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Abstract

This study investigated optimal extraction conditions for applying Capsicum annuum L. leaf as a functional food
resource. Capsicum annuum L. leaf was extracted at different extraction solvents (water and 95% ethanol), extraction
temperatures (80°C and 100°C), and extraction times (30, 60, and 90 min), and the extracts were evaluated for
extraction yield, luteolin content as a major flavonoid component, antioxidant activity, and a-glucosidase inhibitory
activity. The extraction yield, luteolin content, DPPH and ABTS radical scavenging activities, and a-glucosidase
inhibitory activity of the hot water extract were higher than those of the ethanol extract. In evaluating the extraction
temperature of Capsicum annuum L. leaf, the antioxidant activities were similar, but the extraction yields, luteolin
contents, and a-glucosidase inhibitory activities were higher at 100°C extraction. In evaluating the extraction time
of Capsicum annuum L. leaf, extraction yield increased as the extraction time increased, but antioxidant activity and
o-glucosidase inhibitory activity were the highest at 60 min of extraction. These results suggest that the optimum
extraction conditions of Capsicum annuum L. leaf are hot water for 60 min at 100°C, and the extracts can be used

as a functional food resource.
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AZS ARG S8 AHEE 4 FasA ] 7
‘ﬂ“ W SAo] Barge)] wet ebdetal a3l A
SIS AEetr] $13 A7 o] FoA AL A ek(Kim et
al., 2008; Kim et al., 2015).
AdiQle] A S & sl I

S

HE A AAHeR

o] S7kele FAEA, SEvEtE Asde] Mste
A8l W fAre] rF wEA Sk ok W
< Al e pAIEAAN ErlEe lede] Ao
= Atd 2H FEor I3 w27t w45 dset
of AW HABAA BE HALE 2diste AWoltt
(Beckman et al., 2002). tjFE2] Gl Adwde] &
H| =] 2] ego} A st= A1 aé T:]'LC‘ H o f-4 2l &
Az WA A2 L 2013). 9

e g8 A%, A% él%h o 9 3 e
FHZS fEstEe A8 A2 o] Wast, 5

st= Zlo] ul§- FQ3loK(Tai et al,
2000; Yoo et al., 2002). o-Glucosidase= A7l EA|sl=

23} A4M 4EFE 9IRE A €92 =



)

3l AsA7IBR, 89 4S9 a-glucosidase # 3]
7F B X BA|Z o] &5 o] gk(Lebovitz, 1998). L
U o-glucosidaseE JA|sl= FE9 A7 FAE 3
Fojut AL 5 F2Rgo] HAEHA A ] F2es
ol &g HE UeiE AAE XEA sl o
St A7 F748EL A th(Dileep et al, 2018; Ji et al,
2020).
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ZEAEZ SHle] AAEA n g8k Ul 5
FAFZ 2] ZA3 JTHKim et al, 2020). ZF Fof

phenolic acid, flavonoids, H|E} C, E7} F4-3}H, vl
g AR capsaicin B4 21734%, A, W
A F AAF, R0 59 A 2} gk Aol
St AF7F BIE I dtH(Zhang & Po, 1994; Howard
et al., 2000; Mori et al., 2006). 28y LF2] 2] & 2
Aol #Ag Ags 15 dufol] HFE o dom, 4
gol 7Fsgk axelel gk Ay A= Lol Eat
o} Kim et al. (2003)2 32328 &0 £ &9 I3}, &
o % tyrosinase A3EHE HILEI S, Jeon et al
(2008)> 13 FEEC bst A X 2 9
A a5 BRI Ku & Kang 2010y 25 71744
ikl e 3} quinone reductase F-%= A4S ¥ w ek A3}
Aol & 7l HE o & &4S YESITH
TE3F Kim et al. (2021)2 239 &8s =
glucosidase A3l &84S Yel= SFES @4
luteolin®} apigenin WA & A3 o] &
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2 Ao AMgE 73 AR FHoE 20219
gsle] Axd 9855 A=EA (Suwon, Korea)oll A T+ 3}
o] 20°Ce HAstEA Aol ARSI FE &9

