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This study was conducted to investigate the antioxidant activities and physiological properties of Euphorbia humifiisa
extracts prepared using three different solvents (water, ethanol, and methanol). The highest total polyphenol content
(293.25 mg/100 g) and total flavonoid content (21.05 mg/100 g) were observed in the methanol extract. The content
of substances related to proanthocyanidin were highest in the water extract (8.42 mg/100 g), followed by methanol
(5.70 mg/100 g) and ethanol (5.39 mg/100 g) extracts. The DPPH and ABTS radical scavenging activities of the
methanol extract were 91.72% and 85.83%, respectively, at 50 mg% concentrations, which were higher than those
of the other extracts. The extract reducing power decreased in the following order: ethanol > methanol > water.
The methanol extract had relatively high antioxidant activity. The a-glucosidase and xanthine oxidase inhibitory
activities of the methanol extract at a concentration of 10 mg% were somewhat higher than the other extracts.
HMG-CoA reductase inhibitory activity in the water extract was slightly higher than in the methanol and water
extracts. These results indicated that Euphorbia humifisa extracts were a high-value food ingredient due to their

antioxidant activities and nutritional value.
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W o2 NS FEES = 79, W, =1
9 280 5ol wg fFaEde g ¢ side] tham,
kst 24, AA A 5 ol8ketE] A HskE FTHe).
ek FE8ue] AH-E 7154 S F2E vif- 58
A 2F8-8 4= 91 21 methanol, ethanol, water & T}F3h
FE R E o] &3t s e BEFo=E Fux

st A7E A AT,
3t =S5(Euphorbia 1.)°l 43 ¥|SE(Euphorbia
humifusa)< BRIt v 19 202 A5
Aopt w=We]] opAYsh wlo] frobg shiekal 1, =
7 e BB e AdoA 27 = A AHE wEt
Fog Won 52 Yg Yehlls AEEA de] Hole
5~10 mm, 4] 4~6 mm®] 31 BRI 9] RS 73 itk
8). T3t H|FEo] 8 A E-2 flavonoid, gallic acid, tannin
= Treta slom itkst kg o v e A
o} Ut it g Ed v 224 4, diphteriat, 7
9 Seatel s AdAEs el ©9) 1 fel=
283 el 5248, A ahg, 21 2HE Sl HoluhA
oAelEFel <, 95, WA, G, A, Al o
T, AAERS 59 EAAQ] Aoz LA UTh10).
HGhEo] 3t AF2 & vgEe] & FE259 it
2 gAde(10), AF5 Al T2 @®), Al EE
ol & FEE2
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Z H|SZE(Euphorbia humifusa)<
2014 AEGHAA A RS Fodate] AHgsiglom,
HA71E AHEete] d 3 HelE A 3020 mesh) S T
= -50Col| Eastar] Ao A&ttt

2 =
AzvgEe] 2EUHE B4R 100 gol 8u)e] 242}

el &, 70% e, 80% WEES 713 &
) =55 AlZsiuth SRE4
FEL HAAEY SIS P2 7)ol WS T
E 60T, 70%Ae-& 60T, 80% ME-& 60T WME “FolA]
3AIZHA 33 W FEskit) 2b2be] 522 Whatman
No. 1 oJ#}A] 2 o 7}3} th2 rotary vacuum evaporator(rotary
vacuum evaporator N-N series, EYELA, Tokyo, Japan)Z=
Ads=e Fo] A7 Z(freeze dryer, FD SFDSMI2,
Samwon, Busan, Korea)slo] &2 A5 & A 32319 2H -5
0Col| et dd AHeeiitt. 5= 2449 &
< F2AS FEAEANA dE TS 7 v =Y
ZA ) AHESE A8 el gk WlE& =2 JeER Ut

e 1
o

EdH= Y SetEL0|E FE

Z89E S Dewanto 5(12)2] Wil ulel Alz
100 pLol 2% sodium carbonate 2 mL¥} 50% Folin-ciocalteu
reagent 100 L= 7FeF § 720 nmel|A] S8 =5 S0 L
), gallic acid®] Al 9|5t FeFS A=ttt S
Hi-olt &S Abdel-Hameed (13)2] Hol whet A&
100 mLol| 5% sodium nitrite 0.15 mLS 7}3F & 25Col| 4]
637+ W23t U2 10% aluminium chloride 0.3 mLE- 7}3}
o] 254 52T WA SHATE Ty IN NaOH ImLE 7}st
31 vortex’dol| A 718F & 510 nmol|A] SRS =339 e
™ rutin hydrate®] A ot FFS AbESHSiTh

