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Abstract

Hamcho (Salicornia herbacea) extracts were evaluated for total polyphenol content, antioxidant and pro-oxidant activities.

The total polyphenol content was 1.81 g and 0.72 g per 100 g of dried sample in water and ethanol extracts respectively.

Both water and ethanol extracts of Hamcho significantly exhibited antioxidant activity. The scavenging activity of hydroxyl

radical was 13.8~26.2% and 14.2~16.0% in water and ethanol extracts respectively. The inhibitory effect of conjugated diene

formation was 24.6~39.1% and 28.4~39.6% in water and ethanol extracts respectively. However, pro-oxidative effect was

also observed in the Hamcho extracts. The Hamcho water extract showed the pro-oxidant effect by enhancing the formation

of hydroxyl radical and conjugated diene. The ethanol extract of Hamcho induced conjugated diene formation at 0.5 mg/mL

but not at 1 mg/mL. The hydroxyl radical formation was not induced by the Hamcho ethanol extract. Taken together, these

results show that Hamcho extracts can act as pro-oxidants by generating hydroxyl radical or conjugated diene in addition

to their antioxidant properties. Therefore, this study suggests that the physiological properties of Hamcho and its use as

food materials should be considered with caution because antioxidant dietary plants such as Hamcho possess possible adverse

effects induced by pro-oxidant activity.
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Sz BT neiui] o Boletn AN F5
nltletne Felt golrute] A2, $ejibet Asetolut
HAlh ARE, S5 WY 5 A AW sl g
Sk A8, 9 Bol £eAof etk 2 B2 oot

S WA G2 EL GRen o}

, Gy, 3D, H4, 7]1&1 A, 7HA3%E Foll :@ﬂrﬂ‘”
g A, UaRoR o]gEo| A AEoltt
(Choi JK 2001). ¥tz YEE, ZF, vt1vls, 24, 2

S8 F71Eo] v HEol 1AL, Bepotu| Aty 4R
Hhibo] £HEE Aoz d#A QtHIhm & Lee 1986; Jo &
2002; Cha 5 2006). Alo]Ad 84 EF FH1A FaEo gl
S u{(Han 5 2003; Han & Kim 2003), @3 S RA|AHQ 5=

= JEE AZEUrHLee 5 2004;

& FH= 4 Y& betaine 4
Cha 5 2006). ©]2|3t =& Ao Z ASE 3, A5
WA, TRo) g E T} Sof clopgt Ae] B4 7)50] HTE
O m(Lee & An 2002; Han & Kim 2003; Cha 5 2006; Song

S 2007; Cho 5 2008; Ahn 5 2011), o ouh AN QIEE
v«l Al &2 E AEshs d=0] AsHA L UthJeong
< 2004; Jang & Park 2006; Bae = 2008; Kim & Park 2010;
Kim & Harm 2013).
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3] ghzol cherat Ale) B4 71 F FAsl] et
o] Wo] 4= & ¢]thHan & Kim 2003; Cha 5 2006; Song
2007; Ahn 5 2011). ©]& €tof o5k e AW Abgf
, 2] 2z &7, tyrosinase 24 A3 L & @y}
—4 Arsh BAS Uehile Ao LAtk T B4
o P4E 7 Belsls 9 ABS0] ket 23 ETE
7Hd 4 Qohar A @lthLaughton 5 1989; Furukawa 5
2003; Elbling 5 2005; Joubert 5 2005; Shin 5 2007). A3}
ZA ait= AlE U 9 E72 21 DNA, protein, carbohydrate
of thgt Aehd &2 SX3kal(Aruoma 5 1993), A& A
SIS f T3P Z(Yamanaka 5 1997) 4EZ0F AL E= 4
=59 kst SR oflz), Atst £ Aol gt FAe
e Fasicha & 4 Qlok
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Az EdE0] A 448 fEste] Al 3t ‘?‘3
S 712 % e A8 2 B3] Al okt AT

= ul7} Qo whabA ahz9] RAkel SO ist 2atE el
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FE2 d2F 5 FFo AR HE g A5, 872
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3 Gl ATt F7HAY ARE AFstaAt g
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1. AEN=

