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ABSTRACT

Objective : This study was designed to investigate effect of immature fruits from Citrus unshiu Markovich to mature
them on antioxidative and antiaging—related enzyme activities in vitro,

Methods : Fruits from Open field—cultivated C. unshiu Markovich (ripe and unripe fruits of Citri) made a purchase
in Jeju island. We measured total polyphenol and flavonoid contents in mature C unshiu Markovich (MC) and
immature C unshiu Markovich (IMC) 70% ethanol extract. DPPH free radical, ABTS radical, and hydroxyl radical
scavenging activities in both extracts were determined, Also, reducing power, SOD—like activities, elastase inhibition,
and collagenase inhibition activities of these extract were assayed at 5, 1, 0.5, and 0.1 mg/m¢,

Results : The total polyphenol contents in the ethanol extract of IMC were higher than those of MC (26.99 + 0.89
mg/TAEg). And total flavonoid contents in them were very similar to both extract (MC; 7.25 + 0.4 mg/RUEg and IMC;
7.44 + 0.18 mg/RUEg). DPPH free radical scavenging activities, ABTS radical scavenging capacity, reducing power,
and SOD-like activities of IMC—treated group showed significant increase compared to those of MC group in all treated
concentrations, Particularly, DPPH free radical scavenging and elastase inhibition activities in IMC—treated group at
5 mg/m¢ showed similar with positive control group. Besides, IMC extract at 5 mg/m¢ concentration surpassed positive
control (BHA or Vit, C) in SOD—-like activities and ABTS radical scavenging capacity.

Conclusion : These results suggest that IMC ethanol extract may be used as a natural antioxidant and a antiaging
material for development of functional foods and cosmeceuticals,
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w4} oehe & o)A 3.3 + 0,92 ng/TARg 2 UERte
o, & SHELo|E AFL &} oHE FEENA 7.25
+ 0.4 mg/REg, "5} oghE &84 7.44 + 0.18 ng
/Reg 2 YEFST} (Table 1),

Table 1. Total polyphenol and total flavonoid contents in ethanol
extracts of mature and immature fruits of C, unshiu Markocixh

o Total polyphenols Total flavonoids
(ng/TAEg)" (ug/RUEg)”
MC 26,99 + 0.89 7.25 + 0.4
IMC 73.3 £ 0,92 7.44 £ 0,18

Y Total poly phenol contents are expressed as tannic acid
equivalents (TAE).

2 Total flavonoid contents are expressed as rutin equivalents
(RUE). The results are the mean * SD from three replication.

MC ; Mature fruits of C. unshiu Markovich and IMC ; Immature
fruits of C. unshiu Markovich. (n=3)

2. DPPH AA3 A5 53

A8 434 % 44N ABE LEFE 5. 1. 05 3

0.1 mg/m¢ =2 Ags}x DPPH A
Asdt et FE2= A2 42 76.70 £ 0.8%, 60 8 +
0.39%, 47.16 + 0.4% 9 29.54 + 1.2%=%, 0|1} oetL
Z22E2.83.05 = 1.1%, 78.98 + 0.5%, 78.92 + 1.5% 4
46.87 £ 0.37T%=2 F 228 2% g oEFoz Z7}s}
At FEE RN 4 sErt v FEETolA
L0135 2712 B9t} (Figure 1),
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Figure 1. DPPH radical scavenging activities of ethanol extracts
from mature and immature fruits of C. wnshiu Markovich.,

The Results are values are mean = S.D., Significant differences
between MC VS IMC are indicated ; **p (0.01, ***{0.001. MC ;
Mature fruit of C unshiu Markovich, IMC ; Immature fruit of C. unshiu
Markovich, BHA ; Butylated hydroxy—anisile. (n=3)
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Figure 2. ABTS radical scavenging activity of ethanol extracts from
mature and immature fruits of C. unshiu Markovich.

The Results are values are mean®S.D., Significant differences
between MC VS IMC are indicated ; **p < 0.01, ***{0.001. MC
; Mature fruit of C. unshiu Markovich and IMC ; Immature fruit of
C. unshiu Markovich. (n=3)
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4, Hydroxyl radical &4 &4 &3

o vigat 9@ &) ofge 25885, 1, 05 ¥
0.1 mg/m¢ HE=2 A3} Hydroxyl radical &4 AL
EA% A3, A5 oee 5282 742 45,65 + 1.06%,
31.43 + 0.56%, 24.28 + 1.63% ¥ 26,93 + 0,23%, )4
3} oeke FEELS ZHzt 48,66 + 0.7%, 25.44 + 0.81%,
26,73 + 1,4% 9 23.8 + 1,59%9 2z £2A%5S U

ou, F 7k Aol= Tt (Figure 3).
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Figure 3. Hydroxyl radical scavenging activity of ethanol extracts
from mature and immature fruits of C. unshiu Markovich.,

The Results are values are mean = S.D., Significant differences
between MC VS IMC are indicated. MC ; Mature fruit of C. unshiu
Markovich, IMC ; Immature fruit of C. unshiu Markovich, BHA ;
Butylated hydroxy—anisole. (n=3)
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& 2282 747} 64.97+0.91%, 21.77+0.48%, 12.07
3.563 ¥ 412 + 0.71%=%, vl&3 e FE2E2 742
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Figure 4. Reducing power of Ethanol extracts from mature and
immature fruits of C. unshiu Markovich.

