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Abstract  Citrus grandis Osbeck pericarp is used as tea,
herbal medicine, etc., but is not commercialized in various
ways. So, in this study, we identified potential for use of
Citrus grandis Osbeck as health functional foods, cosmetics
and food preservatives. Methanol extract of Citrus grandis
Osbeck pericarp was fractionated with hexane, dichloro-
methane, ethyl acetate and butanol, to quantitatively analyze
total phenol and flavonoid, and investigate antioxidative and
enzyme inhibitory activities. Total phenol and flavonoid
contents were highest in ethyl acetate fraction, FRAP and
ORAC results also revealed highest activity in proportion to
total phenol content. DPPH radical scavenging activity
revealed that ethyl acetate, butanol and dichloromethane
fraction manifested highest activity without significant
difference. However, dichloromethane fraction revealed
higher TEAC value and tyrosinase inhibitory activity than
ethyl acetate fraction, and hexane fraction manifested best
results with superoxide radical scavenging activity and
a-glucosidase inhibitory activity. Antimicrobial activity
also revealed best effect in dichloromethane and hexane
fractions. So, based on the following results, use of
dichloromethane fraction as material of natural functional
cosmetics, ethyl acetate fraction for health functional foods,
and hexane fractions for pharmaceuticals and food pre-
servatives, would be most practical for product development.
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A Ab A (free radical)@] 2= hydroxyl radical, hydrogen
peroxide, superoxide radical 502 T2 S ZHE AR
Aol 4ol Astof AN A S el

Ao AM Sof &3S Zgsie. shA T 2B ALY 2]

A epetad 242 R e s H e 7 f-of &AAta

o] Aol F7FeHA EH ofof whef A2t DNA, Tl
XE] %0] ‘4‘:‘}6]—1:"]01 OE:[L_. EUH7:1§]- iﬂ_g_ H]E?‘)‘]— Ol—E. 71—}_
Aol & 2 3tck(Ko et al. 2017). 2| Lol = v enl 3} 712
o=, Al EZ 2 E &3t phenol X flavonoid 5 ©] Ak

5219 70 982 S AR elo] ¥ A WA A AA
2XRE SuyL uF 2y A} e o 1y} AsE 1 gl ok
(Carrasco-Pancorbo et al. 2005).

A F ol A Al &= GG AH(Citrus grandis Osbeck)= &
Fito] Hote FUr R dnjo FH= AT o m AEL
LEEESICHL Ao A7 = A2 2F10~12cm, 7FE 9~ 10
cm O] T, FA| = 9F 250 ~ 500 g & 2 F 1071 4 = 2] FA7F U
Kol ]A|skar Qlek E3F Al = A ZEE 7|9 HT
ol 37} Qo] oAl AHgEolgT FaAtel §714
ghake Aol Wlahof 20 % 1 W] EPE C L 4vj 7} .
E3F FHAel= HEY ok /445 hesperidin,
naringin, naringenin, narirutin, neohesperidin, rutin 59| Za} &
Lol=&7F Qlth(Jiang et al. 2014; Mikynen et al. 2013).
Hesperidin} naringin®- 4| o] 4.2 &1 07]7] ofon
APSH AR, e AE|E A S B Z2FE Ao A A, St T

[eJRUEE)
LA & HF 71 5& Tzt AW Aol mw& &t
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(Moon et al. 2015). whebA] H Q152 WAl o] ot
obiZt 2 ook, 17 7154 A B E
D43 S HEA S B A T o)A
SRR SERPEEEL TR e
% 9 2315 9] 9]9} & v}(Moon etal. 2009), 2 & A 2]
} &E9 34k U a-glucosidase, a-amylase A 3
&% @ A IHKim et al. 2009), V| &2 S5 9] v
Th(Kimetal. 2014) L W& =5, 2259 & A5 Ak (Lee
etal.2006)7} H 1 E| ¢l om G vu S AR 2 S AL R
+ o §hE 555 HL-60 cellof] A 2|3} off of 2 EA]
= i (Hyon et al. 2009a), H| Tk} 312H QF o} A] &g (Hong
etal. 2010), M| =& A 2 & 3 H A =9 Akst 24 (Hyon
etal. 2009b) 5-0] Hi1E o] Qlth

