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Abstract

This study was conducted in order to compare the biological activities of water extracts and sugar immersion extracts of
green pepper (Capsicum annuum L.), purslane (Portulaca oleracea L.) and shiitake (Lentinula edodes (Berk.) Pegler) by
measuring total polyphenol and flavonoid contents, antioxidant activities and inhibitory effects on a-amylase and a-glucosidase.
The contents of total polyphenols and flavonoids were higher in water extracts than in sugar immersion extracts. The anti-
oxidative activities of water and sugar immersion extracts were measured using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) and
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) radical scavenging activity assay and reducing
power assay. All extracts scavenged radicals in a concentration-dependent manner, and water extracts showed stronger radical
scavenging activity and reducing power than sugar immersion extract. However, they all exhibited lower activities than
ascorbic acid. Compared to the anti-diabetic drug acarbose, which was used as a positive control, the two types of extracts
exhibited low a-glucosidase inhibitory activities, although the activity of sugar immersion extracts were 2-fold higher than that
of water extracts. a-Amylase inhibitory action was not observed for any of the extracts. Finally, by cytotoxicity test, we
confirmed that sugar immersion extracts were safer than water extracts. These results indicate that water extracts and sugar
immersion extracts of green pepper, purslane and shiitake have different advantages in terms of their antioxidant and anti-

diabetic effects, respectively.
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Wty 9ltK(Chang et al 2003, Gang et al 2008, Oboh et al
2011). 2132 FAE2I capsaicin®] &l gt A A}
AE A= |t A8 So] HuEATKHKim ef al 1997,
Pande & Srinivasan 2012, Frydas et al 2013). 28] &2 3t
Hop FxoA AEoR of8H 1 e 52| dafidol
Zolth. el Aol 2A 489 o7} 3lo B A7 A
gE o, o] AFolA s, dH-F, st s}
P, AR Tl A A5 WP EHJHLim & Suh
2000, Zhang et al 2009, Park et al 2011, Won & Kim 2011).

2 2u|Ee] A oks o] &3t 28 T X 5ol I A}
H 1% thEl-Sayed MI 2011). E.Tilﬂ AL FPL wh
Mol 5o el 718 EA R FEHA S =E

om

2| &al, =, B, T “5: ‘El]' FAlo} Aol A I
=2 2 - APl E 3, 5o &) A ofg] a3E 72
ol IulelA] 218 9 ekgo= de o] &3 itk FH
o] AFollr= gitsl, ghHnt, &<l A 59 7ol B
153 YTHPark et al 2004, Qi et al 2013, Kim et al 2013).
ol & AT 1F, AE, EauAS olEael 247}
9 = ZZUJ/} ‘47“:]"”'9‘ XﬂJ—O}C’q A8 Bl

of AHg3t
o sAge 54 5&’%/\17]—‘5 WYL HgH 4

S Fojsth Tl AES AR T 108 SRS T
3lod 60T oA 2447& HslH A FE33T o] & A2
A W3k 5, 7915 Z7](EYELA SB-1000, Tokyo, Japan) %
FEIAUL F 7d_ 71(FD 8508, Iishin, Korea)& ©]&-3}]
—70TCAA 1xe NRE Wehastds a3t =
3|Aete] ARE-SEIT

1359 brix, pH 4.0), 4JH]E(48.5 brix, pH 3.8), T1HA
(52 brix, pH 3.9) B AL N E=(F)% 3F AT A=
&l Zﬂ&%}%iﬁ} 2Azk 28 A 1019 79 HlEeR &
el & Lo 5L GEAIZl & ARt A8 13
12~16CollA SAAZTE 1 & SAAZRS ] Bi3}gh
Ao AHg-skelTh

ml

f
o A

2. AlZ2| Total Polyphenol %! Flavonoid &4

1) Total Polyphenol &2t

HOMATO futk i Ak
Total polyphenol< Folin-Ciocalteu's phenol< ©]-8-3F H] 4}
WS g-g35lo] 243 THKIm er al 2013). 75 3414
Z1 A& 0.04 mLel| SF5 0.96 mL, 50% Folin-Ciocalteu'
phenol 0.1 mLE ¥ 337F WA AIZ T 10% Na,CO; &<
02 mLE ¥ & 1A B WX F 700 nmol|H 3 =5
Z248130t) EFEAE L gallic acid(Sigma, St. Louis, MO, USA)
= o] g3lo], e FF A0 ZHE total polyphenol Tk

