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Antioxidant Activity and a-Glucosidase Inhibitory Activity of Red Kale (Brassica
oleracea 1.. var. acephala) Extract according to the Extraction Methods Used

Mi Ri Kim, Myung Hyun Kim, and Young Sil Han

Department of Food and Nutrition, Sookmyung Women’s University

ABSTRACT The purpose of this study was to measure the antioxidant activity and o-glucosidase inhibitory activity
of red kale using three different extraction methods, namely reflux extraction (RE), ultrasonic extraction (USE), and
stirrer extraction (SE). The yield of red kale with different extraction methods was as follows: RE (40.51%), USE
(45.22%), and SE (38.56%). Among the methods, the extract obtained through the USE method showed the highest
total polyphenol content (76.63 mg GAE/g), total flavonoid content (64.12 mg RE/g), and total anthocyanin content
(787.07 mg/100 g). While analyzing The DPPH radical scavenging activity, ABTS" radical scavenging activity, nitrite
scavenging activity, and SOD activity were assessed as half-maximal inhibitory concentration (ICsg). The values for
the extract obtained through the USE method were 39.35 pg/mL, 86.12 pg/mL, 4,715.10 pg/mL, and 610.67 pg/mL
respectively. The reducing power proportionally increased with concentration, and at a concentration of 100~1,000
pg/mL, the extract obtained through USE showed the highest absorbance of 0.09~1.05. The ORAC was measured
at a concentration of 125~500 pg/mL and the USE extract showed the highest content at 130.22~419.48 uM TE/g.
The o-glucosidase inhibitory activity as ICso of the red kale extract for each method was as follows: RE (3,060.41
pg/mL), USE (2,772.03 pg/mL), and SE (2,835.47 pg/mL). Thus, the results of this study showed that red kale extracted
by USE had the highest antioxidant and a-glucosidase inhibitory activities. Given its excellent physiological activity,
it could, therefore, be used as a natural functional substance.
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215 9] 2} tAHFEQl phenolic compoundE A4, 3}
H ALY AL 5o WEE 13| v "o A, k% 5 HALA Wol EAEH Fd e, FET, I

F7heta lom, ojelgh sk W Aol Ao Il & T8 22 AP a%E YEdE ZoE dEA 9l
grkazt FEEE AL Qvh dAk ek et ES Al (Lees} Lee, 1994). % ¥ 5 HHEA SR AMEH L Q)
s ~2Ed2E fiete] AlE 74 QRS 9t 9k, e ekl vl ol Fr]EulE o] &3}
&, e 5 22 WS fEsoh(Valko &, 2007). 2o A FAZE FEIE 21S B835la vk 25 E5
AU A5 SANEFY LA FA, &7, 2EH A, FEYS JEAQ o R 2 ovA] B doll o3 &
FH2Yd =4 o g4A &5 o] ol& AT = ARl 3y BE WHAREs dE S 7HA 3 A tHKwonZ}
= ksl 7 A o) tH(Kim 5, 2012). o] wha} B Youn, 2017). Aol - MARS] 5 285 F
A A7E A=A e, %LH A AE 7] 58§ 7}/\] 717] flete] =53 &, 294 F=, vlo|la=2 F=
Al F-2-g-9] $15do] glo] A EFS o] &35k bshAl A T A8 F= WlHol AlEH 3 IrHShind Lee, 2011). %
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°Coll ®tatqich. Aol AH&¥ A2l Folin & Ciocal-
teu's phenol reagent, 2,2-diphenyl-1picrylhydrazyl
(DPPH), 2,2'-azino-bis(3-ethylbenzthiazoline-6-sul-
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(2008)¢] pH differential methodol] &3] A5ttt F=&
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9} 0.4 M sodium acetate buffer(pH 4.5)5 7}ste] F
F39E5 1 mLZ o] 510 nm % 700 nmoll A ¥H-g-de] 533
2 =A%9Y. = "JE/\]OPd«] 8teFS cyanidin-3-
glucoside®] B F3A5(e=26,900 M 'cm S o] &3]
g9l Aol wel AbEsGith BE 432 33 HHEEel e
o Hogkd xEEAE ey i
Total anthocyanin content (mg/kg)=AXMWXDX
1,000+-exXV
A (absorbance value)=(A510 nm—A700 nm)pH 1.0
—(A510 nm—A700 nm)pH 4.5
MW (molecular weight of cyanidin-3-glucoside)=
449.2
D (dilution factor)=dilution ratio of sample
¢ (cyanidin—3-glucoside molar absorbance)= 26,900
M 'em™