AR FHA L= AL, bR o= o] g E A 9lo
sk A Al E3F =L QA= 2 Aotk whekA] 7 A
TFolA = St A] & ) & Adstetar A% 7154
AE 9 754 E, AEEREA Y YEEAY AR
7V & ALR77HA A=l olo] 7| 2A R E Al E st At
T ] o) v & FEEZ S A 54 =2
2 B2 Axsiglen 258 4 E£¥&9 phenol,
flavonoid §F3F 413} SAS 914 W 4 A 8H4, o)L
o] AlZ Xy u|WE Micrococcus luteus, Bacillus cereus,
Escherichia coli®} 7] 31 7+ 98 A © 7| = Klebsiella pneumoniae
o YR EIE v WO 2H 2 ATLES ST

A
2
H

N

s 3 di

43 NE

2 AP AR G A 1] o] F2EE 9 REES U
1} o] Azt AxE FHA Bujo] HEgES 5%
o 109 7hstol 80°Col 4 34759k FE3a1 ol et
o] 28 3L 3 WSt ol ol el 5]
(Hel-VAP Precision, Heidolph, Germany) 2 ‘5<%t ol 54
AZ5G00 o] F T TH 24, O F 220
g, o oA |0l E, FehE) o2 Gl &3S A A5
ST RYBS 2L FAT AL AR Aol 4§
skt

3 o= ¥ S22L0lE 3 =4

Total phenol & Z74-& Folin-Denis B2 W& slo] =4
5§ th(Singleton et al. 1999). Micro tube©]] sample 20 uLe} 55
4= 700 uLE 7}3}al Folin-Ciocalteu A]2F 100 uLE ¢ 35}o
voltexing 3t & 2A|7F F-ot WA 5%t} o] & 20% sodium
carbonateZ 100 uL# 7}t E3Fo-& 1A 7F v )3 &

microplate reader (i-Mark 168-1135, Bio-Rad, USA) & ©]-&3}] &
B 7S 750 nmo| A =% 5191 ). Sample 2] 53 = = gallic
acidZ standard curveE 2H4J51o] GAE (gallic acid equivalent)
2 el

Total flavonoid 7 -2 Kim et al. (2012)2] W& H & 5} o]
223} T} Micro tubeo]] sample 100 uL2} 10% aluminum
nitrate 20 uL, 1 M potassium acetate 20 uL, o] &+-2- 300 uLS &3}
B ol 5574 S60uLE 7kste] 1417 5k skt o]
2 microplate readerE AF-8-510] S0 = ZH2 415 nmof| A =
Aottt Sampled] TFE+= EFEA9 quercetin® 2
standard curve S 24d 3} ¢] QE (quercetin equivalent) = LEFU
Ak

Trolox equivalent antioxidant capacity (TEAC) 53

ABTS & 7% &4 -2 Zulueta et al. (2009)2] HH-S- ¥ & 3}
Z 435}tk 7mM ABTS £} 2.45 mM potassium persulfate S 9
2:0] 16A] 7k ¥l %] 8} o] ABTS radical & A AJ A] 7] 3 0] 894 €]
BB 71 734nmo) A 0.70+0.027} E| £ & ZH 42 34
sttt 0] 3 sample 50 uLoj| ABTS radicalo] A AJ ¥ £ 1
mLE &£3¢5}o] 35 7FHH-S-A] 7] 31 UV-spectrometer (UV-1800,
Shimadzu, Japan)Z ©]|-8-3 734 nmo|| A &= 1S =43}
At Trolox & ©]-8-3}9] standard curveE A3l A= 1 g
Z trolox %= (mM TE/g) = e $itt.