= Akl

2) Total Flavonoid &2t

Total flavonoidi= Moreno et al(2000)2] #H S 2831
=223}t A& 0.1 mLoll 10% aluminum nitrate 0.02 mL,
1 M potassium acetate 0.02 mL2} 80% ethanol 0.86 mLE |
g2 Hrkske] £8star, A2 4087t W] 3 spectropho-
tometer(Optizen 2120UV, Mecasys, Korea)E AF8-31] 415 nm
A FFEE =elth EFEZ-S Quercetin(Wako, Osaka,
Japan)< o] §-3to] 2k EFE A 0 2 HE] total flavonoid

TS Al

1) DPPH Radical Scavenging Activity
fr] gze] 27%& 2,2-diphenyl-1-picrylhydrazyl(DPPH)
< ol gslo] =43 thBraca er al 2001). 7t F=E AR
0.05 mLoﬂ DPPH 0.15 mLE H7}ste] dx710A 3083t
HE2-A1Z] B 532 nmol|A SFEE =331 2, Ascorbic
acid(Sigma, St. Louis, MO, USA)Z positive control & A&
o] vttt ok AlLkA el oA gz aA TS Al
s A=

DPPH radical scavenging activity (%) =

Sample 532 nm
{1 ( Control 532 nm )}X 100

2) ABTS Radical Scavenging Activity

7 mM 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)
diammonium(ABTS) radical < ©]-&-3+ &4kl -2 ABTS+ ca-
tion decolourisation assay®l] 2]3}o] =%} TtHRe et al 1999).
ABTS®} 140 mM potassium peroxodisulfates & ==
Ested, A2Q1 oA 244131 FF WA Ske] ABTS+ES
FAAZ F, 734 nmellA] FF= Fhol 0.7+0.020] A etha-
nolZ 3]X43}5 T} 84 % ABTS solution 0.98 mLol| 7+ &&=
H AR 0.02 mLE 718le] 2583 W] ¥ 734 nmol|A] &
FEE S48tk Ascorbic acid (Sigma, St. Louis, MO, USA)
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= positive control 2 AH8-3}9] 0™, t}-S Alxk] ol 2] A3l

a7sE Arteta

ABTS radical scavenging activity (%) =

Sample 734 nm
— | |IX
{1 ( Control 734 nm )} 100

3) Reducing Power

22 Kim et al(2013b)2] Aol A&=3 WES ¥
st SAath 2F F59E AR 0.25 mLoll 0.2 M sodium
phosphate buffer(pH 6.6) 0.25 mL, 1% potassium ferricyanide
025 mLE E33te] 50TelA 20 F<F AL+, 10%
trichloroacetic acid 0.25 mLE 78}t o] ¥Hg-4-8- 650 rpm
oA 1083t A4lEed 5 4S5 0.5 mLell S/ 0.5 mL,
1% ferric chloride 0.1 mLE &% %, 700 nmo|A S3 ==

2B,

4. a-Amylase M3{ 2o =H

a-Amylase A3l 4] starch-iodine reaction W'H S -8
sto] S SIITHP ef al 2011). 0.1% starch 1 mL$} 2} 5=
¥ AR 0.1 mLE &3k 2, 30 Unit/mL a-amylase enzyme
solution(from porcine pancreas, Sigma, St. Louis, MO, USA)
0.1 mLE 7}ste] 37ColA 1023t incubationdt Th, 1 N
HCI 0.1 mLE ¥F3-2 AX|A7It} 2L & [,-KI solution(0.2%
12 in 2% KI) 0.1 mLZ 7}8fe] ®EAA)7] 31, 700 nmollA] 3
F=E =743t} Acarbose(Sigma, St. Louis, MO, USA)S
positive control 2 AFE-319 0 thE Axk2ldl] ] ASIA ¢
-amylase A 3&S ALl

