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Abstract  Walnut shell is a waste generated in the walnut (Juglans regia L.) harvest, containing natural 
compounds with antioxidant properties. In this connection, the effect of the solvent (water, chloroform, methanol, 
ethanol, ethyl acetate and N-butanol) on the extraction yields, total flavonoids content and antioxidant properties was 
analyzed. Total flavonoids content of extracts was determined by NaNO2-Al(NO3)3 method. Extract antioxidant 
activity was measured by hydroxyl, 2,2-diphenyl-1-picrylhydrazyl (DPPH) and superoxide anion radical scavenging 
capacity and the total antioxidant capacity and reducing power assay. The highest extraction yield was achieved with 
N-butanol (4.54%) and the greatest total flavonoids content shown by the samples extracted with ethyl acetate. The 
highest ability to scavenging DPPH, hydroxyl and superoxide radicals was ethyl acetate extract (EC50=81.03μg/mL), 
methanol extract (EC50=131.35 μg/mL) and chloroform extract (EC50=176.35μg/mL) respectively under the 
concentration of 500 μg/mL. The methanol extract showed the greatest total antioxidant activity and reducing power. 
The results showed that different solvent had significant effect on total flavonoids content and antioxidant activity. 
The result obtained demonstrated the potential of walnut shell as a source of antioxidant. 
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1. Introduction 
The walnut (Juglans regia L.) shell is a hard, nontoxic 

and biodegradable material which can be can be used as 
abrasive to polish gun casings, jewelry and metal material. 
And it is a good media to separate crude oil from water [1]. 
The shell can be used as a carbonaceous sorbent to control 
of mercury from industrial liquid streams [2]. The walnut 
shell has antioxidant compounds such as flavonoids which 
have been determined [3]. 

Solvent extraction is frequently used to isolate plant 
antioxidant compounds. However, the extract yields and 
antioxidant activities of the extracts are significantly 
different, mainly due to the chemical characteristics of 
extracts and the solubility of extract in a particular solvent 
[4]. Methanol [5], ethanol [6], chloroform [7], water [8], 
N-butanol [9] and ethyl acetate [10] are frequently 
employed for recovery of antioxidant compounds from a 
plant matrix.  

Many synthetic antioxidants have been used to 
scavenge free radicals, while which has been suspected to 
threaten health by causing liver damage and 
carcinogenesis. Additional it will take a long time for 
them to complete their natural cycles, thus causing 
environmental pollution [11]. So researches need find 
natural antioxidants substitutes for the synthetic ones. As 

natural compounds, the flavonoids have a lot of biological 
characteristics such as antioxidant, antibacterial, anti-
inflammatory and anticancer [12,13,14,15]. In this context, 
the flavonoids, as natural antioxidants, attract more and 
more people's attention.  

Moreover few researches have been reported about the 
antioxidant activity of walnut shell extractive. Then, the 
aim of this work was to analyse the antioxidant properties 
of extracts with different solvents from walnut shell. 
Solvents (water, chloroform, methanol, ethanol, ethyl 
acetate and N-butanol) of different polarity were used. 
Then, the extracts were studied, regarding their total 
flavonoids content and antioxidant activities. Antioxidant 
potential was accessed by the scavenging effect on DPPH, 
superoxide anion and hydroxyl free radicals, the reducing 
power and total antioxidant capacity assay. 

2. Materials and Methods 

2.1. Chemicals 
Chloroform, methanol, ethyl acetate, N-butanol and 

ethanol were obtained from Chongqing Chuandong 
Chemical group Co., Ltd. (Chongqing China). Rutin, 
DPPH, 1,10-phenanthroline and pyrogallol were 
purchased from Sigma-Aldrich (China). Iron chloride 
(FeCl3), sodium nitrite (NaNO2), aluminum nitrate 
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[Al(NO3)3], sodium dihydrogen phosphate dihydrate, 
potassium hexacyanoferrate [K3Fe(CN)6], trichloroacetic 
acid, disodium hydrogen phosphate, hydrogen peroxide 
(H2O2), ammonium molybdate, sulfuric acid (H2SO4), 
ferrous sulfate (FeSO4), 2-Amino-2-(hydroxymethyl)-1,3-
propanediol (TRIS), hydrochloric acid (HCl) and 
trisodium phosphate (Na3PO4) were from Tianjin 
Fengchuan Chemical Reagent Science And Technology 
Co., Ltd. (Tianjin China). 

2.2. Raw Material 
The sampling of raw material was following the method 

described by Fernández-Agulló [7] with some 
modifications. Sample of walnut shells were collected in 
Zhaotong city in Yunnan province of China. Prior to the 
use, the walnut shells cleaned of dirt and impurities firstly, 
and then were ground into flour using a grinder. To 
preserve antioxidant properties, the particles were stored 
in plastic bags, immediately frozen at -70°C for further 
use. 

