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Abstract In this study, we analyzed the antioxidant activity, total phenol, and
flavonoid content of Abelmoschus manihor flowers by extracting, concentrating,
and freezing the flower site with water and a 70% ethanol solution. The
hydrothermal extract (AMW) and the 70% ethanol extract (AME) showed activities
of = 77% and = 95% at 100 pg/mlL, respectively, in ABTS" radical scavenging
assay. Electron donating availability experiments showed activities of AMW and
AME of ) 86% and = 91% at 1,000 xg/mL, respectively. In the ferric reducing
antioxidant power (FRAP) assay, AME had a reduction force of approximately
twice that of AMW at 1,000 pg/mL; moreover AME exhibited reduction force
higher than that of AMW. In the SOD-like availability asset, both AMW and AME
showed low activities. Total phenol and flavonoid contents were higher in AME
than in AMW, although both have similar contents. As a result, AME exhibited
higher antioxidant activity than AMW, while their phenol and flavonoid contents
were similar. Therefore, A .manihot flower extracts can be considered good
natural biological resources for use as raw materials for food and cosmetics.

Keywords Abelmoschus manihot flower, antioxidant, polyphenol, flavonoid, xanthine
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1. M2

A AlSlE AAA HAY 95t 7|& AR Qe Hugo] S5kl /1o, o] & 9l
T3} QT H|Eo] =oAL Qlo] 21T} ARSI R 9] AL FA ot k9l Q19 F7}
+ ok} HHAE vt A3 WAgo] S AR o idE, ol k3tE QI AW 4t
3} A AH 9] EEslel BAe yheo] Qe oz o1k AW o] ouke w57} AIZE]7] Ao
AA|EofoF 1 d 9] 40] Ho] Eobd 4= itk AW B A2E F45t] eht Z5EH 9
dlo g ZLol= L/JAkA(reactive oxygen)=

singlet oxygen(O;") ¥ superoxide
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anion radical(Oy), hydroxyl radical(HO"), peroxyl
radical(ROO"), hydrogen peroxide(H;O,), hypochlorous
(HOCD) 522 A= Atglo] g AEHAE FHoh= A
o7 d#HA kDroge 5, 2002). Antioxidant®t Q17+
IEOoERY oAl AF SHALE AAY BF, ¢
S 22 O A AYste AL YRRt olzgt
BdEE AASE F8 85 4 C,
epigallocatechin gallate(EGCG), butylated hydroxyanisole
(BHA), butylated hydroxytoluene(BHT) ©] 1o o]
52 free radical& A|AsH= ~hydroxyl group< &3l
SAAE AATTHGuo 5, 2008). E3t, Z8H= 3¢t
=3 HERLE, C, 7IRE ko, ESfE ot 51} &
Ao FAHA = HlaAE FASHA|R AlSlof] g AE
Aot i s A oo At e ZoE 4
A StHAmes &, 1995). TS, A WolA 3}5 JAs}
A, 8%, o 53 22 AW Al o AA FASH
7b ol B3HAQl Ao r HiEo] Qlo] HA AEA9 &
ARSE ZHgo] et A 5ol Bol] o]FoA 1 YHKim,
2012).
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Fokte BESMAAL, FRE] 59 et
Aoz AMLE T 9t Z3NFo FEL Abe]mosc/ws

manihot ™1™ &3} 22 Jto] fjgot= FFOE, T
o] itzlo| Fh=o] A A of FxE 19 2EAER
A1&o] 7h5et RgAECItHYun 5, 2020). S8t £
+ myricetin, cannabiscitrin, myricetin-3-O-beta-D-
glucopyranoside, glycerolmonopalmitate, 2, 4-dihydroxy
benzoic acid, guanosine, adenosine 59 @<
o] ehrEo lth(lLai 5, 2000). 1 SFF=E2 ARt
SH = dA s &5t ozt JAA 5o A
(Kian &, 1997). @A |2t £ EA= Eo| A&
Ko Fot AL SHoIAM FE E}Ob} "5"‘694
2t A= AMGEH, FAS, T,
24N 9 AAES 28yt 7+
7HA AL JoHGuo &, 2013). E3H 2
o FA7FAY a9 AEEHY w2 wild
AlANA 7H8 SL7F e dol B2 Aa 5
HTodarwal 5, 2011).
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5, Befriols BFe
L SE 242N B