a-Amylase inhibition activity (%) =

Sample 700 nm — Control 700 nm
- <
{1 ( Control 700 nm )} 100

5. a-Glucosidase X3l &4 &

pNPG(4-nitrophenol-a-D-glucopyranoside) & ©]-8-3+ a-glu-
cosidase A3l 42 Ryu et al(2010)2] S 283l =
28+ Th 0.1 M phosphate buffer(pH 6.8)°ll &8l g+ 2.5 mM
4-nitrophenol-a-D-glucopyranoside 0.05 mLell 2+ 3= Al&
0.025 mLE &%3F T 0.2 Unit/mL a-glucosidase enzyme
solution(from Saccharomyces cerevisiae, Sigma, St. Louis, MO,
USA) 0.025 mLZ 7}ake] 37CellA] 2087t incubationdt TF
+, 0.IM NaOH 0.05 mL& W& FAA1Z] £ 405 nmol| 4]
BT Z 5739 Acarbose(Sigma, St. Louis, MO, USA)
= positive control & AF&-8F] o T} AlAkA] ol &) 7 5o

a-glucosidase #13l-&& AlAHIA T

i ol

a-Glucosidase inhibition activity (%) =

Sample 405 nm — Control 405 nm
{1 ( Control 405 nm )}X 100

6. M=E =4

Aol AlgH 7122 A EE HepG2(human hepatoma cell
line) =X =P FotATd v EALAE(KCTC, Dae-
jeon, Korea)ollA] U313t} HepG2 HEE 10% fetal bovine
serum(FBS, Welgene, Daegu, Korea)Z} 100 U/mL penicillin,
100 ug/mL streptomycin(Welgene, Daegu, Korea)°] 7}d
minimum essential medium(MEM, Welgene, Korea)ol|A] 37°C,
5% CO, A vl th M EZ =242 cell counting kit-
8(CCK-8, Kumamoto, Japan)= ©]-8-3lo] =4339t} 96 well
platecl] 1x10* cells/well?] =2 24417t B¢ A njj kgt
T, A ARS FEEE 2443 T AE O 7 welldl
10 uL®] CCK-8 reagentE H7}8lith 3A13F <t vES-A7]
& ELISA microplate reader(EL808, BioTek, Winooski, VT,
USA)E AH&-ate] 450 nmellA S35 S8l

~
o

M

o

7. SAH A

Aol dojzl Azte] BAIA #2942 SPSS(statistical
package for social sciences, Version 10.0, Chicago, USA)
program< ©]-83t] H+RFHAIZE FA|SFS] 2L, One-way
ANOVA test ol Duncan’s multiple range testol] €3] p<
0.05 F=ollA zF Ad 31 FodS A5tk

2t 3 nFE

1. Total Polyphenol 2! Total Flavonoid &2t &3

Z YWY ZeEolEe AE i FEEY vt
7% 2 ks e el EEEA O dEe S
A3, & FEEET SR A Had e Il
2o

T UAHTable 1). 152 2, FE2514 31 mg/gel
Z2]gEo] EQ1Eon, o] Kim ef al(2012)2] A¥}HT}
ek 2~3u) 7} vre o |m | Capsicum annmuum L., C. annmuum
var. grossum, C. annuum var. abbreviatum, C. annuum var.
accuminatum A 1730 TFHU YA 9 F= WPH o 2t
olo o8 Uehte Aoz AztEh FuF G Aol
= ZodE o] 3.5 mg/gl 2 FR1FE A oW, o]= Gang
et al(2008)] A Ao} frAbgE grolth 159 T3 =
Wi zkel7h vt sttt 2 AP B FEEET
FR Aol FejulE Fafo] oF 88% 7HAdt A 1 5 3l
ATt ZepE ot G B 35204 8.95 mg/ge] &Rl
o™, o] & Kim er al(2012)2] AT Ax}RT) o7k 74Ad)
rFolm, AAEA] gl 22 W o] Apoel o7k ki) Azt