£

Ferric reducing antioxidant power (FRAP) =&

FRAP-Z 7|2 9] Benzie and Strain (1996)¥-& H & 3} =74
sFth 24 o) A& %= FRAP working solution-2 300 mM
sodium acetate buffer (pH 3.6), 10 mM 2,4,6-tripyridyls-triazine
(TPTZ)2} 20 mM FeCLE 10: 1: 1 8] &2 A3 2o T3t}
o 37°Cof| A 3087 WS- A1 71 ] AF&-3}% th. Sample 50 uL
o]l FRAP working solution 150 uLE- 7}3F 0] % 37°Co]| A 158
7t HF-8-A] Z t}. Microplate readerE ©]-83f 595 nmoj| A &34
T3S 545t FeSOsE ©]-8-3}0] standard curve 5 2+
Stal Al & 1 g FeSO; $H 2(mM FE/g) 2 = LFEf itk

Oxygen radical absorbance capacity (ORAC) &8

Sample2] ORAC 541 -2 Zulueta et al. (2009)2] HH & H Y
5}o] =451 %t} Sample 50 uLo]] 78 nM fluorescein 150 uL-5
7V} 37°Co) A 10571 ¥H-S-A] 71 TF-L-0]) 221 mM 2,2’ azobis
(2-amino-propane) dihydrochloride (AAPH)E 7 7}5}% 2.1
excitation 34 485 nm, emission T3 535 nmoj| A 18 7+4 o
2 0057 HHES 24ohech EEAIL troloxE A4S
5191 0.1 sample¥} 3= A] ©F 2] area under the curve (AUC) 3t
2 =459t ORACE trolox= ZHAJ & standard curve S A}
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8-5}] sample 1 g% trolox 5 = (mM TE/g) 2 LHER Sl T}
DPPH radical 215 &3

DPPH radical 2~ 7] 52 Blois (1958)2] wg% W3 slo] 24
31tk Sample 40 uLo]| 0.15 mM DPPH 842 160 uL 7}5}¢]
6 307 92 & microplate readerE /\}%5}01] 490 nmo|
A EFBE S ST HA 2t S 2= BHTE AH-
519 0 ™ sample?] 47432 DPPH radical-2 50% < A A|
71=d| Q3% == DRCs 4o = e ¢lth
Superoxide radical 215 8

Sample ] superoxide radical 4~ 7] €-4] -2 Nishikimi et al. (1972)
o] W& w3} o] =743}l t}. Sample 50 uLof| 62 uM nitro
blue tetrazolium (NBT), 33 uM phenazine methosulfate (PMS), 98
uM [-nicotinamide adenine dinucleotide NADH)E <At &
S0uLA 7}stof ket 2 560 nmo| A &3 = gk S5k
t}. Sample2] 47 &2 superoxide radical-& 50% A A] 7|
=8 83 5= SRCs 7o = LrER Sl

Tyrosinase Aoigy =73

Sample 2] tyrosinase 4| 3| 2> Ko et al. (2017)¢] ¥R 0 &2
27519t} Sample 10 uLof 25752} 1 mM -tyrosine, 50 mM
potassium phosphate buffer (pH 6.5)5 9:10: 10 H]-& = = ¢+5t
2394 170 uL, mushroom tyrosinase (1 KU/mL) 20 uL 7}-gt
t}. 0] 5 37°Cof| A 158 7F uH8-A] A 4§ 4 ¥l DOPA chrome&
microplate readerE AH-§-5}0] 490 nmoj| A SF =5 74519
t} oFA 2 2 2 arbutinS: AFE-5}S 2 1 sample2] A3
AL 50% AH &4 & =2l inhibitory concentration 50