2.3. Extracts Preparation 
The extracts were following the method described by 

Fernández-Agulló [7] with a little modification. In the 
extractions with water, 12 g of powdered sample were 
extracted with 200 mL of boiling water for 1 hour and 
filtrated through Whatman no. 4 paper. For the chloroform, 
methanol, ethyl acetate, N-butanol and ethanol extraction, 
12 g of sample were extracted with 200 mL of the tested 
solvent for 1 hour at 50°C in a water bath and filtered 
through Whatman no. 4 paper. The filtrates were frozen, 
lyophilized and the each extract redissolved in water at 
concentrations of 10 mg/mL for antioxidant assays. All 
the extractions were done in triplicate [7]. 

2.4. Total Flavonoids Content 
The total flavonoids content (TFC) in the obtained 

extracts was determined using the NaNO2-Al(NO3)3 
method described by Li [16] with a slight modifications. 
Briefly 1 mL sample was mixed with 0.3 mL NaNO2 
aqueous solution (5%, w/w). The mixture was deposed for 
6 min, followed by the addition of 0.3 mL Al(NO3)3 
aqueous solution (10%, w/w). After 6 min, 4 mL NaOH 
aqueous solution (4%, w/w) was added and the volume 
was made up to 10 mL with distilled water. The solution 
was mixed and absorbance was measured against the 
blank at 510 nm. The determinations were performed in 
triplicate, and the results were based on the calibration 
curve obtain with rutin. The TFC was calculated as a rutin 
equivalent and expressed as g rutin equivalents (REs)/g of 
extract. 

2.5. Antioxidant Activity 

2.5.1. DPPH Scavenging Activity 
The DPPH free radical scavenging ability of the 

extracts was following the method described by Islam [17] 
with some modifications. The 2.0 mL of aqueous 
solutions of sample extracts (100-500 μg/mL) were mixed 
with 2.0 mL DPPH solutions (4×10-4 M in ethanol). The 
mixture was shaken forcibly and left to stand in the dark. 
After 30 minutes of reaction period at room temperature, 

the absorbance was measured at 517 nm. The scavenging 
effect was calculated using the following formula: 
scavenging effect (%) =[1-(Ai-Aj)/A0]×100, where Ai is 
the absorbance of the DPPH solutions containing samples, 
Aj is the absorbance of the antioxidant in ethanol and A0 is 
the absorbance of the DPPH solution. The effective 
concentration which scavenges 50% radical (EC50) was 
concluded from the graph of scavenging effect percentage 
against the samples concentration. 

2.5.2. Hydroxyl Free Radical Scavenging Capability 
The hydroxyl free radical scavenging capability was 

according to the method described by Chen [18], with a 
little modification. A reaction mixture containing 1 mL of 
1,10-phenanthroline (0.75 mM), 1.5 mL of 0.75 mM 
FeSO4 and 3.8 mL of 0.2M phosphate buffer solution (pH 
7.4) was mixed with 1 mL of sample extracts (100-500 
μg/mL) and 1.0 mL of 0.01% (v/v) H2O2 the volume was 
made up to 10 mL with distilled water. The mixture was 
incubated at 37°C for 60 min, and the absorbance was 
measured at 536 nm. The scavenging effect was calculated 
using the following equation: scavenging effect (%) = 
[(A2-A1)/(A0-A1)] ×100. Where A2 and A1 are the 
absorbance with or without of sample, and A0 is the 
absorbance without sample and H2O2. The effective 
concentration which scavenges 50% radical (EC50) was 
concluded from the graph of scavenging effect percentage 
against the samples concentration. 

2.5.3. Superoxide Anion Radical Scavenging Ability 
The superoxide anion scavenging activity of the 

extracts was according to the method described by Hu [19] 
with some modifications. Briefly, 5 mL Tris-HCl buffer 
(0.05M, pH 8.2) and 4 mL of samples (100-500 μg/mL) 
were left at 25°C for 20 minutes, after which 1 mL of 
pyrogallol at same temperature were added to the blend, 
and the mixture were incubated at 25°C for 5 minutes. 
Then, the reaction system was ended by addition 1 mL of 
HCl (10M). The absorbance of the mixture was measured 
by a spectrophotometrically at 320nm. The scavenging 
effect was calculated using the following equation: 
scavenging effect (%) = (1-A1/A0) ×100, where A1 and A0 
are the absorbance of the reaction system with or without 
the test samples. The effective concentration which 
scavenges 50% radical (EC50) was concluded from the 
graph of scavenging effect percentage against the samples 
concentration. 