V=final volume of sample

DPPH 2iC|Z A7 &M =X

AAAL FEE29 DPPH 2tz &2A &AL Blois
(1958)¢] el wrel AT s e A3 F5=
900 uLel DPPH solution(1.5%10™* M) 300 pL% 718k
o wykst ¥ 3013 Ao A WAL FHEE 517
nmoll A SA3R o, I ZET+E ascorbic acidE AR
Sk DPPH kel ] S ofols) 4ol el A2
glom 5098 2A%-& UehilE Aol $EICHE g
Jerheish, RE A9 35 waaslen BE s 5E
AxFE YA

DPPH free radical scavenging activity (%)=
(1—sample absorbance/control absorbance)><100

ABTS" 2iC|Zt AA

AL FEE TS E‘r‘qﬁ &7 &4 Re &
(1999)9] el wat ARt /ol &g 7 mM
ABTS 23} 2.4 mM potassium persulfate &8-S =%

S ABTS' o) Z-& wH57] 918 daellA] 12~16A1%F
%OJ WS A ZA T gtoiZde] AdE & S % ghol 734
nmell A 0.70+£0.027} ¥ %= phosphate buffered saline
(pH 7.4)2.2 34ttt ABTS" €9 900 uLe} 5%
100 g 7hsk & dAgsh Azt 1HA 02 FR =g St
Ao, AdAFT-E ascorbic acidE A&t ABTS'
gz &7 A ot Aol wet ALt o™ 50%9]
2755 et = A5 5=0C0)E #& WERSIT
HE AEe 33 vhEstolon Hatghd) xEAAE YER
AT

ABTS" radical scavenging activity (%)=
(1—sample absorbance/control absorbance)><100
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OfEltE A7 &4 £H
AAAL FEEo oAt 27 & Kato 5(1987)
o el mel 548kt 1 mM NaNO; & 1 mL¢}
FEE I mLE 3¢ F 0.1 N HClZ 71814 pH 1.2%
2RI FHIE 10 mLE 3H3leh &9 37°ColA
= HF-2

QF HFSAIZI & 1 mLE FH 38} 2% acetic acid
5 mLe} Griess reagent(1% sulfanilic acid: 1% naph-
thylamine=1:1) 0.4 mLE F7}3F & 2o A 1587t Wt
A7 520 nmelA FFEE SAHIUTY. dxz =
Griess reagent 4l SR/HFE AME3IYlon, Fd =T
© 2= ascorbic acidE AFESIITE o} HAE AA FAdS
ot o] Ao what AlLtE Ao 50%0] 2AF S YERE
Alze] FEIC0)E gs eIt 2 AL 33 v
Eatgon Foaghd xFEAEAE YER T
Nitrite scavenging activity (%)= (1—sample

absorbance/control absorbance)><100

Superoxide dismutase(SOD) &M =X

AAAL FE52] SOD &AL SOD assay kit(Dojindo
Molecular Technologies Inc., Rockville, MD, USA)& A}
&3] SA4383lt). Plated] #EHE 8|48 Al5 20 uLE
#3531 WST working solution 200 uLg ¥o] £33
t}. Enzyme working solution 20 pLZ 7}38Fo] 37°Cell A
2023 WA &
croplate photometer, Thermo Fisher Scientific Inc.,
Oslo, Norway)& ©]-83l9 450 nmolA SF =& F74435}
Ao} W EZT+2 enzyme working solution W41 dilution
bufferg 2ol 5433t SOD 278 ot Noﬂ 2}
A= o 50%9] 2A% S YERE A5 F%1Cs5)
2 s YeEpdY 28 @ﬁd% 33 JH53}9] o‘ﬂ gk
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SOD activity (inhibition rate %)= [(Aptank1 —
AblankS) - (Asample - AblankZ) ]/ (Ablankl - Ablank3)>< IOO
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AL FE5E2] 3928 Oyaizu(1986)2] W u}
2t 4319l 0.1, 0.5, 1 mg/mL F%=¢] 55 0.5 mLel
0.2 M sodium phosphate buffer(pH 6.6) 0.5 mL<} 1%
potassium ferricyanide 0.5 mLE 7} th& 50°CellA 20
B2F WS A A T 98- ol 10% trichloroacetic acid 0.5
mLE H7Ft = 1 mLE FH& 75 1 mLe £33 v
0.1% ferric chloride 0.2 mLZ 7}3}¢] 700 nmoll4] 3=
& S4B A8 33 vhEsiglon Fakdt &
FHAE YRS