(TICs0) .2 LFEF Qi Th.
a-Glucosidase XMsfiEkd =3

SampleQI a-glucosidase #] 3} Z4J-2 Kim and Kim (2016)2] wf

S HY3slo] =435}t ZF sample 20 uLef 20 mM po-
tassium phosphate buffer (pH 6.8) 120 uL2} a-glucosidase (0.3
U/mL) 50 uLE 7}3}o] 37°Co)| A 1057t Wh-3-A] F T} 0] 3 2
mM pNPG 10 uLE 37}4 0. 2 7}3F B 37°Co]| A 3057k vt
SAIZTR 302 A3 F 9 A A S 54 2 2 100 mM NayCO;
£ 100 uL ©}3}o] A ] A]7] 2L microplate readerS A}-8-5}¢]
415nmof| A FF =S SA A A 2 S = acarbose
S AH&5F o H sample®] A3 &2 50% A F=
¢l 5= ¢l inhibitory concentration 50 (GICsp) 2 & WU Q1 Th.

Sample] T $H4S 24 517] 918 AEE 2L 3o}
A+t Baczllus cereus (KCTC 1012), Micrococcus luteus (KCTC
1056)2} 132X+t Escherichia coli (KCTC 1924), Klebsiella
preumoniae (KCTC 2208) 0.2 St A et LY n| A=
2L A E] of] A BofHto} 20% glycerol medium ©. & -80C of) 4]
Bypshglon 7 5= 33 At gote] A3 ol AHg-st
SiTF. A7kl T e A A s B3HE 24e7] 9
5}o] sample X FA N X0 2 AFE-SL tetracycline, strep-
tomycin®] £ E= FHI} 2315192 U 1| mgmL =
S adskglon o GEE gAY Lndd el @
o] AR 7] 21 24X 759t 4417 7+A © & microplate readerS:
ARE-8Eo] 595 nmof| A FF =S %Xé SHRAT.

SA=M

>
"
[
I
(o]
5

il
rl
o

FEERAR GEf gl o BA L
SPSS (Ver. 20, IBM, Corp., 2011)2 A}-&3}0] ANOVA B

Axsgen foder Holrt g FEos
Tukey’s Multiple Range TestE AF&5Fo] 94 24351

|
tlo rlo rin
it
d

% o5 9 Bepeols B

=~

golAglo|E H3l& (163 19 + 23 mg), ol
(105.06 % 3.05 mg), T) 2 2 & o] &} 58] 2(64.33 £ 2.65 mg), ]

B2 22 (41.66 £ 2.08 mg), $ A} £ £(25.55 +2.38 mg),
2 5351655+ 1.66mg) 4= O & =9t} & Zat Lo|T
g ol dobi g o] 2 E2E(10.06 = 0.09 mg), H|FZE
el 28] 5(8.15 £ 0.45 mg), FEH-2 H 3] 5(6.74 £ 0.58 mg),
wehe 2 ZE(]. 59i1 12mg), 34k 2] E(1.11£0.65 mg) <=
o7 Egton & %Oﬂﬂ%%ﬂ}ii"lcﬂﬂ%ﬂ”
orobth. & wjis %%E}Eio]gﬁg < oA E o] E

weE

A7 w2 2 S HYleT lolLUﬂEJ% FEE
9] phenolic hydroxyl”7] 2] &4 &2l o] o EolA H|o| E 3]
22 o|3)5 A0 AL HCHKim et al. 2010).

A FJrEJ HeE FE5E L S EY TEACHS HER
(269.31 £9.87 >odotAE| ol E £ =

U
=}
)
=ha
ok
o
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Table 1 Total phenol and flavonoid contents according to Citrus grandis Osbeck pericarp extract and fractions

Sample Total phenol (mg GAE/g)* Total flavonoid (mg QE/g)°
Methanol extract 41.66+2.08 d 1.59+1.12 d
Hexane fraction 25.55+2.38 e 1.11+0.65 d
Dichloromethane fraction 64.33£2.65 ¢ 8.15+0.45 b
Ethyl acetate fraction 163.19£2.34 a 10.06+0.09 a
Butanol fraction 105.06+3.05 b 6.74+0.58 ¢