=
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Table 1. Content of total polyphenol and total flavonoid AAA T, FRlde] AL 2.5 mg/glE 90% o]/ Hadt A
of wild herb(pepper, purslane, shiitake) water extracts and o] 3elxQleomn, ZR o]t I3 16.54 mg/goﬂ/ﬂ 0.3

sugar immersion extracts mg/gC 2 F738] 7148 AL gelE 4= i TumAle]
Sampl Total polyphenol Total flavonold Z9E S E FEEAA 1728 mg/ge 2 FRIFUA
am| . _
P (mg/g) (mg/g) Tk R Ao E 2.8 mg/glE 80% o] HAadtelom,
T slelte B ==11 1;].
Water extract 31.00+1.68 8.95£0.03 BHEOIE FEE E FEF 715 mgglM B 248
Green . , mg/gC =2 °F 65% gt A& ARt 5, FEE &
pepper S:izzt‘mmers“’n 3.50+0.03") 1.46+0.20° aad Zojvs 9 Zafecolse] S 24 Ay gHS
. iee T einey B FEE Ul Eells 9 Behueol= 9 Hel F
ater extract . . . . A8 7a8 o] BAHAL
Purslane : :
S“tgart‘mmersm 2.50£0.02" 0.300.03"
= 2. BuEt BY 5
Water extract 17.28+1.44 7.15+0.07 _5;,_/1\__§]. :-;_}\oq% Ag iﬂ LH Ag}\(—)]% %/\é ﬂ_/\}_(reactive oxy-
Shiitak : : . 21w . .
1ake  Sugar immersion 2 8020.04" 9 4840.28" gen species, ROS) S A At WHe-o 24 &4 4hdof <t
extrat 9%, w3k 5O Weg oA L gayE wRE e
As standard compounds galic acid and quercetin were used for U]{Saeldma & Abdollahi 2013). E— A@ol|A DPPH, ABTS
measurement of polyphenol and flavonoid. 2 reducing powerE =33 A3 HuF v EF L HaH
1 T . 1 .
?i/;llues are meantstandard deviation of triplicate determina- Mol B 222 R} gl 3]” 123k AL golel S
* ’ . . .. . 193 T+ 3] H-] .
Superscripts indicate significant differences (P<0.05) as com- ASATH(Table 2). 2 1ksh 24 Sl wet half mleI
pared to water extract and sugar immersion extract by one- mal inhibitory concentration(ICso)< AlXbgr A3}, 139
way ANOVA test. DPPH:E & %%% 1221 mg/mLZ Kim et al(2012)2] A3}
Hoy 3uf b 9l BEEAARE o= FE Wl wE
o} 223 gAde] Zebeico]= B 1.46 me/gl. RNES »m:z]uq Aol M = 58.36 mgmLE TS 3t
FEEHT 83% 1At As I F UUTh HHE Zz”«] ksl o] 7HAek AL E1E 5 AT ABTS
FHA A E Aot AR 23E el 4 U = & F2E5 268 mgmLZ Kim et al(2012)2] AT} HT} oF
H

b,

SIS

_/':
129 & FZ2EAE 2981 mg/gel Zeus 3 3HH = BHE YA, o] w3 2Z W] w2 xjo|g}
&1y Park ef al(2011)9] A AT} FALGH A7E wAokEw G oA E 4879 my mLE B FEE|

J

Table 2. ICsy value of wild herb (pepper, purslane, shiitake) water extracts and sugar immersion extracts for DPPH, ABTS
and reducing power

ICsp (mg/mL)

Sample
DPPH ABTS Reducing power
Ascorbic acid 0.04+0.01" 0.15+0.01 0.12+0.00
Water extract 12.21+£0.01 2.68+0.04 7.25+0.37
Green papper . . .
Sugar immersion extract 58.36+1.38 48.79+1.03 59.90+1.08
Water extract 2.03+0.13 2.73+£0.10 2.90+0.15
Purslane . . .
Sugar immersion extract 33.26+1.48 44.63+0.45 52.07+1.41
Water extract 6.47+0.37 5.29+0.65 6.10+£0.16
Shiitake . . .
Sugar immersion extract 57.17+1.80 61.77+£3.28 32.5243.00

As standard compounds ascorbic acid was used for measurement of antioxidant activity.

Y Values are meantstandard deviation of triplicate determination.