2.1, A29 £F

& Ao AN’ G9HA. manihor) E2 YT F
71504 SgHol £ v it Eejsto] -20C Y54
of HastHA 2 A AR ARSI |28 £ E
& FEE(AMW)Z A& 200 g $FY 308 /TS 7t
Stod 99T A4 3AIZE &t & 33 BHESto] &5190H,
70% ofehe FEE(AME)S A& 400 g 59 208] 70%
ofet2-S 715lo] A4 24A17F B9t & 33] HEES]o]
FEoI9ith. 479 F&9E o#A(Whatman No.2,
Sigma-Aldrich Co., MO, USA)Z oIgt H rotary
vacuum evaporator(HS-10SP, Hahnshin S&T, Korea)
E AR85lo] =231 3 =A7A%7](FD5525, Ilshin BioBase,
Korea)2 &2 71xsto] Yo Histn A&ttt
AMWE] &2 36.94%, AMES] &2 41.46%°| it

=

<

2.2. Determination of ABTS radical scavenging activiy

ABTS radical scavenging assay~= Rice-Evans &
(1999)°] met AE-S APstdrt. ABTS' radical 7.4
mM 2.2-Azino-bis(3-ethylbenzth iazoline-6-sulfonicacid)
9} 2.6 mM potassium persulfateE 1:1 B &2 g5}
of A= A AHlolA 24A17F 5 BHEAIA 734 nmoflA
S4%ko] 0.700+0.001°] H=E =& 3]Asto] AR
o} 100 pL9) A& &) 100 xLe] ABTS* &S A7t
Skal 187E A2olA AHge & 734 nmollA FBEE S
g5t Radical scavenging activity= A& -89 7}
T FH7REY &9 ST A HeE FAHI

2.3. Determination of electron donating ability(EDA)

Electron donating ability= Blois(1958)2] W< ¥y
sto] A-S APstAt 50 119 0.2 mM 1,1-diphenyl-
2-picrylhydrazyl(DPPH)E 2 A& &9 100 pLofl A7t
Sto] =0l 3027 ARgeE & 517 nmollA SFEE S
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519t} Electron donating ability= Al& &99] X7}
T FR7REY S A4 HEE EEESI

2.4. Determination of SOD-like ability

Superoxide dismutase(SOD)-like activity~= Marklund
o} Marklund(1974)9] #S o]&sto] AES XYt
ot AE 89 200 L, 0.05 M Tris-HC! Buffer(pH 8.5)
2.6 mL, 7.2 mM pyrogallol 200 ¢LE &3%sto] 37T
A 1087t FAIste] Hgag A28k Akt pyrogallol
< 100 pL9 1 N HClZ #7isto] W2 S99t & 420
nmoA FFEE S5

2.5. Determination of FRAP reducing antioxidant power

FRAP reducing antioxidant power assay:= Benzie
9} Strain(1996)2] & WHE@sto] Aol o]&siltt.
FRAP A|2FZ 0.3 M sodium acetate &ZA(pH 3.6),
10 mM 2,4,6-tripyridyl-s-triazine(TPTZ) €% % 20
mM ferric chloride® 10 : 19] H]&Z 3]45tal 37T
A 1027 §hgsto] A5k 24 5= A& 30 gLl
1.5 mL9] FRAP AJ9F& ¥l 37ToflA 3027t ¥H3A1X1
€95 590 nm9| FBEE ZH5IUH

2.6. Determination of reducing power

Reducing power assay= Oyaizu(1986)2] W& o]
oo} AYE APttt 0.3 mLY ZF 5 AEE 0.3
mL®2] 200 mM sodium phosphate buffer(pH 6.6) 4
0.3 mL9 1% potassium ferricyanide2} &gofo] A%
SHATE THES 50CoA 208 &<t ¥EAIZL £ 0.3
mL9 10% TCA(trichloroacetic acid)& #7}slo] ¥
FHAFT. W82 SAAIK B 14,000 x gollAl 10
&< 94 Bt 0.5 mLe A5 Ho]| deionized
water 0.5 mL2} 0.1% ferric chloride 0.1 mLE &3}o}o]
1027t BEEAIF . ¥R 893 ELISA reader(PowerWave
XS, Biotek, Winooski, VT, USA) HE7|E AR5l
700 nmoA SFEE A5

2.7. Determination of total phenolic compound contents
Total phenol content:= Folin-Ciocalteau(Slinkard

9} Singleton, 1977) 59 B'H< o]&sto] AE-S Xd¥al

2uas o0

https://www.ekosfop.or.kr

o} 50 pl9 ZF BE9 AEE 50 pL9 Folin-Ciocalteau
Alokat BRFAIZLE 52 & 50 L9 10% Na,COsE 37t

A 60 Bt BRAIFT WA O 2 640 nmolA S8 &
£ ZXot1 dloJE+ tannic acidg Aot HAHFAE
E0] $&E& g9 tannic acid equivalent(TAE) mg2

AAtet .

o=

ol

2.8. Determination of total flavonoid contents

Total flavonoid contenti= colorimetric®] < o]
oo AFS ZYPSIATHNFRI, 1990). 200 xLo] A=
9} querceting 2 mLY dimethylene glycol ¥ 2 mL9]
1 N NaOH®} &3sto] Aels AFstqict. 37TolA 60
24 RAIR & 7t §hg ERES] S EE 420 nmoflA
ZAs1ct. 2= querceting 3]4ste] HAPAL e
F2E& g9 quercetin equivant(QE) mgl & AlAlst

o

0 2

2.9. Determination of xanthine oxidase inhibition

Xanthine oxidase inhibition activity= Stirpe%}
Corte(1969)9] WHZ ol-&sto] AFZ XPstoitt. 4
S E2 Alm €9 100 pL, phosphate buffer 600 pL
(0.1 M, pH 7.5), 2 mM substrate solution 200 xL,
xanthine oxidase enzyme solution 100 xL(0.049
units/mL)E FAEYCH, 37Co)A 1587t ¥HE-skitt.
100 L9 1 N hydrochloric acid® A7}ste] 8132 %
@olal UV spectrophotometers AHE5FHC ™ 290 nm
oA TFEE Z4ol¥tt. Xanthine oxidase inhibition
activitye A& 49 M7 FH7HEY FEE A
&2 T

2.10. A2/

HE AP 33 whEst SASHgI A= BHE
meantstandard devision(SD)Z WERHATE Al 7H
9 R9YAL HHoH7] oko] Statistical Package for
the Social Sciences(SPSS) software package(version
22.0; IBM, NY, USA)Z AH&stlom z+ Agt 79

ool st HFLS EAHEH(analysis of variance,

159



Antioxidant activity Abelmoschus manihot flower

ANOVAYE o]-85t0] 9248 BHlah & p(0.05 %50

Al Duncan’s multiple rage testE o]-&3}o] EA5}9]ct.

3. Zaf & IF

3.1. ABTS radical scavenging ‘I!/

ABTS radical &4 A8 EEE T HEM0]
HALE Aoz ZALE =A5)o] 22“4 radical &

A 55 54T & Uthlee 5. 2010).

50 pg/mLolA AMW= 44.6%, AMEE 65.5%2] &4
< Usen, 7MY =& 5% 1,000 gg/mLojA]
AMW= 100%, AMEE 99.9%% %2 radical &4 €4
58 YEIth(Fig. 1). AMWSF AME 24 21} 2% 5
T 9EHOor oME4E radical 274 45| 7t
Sk e UEMgY. EE sEolA AMES &40
AMWY &R} radical 44 460l 4t Jo &
(2014)°] w=w ofmfdA E FEEL 250 pg/mLoA
F2A E WgE 55, He 2 A % —'zr%%, A
= g5 FEE, ETN X Oﬂ—’F FEE
53.16%, 30.52%, 41.55%9] 4L L}EM%*E}. °
o vluste] B g9t & $§%O1 t] 93¢k ABTS'
= UEHd 2o

