical scavenger & &S SF=
Haka} B2 91 vitamin C, vitamin E, B-carotin, carotenoids,
flavonoids 3! selenium=: H] 54 2 7FA] 7714 Fo] Q1A

£ 23 3te Aoz dEA drhR)).

OPE Ad FE2E9 s 2HE Frkskr] 94
DPPH radical A3l &35 5743t A3} Fg. 4A 4 ¢} 2o]
aAE Aol water, ethanol FZE2] 25-100 pg/mL
phenolic XA 77} 82.94-88.26, 89.56-100.00%<]
DPPH radical A3l &322 YRSt 212 2183
32 £F 7132 water, ethanol F&E-2 Fig. 4A°A <}k
o] 85.16-87.55, 87.80-94.40%2] radical A&l &3}= YERH
©] 100 pg/mL phenolic®] FZ=A FA] FF0l vl3)] 2HE
FZ50] thA 973 DPPH radical A8 Z3= VERHQI)

2,2’-Azinobis-(3-ethylbenzothiazoline-6-sulfo
nic acid) (ABTS) radical Xl &n}

a-dE gAe] FEES o] &3t ABTS radical &A%
< 543 A3} Fig. 4Bol| A<} 2o] 2 & A2 water,
ethanol FE%2] 25-100 pg/mL phenolic F=ol|A Z}7}
44.36-99.27%, 41.99-99.09%°] radical &7 5= YER L
o 272 AR 22 FE 7429 water, ethanol %
£ Fig. 4Bol|A 9} #ol 40.15-99.46%, 38.70-98.22% 2]
radical A3 E2}E YERN o] 50 pug/mLe] phenolic & 5=<4]
 adE FEE0| A FEE<] Hlal ABTS radical #| &l
Bt Y e Aoz gRlEglen, 84 diksts
< Yehl+ DPPH, ABTS radical A& E3}ollA F %ol
Aths A= Felsktt

Antioxidant protection factor(PF) &3

17he] o5 Ao g FAH Slo] =& Bx3} 44
< 7HAaL A & B-carotene peroxyl radical®} |- 437
IRE-shetl] B3 B 5 shuel] el s Ao of
gkslA| 24 Agske JA S o] g3t X84 Fitels
< Yehl= PFE 5% 3 23} Fig. 4CollA < o] ad &
72 9] water, ethanol 252 25-100 pg/mL phenolic &%=
oA Ztz} 1.23-1.43 PFS} 1.19-1.21 PFE YERNSITE dl =
T2 AR 4] F35 72 9] water, ethanol FE&-2 Fig.
4CoA 9} 7Fo] 25-100 pg/mL phenolic EE=olA 7zt
1.22-1.29 PF$} 1.26-1.37 PF 3t Yelfo] 32 3
Hal 28 BEFEE0] o] 2 PF k& 4 F de
o, 58 284 itsksol dvtn AetE Ak

T, g

Thiobarbituric acid reactive substances(TBARs)
& Eot

O9E AA FEES ol&st] E tE A 84 st
52 UE= TBARsE =% ¢ 23} Fig. 4Dj| A &} o]
88 A2 9] water, ethanol FZ&Eol| 4 2} 24.88-60.29,
29.66-75.92%°] 242 YERHATE 27 = ARR-S $4
Z3o| 29| water, ethanol =& Fig. 4D A ¢} o]
717} 32.60-55.40, 20.57-72.48%2] 244-& YeRIth ¥
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Fig. 4. DPPH (A), ABTS radical cation decolorization (B),
antioxidant protection factor (C) and TBARs inhibition (D) activity
of water and ethanol extracts from peel of Green ball.

GPW, Green ball peel water extracts; GPE, Green ball peel ethanol extracts; FPW,
Fuji peel water extracts, FPE, Fuji peel ethanol extracts.

Means with different superscript letters are significantly different at p<0.05 by a Duncan’s
multiple range tests.

& A 4A FEE°] 100 pg/mL phenolic F=oA] T4]
FE9 At vldl o 53 X84 Filstes 7
Aoz oty weld 2 E 250 Alges =2 g
el A4S 7o QIS sl 93t 7T AAlE
ggo] 7158 Aoz AGFHALH

A

Aot MsMEE O2ls Atmt ZE2l hyaluronidase
s Eo}

235-#}2] hyaluronic acidHA)= 9% 842 54 891
©] macrophage®] phagocytic abilityS #] &l 5= WHA, HA2
alitE &2 AEAY HAE A AF A
inflammation, fibrosis, collagen depositions %7}A] 71t} &
% Hamet= i 0.2 G444 FAE 98] 224 Fej=

ol e A, A et Fole St
ve A%y Apel WHARE @ 297 Fol WA
o

o, g 27] w3 QA E o] Fol = Fojditin
Haxo] ITH26).

AZ o FHo] dE FAQl HAase A 3=
=73t A3} Fig. 5A°1A 9t o] 2% 749 water 5
Eol| A& 50-200 pg/mLe] phenolic & =4 0.00-6.45% 2]
A IS Ve, 288 HA9] ethanol FEE]
A& 50200 pg/mLe] phenolic ¥ %014 13.16-20.78%<]
A& g75 eIk di2T2 ARSe $4] 359 4
A o] water FEEL 0.03-1.79%2 Ad T3 Y
31, 3] A ethanol Z%%oﬂﬁ—: 1.29-12.72%2] A3
T9E Yepllo] a9 E FEE°] 50200 pg/mLe] =W
AolMe T2 724 Zz%ﬂ Hlg] o %8 235 Uet
W3l 53] ethanol FE &I Ul oz FAHL ¢
ze a&déme Uehfel, 288 44 FE50] ¥4

83 7157 AlEe] Ajistel A-ge] 7hesitt

;:‘L/Ké O] %_7].*5].0:1 7‘(_111‘,] 1,H OJ/H o tﬂ Q—E“ﬂ/\-] s} 94. 71—2.
714 @Al FelE frEste] vFEEs Hojmen
359 S op1gth A9 AT FE T el
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Fig. 5. Inhibitory activity of water and ethanol extracts from peel
of Green ball on hyaluronidase (A), elastase (B) and collagenase
©:.

GPW, Green ball peel water extracts; GPE, Green ball peel ethanol extracts; FPW,
Fuji peel water extracts, FPE, Fuji peel ethanol extracts.

Means with different superscript letters are significantly different at p<0.05 by a Duncan’s
multiple range tests.
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