2.5.4. Total Antioxidant Capacity 
The total antioxidant capacity of the samples was 

following the ammonium molybdate reduction method 
described by [20]. For this assay 1 mL of the test samples 
(100-500 μg/mL) were mixed with 1 mL of the reagent 
solution (4 mM ammonium molybdate, 0.6 M H2SO4 and 
28 Mm Na3PO4). The tubes were incubated in a water bath 
at 90°C for 90 min. After cooling to room temperature, the 
absorbance of the reaction mixture was measured at 695 
nm with higher absorbance values indicative of greater 
reducing power. 

2.5.5. Reducing Power Assay 
The reducing power was determined according to the 

method described by Lue [21] with some modifications. 
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Different concentrations (100-500 μg/mL) of sample (1 
mL) were mixed with phosphate buffer (2.5 mL, 0.2 M, 
pH 6.6) and 2.5 mL of 1% K3Fe(CN)6. The mixture was 
incubated at 50°C for 20 min, after which trichloroacetic 
acid (2.5 mL, 10%, m/v) was added to terminate the 
reaction. Then the mixture was centrifuged at 3000g for 
10 min. 2.5 mL of the upper layer was mixed with 2.5 mL 
of distilled water and 0.5 mL of FeCl3 (1%, m/v). The 
absorbance was measured by a spectrophotometrically at 
700 nm, with higher absorbance values indicative of 
greater reducing power. 

2.6. Statistical Analysis 
All the experiments were carried out in triplicate. The 

results are expressed as mean values and standard error of 
the mean. The existence of significant differences among 
the results for extraction yield, total flavonoids content 
and the antioxidant properties of the extracts was analysed. 
The one-way analysis of variance (ANOVA) and 
Duncan’s test were used. All statistical tests were used 
SPSS 19.0 software at a 5% significance level. The EC50 
values obtained in the antioxidant assays was established 
regression equation between the samples concentration 
and the scavenging effect. 

3. Results and Discussion 
Water, chloroform, methanol, ethanol, ethyl acetate and 

N-butanol are common solvents with different polarity. 
Extraction with different polarity solvents has been 

frequently used for the isolation of antioxidant compounds 
[22,23,24], both the extraction yield and antioxidant 
activity of the extracts have a strong relationship with 
solvent employed, mainly due to the different polarity of 
the extracts and the solubility of extracts in solvents [7]. 
Besides, the extracts with different solvents maybe contain 
different ingredients. For this reason, those solvents were 
assayed for the extraction of walnut shell in this work. The 
extraction yield, total flavonoids content and antioxidant 
properties of the extracts obtained were compared.  

3.1. The Extraction Yield and Total 
Flavonoids Content  

The extraction yield of various solvent showed 
significantly different (P<0.05). The values of extraction 
yield varied from 0.42% for the chloroform extract to 
4.54% for the N-butanol extract. The extraction yield 
increased in the following order: chloroform < ethyl 
acetate < ethanol < water < methanol< N-butanol. Few 
researches have been reported about the extraction yield of 
walnut shell extracts. The results were similar with 
Sahreen’s, the ME had a higher extraction yield and total 
flavonoids content [25]. The total flavonoids content of 
extracts with different solvents from walnut shell was 
different (P<0.05). The ethyl acetate extract (162.54 mg 
REs/g extract) showed the highest amount of these 
compounds. This result was higher than those results 
obtained by Akbari [3] but lower than the results got by 
Chaleshtori [26]. Table 1 showed the results obtained for 
extraction yield and total flavonoids content.  

Table 1. Extraction yield (in percentage) and total flavonoids content (mg REs/g extract) of walnut shell from Zhaotong city in Yunnan 
province of China 

Solvent Extraction yield (%) Total flavonoids content (mg REs/g extract) 
Water 2.62 ± 0.08c 9.61 ± 0.51a 

Methanol 3.20 ± 0.08d 98.85 ± 3.76e 
Ethanol 1.86 ± 0.13b 18.97 ± 0.21b 

Chloroform 0.42 ± 0.01a 30.10 ± 1.92c 
N-butanol 4.54 ± 0.20e 62.10 ± 2.04d 

Ethyl acetate 1.85 ± 0.07b 162.54 ± 1.61f 
Data are means of three replicates with standard errors. Values in the same column followed by a different letter are significantly different (p<0.05). 