Aqueous fraction

16.55£1.66 f

Non detected

Means with different letters (a - f) in the same column are significantly different at Tukey multiple range test (p < 0.05)

"mg GAE/g: mg gallic acid equivalent per sample 1 g
®mg QE/g: mg quercetin equivalent per sample 1 g

Table 2 TEAC, FRAP and ORAC according to Citrus grandis Osbeck pericarp extract and fractions

Sample TEAC (mM TE/g)*

FRAP (mM FE/g)° ORAC (mM TE/g)*

66.07+8.32 d
68.5711.56 d
269.3149.87 a
236.84+2.36 b
180.02+4.81 ¢
57.64+2.48 d

Methanol extract
Hexane fraction
Dichloromethane fraction
Ethyl acetate fraction
Butanol fraction

Aqueous fraction

178.5249.10 d
141.89+18.92 d
457.72424.69 ¢
617.57+42.46 a
514.33+2891 b
64.18+19.42 e

2037.43+167.53 ¢
1190.83+132.03 d
2273.00+104.81 ¢
5961.00+£266.98 a
5222.18+333.13 b
687.65£121.47 d

Means with different letters (a - e) in the same column are significantly different at Tukey multiple range test (p < 0.05)

‘mM TE/g: mM trolox equivalent per sample 1 g
"mM FE/g: mM ferrous sulfate equivalent per sample 1 g

(236.84 £2.36 mM) > HEF-2 B3] 5(180.02 £ 4.81 mM) > 3 At
3 E(68.57 £ 11.56 mM), H| &2 FE5(66.07 £ 8.32 mM),
=Y =(57.64£248mM) - OB TS E R T H 250
7Hd =& TEAC 312 5 QI th(Table 2). & ¢119F ARG 2
T} 2 Lee and Moon (2003)2 &l £7)5 & FAHE 3]
slo] TEAC 7t 543 47 JE=2vd 23 E0A
TEAC 7o 714 e 3leha mashglon) thgox oo}
AElo|E, FEhE, &, i REE 0 = wrhal B 1skq ot

FRAP assay+= 2 2] 0. & o] ejt|Zh-& A7 8= 4] 2}
© U2 ¥ pHolA S8 E 7HA = 240 o8l ¥
pHOJ| A ferric tripyridyltriazine (Fe*'-TPTZ) £-3+4| 7} ferrous
tripyridyltriazine (Fe*'-TPTZ)2 EUHE Y& o3t}
(Jeon et al. 2012). T4} 27| WHE &5 4 F¥E9
FRAP 7}-2 o dopA| g o] E &3] 5(617.57 + 42.46 mM) o] A
IV S e O] T 0 R HEHS H BB (51433
+£28.91 mM), T 2 & 2 of| e} 58 5 (457.72 £ 24.69 mM), | e
© ZZE(17852 + 9.10 mM), SIAF H3]E(141.89 + 18.92
mM), & £ E(64.18 £ 19.2mM) -0 2 =2 7hS Bt
(Table 2). 3 AA720] K FRAP g2 % 53 ah2fo] ] 3}o]
Vel s A2 B9 =d), Tabart et el. (2009)2} Sanchez-
Gonzalezetal. (2005)7} SFA] H 18k A 2 of 395 Z2) &
S FRAP 213 =2 A& Holvhe A2 1ket
H] =9k A3 Holth