Proanthocyanidin &2

Vanillin-sulfuric acidyj (14)°l @&} A| & 200 pLol 1.2%
vanillin 89 500 pL2} 20% sulfuric acid 500 pLE &35t
20 #7F WA T 500 nmolA] FHE=E SR o
(+)-catechin®] Ao ofste] &S AbEsHATH

DPPH ¥ ABTS™ aiCiZt &7 &4

DPPH radical 27 84-& Blois MS(15)2] HPH ol ¢J sl
Agslith A& 0.2 mLel| 0.4 mM DPPH (1,1-diphenyl-
2-picryl-hydrazyl) €< 0.8 mLE 7}5te] 10823 W% o}
< 525 nmol| A 334 = A (UV-1650PC, Shimadzu, Kyoto,
Japan) & ©o|-&3to] FFEo] WSS S35+ .2M, electron
donating ability(%)=100-[(O.D of sample/O.D. of control)
<1001 ©]ate] SAEE 2FEH3T Re 5(16)2] ol
w2} 7.4 mM ABTS[2,2’-azino-bis(3-ethylbenzothiazoline
-6-sulfonic acid) diammonium salt]2} 2.6 mM potassium
persulfate s EFoto] A2 - GaollA] 24413t Fb WA S}
o] radicals FGA171 T AR A Aol ABTS &945 732
mmol| A EF =7} 0.70+0.03°] T == phosphate buffer
saline(PBS, pH 7.4)Z 3|4 3lo] AL&-&t3itt. &4 H &
950 pLoll FE& 50 LS 7Fste] Aol 1087t g4
71 % 732 imolA EHEE 245900 A4, ABTS'
radical scavenging ability(%)=100-[(OD of sample/OD of
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control)x100]°1 &Jste] &2 4F=3sliTh

=
24

Saeedeh®} Asna(17)2] o] whal Al & 1 mLol] 02 M
phosphate buffer(pH 6.6) 2.5 mL<} 1% potassium ferricyanide
LN 25 mLE 718 & 50T A 3083 HESA AT v
o] 10% trichloroacetic acid £< 2.5 mLE 7}3+ 3 1,650%g
oA 1023 A silen, A 25 mLd S/
2.5 mLe} 0.1% FeCl; €< 0.5 mLE 7}¢ 3 700 nmofl A]
STA=E S5

r
e

a-Glucosidase A3{|&d

Kim 5(18)¢] el we}t %% 0.05 mL, 1 uint/mL
a-glucosidase 0.05 mL2} 200 mM potassium phosphatebuffer
(pH 7.0) 005 mLE & E3}3te] 37CA] 103t AA s}
Stk thEoll 3 mM pNPG(p-nitrophenyl a-D-glucopyranoside)
0.1 mLE #H7}sld37Co A 1083 ¥k3A171 & 0.1 M
Na,CO3 0.75 mLE WHg-2 HAAIA 405 nmol| A 35
Sttt o, &4 HlwE 915t acarboseE AHE-SH3
t}. A& 2 aGlucosidase inhibition(%)=[1-(Cabs-Sabs)/
(Cars-Baps)]¥100:  “Caps, HETFHE  Sas, AEFTE
Baw, AlE FH7FO] S8 E 0l 9ste] A=t

HMG CoA reductase A 3i&y

3-hydroxy-3-methylglutaryl coenzyme AHMG CoA)
reductase ]3| &4 2 Kleinsek 5(19)2] WS ¥ sl
2231t} 325 40 1L, dimethyl sulfoxide 40 L9} 0.5
M phosphate buffer(pH 7.0) 200 pLel] 20 mM dithiothreitol
200 1L, 0.3 mM B-NADPH 200 LS Y3 &35t}
oS- 37CellA] 383 preincubationS 3+ tHS- 0.3 mM HMG
CoA 200 uLE #7Fste] 37 ColA] 57t ¥h-A171 = 340
el FHE WS SeG0m, AN A,
HMG CoA reductase inhibitory activity(%)=[1-(Caps-
SAbs)/(CAbs‘BAbs)]XIOO: “Carsy NZET T2, Savs, A E &
B Ban, AR TR FBE olate] A=tk
Xanthine oxidase A 3i&4