2 AolA e Aede sidelA A3 A 52
AxT F Rafelel 2 A2 WEol o] ol gsielct
Ao AL RE A2k Sigma-AldrichAKSt. Louis, MO,

gl 50 mLo| &

FZ% X (Microwave extraction system,

1 o eEr2s ztz d
=3 ”PO]EEH]O]
MES-1000, CEM, USA)E o] &3Fo] 80°C oA 3087+ 223}
I AgPslach 2 A2EE 22 AL 39 HEsle] B =
E93} EFE FEAE At & FEHL FAARA
o, e FEN2 AU EFdte] ARFEES Ao A
o }%5}911‘4'. o] }HY& ﬂ ‘i}%ﬁl"’% dojxl FEE9
[T i=
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=945 1 mgmLe| =2
ZH|3la, o] & 0.1 mLE & 7 mLZ 3|4 A] 7]51, Folin-
Denis reagentE 0.5 mL 7}3F & st 38 & o 7)o
1 mL2] sodium carbonate ESHE-M-E- 718137, 10 mLE A-8-3}
of TRt ALolA 1417 B9 FAe T BRFEADU
650, Beckman, USA)E o] £516] 725 nmojl A} SRES =4
Shich Blank A2 330 ALE Su2 Helsto] ALg
shgen, 2280l Mo FYwo| vAE FFS WA
9 w40 AT SES FAA ste] 28 AR F
FEE SA5tY & BASHAT EFEZE tannic acidE
o1 g% EEIHE A4ote] & Belvlme ATk

‘(> Ay

4. Deoxyribose assay

1) &Sl Z1KHydroxyl radical 274 &1}

Deoxyribose assayS ©]|-&3}%] FZ&E2] hydroxyl radical €]
27 a5 245t A2t 389820 uM ferric chloride
¢} 100 uM EDTA, 2.8 mM deoxyribose, 1.4 mM hydrogen
peroxide, 10 mM phosphate buffer, 100 UM ascorbic acid, pH
74E &35t 1 mLE W59 37ColA 6087 WHSAH
t}. o] u ferric chloride®} EDTAE HE-g-8Mof 7] R Ao
ulg] 3123} 6]—_1“1_ ulz]2te] ascorbic acidE @
JHAISFE L 1 3 11.2%(w/v) trichloroacetic ac1d(TCA) 250
L2} 2%(w/v) thiobarbituric acid(TBA) 500 pLE 7}8}az, 100TC
FLPRoA 1587 WANT T g Bo] A4 WA
7 532 nmo| 4] FLE(DU 650, Beckman, USAYE 24513t}

2) A&l =X §1KHydroxyl radical MA =ZI &1}
Hydroxyl radical 47 #31le} FA3H HHE o] 8319
ascorbic acid¥t A ]+, LA HH-EHS A=}t

Bshee.

AN

5. Conjugated diene assay

1) &HAksl F1KConjugated diene MA 24X S1})

Radical initiatore]] )3} AJAE]+= linoleic acid peroxidation
9] FZAFE2] conjugated dieneE =431} 100 mM2] sodium
dodecyl sulfate(SDS) 8-<4(10 mM sodium phosphate, pH 7.4)&
0]-835}o] 2.6 mM linoleic acid 8MS A Z3gtch o] linoleic
acid £ 2 mLo]| 70 mM9] 2,2'-azobis(2-amidinopropane) di-
hydrochloride(AAPH) €9 10 uLo} AJ2 50 WLE E3Hate] 50C
ol A stirring SFHA] ¥H-g-A| 71t} Linoleic acidZH€] A=
conjugated diene2 234 nm(DU 650, Beckman, USA A &3
shict
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2) A5l £Z §3KConjugates diene MM ZFZI 1}
Conjugated diene A§/4J }A| Futel 22 WS ARg-sto]

radical initiatorQ]l AAPHRF A 9Jst1 A5tk

6. SHAzI

A¥ A= SPSS(Statistical Package for the Social Science)
150 Z2IHE o]t Ao, BE AFe 33 A
Aol AP ANE PFREAAR Yehhc 2+ AEE
¥ FOX}= Student’s t-testES Al P31 95% FFo| A 52
4= AAsAH