HHN'
Ji
(Y
=]
oY)
B
xR

radical &

3.2. Electron donating ability (EDA)

AAgol5& DPPHO o3 4 3o A= *HLW
E4& v Hepdo] galEof ¢igt Legbo] = A
FBEE Aot FEEY radical &7 2“3“—9 =7
gk 4= QItk(Blois, 1958). AMWSF AME &4 23} 2% =
T 9EHog gepA4E DPPHO| Hgh Aol &4%
o] Tt AFE YUt ZE FEol4 AMEY &
gol AMWY] /Et AR50l =9tk 50 pg/mL
9] FXOA AMWE 42.0%, AME= 80.0%2] &4 4
ehfgloy, 7Y =2 5% 1,000 pg/mLolA AMW+=
86.4%, AMEx 91.1%= =2 84S UetAchFig. 1).
Oh 5(2008)°] W=2H SUHF £ F2& 1,000 pg/mL

L
SEolA HHAZ 58.21%, T2 93.00%2] e K
. o] AME vlaLste] Hel S8t & FEE°] 1,000
pg/mlL FEONA F2 FASE A4S HAH.
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Fig. 1. Antioxidant activities of A. manihot flower extracts. (A)
ABTS" radical scavenging assay of A. manihot flower. (B)
Electron donating activity assay of A. manifot flower. (C)
SOD-like activity assay of A. manihot flower. The different
letters indicate statistical differences at the p{0.05 by Duncan’s
multiple range test. Each value represents the meantSD of
triplicates. AMW, A. manihot flower water extract; AME, A.
manihot  flower 70% ethanol extract; BHA, butylated
hydroxyanisole.

3.3. SOD-like ability
SODE 444591 superoxide radical, hydrogen

peroxide 5= TA}LAH,0)Z ASHA7]E= ad 0|t

https://doi.org/10.11002/kifp.2022.29.1.157
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FASkEA R ASE FWst= pyrogallole] TS &
ZJsto] Marklund®t Marklund(1974)2] HH-S 45 HE
5t} SOD-like abilityS WeRIT. AMWSF AMEQ]
SOD #4245 573 41 5k JEHOoE oA= #
O] A Q1 Apoli= Holz] Aokty. AMWO] &/Jo] AMES] &4
Hr} SOD fAF 46°] =Tt 1,000 pg/mLollAl AMW
£ 15.3%, AME= 11.8%, HR2#< ascorbic acide
99.1%9] Asie/d<= UEATHFig. 1). Jo 5(2014)°]
m2H 100 pg/mL HEOIA oA & FEE2 B2
A Z e 258, B ZYEs 3535 F2Y8 E
Ao FEE, Bt E I 325 47 15.78%, 7.83%,
18.59%, 25.51%9] /< YetUiith. ¢ A9 43 =

St % FEEL oftds £ FEF0 vlast] EE W@

3.4. FRAP reducing antioxidant power

FRAPE W& pHollA] @4tst 2802 QI8 Fe’*-TPTZ
7} Fe**-TPTZO.2 S the Ye|E ol 8ato] Fatst &
XS 2A5t= O 2 Ferric tripyridyltriazine(Fe?*-
TPTZ)E3A 0l §Hohe 4kt £ ol 9Jgt Mo ¥
IFE 593 nmolA FFE 574& E3to] ASsI3tHBenzie
€} Strain, 1996). @etA &2 A9 A= th3 2t
(Fig. 2). AMWSF AME &4 23 2% 5k 9&5oz
et s 240] ke 4% YRR e vk

w EN
S
S

()

FRAP activity (O.D. 593 nm)
-
—
b
(<]

=]
LE
=2
=
b
HT
=~
o
= -
-

c
|
10 50 100 500 1000
Concentration (ng/mL)