Stirpe ¢} Corte(20)2] W we} =% 0.1 mLe} 0.1
M potassium phosphate buffer(pH 7.5) 0.6 mLe| 2 mM
xanthine 7] 2N 0.2 mLE % 7}5}31 xanthine oxidase(0.2
UmL) 0.1 mLE 7}tk ohaell 37Tl 1587 §h-A]
Z1 £ 1 N HO 1 mLE 7I8te] whg-2 $AA7 vha, vk
Zoll AAAE uric acid®] S 292 nmollA SHEE S35}
o Z|4F2], xanthine oxidase inhibition activity(%)=
100-[(O.D of sample/O.D of control)x100]°] &l&le] 2+=3}
At

EA XMz

RE AR 33 yHEo g gsto] Px|e}t AR
YeERa, 94 HSE version 122] SPSS(Statistical
Package for Social Sciences, SPSS Inc., Chicago, IL, USA)
software package program= ©]
range testS 3P 3FA T}

43} Duncan’s multiple

a9 o

FETE Y d=seE
Az MBEZRE Yl RAT 2 FAAES 7}
Y agAoR #2907 94 B, e, kg L2

AREBIR o 8, e, e olE B %t proanthocyanidin
P Table 12} 2t} &2 vghs F25, oleks =
55 %—%goﬂfﬂ 247} 21.88%, 21.09% 2 20.63% =2
YRt "dE Fode
flavonoids, tocopherolZ} -2 2] phenolic compounds=
84 e 80 TS 99 FEE Sk
ue} FEE = AEEe] GEA7] Wit 35 7ol o
M e 2ol Z Kol (21,22) ¥ ATl = %UH{H
F= F&0 371] Apol 2] ex3itt.

g3t &2 3 polyphenolic 313HEE-2 $3+ gH4ks}
g3 7KL 1o, flavonoids & anthocyanidins,
flavonols, flavones, cathechins 2 flavanones 522 74 %
o] glom, 1 F2d wet E% flavonoide 34FsF 2 gt
A= ]ﬂro]:ﬁ]- A gLzt Q= Aoz E_T_’E]_]_ 9l
(23). F=8mol WE HtE FEE9 ZYuE FFS
g, oﬂLE, 5 FEEAM g3 7+7F 293.25 mg/g,
26127 mg/g 2 197.28 mg/g_, Uehton ZglHol=
SFE veE F2E, dEE FEE, § FEE0| g9
7k7k 21,05 mg, 19.40 mg, 17.09 mg© & v]ere:
7P Ee S Blew ol FeldE i s
Age ves
yelgg el o] 9%

0 n°1'

catechins, pectin, caffein,

2} 5 1= o] = (bioflavonoids) ] g+

Table 1. Yields and polyphenol, flavonoid, and preanthocyanidin
contents of Ceramium kondoi extracts prepared by different
extraction methods

Water 20.63 19728+1.61%Y  17.090.10°  8.42:045"
Ethanol 2009 26127+191°  1940:002°  5.39+007°
Methanol 2088 29325:L19°  2105:0.11°  5.70+0.05°

"GAE, gallic acid equivalents.

)RHE, mutin hydrate equivalents.

3)CE catechin hydrate equivalents.

Walues are meanstSD of triplicate determinations.

Different superscripts within a column (a-c) indicate significant differences (p<0.05).
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F9l ZZoFEA ol (proanthocyanidin)& =3H ¥d
A2 dEAglen, ol B4 A WA fEl7] &
HE Aslghe ve-& Fall akelate-S vERd
th24). Z2AEA oMY Fe o & & FEE0] 842
mg, HEHe FEE0] 570 mg, eS FEE0] 539 mgo
2 E FEEAA =& s veilen Zeds 3
ZefE o= e AdutE e S YR
Kim 5(25)2 W F A Wehs FEE0 A E8]vE0]
gefo] 7P = Yehdthn Haslglon B ddatel
U3t FEErfol e w=535HE ] felH
ztol & Yepl o Zjslizo] f7]8vle} wkgslr] A3
gk hydroxyl groupe| E3HE YA 2 sgHEo| B2 H|TE
o] A% Weke 35 Al 78 2 H=35E 5o /AR
o] FEdFS TUAE F de o= ATH

FZgud H|dE 359 DPPH 2 ABTS' 2tz
2AEAT) =S 5743 A 7= Table 29} 2t} DPPH
$- 05 mg/mLe] FEoA vEE 3