1. F&2 2 & & SlH=

A2z 1 & FEE2 033 g &S F5E2 014
go] FojA & FEEY 80 JEE FEEET H =X
THTable 1). g+ ==

&
gt Ao ARAE 1 g F B FEE2 025 g 25% oehE
2220 (027 g€ At Baske] 25% e 2EE 9]
0] T E34tHSong 5 2007), & Aol A= 25% oflehe
o] obd 100% oeEE ©]&ste &3] W&ol =&
& 27t ™ Ao g AtmHh

T EYs2 A2 Fx 100g G & FE5E= 181 ¢
(1.81%), &t-& FEEol= 0.72 g0.72%)°] F=o] U=
Ao g ZAQH o] oetE FEERT E 589 Zd=
o] § Wo] I{E e AR UethTable 1). Song 5
(2007)9] AFoM= TFx & FE2Ede 24%9 EH=
0], 25% & FEEE= 2.6%2 ET =] 4E AL
2 BHzlo] B 2ZEHT}25% oEE 228 29| Zaly|
= @] o A UEth 29 & FEE 50% o®
& FEEY Edvs TS ST dFA E FEE
0.68~1.01%, 50% OB+ 2ZE = 0.95~1.16%2] Z2] 5|
o] Q=] 50% et FEE o @ Efuzo] &
Eo] okal Bt tHCha 5 2006). o] A H dto] wE
EdvE TFY Zol= ARY HFH A7l 9 A4, 22

do i e

Table 1. The extraction yield and total polyphenol content
of Hamcho (Salicornia herbacea)

Polyphenol content”
(g/100g, dry weight)
1.81+0.2
0.72+40.1

Extraction yield"
(g/g, dry weight)
0.33+0.02
0.14+0.01

D Extraction yield was expressed g extract/g dried Hamcho.
2 Polyphenol content was expressed g extract/100 g dried Hamcho.
% Each value represents the mean + S.D. (n=3).

Water extract

Ethanol extract
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o] }oloj o3t Aoz Bt E3] B Ao A9 ek
ZEL2 B FEEHT ETdE 9o $2g, o]l 2
T= 100% oeHES o] &3le] F&3Igon
H g3 L0 v xol7t JFS u|HE
Ao ALl 2o 100% oE2
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2. ghitst St

Deoxyribose assayS ©]-&3t =
Fig. 1o Yepfoict. B E 3His 9 Aks &4
H =z s
mLo]glon, o]
ZE2 77 121 mgmlLe}t 24.1 mgml, o FE2ELS
283 mg/mLe} 56.7 mg/mLo] 3tk 0.5 mg/mLe} 1 mg/mL
9] =LA & FEEL ZHZ 13.8%%} 26.4%2] hydroxyl
radical A3 EIHE HFL, A&E FE2E2 722 142%,
16.0%%] A& a5 Hetlo] & 25 ZF F9Z4A &
4t Bd& UEH ch(p<0.05). 0.5 mgmLoA & F&=
o ofgtE FEEY FAEF E4o] HE o, 1 mg/mL
o A& 4itst B2 B FEE0A 122% ¢ Eof E2]9
= ol vlEste s Bt §A19 Atstol digh =
ST AFoA TR & FEELZ TS
FAE S e, dgE 55
Za|H FeFo] 18% A eht B4
HATHAhn 5 2011).
AL aE H7) 93 E o Ade=

A A5

v

O water M ethanol

Inhibition (%)

0.5 1
Concentration (ma/mg)

