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In the present study, Rhus verniciflua extracts from various extract condition was evaluated by 
employing various in vitro anti-oxidant assay such as electron donation ability by 1,1-diphenyl-2-picryl-
hydrazyl free radical (DPPH) scavenging, reducing power by Fe

3+
-Fe

2+
 transformation method, and anti-

lipid peroxidative effect by ferric thiocyanate. The electron donation ability of 100% ethanolic extract 
(94%) showed stronger activity than butylated hydroxyanisole (18%). One hundred percent ethanolic 
extract (0.54) showed the highest reducing power, and the other samples (0.29 to 0.44) showed stronger 
activity than α-tocopherol (0.13). Total phenol and flavonoid content showed the highest amount in 
100% ethanolic extract (352.6 and 54.6 mg QE/g, respectively). The anti-lipid peroxidative effect of 
samples was greater than same concentration of α-tocopherol. Although higher extract yields were 
obtained using 80% methanol, higher anti-oxidant activities was obtained by 100% ethanol extracts. 
 
Key words: Rhus verniciflua, anti-oxidant activity, electron donation ability, reducing power, anti-lipid 
peroxidative effect. 

 
 
INTRODUCTION 
 
Rhus verniciflua is a deciduous tree of the Anacardiaceae 
family that contains 250 over species, and is mainly 
cultivated in south-east Asian countries such as Korea, 
Japan and China. The sap of R. verniciflua has been 
used as a protective surface coating material for wood, 
porcelain, and metal wares in East Asia (Kobayashi et al., 
2001; Onishi, 1995). It is interesting to see the old wares 
and woody relics coated with lacquer tree sap are well 
preserved, and this suggests that the sap might contain 
the strong anti-oxidants (Kim et al., 1997; Lee et al., 
2002). In the orient, R. verniciflua has been used for 
medicinal and other uses by indigenous people.  

Especially, some Korean still enjoyed eating chicken or 
duck soup boiled with R. verniciflua and sprout of R. 
verniciflua in the spring (Kim, 1996). 
 
 
 
*Corresponding author. E-mail: kimmjo@kangwon.ac.kr Tel: 
+82 33 250 6413. Fax: +82 33 253 6413. 

 
Abbreviations: BHA, Butylated hydroxyanisole; BHT, butylated 
hydroxytoluene; DPPH, 1,1-Diphenyl-2-Picrylhydrazyl; EDA,  
electron donation ability; FTC, ferric thiocyanate. 

The contact with poison ivy or R. verniciflua contains 
urushiol congeners cause irritation, inflammation, or 
blistering in sensitive individuals. For this reason, interest 
has been focused on the chemical structure of allergenic 
compound. Owing to a great deal of investigations on the 
major compound that induce dermatitis, Majima (1992) 
reported that main important components in urushi are 
urushiol, which has a mixture of olefinic catechols having 
an n-C15 or n-C17 alkyl side chain. Recently, due to allergy 
of urushiol, there has brought about many scientific 
studies and methods to remove urushiol. For example, 
there may be exemplified by a method involving heat 
treatment, solvent extraction, far-infrared radiation, and 
enzyme treatment (Choi et al., 2007; Kim, 2000; Kim et 
al., 2000; Park et al., 2009; Song, 2007). 

Despite its allergic reaction, a number of researchers 
have been reported on various biological activities of R. 
verniciflua extracts. For example, anti-fibrogenic (Lee et 
al., 2003), anti-microbial (Kim et al., 1997), anti-
mutagenic (Park et al., 2004; Son et al., 2005), anti- 
oxidant (Kim et al., 1997, 2002; Lee et al., 2002), anti-
tumorigenic activity (Kitts and Lim, 2001; Lee et al., 
2004), anti-cancer (Jeong et al., 2008; Lee et al., 2009), 
anti-platele  (Jeon et al., 2006),   anti-rheumatoid  arthritis    
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(Choi et al., 2003), α-glucosidase inhibitory effect (Kim et 
al., 2010), and anti-obesity effect (Jeon et al., 2003) have 
reported.  