-~

ORAC assay+= flavonoid, vitamin C 53 72 524 59| 3+
S & B ste] £ Uehi o 2o e g
Aol gk A AT 9 oAl I whel e Ak} 2
H o th(Kim et al. 2014). A} 2o Heh2 252 2 2
9= 9] ORAC L& o H obAH| o] E 2 2] E(5961.00 + 266.98
 HERS 5] 5(5222.18+333.13 mM), U] 22 2o g} &
3] 5(2273.00 = 104.81 mM), T BHS 2 25(2037.43 £ 167.53
mM), 84} 53] 2 (1190.83 + 167.53 mM), 2 53] 2(687.65 +
121.47mM) 2= © & =2 7+ 1 9 tH(Table 2). ORAC %] 2= &
gt % vz ot vl sk e A d e Ea
A I HehE 352 3 &8 = 2 DPPHradical 4:7]
s 54 A= o3 Zoi(Table 3). DRCs gt F&&
(229.01 + 14.01 ug/mL), o] = O} Al| ] 0] E(232.88+ 16.78 ug/mL),
HER2ue £3=(281.86 + 16.89 ug/ml), S|4 2=
(452.04+2.99 ug/mL), | EF-2 22 2(670.29+ 13.97 ug/mL) &
SR YUEgo R, o HotAlE ol E IR 2 &
e FAA LR {94 Q) Ao| 7F et A] gk, g

o B

==
B B3 Eo AL 1000 ug/mL 5= H ol A &S FHeldh
T ATk FA 2o = A3 BHTS] DRCsp 442 13.50

£2.74ugmLE Fehs, o HotA| 0| E, | E 2 2| g £
EHC O A 524 S B

Superoxide radical 4 7] %59 =4 ¥ 2] = o} 7} 2t} NBT
= PMS2Q} NADHE 13} -3-2-= superoxide radical 2 <15}
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Table 3 DPPH and superoxide radical scavenging assay according to Citrus grandis Osbeck pericarp extract and fractions

Sample

DRCs¢*

SRCs(’

Methanol extract
Hexane fraction
Dichloromethane fraction
Ethyl acetate fraction
Butanol fraction

Aqueous fraction

670.29+13.97 d
452.0442.99 ¢
281.86+16.89 b
232.88+16.78 b
229.01+14.01 b
>1000 e

>1500 d
757.89+£34.26 a
883.31+64.38 b
815.86+29.40 ab
1161.24+40.77 ¢

>1500 d

BHT 13.50+£2.74 a -

Means with different letters (a - ) in the same column are significantly different at Tukey multiple range test (p < 0.05)
*DRCsp: Concentration required to reduce 50% of DPPH at 30 minutes once reaction starts (ug/mL)
*SRCso: Concentration required to reduce 50% of superoxide at 5 minutes once reaction starts (ug/mL)

Table 4 Tyrosinase and a-glucosidase inhibitory activity of Citrus grandis Osbeck pericarp extract and fractions

Sample TICso* (ug/mL) GICs® (ug/mL)
Methanol extract > 1000 d >1000 ¢
Hexane fraction >1000 d 37.22+1.06 a
Dichloromethane fraction 642.73£13.94 b >1000 ¢
Ethyl acetate fraction 723.08+6.38 ¢ >1000 ¢
Butanol fraction >1000 d >1000 ¢
Aqueous fraction >1000 d >1000 ¢

Arbutin

71.30+10.60 a -

Acarbose

407.97+9.60 b

Means with different letters (a - d) in the same column are significantly different at Tukey multiple range test (p < 0.05).

*TICsp: Concentration required to reduce 50% of tyrosinase
°GICs: Concentration required to reduce 50% of a-glucosidase

A} 9] formazan O 2 3+ = ™ superoxide radical 4~ A 5-&
Zb = A7 of 9)5}o] formazan2] A AJ o] A 8] E th(Rhim et al.
2009). A+ Hu| HehE 255 9 £8E9 superoxide
radical 2452 HdtA © 2 DPPH radical &~ A 5 H o} e
2/ H Gl th(Table 3). 34F £28]=, o DobA|H| o] E 28
= HEEREMH £ &, F8E £98 <02 o] &
Fotelon Hehs 2E2E3 & £8E0) A= 1500 ug/mL
H Qo] A B4 o] 24 ] %] 9Fokt}. Superoxide radical 4> 7 5
< 7= % S o] & JFEFi} FRAP, ORAC Z 1}H9b= tf
=