Fig. 1. Antioxidant activity of Hamcho (Salicornia herbacea)
by deoxyribose assay. Scavenging activity of hydroxyl radical
was determined. Values are represented as mean = S.D.
(n=3); *p<0.05 compared with control group.
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conjugated diene assayS ©]-8-5}4 radical initiatore]] 2]3t linoleic
acid peroxidation®] Z|FAHE2l conjugates diene A JA| &
78 24519KFig 2). 0.5 mgmL, | mgmLoH & 22 E
= 27} 24.6%, 39.1%, oletE FEES 77} 284%, 39.6%9]
conjugated diene®] FA AA| EIE Yefo] {22l At
3} 578 B HTHp<0.05). 0.5 mgmLo AL et 2EE
o] it &Aool o Eew | mgmloXe & FEE
o] gaks} EAjo] SARBIALE & et 2EEL B 32
Eof Hgte] Eus T2 W2 conjugates diene B
oA Bl ot A BAHL FEEE E FEEHT
=AY AR 235 eI

Lee & An(2002) §Hx9] 4tk HIZEH A&7

= AFstg=, AR olEol Ao & FEES E 4
T 22 FE 0.5 mgmLe} | mg/mLe| AF=ofA gt
& FEEETD 2% AT TS YL 5 mgmL, 10
mg/mLe| IFEoA= oetE FE5E9 AT sl =8
t}. Superoxide dismutase(SOD) F-AFEA AFJME & &
= &S FE5E 2F SOD AR S UEilen, &
o wgt B FEET oe-E 259 €4 Zo|7t thE2A
Uebgth 29 ke 84S ST E odE dFolA
DPPH &tz &2A5& & FE58Y 25% g =& 1+
o] Zfol7} giglom, NO 2htiz A% NO, ehtjzt 44%
A= 25% ollehE: 559 4 &40l 5 &4 S-S
o} HEm TS 25% oSS FEE0)A 02% B= o =8k
L, DPPH 2o}z 2750 lAl= Ao 7F glithSong 5 2007).

2 dF 2 4 e A7 2R3 T = 1, =
= FEEY TS FEES A7 7HA 4S84 54

AAHSNA Fol2Ql Fitetes Uehiiglen, dAitst &

Owater M ethanol = =

40 ~

Inhibition (%)

0 .
0.5 1
Concentration {ma/mg)

Fig. 2. Antioxidant activity of Hamcho (Salicornia herbacea)
by conjugated diene assay. Inhibitory effect of conjugated
diene formation was determined. Values are represented as
mean £ S.D. (n=3); *p<0.05 compared with control group.
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FAEE o] thFet e o s yYehgs o o Stk Ed
E9v= =l o8l A o] P Wt B
%o A|THSakihama 5 2002; Kim 5 2006; Ahn 5 2011;
Prochézkova 5 2011), & &4Ats} X7} E2|vs =kl
FEFE W= A2 oy, EguE 9o e E4o| 9F=
= T WSS AARITE Song 5(2007) = HHEHE Sl Al
2 I4kEE 9A|, DPPH 2oz 27 &4, e aofA
Z W= g kel AuBATL g, HE kol
FAikebsol vAl= 53] =7t taral Byusigith o
A F2E oIS fulE FE5te] EHE SE el
og] 7IA] JES BA4sHL, I ARES e E A
of thgt 7|HS Atdt= Ao aqtHh

3. d=t =2 2t

Deoxyribose asssayS ©]-&35to] =27} 371 Hol2 & = ¢
BRgAo] 2 27} Mol 22 FANA hydroxyl radical] 4
4e Z7N71E A8 B E3E HolLAE ZASII
(Fig. 3). 1 23, g% EFEE2 0.5 mgmLe} 1 mg/mLe]
FEOlA 22} 54.3%2} 61.9%9] 48t £ aE B oL,
et FEELE BE TR FYF< AR X anE
R A 2r3kk(p<0.05).

