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Screening of Extraction Solvent Condition of Fermented Rhus verniciflua
Stem Bark by Antioxidant Activities

Myeong Ok Kim**, Ju Sung Kim**, Yeo Jin Sa*, Hyun Ju Jeong*, Wan Joo Chun**, Yong Soo Kwon***,
Tae Young Kim**** Han Seok Choi**** Chang Yeon Yu* and Myong Jo Kim*"

*Department of Applied Plant Sciences, Kangwon National Univeersity, Chuncheon 200-701, Korea.
**Department of Pharmacology, Kangwon National Univeersity, Chuncheon 200-701, Korea.
***Neurotoxicology Program, College of Phamacy, Kangwon National Univeersity, Chuncheon 200-701, Korea.
*#%%* Fermentation & Food Processing Division, Department of Korean Food Research for Globalization, NAAS,
RDA, Suwon 441-707, Korea.

ABSTRACT : In this study, we investigated antioxidant capacity and determined the phenolic and flavonoid contents using
each of various solvent conditions from fermented Rhus verniciflua stem bark (F-RVS). Each extracts displayed markedly
similar content of extraction yield. However, M80 extract showed a significantly higher antioxidant activity in comparison to
other extract investigated. M80 exhibited strong DPPH radical scavenging activity with RCs value of 10.5 + 1.4 yg/md,
reducing power value 1.04 Abs (concentration of 1 mg/mf), and anti-lipid peroxidation activity value of 94.6% (concentration
of 10 mg/mf). M80 extract showed the high content of total phenolic (319.7 mg GAE/mf extract) and total flavonoid (111.6 mg
QE/m extract). Phenolic and flavonoid compounds showed significant relationship in DPPH radical scavenging (R*= 0.911
and 0.912, each extract) and reducing power (R2= 0.903 and 0.837, each extract) from fermented R. verniciflua stem bark.
However, antilipid peroxidation activity (R?= 0.589 and 0.441, each extract) was not significant like DPPH radical scaveng-
ing and reducing power. Therefor the result indicated that the potential antioxidant activities and functional values were
ovserved significantly at M80 solvent condition from the fermented R. verniciflua stem bark.
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S (Rhus vernicifluaye W73} (Anacardiaceae)ol] <5
sol 37, A2 5 BHoAollA ol A Hud
Eog UuWtdEOSF yrushiol, gallic acid, butin, sulferin,
garbanzol, fisetine 5-°] B3 %t}t (Choi et al, 2007; Park
et al., 2000). 53], urushiol> ¢t 2 ksl a7} g3t
A9k (Richard and Karyn, 2001; Kim et al, 1998; Lim et
al., 2001; Ahn et al., 2007), FEIF X5 Lo7]7]
ol AFOF o]8ER] KEilal e AAolth 2UF F
25 4 BEE AgEHEZ Uig A7t Alg olFolX]
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I o} (Kim er al., 2010), 21&34 #|22]FAutol| sk
T R A0 A2E AFUE Vel EH 2URE
SHTEE AlFel 739 urushiolo] AEEAE Q=L £H e
208 Zg] §E2v 58t duk AFoEA AM-S AF
3] Ak e Aol olef e 2] FAE HA
slslr] 98] MMl TS 2 HEsle] urushiole] TS FHA
sket A7t A=A A (Fomitella fraxineayS A
Hj7} golslr] wjiel o]& o83t} et AE ]
R, G- Ao A= A A NA 22l gk ohdA] ol
okz]dS 1T (Yoon ef al., 1998). HEdh AFHAlS
o183l NS Had A 93%2] urushiole ZAAIZTH
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HES - TN - ATl - T - Tl - #EF - ZEHY - FEH - FE - ZYx
(Choi et al., 2007). oA 3027F WHAIZITE RESNS UV-Vis spectrophotometer
AEA Yol 2 B2 IFEES ERS, F&81 (V530, Jasco Co., Japan)E ©]&3l 517mmolA FFE=E
7, g, F2ex 5 O 2702 F2e ogd  ZHs%en, DPPHE 50% FUA71E 7S RCs(1e/mb)o.
FEXUE AE e gl S AL, ol s 2 e
24, AL F olstetA B4l HslE = ZloE Us

Aok (Kim et al., 2001; Lee et al., 2008). 53], methanol,
ethanol, water 5 F=EME o83 F& K3} H4¥S &
sl dibsld BEAS G870 % A s kgo] wWol
A= T Ut} (An et al, 2006; Koh et al., 2008).
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1. A2k & AT