Oxygen radical absorbance capacity(ORAC) &X
AL FE=Eo] ORACE 0u(2001)¢] Wi wa} =
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phate buffer(pH 7.4)& o]&3}o] A %33t} 96-well
microplated] FEHE 3|Ne FEE 25 pLg 5% ¥
10 nM fluorescein 150 pLE % 7}5} v}, Fluorescent
microplate reader(SpectraMax i3x Multi-Mode Micro-
plate Reader, Molecular Devices, San Jose, CA, USA)S
o] -8-3}o] 303 37°CollA] incubation 3}tk S4 A A
240 mM AAPH 25 uLE #H7}sF% 3L, 485 nmol A=}
o]7]% 31 520 nmell A W& A 3} 2/\]7} & 90x H4
© 2 fluorescenced] #a AEE 54 0}9,“1‘3}. ETELA=E
= TroloxE AH&Ste] A 28I, AR 7347]{'19}
T 7k 2] area under curve(AUC)Z 74]"}0}01 18 g
uM Trolox equivalent(uM TE/g)E YERHATE RE 213
< 33 WhEsielom Hypty xFWAE e AT
Area under curve (AUC)=(R1/R1)+
(R2/R1)+(R3/R1)+ .... (Rn/R1)
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AAAL FEE 9] a-glucosidase A&l &4 &AL Zhu
5(2008)9] WHE S48 oM, 4% a-glucosidase
from Saccharomyces cerevisiaes AH&FR 3l 7182 4~
nitrophenyl a—D-glucopyranoside(pNPG)E A}-&3}o] p-
nitrophenol A8 %-& S48t} a-Glucosidase 10 pLol
A& 200 ulL.E 7}ske] 37°CollA] 583F HESA1Z &, 1 mM
PNPG 200 pLE 7hste] &35 v 37°CellA 20 &2t
-3 A1ZTH 1 N NaOH 500 uL& Yol w85 $AA7] 3L
0.05 M phosphate buffer(pH 6.8) 590 uL& X7}k &
405 nmoll A FHEE SAsI9 Y. FAANETLS=Z acar—
boseE AFE3} o HE-S- & p-nitrophenol A Q] 3
&= FHA o ZHE a-glucosidased] A3l XS A3
t}. a-Glucosidase XﬁH g2 OHH«] 2l what AlLkE A
o 50%9 &A% FEICs0) = #S
YERA T BE 4 “@% 33 15’3}939—‘34 Bk 1+
Axtz et

a-Glucosidase inhibition activity (%)=

(1—9-&5+9] PNP A Z/txare] PNP A %=)<100
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Table 1. Extraction yield, total polyphenol, total flavonoid, and total anthocyanin contents of red kale extract at different methods

Samplesl) Yield Total polyphenol content Total ﬂavonoi;)i content Total anthocyanin content
(%) (mg GAE’ /g) (mg RE"/g) (mg/100 g)
RE 40.51 55.35+3.15" 56.67+2.21° 510.99::18.60°
USE 45.22 76.63+1.35" 64.12+0.40" 787.07+23.16"
SE 38.56 73.17£1.55° 60.26+0.26° 690.78+14.59"

])RE reflux extraction; USE, ultrasonic extraction; SE, stirrer extraction.

)GAE gallic acid equivalent.
)RE rutin equivalent.
All values are expressed as mean+SD (n=3).

Values with different letters (a-c) in a column are significantly different by Duncan’s multiple range test at P<0.05.
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313t phenoxy radicals @A &) A-fraudS AA
b= AYBA 715 I Leest Lee, 1994). % 4
S gy AAAY FE2E T EFdE FFS Table
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s S 2
73.17 mg GAE/go. 2 2531 FFo] Uy F&
a =& S et 25 % &,
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?EL%L% Heow, Aoty E=g dFQ7t FEHY 2
w3 FENA EdlE o] ¥ A SAHJAH(Shin
Lee, 2011). 28y} Kim 5(2013)2] <Atol] wr=d sh=) 7t
2k A 7IE &, Aeudt &, 39U FEYS
b & 1S 7 FEo] O FEWET 1.7~2.44)
Fo 2y S Bol B Ags vt 23E 1Y
ok oolel g Adtes dA Y Al A=A AT Sl
el F-8Aw o] &Fo] thEA YERr] wFoleka A7t
#dtJiratanan¥ Liu, 2004). W&t Fa245ES G820
2 FE317] f3iA e Ao B4 1EEte FE3te A
o] Fasttt AzE T
& EolEL0|E &g