27| A B3] 2ol A 1A} =8 3h S W ot} o] dlAt
w28Eo EAste ZH e =2 ol HEAES
7+e] AF & A-g-0f 9]5}9] superoxide radical A &4 o] =t

<

o

H A 0 & A7 ¥ th(Zheng and Wang, 2001).
a4 Hafe
Tyrosinase+= A} 2] A1

o o g}

= 1=

o] A3 7 of] 2 Q31 A TS Bl F A tyrosinase A

BANEE S SEFeZHN 9] 5 ujof %
7

ox
ot
ot
o
B
2
Hu
>
e
obo
N

= 54 & 3Hel3} LA} tyrosinase
A de S48 TIC ¢ HE=22re 28&
mL), of & obA E| o] E & 2] =(723.08 +6.38
ol A ZAEHNH M FEE Y
AL, R, = £ =0l A= 1000 ugmL 5= 1§ 9] ol A=
50% A s 2Hd =g 2 o gl Th(Table 4). /d o=+
2l arbutin®] tyrosinase ICsp %}(71.30 + 10.60 ug/mL)-S 23 &
Z Ao /M A SAE fEZ 2 e B3 5(642.73 +
13.94 ug/mL)¥} WL 5}kef oF oufj o] 4} =& Bd& H T
Chaetal. (2010)°]] 2|3} tyrosinaseo] A sj&A S zt= A A
EoA G#lE 3HHEE = phenolic compound, flavonoid,
isoflavonoid, glycolic acid 5-©] 9l . Lt E A Lo Al A 3}%
=l % phenol ¥ flavonoid $Fefof B] & dlo] ErA] o] LhElLER]
£ oFolt}. o] %= phenol ¥ flavonoid €] t}E &%l o] tyrosinase
5 AIsH= 71l A o2 A ZhE v 91918 5] 7] 913
A wel 9 AR 5o 27h4 dvt Bag Res
PEEL
a-Glucosidase= A Y o] &5 b3l 2L T2 g B
S 28 b B o) 2 Alsl7] Slstel BA A
= 329 Fi X ZAZ = acarbose?} voglibose”} 31Tt

l:L:I J
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H
= T

S TEL AN EE 5
Th AL 7F HE g shof 2ol =

A=ollA 'ITEHU]— *Hi% 7Wko) JtE5} l AE L
Ch(Bischoff, 1995). FS-A HetS &5 W B3 E9 ¢
A 2 A SR IFSA S Selst At a—gluc0s1dase A 8]
2243t A4 3t= o237} Zroi(Table 4). GICsy 32 S AE
o 1 3722+ 1.06 ugmLE YEG o mete 228
oA A F=H 2 1000 ug/mL i of A
sol 7] golth. E3 Y ERom AT
acarbose 2] GICsp ZF-2 407.97 £ 9.60 ug/mL 2 Ak B3] & 9
gho] 108 o4 Fot AL Bhelaheirt. o] 9} ul 2t 2

ﬂ.l-[ﬂ o

H 3]
"11'_'

[e]
AL

TS Ho]FE= AR Junget al. (2009)0] X 318t b5 o
g 325 2 2959 aglucosidase ] A2 54 4
¥} S AF 28] 5 9] GICs) 4k 33.6 ugmLz &/ o] 7H -4
3hith. =3k Kang etal. (2012)0] 2 113}k 252 2pul o eh-2 =
22 9 B3 29| gglucosidase] AT =4 A3} 4t
B3l 2o A 71 48 A2 H ¢l =1 o] = sargaquinoic
acid ¥ sargahydroquinolic acid A £ 0] &AS YEU= A&
2 WStk SHAT B Aol s Baa) Thal o] B
ZFst A7t 451932 22l 6Fl S a-glucosidase 7} ©f
g 2ol 3l A= =] Y-S el 7] el EL &

3000
A
= B0
i
g 2000 |
=
"
E 1500 -
B
o 1000 4
H
=
& 5004
0 ]
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