®AMW = AME ' BHA

Fig. 2. FRAP reducing antioxidant power of A. manihot flower
extracts. The different letters indicate statistical differences at
the p¢0.05 by Duncan’s multiple range test. Each value
represents the meantSD of triplicates. AMW, A. manihot flower
water extract; AME, A. manihot flower 70% ethanol extract;
BHA, butylated hydroxyanisole.
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oAl AMES] &/do] AMWO] &/dkuct Filst &4 50] =
Utk 7MY 11w EQl 1,000 pg/mLolA AMW= 0.8& 4
B on, AMEE 1.469] 4 B3loH, 22 koA
27Ql BHAE 3.659 €42 Bt Kim 5(2017)9
w2d vl 508 2EE2 FRAP 24 A7 et &
25223 WES 255222, 94 258 1.25 908
S5 o AAAAe} vuPS o FF
5 g FEE 25 iR B8 FEEEG W

FHitekse 7HIT

L A =
7‘<OE:LT'T

rlo

3.5. Reducing power
Reducing powers @4} &59] tofet HAUSE
St Agete] A4E ATE 5 &
P

g %]
L Al3lo|t}. Ferric-ferricyanide(Fe’") TgE0] $4
a
[e]
T}

ok ol

oJ3}9] ferrous(Fe’)2 Aest= L4 700 nm &
FrE 7ot & UERA AoltkKim &, 2011). 23}
T B FE2EN Age 55 54 29 BF 5= g&
o= getdsE YYo] ke AT U
FLolA AMES] 840 AMWS] EAHETH gHlEo]

. FEEY 500 pg/mLoA AMW+= 0.50, AME
0.72 ascorbic acide 1.249] 7 YeR A ch(Fig.
3). Oh 5(2008)° W2H FUF £ F&= 500 pg/mL
FLoA BEbd £ g FEE2 0.50, ¢ FEES

0.359] e Bojon, a4 & ot F5E2 0.35,

[y
¥, |t
s}

o ==
I S N
—

=

'
=2

—

g
N
T

=]
'S
—

Reducing power (Abs 700 nm)

e
9
-

=]
W

Concentration (4g/mL)

mAMW = AME © ascrobic acid

Fig. 3. Reducing power of A. manihot flower extracts. The
different letters indicate statistical differences at the p<0.05 by
Duncan’s multiple range test. Each value represents the
meantSD of triplicates. AMW, A. manihot flower water extract;
AME, A. manihot flower 70% ethanol extract.
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T FEEZ 0409 FEHZ Hoh ol 4%E &
Z FEEHT AHeR

3.6. Total phenol contents

EddE JIES EAl €2 hydroxyl IF2=
-OHZ XE39bola glow, et 9 Fe A8 E JA a7t
Ut} ESE free radicale AAsHY A ASHESS QF
B A AlSto] THE AEHARRE NZE HI5H=

< Sth(Loliger, 1991). Hl& hydroxyl 1&2 44
S ANH 0 & A A ARSE A 9 L3} HAIA] g
FS gt HesA SRkE2 AEAC 9 -‘?—Eﬂcﬂ FG
22 AL AR Y] SHUE A} 3 59 715 UEd
tHBourne, 1976). &8t FE&9| H= ?:“%‘:—% 4ot
7] Ao B89N9I tannic acidE AMEst] AFAS 2+
gsto] He FFE F46lt. 100 pg/mLY FEolA]
AMWE= 127.8 mg TAE/g, AMEE 153.39 mg TAF/g9]
TFE e Ith(Table 1). Woo 5(2010)°] =4 15
9 ZogHE XAH FEFES 25.67-68.83 mg/gY
TFE 7N, 15% £9 B2 42.91 mg/gY TFFE
7 9 A A Gt £ 95 25T 70% ol
< 3259 Eons 92 1559 Zo=2HE 2A4H
FEE9 B FHFEG o 36 o| ] A VI, =
St £ 70% o FE80] 5 FEEEY =2 HE

Bk
> e

ok

3.7. Total flavonoid contents
EHo|lE= EbE Y= 5 oholH, F4itst
g at ofjeh tepst ARy 7152 A Ao &

Table 1. Total phenol and total flavonoid contents of A. manihot
flower extracts

Total phenol contents Total flavonoid contents

(mg TAE"/g) (mg QE?/g)
AMW (100 ug/ml) 127.8£1.9 145.6£20.0
AME (100 ug/mL)  153.3t8.4 14764132

Results are expressed as meansSD of triplicate data.