The Results are values are mean=®S.D., Significant differences
between MC VS IMC are indicated ; *p { 0.05, **p<0.01, ***(0.001.
MC ; Mature fruit of C. unshiu Markovich, IMC ; Immature fruit of
C. unshiu Markovich, BHA ; Butylated hydroxy—anisole. (n=3)

Reducing power (%)

6. SOD &A &4 &34

A2 g 9 Jsate] ek 5885, 1,05 %
0.1 mg/ml FEE A3kl SOD A BAE& SHT 27, 4
&3} ofeke 2EE2 717} 53,58 + 0.35%, 25.3 + 3.33%
28.27 + 1.57% @ 28.45 + 1,52%%, u|&d} oete &
B2 747+ 89.88 + 1.52%, 47.99 + 3.49%, 41.01 + 1.84%
9 29,84 £ 3. 14%% FEEHOR & AAGH &
= olth 5 mg/m FEOAA Hl&T FE2EL 2AGA] A5
ol vlg] FoHo R A EAEYCH, I g2 FA bz
2 BHA 2AFRT w2 A2 & Yetytt (Figure, 5).
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Figure 5. SOD—like activities of ethanol extracts from mature and
immature fruits of C. unshiu Markovich,

The Results are values are mean = S.D., Significant differences
between MC VS IMC are indicated ; ***{0.001. MC ; Mature
fruit of C. unshiu Markovich, IMC ; Immature fruit of C. unshiu
Markovich, BHA ; Butylated hydroxy—anisole. (n=3)
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7. Elastase 84 24|

o] vgat 9 &5t ofeg 3= 5
0.1 mg/m¢ FEE 23} elastase T JAS AT A
e oete 22EL 7H7 53.27 + 1.06%, 25.98 +
6.08%, 16.84 + 3.87% ¥ 4.25 + 0%=, v]<3} oekg 3
£82 7471 83,3 + 0.4%, 50.78 + 1,43%, 26.73 + 10.5%
4 15,16 = 0.05% Yel, & FE2E BF 5= JEHoF
E2 JAES Bt BE RN v&e quexEE
o] J&ute] R EFEERTY YO R 2 A& Ve
wom, B3] 15k Al 5 mg/mloA nl&I FEEL
elastase A& FPH=2LS Vit. C ok AR AL & YE
st (Figure, 6).
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Figure 6. Effect of ethanol extracts from mature and immature fruits
of C. unshiu Markovich on elastase activities.

The Results are values are mean = S.D., Significant differences
between MC VS IMC are indicated ; *p (0.05, ***{0.001, MC ;
Mature fruit of C. wnshiu Markovich, IMC ; Immature fruit of C
unshiu Markovich, (n=3)
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8. Collagenase &4 214
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Figure 7. Effect of ethanol extracts from mature and immature fruits
of C. unshiu Markovich on collagenase activities.

The Results are values are mean®S.D., Significant differences
between MC VS IMC are indicated ; **p (0.01, ***(0.001. MC ;
Mature fruit of C. unshiu Markovich, IMC ; Immature fruit of C
unshiu Markovich. (n=3)
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1.73%, 18.46 + 0.47 ¥ 18.19%=2, v|<1} ofek2:
27} 62.76 £ 5.08%, 51.82 + 3.66%, 44.55 *
2 2978 + 3.3%% B AINLL Y. £ TE% A=l
¥ BE Eaon Fsgon, BE Suoly % o
g FEE0] A dEEFEERY 2 AdE&S UE
ot (Figure, 7).

°}E‘i}w°ﬂ “411_ %—‘;Lﬂ ol A A «4—.—5:35}01] e 2
ForA L gtk W RSt 9 2 A a9l ’EHEP‘*" °J,
Gt a9, 7|ek 2B A, Agad E ARE HEST
Fol i & 4= Qo gResto dole s B A F 7t
Z AA YT Ha e AL AYATL 555 T AAEEHE
gAxkbolnt, EXd Ak (reactive oxygen species, ROS)& At
3 &2 EZo|H SOD, glutathione peroxidase
9 catalase 59 F4tst AAEE QA AALTL A
om® gaart gRwesle] 2o v Yo uet
AT AASEA 9 R e3E oystal AAAZE 5 Qe
Akt 9 ghest ax)7t go] s ok,

% Edvs 4 ¥ EPEkolE IFES 7Y ozl
AL WX st QAE BRIt 23 JRo=m =
I glew, 53] FAkst asol et sRERE dEA 8l
o270 ole] & EEjulE 9 & BetRicolE 2L A £
A3, v JderE FEE A5EEY duE &
Hr} 4k} a5o] et stEol gol ifé}ﬂﬂ PiS=n =y
om, o|2 Qlaf F4kst anrt Hojde A5T 4 U