ZE°] 91.72%, oAleE FEE°] 8523%, & FEEO|
71.83% = el o, 3+ 4habikA] 419l BHT(Butylated
hydroxytoluene)¢} Hlu gt A} 0.5 mg/mLe| FEolA
2990%= et AAH oz HigteE FE=0] w2 2z
2AGE S Btk ABTS™ gtz &AZAC] 25 05
mg/mL2] FEol A A2 BHT(99.65%)H.tF &
23S JeERl oy WEhs FEE0] 84.83%= Sz
SAGA AN E HEE FEE0] £ 2YS ETh Kim
5262 AT m=A HYgE FEE9] free radical 227
I (FSCso) = Bl g A} ethyl acetate 2 &2} aglycon
B3] 2AZDA ] AolE 7S & 5 Idlom HghE
FEE9 ksted -2 quercetin?} kaempferolol] 2] 3t =}
golg} Husith L3 Pak 5(27)2 &7 HES 55
| & FE50 vlal =& gu7 &7 €8s B9 o=

(]

Table 2. DPPH and ABTS' radical scavenging abilities, and
reducing power of Ceramium kondoi extracts prepared different
extraction methods

Positive
Methanol  control,
BHT

Measurement” Water Ethanol

DPPH radical scavenging ability )3 b a d
05 g, %) 718322067 85234265 91.7240.15° 29.90+1.64

ABTS' radical scavenging ability d c b q
05 mgfnL, %) 6001£1.01"  75.79:051° 84.83:0.70° 99.65:2.15

Reducing power

b ¢ 4
(05 mg/nL, OD. 700 nm) 096+0.01°  0.91£0.00° 0.9910.05

0,6540,01°

"The concentration of positive control (BHT, butylated hydroxytoluene) solutions
were measured at 0.5 mg/mL.

Values are means+SD of triplicate determinations.

IDifferent superscripts within a row (a-d) indicate significant differences (p<0.05).
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4 tlZ7<l BHTE 0.992 e Bl ThE F550fA
O w7 vehtow Ao s w7 S et
FW rdE & 7 AT Wang 5(28)9] Haicl mhE
w DPPH 2}t 2 2753 & vlls/d slikee] sk 2y
g dEEAE glom, A Ak g gl 3 Ee
dlE el wet DPPH 2t &7 27l wolAl 1 8l
A AJRHE 5D ¢ UM B Lee S92 2F
T FEEe @y SAANE dEdE gl
2 dgs FEE0] B FEEEY £ 942 Bolva
HastEd ol ¥ AdAe fFAreith

Mo oy

aglucosidase, HMG-CoA reductase ¥ xanthine oxidase
sl g

FEEE 2 HEE FEE9  aglucosidase,
HMG-CoA reductase 2! xanthine oxidase #]3l &A1& =4
3 Axe Fg 13 Z2th 0.1 mgmLe F=AM a
-glucosidase A3l 2/ & H7FetA o, HA RO Ze
A28 G FA R 220+ acrobosed} | w3kt 1 A
I} & FEENAME 1349%, olete FEENX = 69.07%,
Hehe FEEE 88.82% 2 e FEEIA =2
Aol &da YERNATE =3 o thZ2a<l acarbose(50
mg%)°l ¥atd aglucosidase A&l EAdo] o] -3 Aoz
UeERETh Sim 5(30)] Aol WEW 1Ak & FEES
HE TEoAA 10% nIRe] e A3 &4 vEpl o
50% et FEEIME 3004% 2 & FEEHT 453
=2 Ad a¥E Husiyon B Al Tdat Pk
YERA T

3, HMG-CoA reductaset™ Zd| ~H| & A3 73 o
A Fath 2 FARA, o] 49 Adfe AE YellA
ZEzEE FEes A gelx, HMG-CoA
reductase A4 = EZ Ze~ElE 53] LDL Z&~H&
< 7P a3 o ® Y 5 9l hypo cholesterolemic 2FA]
2 de] A% a1 9vk31). HMG-CoA reductase A3l &2
ABE YA &2 dlxTe] 84 4 Uit A3l d=5
WIEER SHrkste] HESAET, 0.1 mg/mLe] 5= A
I9E & F5=0] 81.98%, Weh2 F==°] 80.81%, <l
& FEE] 7741%9] €2 e om AAHoR £&
A& ettt FdiEz= Fe=EE At 5
thFgt Aelgds 7= caffeoylquinic acid 79
chlorogenic acid ¥ cynaring AH&-3H%12.H(32), A4 o
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Fig 1. a-Glucosidase, HMG-CoA reductase inhibitory activities, and
xanthine oxidase (XO) activities of Ceramium kondoi extracts
prepared from different extraction solvents (0.1 mg/mL, dry basis).
Values are meanststandard deviation of triplicate determinations. Bars/mean values with
different letters (a-c) are significantly different (p<0.05). The concentration of positive
control (AC, acarbose; CHA, chlorogenic acid; CY, cynarin, BHT, butylated hydroxytolune;
AA, Ascorbic acid) Solutions were measured at 0.5 mg/mL.