Polar solvents (ethanol, methanol, and aqueous 
organic solvent mixture) are frequently used for the 
recovery of polyphenols from a plant material. The anti-
oxidant activity depends on the extracting solvent polarity. 
The most suitable extract solvents are aqueous organic 
solvent mixtures than absolute organic solvent (Anwar et 
al., 2006; Sultana et al., 2007, 2009). In this present 
study, we reported the anti-oxidant properties activity 
from crude extract of R. verniciflua stem by different ratio 
of water/alcohol. To obtain a better understanding of the 
potent anti-oxidant extracts, we determined the amount of 
phenols and flavonoids. Most importantly, careful analysis 
using various assay like electron donation ability, 
reducing power, and anti-lipid peroxidative effect. 
 
 
MATERIALS AND METHODS  

 
Plant materials  
 
R. verniciflua stem was obtained from Hoengseong-gun, Gangwon-
do, Korea. The samples were dried at room temperature and 
powdered, using a blender.  
 
 
Chemicals  
 
α-Tocopherol, butylated hydroxyanisole (BHA), butylated 
hydroxytoluene (BHT), and 1,1-diphenyl-2-picrylhydrazyl (DPPH) 
were obtained from Sigma Chemical Co. (St. Louis, MO). All other 
reagents were of analytical grade or better. 
 
 
Extraction of R. verniciflua  

 
The air-dried, powdered (30 g) of R. verniciflua stem were extracted 
three times with ethanol (60, 80 and 100%), methanol (60, 80 and 
100%), and distil water, with a 10:1 solvent-sample ratio, for 24 h at 
room temperature. The solution was filtered, evaporated under 
reduced pressure and lyophilized to give dried powder extract. 
Sample was dissolved 80% EtOH (v/v). All the processes were 
triplicated. 
 
 
Electron donation ability (EDA) assay  
 
The EDA of sample was determined by the method of Kim et al. 
(2010). This assay is based on the capacity of a substance for 
scavenging stable DPPH free radicals. The EDA of R. verniciflua 
was measured as follows. The reaction mixture contained 1 ml of 
1.5 mM DPPH-methanol solution, 3.98 ml of methanol and 20 µl of 
different concentration samples, or ascorbic acid, α-tocopherol, 
BHA, BHT, and 80% EtOH (control). The mixture was allowed to 
react at room temperature for 30 min and absorbance values were 
measured at 517 nm using a spectrophotometer (V-530, Jasco Co., 
Japan).  

The experiment was performed in triplicate. The EDA was 
expressed as reduction rate of absorbance according to the 
following equation:   
 
EDA (%) =  [1-(absorbance  value  of  sample/absorbance  value  of 

 
 
 
 
control)] × 100.  
 
 
Determination of reducing power activity  

 
The reducing power of sample was determined by the method of 
Oyaizu (1986) with some modifications. Reducing power activity is 
based on the reduction of (Fe3+) ferricyanide in stoichiometric 
excess relative to the anti-oxidants (Benzie and Strain, 1996). 
Sample with different concentrations was mixed with 0.5 ml of 0.2 M 
sodium phosphate buffer (pH 6.6) and 0.5 ml of 1% potassium 
ferricyanide (w/v). 

The mixture was incubated at 50°C for 20 min. After incubation, 
2 ml of 10% trichloroacetic acid (w/v) was added to the mixture, 
followed by centrifugation at 650 rpm for 10 min. The upper layer 
(0.5 ml) was mixed with 0.5 ml of deionised water and 0.1 ml of 
0.1% ferric chloride (w/v) and the absorbance of the resultant 
solution was measured at 700 nm. Ascorbic acid, α-tocopherol, 
BHA, and BHT were used as reference compound. 
 
 
Total phenol and flavonoid analysis  

 
The total phenolic content was determined using the Folin-
Ciocalteu reagent according to the method described by Singleton 
and Rossi (1965). Briefly, 0.1 ml of sample and 50 µl of 2 N Folin-
Ciocalteu reagents were added to a 5 ml volumetric flask. The 
solutions were mixed and allowed to stand for 3 to 5 min at room 
temperature. Next, 0.3 ml of a 20% sodium carbonate solution (w/v) 
was added. Solutions were mixed and kept aside for 15 min. 
Finally, 1 ml of distilled water was added. The blue color was 
measured against reagent blank at 725 nm using a UV- 
spectrophotometer. 

The total phenolic content of sample was determined by 
comparing with the optical density values of different concentrations 
of a standard phenolic compound, gallic acid. This analysis for each 
sample was analyzed in triplicate, and a calibration curve of gallic 
acid was plotted by plotting absorbance vs concentration of gallic 
acid. 

The total flavonoid content of extract was determined according 
to colorimetric method as described by Park et al. (1997). An aliquot 
of 0.2 ml was added to test tubes containing 0.1 ml of 10% 
aluminum nitrate (w/v), 0.1 ml of 1 M potassium acetate and 4.6 ml 
of 80% ethanol. After 40 min at room temperature, the absorbance 
was determined at wavelength 415 nm. The total flavonoid content 
was expressed in milligrams of quercetin equivalents (QE) per gram 
of samples. 
 
 
Ferric thiocyanate test (FTC)  

 
The test was performed according to FTC method in linoleic acid 
emulsion (Haraguchi et al., 1992) with some modifications. The 
reaction medium contained 0.02 ml of sample (10 mg/ml), 0.2 ml of 
2.51% linoleic acid in ethanol, 0.4 ml of 0.04 M photassium 
phosphate buffer (pH 7.0) and 0.38 ml of distilled water. The 
solution (1 ml) was mixed and incubated at 70°C for 20 min in the 
dark.  

The same reaction medium, without any additive was taken as 
control sample. Synthetic anti-oxidants (BHA and α-tocopherol) 
were used for comparison, in the same concentration. At regular 
intervals during incubation, a 0.05 ml aliquot of the mixture was 
diluted with 2.85 ml of 75% ethanol, followed by the addition of 
0.05 ml of 30% ammonium thiocyanate (w/v) and 0.05 ml of 20 mM 
of ferrous chloride in 3.5% HCl. The absorbance for the red colour 
was measured at 500 nm. These steps were repeated every 3 h 
until the    control    reached    its    maximum    absorbance    value.  
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Table 1. Yield, total phenolic content and total flavonoid content of the extracts from R. verniciflua by extraction conditions.  
 

Sample 60E
d
 80E

d
 100E

d
 60M

d
 80M

d
 100M

d
 H2O

d
 

% Yielda 7.7 9.2 8.1 8.9 10.8 8.5 3.5 
TPCb 272.7 ± 1.1 241.1 ± 3.0 352.6 ± 1.5 272.2 ± 0.3 274.2 ± 6.7 248.1 ± 4.3 220.8 ± 7.0 
TFCc 35.4 ± 0.6 30.8 ± 1.0 54.6 ± 0.2 27.3 ± 0.1 25.4 ± 0.2 26.8 ± 0.1 17.4 ± 0.3 

 
aPercentage yields from the dried plant material, Total phenol content analyzed as gallic acid equivalent (GAE) mg/g of extract, values are the 
average of triplicates, cTotal flavonoid content analyzed as quercetin equivalent (QE) mg/g of extract, values are the average of triplicates,d60E, 60% 
ethanolic extract; 80E, 80% ethanolic extract; 100E, 100% ethanolic extract; 60M, 60% methanolic extract; 80 M, 80% methanolic extract; 100M, 
100% methanolic extract; H2O, distil water extract. 

 
 
 
Statistical analysis 
 
All data were expressed as mean value ± standard deviation (SD) 
of the number of experiments (n = 3). Microsoft excel program was 
used for data analysis. 
 