2 Aol A" A9k 1,1-diphenyl-2-picrylhydrazyl
(DPPH), acid, thiocyanate,
ciocalteau, sodium carbonate (Na,CO;)9} WZT+Z o] &%
butylated hydroxyanisole (BHA), butylated hydroxytoluene
(BHT)= SigmaAl AE-S ©]&3I5tt. o] € AREgH Aok
Crown, Yakeri, Deajung, Junseirl A|FLE 25 5 #|IF

KT 5=
o 791511 ol g3sint.

linoleic ammonium Folin-

N

Nz
2 Ao A" ¥a I (R verniciflua stem bark)e=
FTENEH Yool &AETH 1-2cmE 3 € HIE A
WA S 25CellA] 30U7F wldale] fFAlEe] Azt €
AT Ao Ao} A,

5g° AlZo| methanol, ethanol 2 water (M60, 60%
MeOH extract; M80, 80% MeOH extract; M100, 100%
MeOH extract; E60, 60% EtOH extract; E80, 80% EtOH
extract; E100, 100% FEtOH extract; W, Water extract)E
50me ¥ 7hate] Aol A 24A17HY 77} 33] whESRZE Bl
o} zb 20wt o] ARE FESIler, doldl F=
8 40ColH 7s=74x] (NE-Series, Eyela, Japan)2 &

sf, $AAEE T F 7€ 4 (%, ww) R Al At

=
Faksint.

t

S T

3. DPPH elCIZ 2 Hs

DPPH H]Z 2758 Blois (1958)¢] S Wdsle] =
ATt A1 82 methanolol ZF2F 0.1, 0.5, 1.0, 10.0 mg/ml

o] w8 ZAsIon, RO E BHA, BHTS ARE-6I3
t}. Methanol 3.9 mé o] A& 100 /45 Z7F8E 3 0.15mM9]
DPPH & 1ml-S 7Sk} WEg-S vortexingdt 7 A2
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DPPH 2}t]Z &7%5(%) =

MNE7F F7rE uke-golo] ODAIFEI}F H7HEA] e Wk
gl OD) x 100
4. 2™

3L Oyaizu (1986)¢] W S WHE
AlEE methanold] 0.1, 0.5, 1.0 mgml o] T2 ZA|3}10 S
H, JZF2 2 BHA, BHTE ARE-SISITE 100 1L 2] A&
0.2M sodium phosphate buffer (pH 6.6)5 500 (S 7}k
% 1% potassium ferricyanide 500 14 713t 50Tl 20
E7F WEgAIZITE vkl 10% trichloroacetic acid (vv)E
2.5m0 F7Fe F ukgle] 500 45 FHEt] TR/ 500 /4L,
0.1% ferric chloride 100 /4E 378k 700 nmoll N §-3 =%
=45t
NI 7N el =3¢

XA F4tsl= ferric thiocyanate (Inatani er al., 1983)
o2 g3k AIEE 0.1, 1.0, 10.0mgml o] F== 7}7}
A oM, fx27= BHAS ARESISITE AR 20 s
&te] ethanololl 3]41gk 2.5% linoleic acid 200 /£ €} 0.05M
phosphate buffer (pH 7.0) 400 &, 5575 380 (b & T
2 93 70C FelA 2447 WHAIZITE vESH 50 /4,
75% ethanol 2.85m, 30% ammonium thiocyanate 50 /£ <}
3.5% HCI-0.02 M ferrous chloride 50 /£ 5 22 &35}
327 ¥k F 500 m ol SRS SRl

Linoleic acid 2F8}A315 (%) =

(INE7 B7H8 WG EA BhEIA] ke W) x 100

B W

2 Folin-ciocalteau™ (Taga ef al., 1984y
43T 4] AlEE 0.1 mgml o] =2 F
% 2N Folin-ciocalteau *] %<
50 14 oA 57 REEAIZITE 20% sodium
carbonate (Na,CO3)E 300 10 & 7kt & ThA] 1587
AlZL & F7F 1ml F7kske] 725 oA 3%
At A= gallic acidS standard® 3 ¥F7
A 5 oE e FEsisith

% ZEhRwol= I =4S Moreno 5 (2000)2] HHES
ol g3ttt AIES 1.0mgml 9] FEE ZAF T 100 42

R

F5ke] 80% ethanol 900 45 4=t SAE Al 500 (&



e oo

F3td 10% aluminum nitrate 1000 2 1M potassium
acetate 100 220, 80% ethanol 43 ml & == 7Kg & A
200 40i WHSAIA 415 mmol|X FEEE S8sIIT) A
quercetin® standard® 3§+ FFHTF JAS A & ZE .
ol S AT