3.2. Antioxidant Activity  
In biological systems, the imbalance between the 

oxidants (free radicals, reactive oxygen species) and 
antioxidants leads to lipids, proteins and DNA damage. 
Over-production of oxidants or over-decrease in 
antioxidants may contribute to development of many 
hearth diseases [27]. Antioxidant activity of the 
antioxidants is concerning with those compounds capable 
of protecting the organism system against the potential 

harmful effect of oxidative stress [7]. Several studies were 
developed concerning the antioxidant activity of extracts 
from walnut shell. In this study, the antioxidant capacity 
of extracts from walnut shell was accessed by five 
different assays: scavenging activity on DPPH radicals, 
hydroxyl free radical and superoxide anion radical, 
reducing power and total antioxidant capacity. The EC50 
values of different solvents extracts of walnut shell were 
shown in Table 2. The low EC50 value represented high 
antioxidant capability. 

Table 2. EC50 values of different solvents extracts of walnut shell from Zhaotong city in Yunnan province of China 

Solvent  EC50 (μg/mL)  
DPPH Hydroxyl free radical Superoxide radical 

Water 220.05 ± 2.10d 304.47 ± 2.98e 173.41 ± 3.56a 
Methanol 151.42 ± 5.08c 131.35 ± 3.20b 451.28 ± 3.04e 
Ethanol 263.06 ± 11.17f 211.91 ± 3.99c 419.09 ± 4.13d 

Chloroform 239.06 ± 4.12e 270.65 ± 7.86d 176.35 ± 3.07b 
N-butanol 109.74 ± 2.31b 392.46 ± 1.77f 413.42 ± 3.64d 

Ethyl acetate 81.03 ± 2.31a 97.32 ± 3.29a 229.45 ± 6.39c 
Data are means of three replicates with standard errors. Values in the same column followed by a different letter are significantly different (p<0.05). 

3.2.1. DPPH Free Radical Scavenging Capability  
DPPH is a stable organic nitrogen free radical. The 

DPPH scavenging capability has been widely used to 

evaluate the antioxidant capacity of extracts from different 
plant materials. DPPH is scavenged by reductants 
contained in the tested materials through the donation of 
hydrogen, forming its reduced form. The color changes 
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from purple to yellow after reduced, which can be 
quantified by its decrease of absorbance at the wavelength 
of 517 nm [28]. Figure 1 show that the DPPH radical 
scavenging ability of the extracts. The DPPH free radical 
scavenging capabilities of  water extract (WE), methanol 
extract (ME), ethyl acetate extract (EAE), N-butanol 
extract (NBE), ethanol extract (EE) and chloroform 
extract (CE) were 80.75%, 72.74%, 87.32%, 84.85%, 
72.50% and 60.12%, respectively under the concentration 
of 500 μg/mL, and in the order of EAE > NBE > WE > 
ME > EE > CE. The DPPH radicals scavenging 
capabilities of extracts except CE were stronger than the 
result obtained by Fernández-Agulló [7] and Chen [18]. 
The scavenging capabilities of each extract exhibited 
concentration dependant effects, the higher the 
concentration of the extract with the stronger scavenging 
activity.  

 

Figure 1. Scavenging activity on DPPH radicals (%) of the extracts 
obtained with water extract (WE), methanol extract (ME), ethanol extract 
(EE), chloroform extract (CE), N-butanol extract (NBE) and ethyl 
acetate extract (EAE) 

3.2.2. Hydroxyl Free Radicals Scavenging Activity 
Hydroxyl free radical can be formed from superoxide 

anion and hydrogen peroxide is the most reactive free 
radical in the presence of metal-ions [18]. When a 
hydroxyl radical reacts with aromatic compounds, it can 
add on across a double bond, creating new radical. The 
resulting radical can undergo further reactions, such as 
generating peroxyl radical, or decompose to phenoxyl type 
radicals by water elimination [29,30]. Hydroxyl radicals 
can react with lipid, polypeptides, proteins and DNA, 
especially thiamine and guanosine. In organism those 
radicals can cause damage to biological macromolecules. 
The EC50 value of WE, ME, EAE, NBE, EE and CE are 
304.47, 131.5, 97.32, 392.46, 211.91 and 270.65 μg/mL. 
As show in Figure 2, the hydroxyl free radical scavenging 
rates are 85.11%, 93.20%, 82.97%, 62.15%, 51.43%, and 
87.05%, respectively when the concentrations of extracts 
of WE, ME, EAE, NBE, EE and CE were 500 μg/mL. 
These results were much higher than those results 
obtained by Chen [18] but couldn’t compare with 
Loganayaki’s results [31]. The scavenging capabilities of 
each extract exhibited concentration dependant effects, the 
higher the concentration of the extract with the stronger 
scavenging activity.  

 

Figure 2. Scavenging activity on hydroxyl free radicals (%) of the 
extracts obtained with water extract (WE), methanol extract (ME), 
ethanol extract (EE), chloroform extract (CE), N-butanol extract (NBE) 
and ethyl acetate extract (EAE) 

3.2.3. