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Abstract

In this study, antimicrobial and antioxidative activities were investigated using the hot water extracts of Rhus ver-
niciflua Stokes (RVS) in order to develop RVS as a natural antimicrobial and antioxidative material. The antimicro-
bial activity was not found against five strains of yeasts (Saccharomyces cerevisiae, Saccharomyces pastorianus,
Torulaspora delbrueckii, Zygosaccharomyces rouxii, and Zygosaccharomyces bailii) while the activity was confirmed
against five strains of bacteria (Bacillus subtilis, Staphylococcus aureus, Bacillus licheniformis, Escherichia coli, and
Pseudomonas aeruginosa) at the RVS extract concentration of 0.2-1.0% (w/v) by plate cultural method. In the inves-
tigation for 24 hours by turbidometry, the antimicrobial activity showed a relatively high growth inhibition of 79.7%
against Bacillus subtilis. The highest growth inhibition of 82.6% was against Bacillus licheniformis at the RVS
extract concentration of 2,000 pg/mL. The lowest growth inhibition was 25.7-44.1% against E. coli at the extract
concentration of 250 pg/mL and 2,000 pg/mL. The total polyphenol and flavonoid contents of the RVS extract were
42.48 mg/g and 5.42 mg/g, respectively. The highest antioxidative activity at 79.15% was observed at the RVS
extract concentration of 0.5 mg/mL by DPPH. Also the antioxidative activity by ABTS demonstrated the highest
level at 81.56% at the same concentration. It can be gleaned from these results that the hot water extract of RVS
has a great potential to be a natural antioxidant and antimicrobial material against gram positive bacteria (Bacillus

subtilis and Bacillus licheniformis).
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(Kim et al,, 1997). 2] A2 Aol ot o=
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2-3%, laccase$} F3-©] 10-20%°]0, E}%% urushiolo] <F
S%O].L AFAo] 4-8%, AL IFHE 2-3%, laccaseS}t
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Y 59 A5 AR AFE-E o] $Ith(Na et al., 2005).
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2005), TUF 53 FEE9 its) %Mé ﬂ«l TFJ(Klm
et al, 1999) 5 tE7) loy o9 Ade 2 5
Zolu 29, AAE W 2 FE227 T uet dits)

AL A A7t yehdthes A S & T
Forst 2A4s BT AT xS Aol
BHA(butylated hydroxy anisol)¢} BHT(butylated hydroxy
toluene)Z FA| FH L3 AFEEHIL Ao A FH o
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dto] #AS T3 t(Bararen, 1975).
A, 29 FFo] gk A= Kim et al.(2007)S] -
AL B $TAL GEA] FFBAY AES YT
80% olete FZE2] 74 (Kim et al, 2012) 2 Lee
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TH S "t Zor £y Ezu?‘i e shar
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=2 AFg3te] 2-4mme FZ7) 2 B TS 1200090 A
5% T EFAxsUT Edxd 2t (A
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FE 1AL 100°CollA] 24 A1 B9 EFFET o,
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%k o (Plate cultural method)
Al B E_‘Eoﬂ e & FE=9 8&-5_‘
98l B PO E T3t o] A
NA % YMAHHX] A Fol £
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oAl 1527 Htd & petrl dishell 20
WA S 2AE A 2 F ﬂﬂ“ﬂ‘bﬂ’ﬂ
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P A o] SFEE Sl sk ?%H} < ZASFA T
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0% ON
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o] &3 F4= =AW Microbial growth
analyzer(Bloscreen C, Labsystems Oy, Helsinki, Finland)E A}
§ste] 24 Al7Et wiFehaA et o] dEs AE
S

NBHIAI S ZAlst] Zh Ao 20l 253kl &
FZE5 0, 250, 500, 1,000 2 2,000 pg/mLEE7} HES
zyzt Z7vste] 8lek thy, 121°ColA] 1587 B3l
AE A7k 4371 F 1 ZH]*B‘H T 559 Ml
NS HjX| o 5%(V/V)7} H=E Zz} HEF S voltex
mlxeri FRET 1 &= Bloscreen C2] 100 well plateel]
04mLA FFARog BFaly 7|7 A3 o, 35°C
o] LA 24 A7+ Z<t Aeh okl | A7k 7HEo s
600 nmol X FF=E St Fa8S AESIU ol

—q1-=
T AT MF 2719 FEE w2

2 FEE T F ZYdE FF2 Dewanto et al.
(2002)¢] ol wEt tEH 3ol AT AR
100 puLoll 2%<] Na,CO & 2mLE 7}0}04 E3teta 3%
7+ WxE o 50%<]  Folin-Ciocalteu  reagent(Sigma
Chemical Co., St. Louis, MO USA) 100 uLE 73k A
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Table 1. List of strains and cultural conditions used for antimicrobial activities.

Strains Media Temp. (°C)

Bacillus subtilis KCCM 11496 NA 35

Staphylococcus aureus KCCM 12103 NA 35

Bacteria Bacillus licheniformis KCCM 12145 NA 35
Escherichia coli KCCM 12451 NA 35

Pseudomonas aeruginosa KCCM 11803 NA 35

Saccharomyces cerevisiae KCCM 11352 YMA 25

Saccharomyces pastorianus KCCM 32361 YMA 25

Yeasts Torulaspora delbrueckii KCCM 11299 YMA 25
Zygosaccharomyces rouxii KCCM 12066 YMA 25
Zygosaccharomyces bailii KCCM 50165 YMA 25

o A5 1 g59 mg gallic acid® YERA AT}

% SR o= TS Jia et al(1999)9] WHS WA s}
of EAath AR 250 pLoll S/ 1 mLet 5% NaNO,
75 uLE 718l 5 & 5 10%2] AICL-6H,0 150 uLE 37}
W8 o 1 M2 NaOHE9 500 uLE 7}s}
At o 510 nmellA 3 EE SN
#ETEZ 2 catechin hydrate(Sigma Chemical Co., St.
Louis, MO, USA)E AFE3IA L Al59] & ZgH o=
SHFe AlF 1 g%52] mg catechin® Z YERY A Th.

SR £

DPPH redical scavenging activity 57
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F 02mLE H7tste] £99 the A2oA 3087 vk
AlZL % 520 nmell A FEEE 4613
N BA7FTY) G FHE)x1008] AL
o3 ARFAFUS A, hEFE AR W

B3-S HUlela, BEEZ R vitamin CE A3 T

Sigma Chemical

ABTS radical scavenging activity 57
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(A)

S. pastorianus
Z. bailii
S. cerevisiae
Z. rouxii

T. delbruckii

0% 0.2% 0.4%  0.6% 0.8% 1.0%

B)
B. subtilis
S. aureus
B. ficheniformis |
P. seruginosa [

E. coli

0% 0.2% 0.4% 0.6% 0.8% 1.0%

Fig. 1. Antimicrobial activities of hot water extracts from Rhus
verniciflua Stokes against yeasts (A) and bacteria (B).

ok 5 500 ug/mLY W < 24 AJ7ell 60.8%2] A3 TS
HAow 1,000 pug/mL 2 2,000 ug/mLol A ZHzE 75.6%<}
79.7%2] ASAN TS JERNATE S, aureusIM = = F
ZE0] 250 /mLY wf ¥k =7]FE w24 A|TEA] oF
g AeA TS BIe™ 500-2,000 pg/mLE oA 50.6-
65.2%2] A5 JATS BATh 3 B. licheniformisdl o
A= 250 pg/mLe] A Bl Bl 24 A7kl F 60.4%°]
Hwd 52 ASANTES ER2H 2,000 pg/mLol A
82.6%2] 7Hg e KA TS R

gl tig £ FEES 2 Fig 3049 2
o] agtFdstol] vlsiA = thh ofgk AE Bi=H, P
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o thafA= 250-2,000 ug/mLe] Al EF =X 25.7-44.1%2]
717 oFst A5 A )5S BTk

Kim et al. 2010y 2UF 80%o &S FE5Eo| 213 &
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Fig. 2. Antimicrobial activities of hot water extracts from Rhus
verniciflua Stokes against gram positive bacteria of B. subfilis
(A), S. aureus (B) and B. licheniformis (C).
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Fig. 3. Antimicrobial activities of hot water extracts from Rhus
verniciflua Stokes against gram negative bacteria of E. coli (A)
and P. aeruginosa (B).

Table 2. Total polyphenol and flavonoid contents of hot water
extracts from Rhus verniciflua Stokes.

Sample Total polyphenol Total flavonoid
p ( gallic acid/g) ( catechin/g)
Rhus verniciflua Stokes ~ 42.48+1.13" 5.4240.70

YAII data are meantS.D. of triplicates determinations.

STHHE o= 3.04 mg/g-3.99 mg/ge] At Hare] H]3|
A E=%om Kim et al(2010)0] 2L B8 2 L0
A 80%9] &SR F&3 49 F d=d ZEtR o=
kol 742t 597 mg/get 201 mg/ge] AT Aol Bl
= 9o zholdth & Park(2011)S 2 £3]9] ofgke
FEEY T e FHExolE FEFo] 77} 432my
100 g€ 0.16 mg/100 go]2} 3FAS™ Kang(2005)2 £
= ;4]&-—_31]_ _ﬁ_g]_i\_o]c t‘s]-%l:o] 7_]—7_‘1-
A Azet

5 FEEAA
4.50 mg/100 g2} 0.18 mg/100 go] &} 3fo] =
£ Zpo|7F ATt 2 o)l Park(2002) §HekAl o] Z2]F
E I3 B2 58 o] e E FEF ud &2
Tl Bagh upel o] 2ubel SlojM T F e |
gt o= e U FFolU 19, 283 F& &
v FEUH %011 ue}l zpol7t Je Fow FuE
k= Slal AT Lol oF 12%2) Fehn
01 LW (Kim et al, 2002), & FE=

i3

:Lo

9

328l g7 2 Pst B 5

Table 3. DPPH radical scavenging activity of hot water extracts
from Rhus verniciflua Stokes.

Samples Concentration DPPH radical
p (mg/mL) scavenging activity (%)
. N 0.1 26.84+1.226"?
us vernicifiua 03 50.15+1.483¢
Stokes )
0.5 79.10£1.206%
Vitamin C 0.1 52.65+1.229°

DAlI data are mean+S.D. of triplicates determinations.
PValues with different superscripts within the column are significantly
different at p <0.05 by Duncan's multiple-range test.

F= JEE= gallic acidE Y] 53} protocatechuic acid,
4-hydroxy benzoic acid -] 3= o] Uil SR o] =0
= fustin, fisetin & sulfuretin 5°] E3 T e A=
B 3155 A TH(Choi et al., 2012).

DPPH redical 271
% EFFEE9 AAFH5S DPPH radical £27152
2 AESH A3+ Table 33 72t}
£ FE29 Tt UK wEt AR e 93
o2 Z7EIE e 01mgmL 2 03mgmLolA Zz+
26.84%%} 50.15%= Vitamin C(0.1 mg/mL)2] 52.65%X.t}
SR 0.5 mgmLAM = 79.15%% 7HE =2 S48 1
Atk Park(2011)S & FEE9 stsl &4 HENA
ethyl acetateFZ=°] 100 p/mL & o 85.5%< 7FF gk
AAFd5S BATL 392, Jeong et al.(2001)S
3F9 2UFE o] &3 s @4 HEAA HuUi
(Rhus javanica)®] A3} 2717} 7bd Z4sh &4kst 248
YERN I Sephadex I 2vtEagly] 2 HA|A] SAL =
btz ®ue v 2ok E Kwak et al(2005)2 170-
200°CE F= A=dh 2o AAgofsol FaxgsiA|
2o thxFo) Hla vkl 3.2 ™, Choi et al.(2002)
< 2T e FEES FAS 92 o] §44 3
2shAQl BHAR T 9538] -3 Azl sS ehid
ol BaEkch Lim & Lee(1999)= =4l & £ o
BES o8 2T FEE0] oE &) FEE0) Hls|
garst a3t 1o 2 71 S0 2 & FEE0
hydroxyl radicals®l] gt 733t scavenger=A] 28317 uf
wolgl Hilshe & U FE= st Ede 2
=3 Z 271 9 AAE Fol wet 2

ABTS radical 2~7{&Hd
2 FEE s ikl €448 ABTS cation decoloriza-
tion assay®l] ©]3ll 7 E g+ A 3}= Table 49} 2t}
DPPHO| ©]3t Axpgolse] Aol ol & FE=9
w7} Z71elHA] ABTS radical 24840 &



Table 4. ABTS radical scavenging activity of hot water extracts
from Rhus verniciflua Stokes.

Samples Concentration ABTS radical
P (mg/mL) scavenging activity (%)
- 0.1 42.90+0.612°
Rhus verniciflua ¢ 3 60.33+0.505"
Stokes
0.5 81.56+0.823°
Vitamin C 0.1 54.08+1.400¢

YAlI data are meantS.D. of triplicates determinations.
DValues with different superscripts within the column are significantly
different at p <0.05 by Duncan's multiple-range test.

F7Ht e U 99 5= AlE7F 0.0 mg/mLy o
42.9%9] 23t B4 HIT 0.3 mgmLol e 60.33%=
vitamin C(0.1 mg/mL)2] 54.08%°) ®l&] foldog =&
e BAT E 0.5 mgmle] FEAME 81.56%= 7HE
o A4S B2 ool DPPHSF ABTSO 2]t kit
3} @4o] AA2HE U] dF FEES s
e HAstal 9lo] o g e & 24 nE
2bsl Edol tiek Wk HES] oo e Bo=
fRac =

il

r
fE oot ok

.

4 =

E AFt= 2YUF(Rhus verniciflua Stokes)S o 2 &
st 2= A Eer] 98 Ul EF FEES o8
&to] A+t B s S HESIH

s HldR e R HES A3, & FEE st
02-1.0%(wV)Q ® 5% 2] & X (Saccharomyces cerevisiae,
Saccharomyces Torulaspora  delbrueckii,
Zygosaccharomyces rouxii and Zygosaccharomyces bailii)®\
et g S Aoy M 5F(Bacillus subtilis,
Staphylococcus aureus, Bacillus licheniformis, Escherichia coli
and Pseudomonas aeruginosa)®| A= dd&/do] g
AEUTH FF = SHYPOE 24 A7 FU¢ G S AL
St A3} Bacillus subtilis®l] t3le] & FE2E9]
mLe W 79.7%¢] HlaA E& S Adfes Blom,
Bacillus licheniformis?) A<= 2,000 ug/mLe] F=&

A 82.6%2] M w2 BSFA TS YERHIIL, E coli
o dalMe= FEE FE7F 250-2,000 pg/mLY o 25.7-
44.1%°] 71 ot A TS BAE £ FEE2

ZevEa S sS4 4248 mglg
542 mg/ge|ATt. DPPHO ©]gt §Hitst 84S FE5& 55
7} Skl wet fejHom Frtsle] £ FEE0] 0.5my
mLY W 79.15%=2 7P =%om, ABTSe| ]38 &its) &
oM % 05 mgmLe] FEE FEA 81.56%= 7MY =
ATk ool ARZFYH Uy I FE=S IHEN

M Bacillus subtilis2} Bacillus licheniformis®ll Wk A

pastorianus,

N

Lol=

A
A gGaad B Fas A=A A FsAe] B A
oz geEen oz o tg /b A7)t B
Aoz A7kE AT
2nes

Bararen AL. 1975. Toxicological and biochemistry of butylated
hydroxy anisol and butylated hydroxy toluene. JOACS. 52: 59-
63.

Choi HS, Yeo SH, Jeong ST, Choi JH, Park HS, Kim MK. 2012.
Preparation and characterization of urushiol free fermented Rfus
verniciflua stem bark(FRVSB) extracts. Korean J. Food Sci.
Technol. 44: 173-178.

Choi WS, Kim DK, Lee YH, Kim JE, Lee SE. 2002. Antioxida-
tive and cytotoxicity activities of compounds isolated from
korean Rhus verniciflua S. J. Korean Soc. Agric. Chem. Bio-
technol. 45: 168-172.

Choi Y, Kim MH, Shin JJ, Park JM, Lee J. 2003. The antioxidant
activities of the some commercial teas. J. Korean Soc. Food Sci.
Nutr. 32: 723-727.

Dewanto V, Wu X, Adom KK, Liu RH. 2002. Thermal processing
enhances the nutritional value of tomatoes by increasing total
antioxidant activity. J. Agric. Food Chem. 50: 3010-3014.