UTAE, tannic acid equivalent.

2)QE, quercetin equivant.

AMW, A. manihot flower water extract; AME, A. manihot flower 70%
ethanol extract.

162

HA Sthlee &, 2011). @8t 289 EgtilkolE
FFE S A8l 22N querceting AR
AFAE Agsto] EgtElo|t ohd2 S5k 100
pg/mLe oA AMW+= 145.6 mg QE/g, AMEE
147.6 mg QE/g9 32 YetcKTable 1). Yeo 5
(2014)°] WEH A ZE I FE2ET JHE FE22Y
AL 217y 45.31 mg/g, 42.68 mg/go] ETtHo|t

¥2 HleVeo 5. 2019). 9| Wsksk Hlwslel 2 3
S T 2222 BYZ 2329 Sehuico|t Yeknnt
Ajdos & FHg AT Yt

3.8, Xanthine oxidase (XOase) inhibition activity
Xanthine oxidase= A W F8 thate] Hojst=
Zolt}, @iof HrotA EAst, Fdo] 25|, 4
Ex0 oulsl Exyl AFo] H&bElo] A% ke o
7= Aoz d#A UtHDo 5, 2019). ESH FHESHY %
Aof Ast &42 o711 A%, 1 B3}, o ¥ ot}
2 ‘:}%b‘?} AYS %‘Q%L 4 & superoxide radical
3l 5. 1973). g8t @4 &% Y
2 _]_E% __T;G 7%,} = l.—_E _,]_,_;QOE lno]-xlfxg
XOase A3 &4o] Sot BFS HEHSITH e 5k
oA AMEQ] &/do] AMWO] &/dHtt XOase A3 &4
o] #}. FE=Ql 1,000 pg/mLoA AMW+= 78.7%,
AMEE 90%2] 242 H3len, txao® AMgd BHA
+ 121.5%2 A= Yetldth As=Rl 50 peg/mLof
AE AMEZE Hiz#Ql BHARTD § &2 248 Hct
(Fig. 4). Jeon 5(2012)°] ©2dH JEx & & 1,000
pg/mL =9 A A5 FEES 17.2% A 4=
UERoH, 70% oflgts 2352 49.1%Y Ad| 4=
UeEt et o2’ 23tg vuwste S+t £ ¥4 =
= 70% oete FEEL Iz 45 2EET 70%
B FEEHT 52 XOase A3 &4 7Htt

lO FSL fol

B

4. 9

‘E‘ Ao N= FSHA. manihod £ 715 3/\1::
]—% ZHEA—]A _9_1-_9_ 7}__ ]2 —QLO]'G]-J_X]— z=
0% e S Sohe: AHgolol 3B sk 2 A5 o

10
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=3
=

'
=

[
=

10 100 1000
Concentration (ug/mL)

B}

Xanthine oxidase inhibition activity (%)

EAMW ®=AME © BHA

Fig. 4. Xanthine oxidase inhibition assay of A. manihot flower
extracts. The different letters indicate statistical differences at
the p€0.05 by Duncan’s multiple range test. Each value
represents the meantSD of triplicates. AMW, A. manihot
flower water extract; AME, A. manihot flower 70% ethanol
extract; BHA, butylated hydroxyanisole.

= 9 St ot I RARIGH. S8t £ g9 5=
1 70% oghE FE= 47 ABTS+ gtz aAZs
100 pg/mLollAl 77. 3% 95.8%9] &< E3oH, DPPH
gz &4 452 1,000 pg/mLolA 86.4%, 91.1%2]
249 B3t SOD #AF €45 1,000 pg/mLolAl= 22t
15.3%, 11.8%% %= 42 Uehlith. FRAP 24 2
reducing power< 70% °gE FEEA o w2 &4
UER eIt 52
3 G4 FEE2 127.8 mg TAE/g, 70% oehg FEE2
153.4 mg TAE/g9 $FFo] ERI=loH, flavonoid &5
L 717} 145.6 mg QE/g, 147.6 mg QE/gOo & BRIE| it}
XOase A3l 4L ZH2F 1,000 pg/mLolAl 78.7%, 90%<]
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