* Superscripts indicate significant differences (P<0.05) as compared to water extract and sugar immersion extract by one-way
ANOVA test.
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ArstEAdo] Fhadhe RS gR1E & Utk Reducing
power GA| & F&E&E 7.25 T A 5990 mg/mL=E
TR FEE9 kst o] Hdasglth HvlE FEES

ICso #°lA % DPPHE & FEE 2.03 mg/mLolA 3o
33.26 mg/mLE, ABTSE 2.73 mg/mLoA 44.63 mg/mLZE
reducing power= 2.90 mg/mLolA] 52.07 mgmLZ I4tst
o] sl en, F3HAl =8 DPPHE 6.47 mg/mLol
A 5717 mgmLZ, ABTSE 5.29 mg/mLol|A 61.77 mg/mL
2, reducing powere 6.10 mg/mLelA] 32.52 mg/mLE ICsy
#ho] Skt ksl GAdo] Haste AR ER1EIh
o]l#l l:l—;ﬂong] -31-}\}5} g4 714 7%,}% = agﬂ&— ol =

3. ae-Amylase X M FH
a-Amylase= S 59 a-1,4 glucans Fo 2 HAsto]
ZFrEdlete as duA ok 2y 7|E SRR EA
Ql acarbose2] Ft}3t q-amylase A B2 Q&) HH
gk AL g A3t Aol Fo] FARgo] WA GTKChoi et al
2008, Barrett & Udani 2011). & A& oA e3l8 F9 4
3} &491 a-amylase A &3S =743 A3}, positive control
2 A18-H acarbose?] 73E 3t a-amylase JA| B/ Tz
Re, g, HulE 2 EuHAY & FEE 9 93y
oAM= a-amylase GA| E4J0] 1% o]tz FTzw o] o4 &
dol ALl Yeh A &= e R IRIEATHFig. 1).

4. a-Glucosidase X &M FH

a-Glucosidase = a-amylase®} 7 2% U eh315 A3}
o] 9 "Aolt} a-Glucosidase inhibitor 227%2] brush bor-
derdl] EAJ3l= o|FF &3l E4F 7FgH oz JAsl]
oA el grslE S5 AAAIA AF Y e At

THHanefeld M 1998). 53] a-glucosidase inhibitor 287171

& e 1T Fa W, 2] Vel sl o
E5E AR FoRA 7% FREo| 2k Yt AT A%,
WS L BT ) A% Fo RS Aot @
5 EEE RIS

FEE R Azl A
AAFAEA'R) 2 FH A g-glucosidase A A
25kt 1 A3} a-glucosidase inhibitor &]FE o2 g
W == acarbose®] EAolle UIRR] FESA|TH A3 2H]
&, TuAl B FEEY YA a-glucosidase JA] E4
B} gxldle] oz Ao & &Aooz Zylsle AL

E
21 4= Q) 5 mgmL FEAIAFE 359 TR B

.=
T=
=X
h
$)THHanefeld M 1998, Choi et al 2008). &
S
2

F, &g, Eandlel B
25 =

A
~ 100
&
&
5 80
H
0.5 mg/ml
£ 60 d |
2 1
3 mg/m
TE 40 = 2.5 mg/ml
% 55 mg/ml
_E‘ 20 10 mg/ml
<
8 0 T T T 1
Acarbose Green papper Purslane Shiitake
B
100 -
&
2
%
g
c 60 ®0.5 mg/ml
= . 1 mg/ml
=2
.-E 40 + 2.5 mg/ml
& B5 mg/ml
= 20 4
E‘ 510 mg/ml
<
o 0 l T T T 1
Acarbose  Green papper  Purslane Shiitake

Fig. 1. a-Amylase inhibitory activity of wild herbs(green
pepper, purslane, shiitake) water extracts(A) and sugar im-
mersion extracts(B).
a-Amylase inhibitory activity assay was performed using a range
of concentrations(incubation time, 20 min).