2 7599 FE5& 739 50 gofl 1,450mLe] B T
95% NEr2-S 718t 4 FE2 100°CAlA 1A17E, ol g
S FEL A2025°0)00AM 2477 B9t FE3 F 4 T
715 o83t vl LA ALE FF 2= E I
o G FEL IFUS 80°Ce 100°CAA M7 &
A FEINLH, FF At WE IFYe G FEL
32205 100°CoA ZHzE 308, 60, 90% B9t F=31A

F2 2ol we ¥R FEEe] s 9 ¥ 44 99

7359 FZNE 55 um bag filterZ

P
o
il

%
T FHE T2 ARS8 980 FHOE ol

WEE (%)= HERH AT

X8l FE=2| HPLC 24
2 FZE FQ ZPHLolE AES X
At EF F& EZ 100mgol 2.5N HCIZ 70%
k&4 SmLE 7hste] 75°CelA] 2A17F FRb
£ Agsidnt. 7HEEslE AlRE 10mLE
83 & 045 um syringe filter (Advantec Toyo Kaisha
Ltd., Tokyo, Japan)Z <] 3}3}¢] high-performance liquid
chromatography (HPLC) 4]0l A&-3}1t}. HPLC #497]
7]+ Agilent 1100 series (Agilent Technologies, Waldbronn,
Germany)E A3 ™, columne Sunfire C,q (4.6x250
mm, 5 pm, Waters Co., Milford, MA, USA)= A}&3}
R, AEF F2 350 nmollA A ST o] 5 A=
2% acetic acidE $F3+ deionized water, ©| 574 BE
2% acetic acidE -3+ 50% acetonitriles AHE-3}A T},
Sl B 0%2 AlZste] 4080l 100%=2 Z7HZ1 F 50
E7FA] A5t 2™, flow rates 0.8 mL/min, injection
volume 20 uL=Z A3t T8 R o= A
ols 93 luteolin?} apigenin EFF-S Sigma-Aldrich
Co. (St. Louis, MO, USA)l| A +Y3te] AL&-3dth 5
ZA 2 1359 FEE luteolin FHFS U3 =71
©F HPLC #4118 33 & 5+ AT S Sl 7
AFFaATt.

DPPH 2ic|zt 4715 =75

25 FZE 10 Lol 0.1 mM DPPH (2,2-diphenyl-
1-picrylhydrazyl, Wako Pure Chemical Industries, Ltd.,
Osaka, Japan) 190 uLE &8t 2ol 3027+ WH&-A|
Z1 % spectrophotometerE ©]-8-3+] 517 nmollA] &3 =
=4elolth. 7} A 2e] DPPH 2}t2 27158 ole) ol
o7 Atete] MEE= e AT
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DPPH ]z &2715(%)
A A7 F3 5

=(1-

ABTS ZiC|Zt s &Y

7mM ABTS (2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid), Wako Pure Chemical Industries)2} 2.45 mM potassium
persulfateE 4ollA] 16A17F 5 RESAIA ABTS ol
S AN F A AR 734nmollM FE =7} 0.80+£0.02
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7t HEE 2tk x2S FFE 10 ulel ABTS
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Atk 72t Al ABTS oz &7e2 ofgf9] 4o
ALbste] WE-&= UERY AT
ABTS &2 245 (%)
a A8 7] F3 =
AT 3=

a-Glucosidase Mafl &4 =5

25 FEE9 a-glucosidase A3 A4S 0-Glucosi-
dase Inhibitor Screening Kit (Biovision, Milpitas, CA,
USA)E ol &3t ZAsth 52l F5= 10 pLell a-
glucosidase 10 uL%} a-glucosidase assay buffer 60 uLE 7}
ste] A2olA 2087+ HHSAIZL & 20 uLe] o-glucosidase
NE EFES 7 welldll F7181aL, 410 nmol|A] 30% <
FHE SAAY Al FA 2 7= negative controlZ