 
RESULTS AND DISCUSSION 
 
Extraction yield, total phenolic and total flavonoid 
content  
 
The solvent extraction is frequently used for isolation of 
the anti-oxidants, both extraction yield and anti-oxidant 
activity of extracts strongly depend on a solvent polarity 
(Julkunen, 1985). To investigate the extraction yield 
percentage and total phenolic and flavonoid content of R. 
verniflua, we prepared the extract using distill water and 
different solvent solutions (methanol and ethanol) at room 
temperatures (Table 1). Extraction yield was significantly 
greater for using a mixture of alcohol and water (7.7 to 
10.8%) than for using distill water (3.5%). The highest 
extraction yield was obtained using an 80% ethanol 
solution and the lowest using distill water. This result is 
consistent with previous reports of Kim and Kim (2006) 
and Sultana et al. (2009) that aqueous organic solvent is 
an effective solvent for extraction of plant materials.  

The total phenolic content varied in different solvent 
extract condition and ranged from 220.8 to 352.6 mg 
GAE/g. In general, total phenolic content increased with 
the increment of the ethanol concentration up to 60% 
followed by a remarkable drop at 100% (Cacace and 
Mazza, 2003; Chan et al., 2009).  

However, in this study, the total phenolic content of 
100% EtOH extract was relatively higher compared to 
that of other samples. Distil water extract was the lowest 
total phenolic content. According to the recent reports, 
statistically significant relationship between total 
phenolics and anti-oxidant activity was found in traditional 
balsam vinegar (Verzelloni et al., 2007). The anti-oxidant 
activity power was correlated with the total polyphenolic 
content of the Indian Laburnum extracts (Siddhuraju et 
al., 2002). 

The obtained results showed that the 100% EtOH 
extract had higher total flavonoid content, equal to 54.6 
mg QE/g. Total flavonoid contents were found to contain 

in the following order: 100% EtOH extract ＞ 60% EtOH 
extract ＞ 80% EtOH extract ＞ 60% MeOH extract ＞ 
80%, 100% MeOH extract ＞ distil water extract (Table 
1). Polyphenols are the major plant compounds with anti-
oxidant activity. Green teas contain up to 30% of the dry 
weight as phenolic compounds, and tea polyphenols play 
an important part in the function of anti-oxidation and anti-
proliferation (Lin et al., 1996). The anti-oxidant activity of 
phenolic compounds is mainly due to their redox 
properties, which allow them to act as reducing agents, 
hydrogen donors, and singlet-oxygen quenchers (Kang et 
al., 2006). This suggests that polyphenolic constituents 
from R. verniflua may contribute to the highest anti-
oxidant activities in the DPPH assay. 

 
 
Determination of electron donation ability  

 
The determination of the EDA, R. verniciflua extracts 
were carried out according to the DPPH method. The 
EDA of extract from R. verniciflua showed stronger 
activity than BHT, but it did not exhibit higher anti-oxidant 
activity than ascorbic acid and α-tocopherol. Each extract 
showed different activities particularly, 100% EtOH 
extract showed the highest activity, which was about 5.2-
fold more active than that of a positive control, BHT 
(Figure 1). 

 
 
Reducing power activity  

 
In this assay, the reducing power was determined using 
reaction solution colour changing at 700 nm, which the 
yellow colour of the test solution change to green and 
blue depending on the reducing power of sample 
concentration. Higher absorbance of the reaction mixture 
indicates a higher reducing power. Figure 2 showed a 
dose-dependent reducing power of R. verniciflua extracts. 
The reducing power of extracts and positive control 
increased steadily with increasing concentration of 
sample. One hundred percent EtOH extracts (0.54) 
showed the highest activity, and  the other  extracts  (0.29 
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H2O  
 
Figure 1. Electron donation ability (EDA) of extracts from R. verniciflua by extraction conditions. 
60E, 60% ethanolic extract; 80E, 80% ethanolic extract; 100E, 100% ethanolic extract; 60 M, 60% 
methanolic extract; 80 M, 80% methanolic extract; 100M, 100% methanolic extract; H2O, distil water 
extract; BHT, butylated hydroxytoluene; BHA, butylated hydroxyanisole; Vitamin E, α-tocopherol; 
AsA, ascorbic acid. 