7. SAXZ]

AYAd= Had + BFER (mean = SD)E VFERH oW,
P Agate] BAARE 33 wiEAE SGith BAEAe £
2 (ANOVA)# Duncan®] tHH 9] A S Bl AAlsH
o} (p<0.05).
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DA dAA A4EeE laccase= lignin®] #3l 2 F5
slol] #oJsh= ZoR dulA Uk GRRERE WA 54
EZo] gAZ FYE7] Aol laccaseZ} 283 FTAIA oA
£ HEshks Zo& FASL U, ol FAES HUtet
o HlFA] 97%2] ARsE HAE ERISIHT (Bao et dl,
1993; Choi et al., 2007). & é_lf%ﬂ o]l gH FAEo] A
stel wre A9e] & F&5 SA3 A3 Table 13+ 2t
FZ 58 WOl 34+04%= 7}%} W S HiloH,
WE Alelgt o2 %%3 4.2~528%= ARSI ol &
o] =Aol| wel ukg Ayle] La)rd] Jake u]i]% o

= AREY, 58] B 23204 Sawst B AL 03y
Eo] F4EH0 v3] Bo] x3=] = 4_E Alg =T

2. DPPH 2iC|Z 2 Hs

DPPHE HERS ®E= zielt|Z2 BHA, BHT 53 7+
Msh Bl o) SlEHA GEE d7E o8-St
et A ZRE ilsl EFS gAs] S8 ol o]
F3L Tt (Jeong et al, 2009). & Zue] DPPH i
Z 7% 443 Fig 19 YeRlth 2 F5&2] RCs)
%A% 10~22 pg/ml o] kst &3-S el e, 53] M0
A 105+ 14 gl 02 )22 o]-8¥ BHT (13.0+1.3
=2 IS HYOoH, E1000] 22.8 rgml 2 7HF
1%1-% E]—/H = i

Ahn 5 (2007)2] L"ﬂ =W ZujoA Zeld stgEo]
EISIAIQ] BHT B =2 848 Yepllen, o= &
B AIE o &3 & AFAM=E FARE 4745 BTk Jung
5 (2006)2] ethanol F= Z 3¢ DPPH RCsp%tS 389~
619 pgmt 02 FEWe| we}t 2759 RolE Bole S
It eH, ole F& 8ol M¥e] wa} DPPH 2|z
2A% SHAR] YIS &= AR AlsHL

o 5
o P

o o

S0 ShitelEy
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Table 1. Extraction yield of fermented R. verniciflua stem bark by
various solvents.

Extracts Remark Extraction yield (%)
60% methanol M60 4.2 +0.0%
80% methanol M80 4.6 + 0.3
100% methanol M100 52+1.1°
60% ethanol E60 4.5 +0.1%
80% ethanol E80 4.8 +£0.2°
100% ethanol E100 46 +0.1%
distilled water W 3.4 +0.4°

*Each value represents the mean = SD, and means significantly
different by paired Duncan's test at p < 0.05.

DPPH radical scavenging
RCso (g/me)

M60 M80 M100 E6O E80 E100 w BHA BHT

Fig. 1. DPPH free radical scavenging activities of fermented R.
verniciflua stem bark by various solvents (p < 0.05).

3. 2™

3AHL ferric chloride (Fe**)7} ferrous chloride (Fe*")&
A5 = A4S o] &3] e FA AXRS b, o]& &3
T o2 Hrishe Wl (Prasad et al., 2010). &g 2
v]¢] g1 Fig. 20 YERITE Mool 0.1, 0.5, 1.0 mg/me
oMM 247+ 02, 04, 1.09] 2R thE FEE H)g)] &
HlES vellen, BE Sz FE2ES] T =
ool wet ShlHo] EolRlS IR & Uk Hg, &l
Z70 2J3k 2ol MS0 1.0 mg/md o] 2]oll= & 2}o]S Kol
2 ekorom, W 0.1, 1.0 mgmloA] 7P e E44L YeRl
th T2 ByoMe 743 water FEE3 75% ethanol 5+
59 g S S A v oEF o slgo] 7}
e A YERIAL, water ZZUETZ]— 75% ethanol F&=
A o E2 FAES ‘/}E]"’"q

Z 81] = methanol

ZE2 Aoy, water FEEHTE {780 3550 ¢

& FAE Hole AL IS (Lee et al., 2004),
ol £ A+ Az}l IXESIT.