Zg9 =4 E49 ZgHo]=+ flavonols, cath-
echins, anthocyanidins S22 FA4 %o glow, 71 F+%

of wheh e, A, Fwst F O ALBYE A

3l tH(Rice-Evans &, 1995). & WS 223 x4
A FEHEY F Zgr o= e Table 13 2t 2 &
I %] 64.12 mg RE/go & o] 7 w=%om, A=

3} 2 o-Glucosidase #3 24 493

ik 2% 60.26 mg RE/g, 3794 &2 56.67 mg
RE/go 2 ZAHJATHIXK0.0D). AAFE =

60°Coll A 1yt F
Fol tf o}l B A7} FAME AL 1Y
Chaaban 5(2017)2 70~130°C¥]
FehE o] grao] ksl &gt ol
AR =], xR0l wE A ol v}
1shok FEakgich nheba ol F ke Sekreol=
FE7] fleliM T W 2ol SARE FE8E 25
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FE IS e AAAY FEEY F UAE
22 Table 13} T} F © o e
787.07 mg/100 gl & 7} &kow, Andl FZo0]
690.78 mg/100 g, 77 F%°] 510.99 m
Hl A yhe shekg 1 I tH(/X0.001). Zou %(2011)—_— k3
fE 20°C, 40°C, 60°C 2%oA %S9 F=381% =1,
40°Cel A 60°CE 257} 45E o AEAJolH ] 35
Athal ®arskitl, %3 Roobha S(201 D) wEm Musa
acuminata®] YEAOIIE FE3t0] 5Y F< 0~70°C9
Lol A A b AS ATek A, 0~20°Coll A= vl
A o A o] 0} 40~70°Col A= W2 Ak vy 1ol
t} ol & 257 Q3] 3-glycoside 7+ZF7} 7Fial
RAAY pyrilium ring®] 7SR Q&) 4 48 P4
&} chalconeo] B A7) wjZolekar F7438t tHRoo-
bha &, 2011). wehA| QFEAJold &
°Ce 2 2EoA A FEEHE 797
= ol HlEl 2 FEAOR S Bl A

it o
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DPPH 2iC|Z A7 &Y
DPPH #t]Z &7 €442 atst €4 54
2, e A4 w= Azl DPPHY @tshAl, %3k
= oWl ol 93] A= GAEE= dEE
o]t Ancerewicz 5, 1998). F& Wl wE x|

Table 2. DPPH radical, ABTS" radical, nitrite scavenging activity, and SOD activity of red kale extract at different methods

ICs” value (ug/mL)

Samplesl)

DPPH” ABTS NSA SOD
RE 55.1241.52%99 95.69+3.47" 6,039.37+113.65 981.26+23.95°
USE 39.3542.02° 86.12+1.89° 4,715.10£168.92° 610.67+49.03°
SE 42.54+1.36° 90.43+3.54° 5,897.75+160.13° 740.38+24.55°
Ascorbic acid 1.77+0.03¢ 16.27+0.41° 299.27+5.24° 221.39+1.73¢

YRE, reflux extraction; USE, ultrasonic extraction; SE, stirrer extraction.
)Inhlbltory concentration requlred for 50% reduction of scavenging acthlty
*DPPH, DPPH radical scavenging activity; ABTS, ABTS' radical scavenging activity; NSA, nitrite scavenging activity; SOD, super-

ox1de dismutase activity.
All values are expressed as mean+SD (n=3).