 
 
 

H2O 

 
 
Figure 2. Reducing power of extracts from R. verniciflua by extraction conditions. 60E, 60% ethanolic 
extract; 80E, 80% ethanolic extract; 100E, 100% ethanolic extract; 60 M, 60% methanolic extract; 80 M, 
80% methanolic extract; 100 M, 100% methanolic extract; H2O, distil water extract; Vit. E, α-tocopherol; 
BHT, butylated hydroxytoluene; BHA, butylated hydroxyanisole; AsA, ascorbic acid. 

 
 
 
to 0.44) showed stronger activity than α-tocopherol (0.13) 
and BHT (0.14). Distill water extract showed some 
degree of reducing power. Although EDA of tested α- 
positive control were in increasing order,  ascorbic  acid > 

tocopherol > BHA > BHT, but reducing power order were 
ascorbic acid > BHA > BHT > α-tocopherol. The reducing 
capacity may used as an indicator of the potential activity. 
Total  phenolic  content  increased   proportionally  to   the       
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Figure 3. Correlation established between reducing power and total phenolic content values in 
R. verniciflua 

 
 

H2O 
 

 
Figure 4. Antioxidative activity of R. verniciflua extracts based on a ferric thiocyanate 
method. N.C., negative control; Vitamin E, α-tocopherol; BHT, butylated 
hydroxytoluene; 60E, 60% ethanolic extract; 80E, 80% ethanolic extract; 100E, 100% 
ethanolic extract; 60 M, 60% methanolic extract; 80 M, 80% methanolic extract; 100 
M, 100% methanolic extract; H2O, distil water extract 

 
 
reducing power. As showed in (Figure 3), a high 
correlation (r2 = 0.955) was found between reducing 
power and total phenolic content in R. verniciflua extracts. 
A similar finding was reported by Sousa et al. (2008), who 
suggested that high correlation established between the 
total phenolic content in the samples and its anti-oxidant 
activity (reducing power and radical scavenging effect on 
DPPH radicals). Also, linear relationships between these 
parameters have been found for extracts of several plant 
materials (Hajimahmoodi et al., 2008; Vásquez et al., 
2008). Anti-oxidant activity of pulp extracts is due to the 
presence   of   phenolic   compounds;  about 85% of   the 

anti-oxidant activity of phenolics is attributable to their 
redox properties (Hajimahmoodi et al., 2008). 
 
 

Ferric thiocyanate test (FTC)  
 

The anti-oxidant activities of the extracts are compared 
with two commercial anti-oxidants, α–tocopherol and 
BHT, as determined by the ferric thiocyanate method, 
which measures the amount of peroxide produced by 
linoleic acid emulsion during incubation. Low absorbance 
values in the FTC method indicate high level of anti-
oxidant activity. Figure   4  shows   the  changes   in    the  
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absorbance for each sample during 30 h of incubation at 
70°C. It is seen that absorbance increases with time, the 
autoxidation of linoleic acid emulsion without sample or 
BHT was accompanied by a rapid increase of peroxide 
product.  

The significantly lower absorbances of the extracts and 
BHT indicate the greater anti-oxidant activity of the 
extracts. α–Tocopherol was slowly increased until 9 h, but 
suddenly increased after 9 h. The increasing orders of 
anti-oxidant activity may be given as distill water extract > 
60, 80% MeOH extract > 60, 80% EtOH extract > 100% 
MeOH or EtOH extract. 

In conclusion, the aim of this study was to obtain a 
better understanding of the potent antioxidant extracts of 
R. verniciflua using different water/alcohol ratios. So, we 
determined the amount of phenols and flavonoids, and 
conducted using various assays, including electron 
donation ability, reducing power, and anti-lipid 
peroxidative effects. As a result, the 100% EtOH extracts 
showed stronger antioxidative activity than other extracts. 
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