-8-3}%1 3L, acarbose (Sigma-Aldrich Co.)E positive control
AMEon, olgf o] Aoz Aikste] As&S UE

a-Glucosidase A3l &4 (%)
FA T FHE AR W R
= X
AT SR

SAXE|

RE AL 33 whEste] Fysiglon, 43 die
% 7F(mean)+3E T X(standard deviation, SD)Z YER AT}
. BA= SPSS X 2 1#(Statistical Package for Social
Science, version 17, SPSS Inc., Chicago, IL, USA)Z ©]
&sto] BAsilen, 1% & &=, 95% e
o FF 2(80°C, 100°C) 7+ 1214 Aol p<0.05 7=
o] A1 Student’s t-test®2 HAZEstRo™, F=& A7 o4
ol e AYUuiA] AR (one-way ANOVA)YS: 243 3
p<0.05 F*=°llA] Duncan’s multiple range tests ©|-&-3}]

At

X FESO| E2HEL0|E M2 24

T F ohel FetExolEE 2= 2%
E 7S Wek ofuet itksl, 3
=, S, Futolel s, g G4 5 uhdst A Eds v
Sl TH(Havsteen, 1983; Wang et al.,
ZtE ol A2 apigenind

O™ (Kang et al, 2021; Kim et al,

2021), apigenine k&g, vl d&, €71, 27] 2 o
Sk Aol Ffr=o] AL (Park et al., 2015), luteoline
<, B22), A 5 53 fjai/et Fded FRe
RS2 4# A AtH(Tuorkey, 2016). Apigenine &4ts)
g E2 AdEoR duAd don, a2 9=
A ESt, A9 24 FO] vhdsh Aol Bary
ThSalehi et al., 2019). Luteoline 3H4F3}, 3He,
AU 27 G4 L AFNE BS G Fo] dEix
(Woo et al., 2016; Woo et al., 2021). X5 FE&
8 FgRolt Ao S Hlwstr] flste] &
ZEo| gk HPLCE A3t A3} luteolin (RT 31.
SteF2 444 mg/g, apigenin (RT 35.5 min)<]
0.35 mg/ge 2 #Ao] apigeninell H]3) luteolin®]
108 o] =& Aoz xS thFig. 1).
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FZ 27004 23.08%= Z4E WA, o gE FEo0A
1.64%= * &

2 &S JERSeH, luteolin 2 EF
[e)

FE Y] 444 mged e FEF F29 261 mg/gS
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glucosidase A3 &S =43 A= Table 29} 7}
S & Al89 DPPH | A75(100 pg/mL)3
ABTS &t1Zr 274%(100 pg/mL)S Blwd Az I >
82 717} 46.22%9} 60.90%2] A% UERH olgt

=

2 FEE(26.72%, 30.85%)° vl o ¥ 3hatst &4
< YERNATE Jeon et al. (2008)2 LY S ALdA &
I WereZ FE3 A|E9] DPPHS} ABTS &t &7
o v A9 Wes FEEC § B2 ik 48
Uep o, 2 Ao g & FEOA AT E sHA
oo} atsl AR FF 80 W] wroz AZd

7)
T BERF Ku et al. (2009)2] AtellA 1370 FF2] 2159
S WEER FE5te] Fditst @4S Blag 43 DPPH
Pz 27% S 200 ug/mL LA EF) wal 18-
407%] WEIR F Aolg vEhglon, 2 Ao i
3t ZA(100 pg/mL, 46.22%)7 B3RS o 952 A}

&35t Az T2 Aks @40 3 FFeE A7t
Hr}. a-Glucosidase= 2)0] Fol| $Hid SF3lEs ¥
Fo g AFANI|E E2EH, a-glucosidase A= e
st=o S8 A= 988 ot A5 T s
AtsiA SRR Qe H|EA TH ShRjollA &34
o|th(Park et al., 2020; Lee, 2021). 25| &md F&



(A) mAU

700
600
500
400 ;
300 ~
200

100

..................