Values with the different letters (a-d) in a column are significantly different at P<0.05 based on Duncan’s multiple range test.
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o] DPPH &tz &A 45 543t ICs o= ERH
7= Table 29 &t} 2Ap4A|d ] DPPH &tz &7 &
S SAT Ay 239 F5(39.35 ng/ml), 42wk 3
(42.54 pg/mL), B7FI2t 2(55.12 ng/mlL) T2 2 =
27 F4E& Belon, Fdgxad ascorbic acide]
Cs 1—':_’: 1.77 pg/mL= YEFSHTHX0.001). Kim(2005)°) u}h
W S 70% g2 =S w 1,000 pg/mLolA
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A BE& 54T 5 Ak Park 5, 2013). FF el u}
E AAAId e ABTS' 2zt 274 &8 548k 1Coe
2 Yeld Avt= Table 29F 2tk 253 &9
86.12 pg/mLE @4o] 74 =grom AL wnt 23
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obAAA S A5 AlFel WA = A A A= AHEH
= EdoAR o}"?_%‘g’]' WE3-aHAl =W nitrosost RE-§-0]

HHChoi &, 1989). &

ol Akl &9l ascorbic acid, BElEA 3EE 5o
H=o] 73l nitroso?] AAS A8 Wil dHits) &4
S Ao E ZAHske o €849 5 It Byers$ Perry,

Adel b 27 TS

1&

L

1992). = W] & x4
=74 0}"4 [C500. 2 YERH A 3= Table 29F ok 253
=9] ICs02 4,715.10 pg/mL, -2 ndk 52 5,897. 75
ug/mL FFYL =52 6,039.37 pg/mLe] #S Hol %
I &9 ofAN A7wel P %A, ol ascor-
bic acide 299.27 pg/mLe] S WEMIITH(/X0.001).
Yamada 5(1978)2 Z&|#& 30| oAt & 438
o] nitrosamine®] AL A3t BTt Jeong 5
(2015)¢] <ku}7 = Wl W ol WA AAES 1
*E o FHFYT F FZol Hls &7 &4do]
s Hou AFaAd be
Ytﬂle"‘ i}?}?}% sheF zfoleo) o3t Abeta feE
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SOD A
SODE EAAAAREEH AEAE Biste &4kt a4
= peroxideE &Y 2a BARE Zd?l'ﬁ}oﬂ Superoxide%

AAsE 9&S S (Donnelly F& W uh
£ 2 A L 9] SOD A &5 3t ICaoii ERA
A¥+= Table 29 2t 259 %2 610.67 ug/mL=E
74 BAdo] Egrom ALl —ff—%% 740.38 pg/mL, ¥
F7F % 981.26 ng/mL = gAo] =A YEbRTh
(/X0.001). 5242+ ascorbic acidE ARl ICs
£ 221.39 ng/mLATHX0.001). Bae 5(2019)e] w=
2715 50% &2 259 FEAL W 10 mg/mLollA
35.29%2] SOD A 845 B3It Woo 5(2017)0) w2
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Table 3. Reducing power of red kale extract at different methods

Reducing power (0.D.)

Samples”
100 pg/mL 500 pg/mL 1,000 pg/mL
RE 0.06+0.01?"  0.41£0.02">  0.83+0.01"*
USE 0.09+0.01°°  0.56+0.01™  1.05+0.01"
SE 0.08+0.01<¢ 0.52+0.02°  1.00+£0.02°*
AS:C‘E"C 1.34£0.03°C  2.04+£0.03"®  2.14+0.04"

])RE, reflux extraction; USE, ultrasonic extraction; SE, stirrer
extractlon

All values are expressed as mean+SD (n=3).

Values with the different letters in a column (a-d) and a row
(A-C) are significantly different at P<0.05 based on Duncan’s
multiple range test.

th(/X0.001). Lim3} Chin(2017)°ﬂ w2 80°Coll 4% A
Z3 ALE e &3 5 FdHS A3 Ay
1,000 pg/mLolA] 0.329] EYEE R FAA U] 3

gol ¢ ¥58 st 9y =3 FEvE, S8R

S-S B 9=, Osawa(1994)9] u}
24 a5 LPE}‘HOﬁ ?‘]"‘}Qg]r
A

Nl

%&01 2194“4 H= o

Bae 5(2019)¢] &% Wil w2 @719 %‘r%f’—%—% =7 ?YP

+ peroxyl radicalell i3t &4k3} &
S =As= WH O fluorescent?] ZHAES
Absl A S SA 8= Yo tHKimI} Kim, 2007).
= 3k A AL FEE2] ORAC 54 A3} Table
49} e}, AAA D] ORAC AFE RE F5E
gEH oz F7EFATHX0.001). 125 pg/mL &
3 $2(130.22 uM TE/g), -2xnk F2(114. M
TE/g), 3787 55(95.58 uM TE/g) 2.2 & kst
= O

o
3

& HTH/X0.01). 250 pg/mL LA 253 F&
(317.96 uM TE/g), =218t 33(311.07 uM TE/g), &+
Table 4. ORAC of red kale extract at different methods
I Concentration (uM TEZ)/g)
Samples
125 pg/mL 250 pg/mL 500 pg/mL
RE 95.58+3.87°  294.61+4.64"®  402.78+5.51°*
USE  130.22+13.04°°  317.96+2.18"® 419.48+0.90"*