Jang GY, Kim HY, Lee SH, Kang YR, H IG, Woo KS, Kang TS,
Lee JS, Jeong HS. 2012. Effect of heat treatment and extraction
method on antioxidant activity of several medicinal plants. J.
Korean Soc. Food Sci. Nutr. 41: 914-920.

Jeong HJ, Kim EH, Lee KJ, Chung GY, Lim JK, Yoo JM, Shim
YE, Park JH. 2001. Evaluation of the antioxidant potential and
enzyme activities in species of Rhus. Korean J. Plant Res. 14:
220-228.

Jia Z, Tang M, Wu J. 1999. The determination of flavonoid con-
tents in mulberry and their scavenging effects on superoxide
radicals. Food Chem. 64: 555-559.

Jung NC. 1998. Biological activity of urushiol and flavonoids
from lac tree(Rhus verniciflua Stokes). Ph.D. Thesis, Chonnam
National University, Gwangju, Korea.

Kang MJ. 2005. Antioxidative activity of Rhus verniciflua Stokes
and effects on quality of pork. Ph.D. Thesis, Gyeongsang National
University, Jinju, Korea.

Kim IT, Park YM, Shin KM, Ha J, Choi J, Jung HJ, Park HJ,
Lee KT. 2004. Antiinflammatory and anti-nociceptive effects of
the extract from Kalopanax pictus, Pueraria thenbergiana and
Rhus verniciflua. J. Ethnopharm. 94: 165-173.

Kim IW. Shin DH. Chol U. 1999. Isolation of antioxidative com-
ponents from the bark of Rhus verniciflua Stokes screened from
some chinse medicinal plants. Korean J. Food Sci. Technol. 31:
855-863.

Kim JC, Ahn JK, Ko SY, Choi YH, Kim DH, Lee TY. 2007.
Antimicrobial activities of urushiol and urushiol derivatives.
Clean Technology 13: 22-27.

Kim JS, Kwon YS, Chun WJ, Kim TY, Sun J, Yu CY, Kim MJ.
2010. Rhus verniciflua Stokes flavonoid extracts have antioxi-
dant, antimicrobial and a-glucosidase inhibitory effect. Food
Chem. 120: 539-543.

Kim MJ, Hyun JO. 1997. Genetic variation in urushiol compo-
nents of Rhus verniciflua Stokes. Korean J. Breed. 29: 115-123.



9% Axd

pil

Yo

e g

Kim TH, Lee KM, Kwon KR, Choi SM. 2002. A literature study
on lacquer poison. J. Pharma. 5: 159-169.

Kwak EJ, Jo 1J, Sung KS, Ha TY. 2005. Effect of hot water
extracts of roasted Rhus verniciflua Stokes on antioxidant activ-
ity and cytotoxicity. J. korean Soc. Food Sci. Nutr. 34: 784-789.

Lee JC, Lim KT. 2000. Screening of antioxidant and antimicrobial
effects from Rhus verniciflua Stokes(RVS) ethanolic extract.
Food Sci. Biotechnol. 9: 139-145.

Lim KT, Chun H, Kitts DD. 2001. Antioxidant activity of a Rhus
verniciflua Stokes ethanol extract. Food Chem. Toxicol. 39: 229-
237.

Lim KT, Lee JC. 1999. Bioactive utility of the extracts from Rhus

FE=o B st 24 7

verniciflua Stokes (RVS):biological function of the extracts from
RVS. Korean J. Food Sci. Technol. 31: 238-245.

Na CS, Choi BR, Choo DW, Choi WI, Kim JB, Kim HC. 2005.
Effect of flavonoid fractions extracted from Rhus verniciflua
Stokes on the reproductive parameters in SD male rats. J. Toxi-
col. Pub. Health 21: 309-318.

Park HS. 2011. Antioxidant and nitrite scavenging activities of
solvent extracts from Rhus verniciflua Stokes. J. East Asian Soc.
Dietary Life 21: 677-682.

Park YS. 2002. Antioxidant activities and contents of polyphenolic
compound of medical herb extracts. J. East Asian Soc. Dietary
Life 12: 23-31.