T3t %7} radical initiator2 ZH8-38}o] linoleic acid2)
peroxidationS -3} conjugated diene A4S Z7IA7]= A3t
ZA aE Hol=Xx] ol 7| 93] conjugated diene assay
2 2951 9HFig 4). T2 B 22E2 05 mgmLe} | mg/
mLo] FLol A 22} 37.6%%} 39.1%2] Abgt £7 a5
E Rk ok F2EE 05 mymLolHE 50.8%¢] Ak3}

80

Owater @ ethanol =
70 - N T
60 - T

50 +

40
30 -

Enhancement (%)

20 A
10 +

0 T
0.5 1
Concentration (ma/me)
Fig. 3. Pro-oxidant activity of Hamcho (Salicornia herbacea)
by deoxyribose assay. Induction of hydroxyl radical formation

was determined. Values are represented as mean + S.D.
(n=3); *p<0.05 compared with control group.
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60
O water Methanol

50 +

30 A

20 A

Enhancement|%)

10

0.5 1
Concentration (ma/mg)

Fig. 4. Pro-oxidant activity of Hamcho (Salicornia herbacea)
by conjugated diene assay. Enhancement of conjugated
diene formation was determined. Values are represented as
mean £+ S.D. (n=3); *p<0.05 compared with control group.

1 235 2 9, 1 mg/mLo A= 92 Abst 24
AT UEhA okthp<0.05). & A7 A} SAeA
Shin F(2007)2 53} F5E0°] ¥& F=olA= F4is an
£ RGA F2 H o A+= reactive oxygen species(ROS)2]
A3 9 hydroxyl radical 4 59] A3} £ £7E Vehd
chi shgith EE A} 2580 F0 AE0 (- )epigal-
locatechin-3-gallate(EGCG) E3t A5 ofA Atst 24 a3
Hol o2 ¥ E| Y ckFurukawa S 2003; Elbling S 2005).

We A75e Fo Sohwiols 9 EYus 245
(Sakihama 5 2002; Prochazkova 5 2011)3} &2l aAkst
A8l A 9 w4 Bejulise] Ahatel 9 Ak} 21 BT
3Holgt 4= QJtHAruoma 5 1993; Yen 5 1997; Furukawa %
2003; Malik 5 2003; Azam 5 2004; Elbling 5 2005; Shin 5
2007; Lambert & Elias 2010; Forester & Lambert 2011). o]}
& FEES SR T AFoAE RolRA FEE YL &
Sols BEBL s mHel Al A5 21 ANE B
S chJourbert 5 2005). webA] A& FEEES 4 a1}
of tj2o] st 27 BIE WAT 5 gon, Fuof ue
e e metht A ¢ 4 gtk weba st 24
2 7R AB4 AEE A, A0 A8t 21 ane
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T FH o dtshso] F78HAH: 0.5 mgmLoA = F
FE=9 st &4o] HRstH e, 1 mgmloAE 2

(R

FEE0| gL FEEETY 122% © =t E HE &
3} 53 AFoA 0.5 mgmLe} 1 mgmLe] & &8 7+
24.6%2} 39.1%, et FEE-2 28.4%2} 39.6%2] conjugated
diene A7 A BIE Ho 222l its} ans yeEhl
Rom, & F2E 7o A= fARHAY, dgE FEE0l
A 27 © ¥ 2 FEEY AR 2 anE SA%
A, & FE2EL 0.5 mgmLe} 1 mg/mLoj|A] hydroxyl radical
e 47 543%% 61.9% F7HAA 2oz igt £
aNE UL, oehE 552 hydroxyl radical /4
FE5FA] it Conjugated diene S 3 A4S £ &
e ZAR 23, E FEE2 0.5 mymLet 1 mg/mLof A
conjugated diene YA Z+Z} 37.6%2} 39.1% F7HAIAH -9
Al 48t 21 a9E Bk ogE FE5E2 1 mg/mLo|
A& conjugated diene A4S F7HAZ1A] LUATE He 5
=21 0.5 mg/mLof| A= 50.8%2] conjugated diene A F715
Smsto] bk 211 ATE BT ¥ AT AL P2 2
SEo| ks SR ol Agt X anE 7HRA §le
oz, olgt ke AES AFLR o] &8 1 4t X
aEts FAAA ol Gl tisll FoE 7=k &

PAPAE e

=

o

ZHAle| 2

o] =& 20124 gAbetrietn wuishedtH] ¥
ofsf = AT
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