SE 114.1446.06°  311.07+4.41"®  415.92+2.68**

l)RE, reflux extraction; USE, ultrasonic extraction; SE, stirrer
extractlon
TE Trolox equivalent.
DAll values are expressed as mean+SD (n=3).
YValues with the different letters in a column (a,b) and a row
(A-C) are significantly different at P<0.05 based on Duncan’s
multiple range test.
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[UO
=

W7k 25(294.61 pM TE/g) To = gitsl g E?,i
(7<0.01), 500 ug/mL Lol 23 F5(419.48 p
TE/g), A<nwt F#5(415.92 uM TE/g), 79Iz —irﬁ
(402.78 uM TE/g) 0.2 ksl &A4<S 19 th(X0.01).
MNBUE B 559 ORAC BA4S =43 23 Je
& F&%0] 133.37 uM TE/g, & FZ%°] 58.16 uM TE/g
o= AAAY FEES] kst Do) O m5S sk
tHLim, 2019). B¢ 791 A =grlrtgH Al o gh-&
FZE9 ORAC A& ATe 27, 7 59+ 64.76 uM
TE/g, tl 9= 46.22 uM TE/g9] 33t 248 Bo
(Kim &, 2016).
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}1.

a—Glucosidase X5l &M

a-Glucosidase= &% o] nAl§ R EA)
AR B3RS dgFE Besle 43, F4EE
gttt a-Glucosidase A A= ©]# &
Asta glucosed FFE 7\]?3*
A t(Josse &, 2003). F
glucosidase A3l 84S =
Table 59} 2t} AL 253 F5 2,772.03 ng/mL
o] ICaotts B Al &Ado] 7M¢ &8k, A2y 58
2,835.47 ng/mL2] ICs0%k& Hof o] A<l 2ol & Ho]A]
R ATHX0.001). F7F FE2EL 3,060.41 pg/mLE He
Al FAE B, 2R acarboses 727.24 ng/mL
o] g4 A & BYTHIXK0.001). FHAA] 5 %

=

=
=
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WS 22]5te] a-glucosidase A3 &AS v|n g Ay} A+
2uyt FF0] $FYL FERY O 52 A9 235 B
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Table 5. o-Glucosidase inhibitory activity of red kale extract
at different methods

Samplesl) ICso” value (ng/mL)
RE 3,060.41+£77.84™Y
USE 2,772.03+127.47°
SE 2,835.47+12.17°

727.24+2.52°

l)RE, reflux extraction; USE, ultrasonic extraction; SE, stirrer
extraction.

R Inhibitory concentration required for 50% reduction of scav-
engmg activity.

DAl values are expressed as meantSD (n=3).

Values with the different letters (a-c) in a column are sig-
nificantly different at P<0.05 based on Duncan’s multiple
range test.
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Table 6. Pearson correlation between the antioxidant contents and antioxidant activity of red kale extract

Factors” TPC TFC TAC  DPPH?  ABTS NSA SOD RP’  ORACY o-Glucosidase
TPC 1

TFC 0.903" 1

TAC 0.975"  0.946 1

DPPH -0.993" -0.900" —0.985" 1

ABTS -0.860" —0.931" -0.890"  0.874” 1

NSA -0.699° -0.890" -0.827" 0.733°  0.830" 1

SOD -0.973"  -0.942" -0.999" 09847 0.883"  0.827" 1

RP 0985 09127 09907 —0.9917 -0.875" -0.760° -0.990" 1

ORAC 0.968"  0.9207 09457 —0.958" -0916" -0.712° -0.935" 0947 1
o-Glucosidase  —0.920" -0.875" -0.907" 09317 0864~ 0.704° 09107 -0.893" -0.895" 1

])TPC, total phenolic content; TFC, total flavonoid content; TAC, total anthocyanin content; NSA, nitrate scavenging activity; SOD,
superoxide dismutase activity; RP, reducing power; ORAC, oxygen radical absorbance capacity; a-Glucosidase, a-glucosidase inhibi-

tory activity.