Acarbose was used as positive control.
Results are presented as MeantS.D. of three independent expe-
riments.

oA f-olet 22] a-glucosidase A A4S YER}Z] A]
kgl om, 10 mgmL F=olA 5o & FE552 1438
%ol A B 3448%%, HHF B FEE 6.38%0N4 T
A 31.82%=, FuHAL & FEE 1.81%1A B 26.55
% F71elom, AT 9.49%= A Ddo] B
THFig 2A). Oboh et al(2011)Z} Kwon et al(2007)°] 3L 3k
139 a-gluc051dase AA &4 A} 2o 7t e AL
o F A g FE ol A 2ol 7} Q7] e R
e, ,41:1] E3 TaAE o} a-glucosidase <A A
of thgt Hart Aol wxe]A| OLO]' H w7} o2& et

o L

O

a-Glucosidase A -do] A HuF HH|F, TuHA
o] FH AL o] g3t] A|ZHH a-glucosidase A E4E =
A e Aah, AzF A wet QA Aol FrtskeE AS g
olg 4= IAHFig 2B). a-Glucosidase A EAJo] T3 =
Holl oJaff Alxd FEEA v= EXer F7kske A

d 2as Bl B 5o A delem Qg AR R &
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A
90 5 === pepper extract
—&—Pepper sugar immersion extract
80 - =%~ Purslane extract
— == purslane sugarimmersion extract
&
=~ 70 4 =7 Shiitake extract
_.E‘ —®—shiitake sugarimmersion extract 4
-E 50 —+= Acarbose
& Refined sugars
c
2
1 4
3 #
£ $
= 40 # *
2 $ Sugar
% 30 4 * immersion
8 group
=]
=]
o 207
1
-]
104 ot gy ‘{ Water
R S extract
- group
0 = T ===

B

2100 -
z wx 2T ** % x*
= * * .
s a0 - i * % ®10 min
L -
c % 20 min
2
3 60 1 ® 30 min
< ® 40 min
& 40 ¥ 50 min
©
2 60 min
5
G, 20
]

0

(25 mg/ml)

Pepper extract  Purslane extract Shiitake extract

Fig. 2. a-Glucosidase inhibitory activity of wild herb(pe-
pper, purslane, shiitake) water extracts and sugar immersion
extracts.

A : a-Glucosidase inhibitory activity assay according to concen-
tration dependent manner(incubation time, 20 min).

B : a-Glucosidase inhibitory activity of sugar immersion extracts
(pepper, purslane, shiitake) on time dependent manner.

Acarbose was used as positive control.

Results are presented as Mean + S.D. of three independent expe-

riments.

$, #, * p<0.05 as compared to the extract group.

18 HepG2 cell S °] 3—€P04

FEEE A 1 mgmLlld foF F2o] AE 5g0] #

r

CAET AU A W

sobAlo} fukimsfrik

B4 GPAT, 1 o] de] FEAN SHgo] AU
a9l ] RS ol gdte] AT S4E BAR A,

10 mg/mL7HA] SAjo] B A] gfgkon, 1 o]i}e] &

i
£

A
% 140 4 B 5ygar immersion extract
%' 120 A ® Water extract
(¥ )
% 100 A
® 80 4 * *
~ *
g 60 N %
ﬁ 40 A
2 20
T
o 0
o n — L 73] o L =] =)
2 =] N — o~ i S
= b=
[s}
0
Green pepper (mg/ml)
B
3 140 - W5 gar immersion extract
E Hwater extract
“
e
&
2
=
]
=
<=
&)
Purslane (mg/ml)
C
% 140 - M5 gar immersion extract
E 120 A W \Water extract
o
% 100 A %
& 80 ~ *
:J_E' 60 A «
__E 40 *
_> 20 A * *
o
Q
o L — L i (=] [Tel (=] o
= =] o — o N =]
= =
[}
O
Shiitake (mg/ml)

Fig. 3. Concentration-dependent effects of wild herb(pe-
pper, purslane, shiitake) water extracts and sugar immersion
extracts on HepG2 cell growth.

A : Cytotoxicity of green pepper extracts.

B : Cytotoxicity of purslane extracts.

C : Cytotoxicity of shiitake extracts.

Cell viability was analyzed using the CCK-8 assay kit.

Each bar is the meantstandard deviation from three independent
experiment.

* Indicate significant differences(P<0.05) by ANOVA test.
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