400
300 —
200 —

100 |

2ES FEEC] st 9o

(

e A 101
g
) = = Apigenin
Luteolin £ i
s
.
ix \S— | -
~~~~~~ — —————————— '
25 30 35 40 45 min
Peak 1
[+
«©
~
o
|
l Peak 2
il ©o
0
15,
| | w
1, \ 8
—JUue f) [ SRS 1y S G

100 | ;

Fig. 1. HPLC chromatogram of standard flavonoid compounds (A)

Table 1. Extraction yield and luteolin content of Capsicum
annuum L. leaf extract with different extraction solvent

Extraction yield Luteolin content

Extraction solvent

(%0) (mg/g)
Water" 23.08+0.20" 4.44+0.14°
95% Ethanol” 1.64+0.08 2.6120.09

DWater extraction temperature and time: 100°C, 1 h

JEthanol extraction temperature and time: room temperature, 24 h
dValues are expressed as the mean£SD (n=3).

“Significantly different by #test (p<0.05).

o-glucosidase *
77%, eE
Al &gol ¥ =

2RE (x-glucosidase ﬂ 3 242
ste] gk A= Y2 (Kim et

=

g

A E(0.5 mg/mL)oﬂ ok

Ay 4 FE2E
fe=]
=

o-glucosidase #13f
a5 3}‘:} B AFolA "}‘?’:qui
F 57Y =& &EA d5ot odeE
%‘*%, luteolin &3, s4tst &4 9 q-
]:]]j'!__ﬁ]— A RE 7} EoA

Sat A%E yehle] 239

30 35

and hot water extract from Capsicum annuum L. leaf (B).

Table 2. Antioxidant and o-glucosidase inhibitory activity of
Capsicum annuum L. leaf extract with different extraction
solvent

. DPPH radical ABTS radical a-Glucosidase
Extraction X K e
solvent scavenging scavenging inhibitory
activity (%) activity (%) activity (%)
Water" 46.2240.93  60.90+0.42" 47.77+0.08"
95% Ethanol®  26.72+1.54 30.85+0.69 39.63+1.05

DWater extraction temperature and time: 100°C, 1 h

YEthanol extraction temperature and time: room temperature, 24 h
JValues are expressed as the mean+SD (n=3).

“Significantly different by #-test (p<0.05).

9 F& s EE AN T FF 25 wE I
FEE9 HIIE Ak
FE 220 [E 01X E= FES2| FE T2, luteolin
&iak, shAtSt 24 2 a-glucosidase Xaff £

I3 dF FE L2 E XA Y8 80°Ce}
100°Coll A Z+z} 1A 7F Bot g4 F&3 13 559
FZ 58 9 luteolin FHFE =t AF+= Table 33 2
th F5 FE&L 80°C FZ=oA 18.67%, 100°C FZol| 4
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Table 3. Extraction yield and luteolin content of Capsicum
annuum L. leaf extract with different extraction temperature

o

Table 5. Extraction yield and luteolin content of Capsicum
annuum L. leaf extract with different extraction time

Extraction Extraction yield Luteolin content Extraction time" Extraction yield Luteolin content
temperature" (%) (mg/g) xtraction ime (%) (mg/g)
80°C 18.67+0.53% 2.88+0.07 30 min 19.7240.38"2% 3.77+0.11°
100°C 22.93+0.03° 4.48+0.09" 60 min 22.84+0.23° 4.66+0.02°
DExtraction time: 1 h 90 min 23.10+£0.04* 4.60+0.04°

YValues are expressed as the mean£SD (n=3).
“Significantly different by #test (p<0.05).

Table 4. Antioxidant and a-glucosidase inhibitory activity of
Capsicum annuum L. leaf extract with different extraction
temperature

E . DPPH radical ABTS radical a-Glucosidase

xtraction . . e

temperature” scavenging scavenging inhibitory
P activity (%)  activity (%)  activity (%)
80°C 46.81£0.69”  60.58+0.40 42.51+0.57
100°C 48.12+0.23 61.21+0.16 47.67£0.14"

DExtraction time: 1 h
DValues are expressed as the mean+SD (n=3).
“Significantly different by #-test (p<0.05).
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DExtraction temperature: 100°C
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ISignificantly different by Duncan’s multiple range test (p<0.05).

Table 6. Antioxidant and a-glucosidase inhibitory activity of
Capsicum annuum L. leaf extract with different extraction time

E . DPPH radical ABTS radical a-Glucosidase
Xtraction . . e
time" scavenging scavenging inhibitory
activity (%) activity (%) activity (%)
30 min 42.71£0.11°%Y  59.32+0.25° 45.08+0.71°
60 min 47.81+0.45° 61.35+0.33* 47.59+0.28*
90 min 45.06+0.55° 60.13£0.08°  46.08+1.28®

DExtraction temperature: 100°C
IValues are expressed as the mean+SD (n=3).
9SSignificantly different by Duncan’s multiple range test (p<0.05).
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