DPPH, ABTS, NSA, SOD, a- -glucosidase inhibition was analyzed by ICs value.

)Reducmg power was analyzed at 1 mg/mL.
Y0RAC was analyzed at 0.5 mg/mL.
P<0.05,

P<0.0l), ORAC(I’=O.968, PO.0D)eF 23t o] oA
£ ®Sla, DPPH #oZ &7 24(r=-0.993, 7X0.01),
ABTS" gzt 27 84 (r=-0.860, /X0.01), o}&4td &
7 &4 (r=-0.699, /X0.05), SOD FAF &4 =-0.973, X
01), a-glucosidase A3 &4 (r=-0.920, /<0.01)3}+=
5{ +9] FHRAAE B3t Lee (202009 9k 7
ksl &4 7] FAAAE B A7 ZEds &
7} ABTS" #tt)Z &4 €4, DPPH gtz A 24, 34
oA ZFgh oFo] FAdAE WEFHATHXO0.01). Park &
(2017)9] Aol mEH op7k9] dmjE 253 FE3)
o

JQ,O\IO

™

gt &3 SRW FEET T SR o
o] =, ol F EHvE Y AdH AL F e
37184 A3} R] 0.872 ¥< A4S BYTHIX0.05).
AAALA = HiE FgEQ
benzoyl-sinapoyl-triglucoside 5©°] %] &/% o] 9lo]
ksl Ao 7o sk o2 HAHOlsen &, 2010).
ol ZHlHEe] FAE TSt HUZES HHHT T
AE TEE Hof glo] rtstel Awte] glvkar BT
(Park &, 2015).
a-Glucosidase A3 42 & Z e &=(r=-0.920,
X0.0D), & &etR =ol= 3k (r=-0.875, /X0.01), & <t
EAlobd shEH(r=-0.907, /X0.01), 343 (r=-0.893, X
0.01), ORAC(r=-0.893, /<0.01)¢}+= 73t 52 Aa#A
& R3len, DPPH &z 27 E4(r=0.931, /<0.01),
ABTS" &9z 27 &4 (r=0.864, /X0.01), o224 &
7 A (r=0.704, X0.05)%+= 733t o] AAAAE e
Wtk Ramkumar 5(2010)9] Aol o224 ds S84
a-glucosidase A3 &S S7HAIthaL Bl om, Ji

disinapoyl-diglucoside 2}

"P<0.01; Significance was determined using SPSS by Pearson’s correlation coefficient.

5(2020)9 w=
o] = gaFo] a-glucosidase A 3)

EAPTIL wiEo] B Aol fAF AFS T u
A A e Avte B8 F& Wl 1
el = ZolH o= g =
™, a-glucosidase A3 3= A+
g = dAurh

Huxd FEEY F s, F =

Fol A A e 4
PHEFIY 32, 209 5, FLI F2)2 G
3 |

3}o] aalks} %*é gl a-gIUCOSIdase A& &8 573t

9= 3% F :‘*E}E ] ?:P‘%k, % StEAJold

Eo A 2+ 76.63 mg GAE/g, 64.12
mg/100 go =2 7} 52 S e
it DPPH &tz &7 &4, ABTS' 2oz 24 24,
ol @At A~A A, SOD EA4 S [C500-2 YEFNAS
Z59 FEEC] 7H7t 39.35 ng/mL, 86.12 ng/mL, 4715.10
pg/mlL, 610.67 ug/mLE 7}F 2 3atsl g8 1)
Addge FE2E] =71 Sk we E%Eﬂ H] gl s}
o] Z71sli o, 100~1,000 pg/mLe] FxolA =53 F+
%0] 0.09~1.052] &332 Kol a3zl gAo] 7 £3
). ORAC &2 125~500 ng/mLe] sXolA 253 F+&
o] 130.22~419.48 uM TE/go.2 71 ¥& ahats} 438
Eoﬂu} Z}/\“ AL FEE2] a-glucosidase A3 EAHS =
St Ay}, 253 FEFE9] IC5°] 2,772.03 png/mL=E A 3
o] 7} . B3l &4 3} a-glucosidase #38) &
Fel A =48 A3 Ag3AIG7F 0.704~0.990
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