FAEHs 2 At el AAE Foiste] AEE oAst=
58S Brete Aotk £ AFelAE DPPHY| =t &4
/o] At e AAE Foiste] ERE, ofAF=NIAE
polyhydroxyl &% 3}5tEol oste] &/dirizdo] Sy
of e MAl e AMo] GMEE HE ol gyt Y,
Hong & & 71%4 84 /gl oe d79 dskoz 4
AR} g WE ERES R oetE FEES ]85ty
DPPHY| #tHZ2AsE SHstgen, ZE FxolA 70%
0|49 AAFoEs ARE UBRTh o5 H|FojHEo} 1]
=429 HE FEE0] FEYEHLE 2 AT AT
&35 Yeprt, Park 5 73} Lee § 279 Axmael §4b
A 29 2 9o DPPH HAtgofso] Yetkth E3,
Lee 57& 4&Eo 02 29 FAsHsg Bu v} 9l
=, & Ad™AY 2429 453 9 s d4kst
%ol o $55HA UEhtt

ABTS radical &4 42 potassium persulfate2}2] vk
S0l &3 B/dE ABTS free radicale] A& 59| i3t &
Aol o3 AA= ] radicale] FEMo2 SME= AHYE
o|-gsto] B4 5=, ASM oz BME free radical®] A|A
AEZ ABTS+ - o] £2A%5S 24 ¢ Qu 24 vkgo] 1 B
ool FEEo] WA A sMsd FHol gl
Hydroxyl free radical A3A| WollA MEZFAY JEES X]é_],
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r%

W2 F, DNA ol tiste] vl s, vz} o] 2t
€& Yo7 4R Z4F ANE oplste AR ¢EA
o}, wgbA Hydroxyl radical 47 A4 &AL& ABTS
radical 2AZAT} pA7IR 2 A2 Z29] Fakst - o3
OHZ7} AAE= #HielH, OHE AAst= A2 A W A&
g 852 YelA e Fasitim gA kY. B Ad
Ae ZEEZQ BHAYF 8522 2 ANEEART &2 A4S
HEeou 5, 1 9 0.1 mg/mollA v} ogts &850 4
= erE FEE B} ¢ 2 @459E Uit A&
& 4= Sl

30 o

sgEe dutd oz Mo o]golut Fojz} 7Hsd B4,
AR, Aba 9 S 5ol ABE B SHAAS LS
A gt A5 e =t o]o) wat B AFeA gd
EHS G AN F FE2E B & oEHo R o]
Z7pteg, Azto] olgoll}t Fojrt 7hsat 219l AL, Ak

9 i FY ASE JARNICEZN afF o2 gidikag
TS AAE Ao yzher,

SOD (Superoxide dismutase)= AA W] 0.—
(superoxide) ] &A 0 ToIdl= Ao, A YA Akst
& g 2zt 7 B4 FE2EQ EaTS A5
17 SOD &4 EA8E 2 5 ng/wl 529 w53 ofjgt
& FEENAN 7PF A7) FHolP e BE, u|&Tte] ofgkE 3
E2E52 7%= AYPL 1 Os—(superoxide)E A8Z 02
At Aoz yepgeh?,

Elastase= 3 2&2E fA|5k= DA elastin®] £3fjof
st collagens E3lIE -’F— Qe 7R saolt, =3
AW elasting &3fot= HEF P Ao F9 SHHE 9
AzA e o] wobA 22T 9 ZFHZA QL Hlo] HH,
R 22 gy 24 52 w5 pg/mg BE
oA F&t ofleE FEEY AWE(52.27%) e} v]&1} o
B 2EE] AAL(83.3%)0] © w4 SHHEN u|&at

SE9 HieE g2 9 FEYY JAF0] £dtte A

g 4 9oz ogt THE Fredt LP2A Y &E 7}
A& AARRTH
Collagen EA4tA S0 2 Q3| ZAste] FE7 &2l A
sh 97 A7 9lo] "}, Collagen EYAl 59 ohalg
Bl aao 2 WA Fout, collagenased] ) &€
ot BuES gtk Collagens RO tifEE A8t
U= DHARZA collagenased] S 4e 95 St
g 220 glolA e Fasit? B AYA P&}
etE FEE(34.9%) 2ot v &g FEE(62.76%)°]
o 2 AfELE Uetl Fied 2249 &t o] §
Ve & A5 4 St
A= v - ¥ 23] A5 %“" st o] 7] 7 9] (L RE )
] 2EIUERIEE) she 28-S AU 9lo] F71(hR)7}
ﬂﬁ}fﬂ HAsHs FUEA(REE), TE, H7](ER), A&
4 goslis@k 2 59 S &8t 2§ A
i%(ﬁk%/é&), A2 (EEHER)Y 855 AY

A S (FUHE), 737, e (AErmt), 371
H(ﬂrﬁ‘* ) 59 73 AFEL(AEAHE AT S=
A5 (B o $-83 5 ok gEiA Ao,

£ AFolA oot Fug 72 23sk= A5, v
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