A FAGTESE A AR3E AT (2016)

FH 835t 92 252 soluble epoxide hydrolase <]
Xﬂxﬂﬁ Fse 7 bt 35, dudst 59 23
£ 71 ANe i dep B A Avkla A
o MEE 5B £ HMGCoA AT & vjhE
of ¢Hevlel i o) fEARel BelsHE Adt
A8 7A At FeFS " Aoz B,
Xanthine oxidase(X0)- xanthine %=+ hypoxanthine =
8 uric acidE @/dste] EgollA 2 EA)stHAl =W
240 FA50] 47 2L FUHE B F@ow 43
o A=) A1 ARG e Trolth A X0
A& &AL free radicale] YA AA 2R ~6L/\]-§]. IR
st 9 &k 5o AHE VIHE F e AESE Fasg
"okl & 4 Uth34). 0.1 mgmLe] FEelA X0 A3
AL HEE FE5E0] 205% 2 71 =9a ogE &
£o] 59.18%, & %—% o] 37.63%2] wo & YEyon,
e F529 45 U ELQ BHTQ7.54%, 50
mg%)<} ascorbic ac1d(65.88%, 50 mg%) Bt} E2 A3
Atk o= X0 Asigd A3A EejslsRvt A9
T3} =T Stipe 5(35)2] Haet 7L°1 =2 ¥ e
= Yehd veE mieks "2“01]/‘1 2 A g7t Vet
o AAA R HthE FEEL TF9 ool Aok
AZAZH ] AP B o] 8ol 7}*6‘ Zo = perdh

N

stetEn M2 7ol AmbakA

S G HHE F2EY dsssrE A

FHAAE A% A2= Table 32+ 2tk A
2 A% A4 Fk(Pearson’s correlation coefficient, 1)©]
= FEAA =& FoAQ1 o du
Ao ey, Felslis gl Fes
2 ABTS™ 2]z 24 A3 aglucosidase 2
xanthine ox1dase(XO) Aaf| Aol o AAASFE &4
7} 1.000, 0.999, 0.997, 0.9992 oFo] AAAAS HYth
(p<0.05). EetE o] = Jhefo] ol 45 ABTS+ git|Z
FEBAE JERP I tHp<0.05). ©]/4+e] Ay 2 Z2lvs

Table 3. Correlation coefficients among phenolic compounds and
the physiological activities of Ceramium kondoi extracts prepared
by different extraction methods

Factor” Polyphenol Flavonoid DPPH ABTS' a-glucosidase ~ XO

Polyphenol 1 099 10007 099 0997 0999

Flavonoid 0996 1 0995 0998 0985 0999
DPPH 100" 0995 1 099 098 0999
ABTS+ 0999  0998° 099 1 099  1.000"

a-glicosidase 0997 0985  0.998°  0.994 1 0992
X0 099" 0999 0999 10000 0992 1

"DPPH, DPPH radical scavenging ability; ABTS+, ABTS+ radical scavenging ability;
a-glucosidase, a-glucosidase inhibitory activity; XO, Xanthine oxidase inhibitory
activity.

7' p<0] 05 “p<0.01



Antioxidant activities and physiological properties of Euphorbia
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Hehe FE550] 7MY w2 &5 JES: veke F
ZE9 FHEY FetE ol T gF 27} 273.25
mg/g, 20.05 mg/gC. = 71 A YERG oW ZEITEA|o}
UL o gk FZ50] 842 mg/gl & Tha H& Z3S
UERASITH DPPH 2 ABTS radical 2424 & wehs 3=
ZEA =2 &3S Uendley e A= e
FEEC] B2 @S Btk vRE FEE v A
A Hz5 S 9o aAaAF S 25 e n HMG-
CoA A3 &/de] A%, Fdzaa) vwstsl s u A
Ao g =2 A3 Uehlo] Zd|2HE /A e
et 7ted s gRlstsleon & FEE0 25 49 w2
A8l A2 JERAATE a-Glucosidase 2 xanthine oxidase
A dAe] 744 HE veks FEF0] U2 4] =5
o] BHlgle] E& A S-S B} o3 AHE 34
o gz ek 552 9509 gitkel 9 A g
< Yeho] &% A gatsiA] 2 754 A2
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