4. XA LAket &M

A Fhksh= linoleic acide] AFs4ksl oA S48 S5
AA 3G, Linoleic acide 2]&4 BXsix|aito g o)zt



S - AFA - AOIE - HEF - TR - U5 - 2 - AP - REN - AT
o a
18
" 16 b
g~ 14
H £ 12 b
g ! 5 6
o
2y o8 . . c w -
& % 0 L cdd g
04 de b de 2 de e I a
s bc = bc bc bc bc c T
5 LE I I I T I
M&0 M80 M100 E6O0 E80 E100 W BHA BHT
oimg/me 01 0.2 01 0.1 0.1 0.1 0.1 0.4 0.3
Wosmg/me 03 0.4 0.3 0.2 03 0.2 03 0.8 0.7
Wiomg/me o6 1.0 05 07 05 05 0.3 19 1.2
Fig. 2. Reducing power activities of fermented R. verniciflua stem bark by various solvents (p < 0.05).
100 | Table 2. Content of total phenolic and flavonoid content of
i — e I o b % —» fermented R. verniciflua stem bark by various solvents.
g o Extracts TPC" (mg GAE/mf) TFC? (mg QE/md)
Ff w0 M60 164.4 = 12.4° 60.9 = 2.2
Ee M80 319.7 = 32.0° 111.6 = 1.0°
= 40
] M100 166.5 + 4.2° 70.2 + 4.3
% 20 E60 202.8 = 4.7° 64.3 = 7.1
<
E80 141.8 + 12.4° 51.7 + 1.7
® w0 wmso w0 o 0 f00  w BHA E100 156.8 + 12.7° 49.4 +1.9¢
—*oamg/m¢ 505 617 589 473 455 595 490 916 W 152.1 + 8.2° 53.1 = 2.4¢
“ing/me  s27 867 850 821 806 855 741 %24 *Each value represents the mean = SD, and means significantly
—*—10mg/m¢ 910 946 904 923 908 912 915 926 different by paired Duncan's test at p < 0.05.

Fig. 3. Anti—IiEid peroxidation activities of fermented R. verniciflua
stem bark by various solvents.

o oJaf atslald S AXEA AL A AElE fasle]
At s AAdSth AF@Atsl 2l BAEE itskE
2 ferrous chloride (Fe*")E ferric chloride (Fe*" )2 4FS}A|
A HAZAAe wA =H, A@Ztsr AP Al sigt
Eo] AH). kst gz g Hule] IXd Ik
3} 48 =43l Fig. 39 YERITE M80 0.1, 1.0, 10.0
mg/ml oA Z}z} 617, 86.7, 94.6%2] TS BoH, tE
Sz g I Hilsl= & 2olE HolA] &t

EFHE 2659 AP &= FEES Al (Antioxidant
index : 7t IS 7K @9 K= TR
o] FErITke® Vhe 3R AksHES vk dAqelbe 4
Ak 5 Ay (AR)Y] FEEo] Al 5182 S5 Al 4.20
Sl vjal =2 AN} A g2E YR (Kim ef al,
1999). Kim 5 (1995)°] B uoME f7]8md thF-FzEo)
AdR sk AR 2 FEY GFEE8e 2dWshel wet
zpo)7t e AL Il ole B AT Ade} o] F

AT

220

1) TPC : Total phenolic contents
2) TFC : Total flavonoid contents

Z vzt vigel wel FEE] IAA it A
Qe = Ao 7Y Hr}.

[s1 =13

AEAWA Frtst 24

(Erkan et al., 2008; Boo
=4 SES S wiYk
Bou, g Ao YeRt
S0 =8} AHo] JUF
szl S8 AT (Table 2). & #s T
M80°IA4 319.7mg GAE/ML & 7P Egton tE FE59
Hlel =& ohds VeIt T Sk o= e MRO
oA 111.6mg QE/ML 2 71 =T} 5% &ufjoll ¢J3) =
9 Eehuico]= | Xjo|S Holw, of= DPPH iz
27, B8, A 8L B JFS e Ao A}
FHY (Kim et al, 1995; Oh et al, 2006; Wettasinghe
and Shahdi, 1999).
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Fig. 4. Correlation between antioxidant activities and total phenolics, flavonoid content of fermented R. verniciflua stem bark by various
solvents. (@) DPPH assay and total phenolic content, (b) DPPH assay and total flavonoid content, (c) reducing power and total
phenolics content, (d) reducing power and total flavonoid content, (e) anti-lipid peroxidation assay and total phenolics content,
(d) anti-lipid peroxidation assay and total flavonoid content.
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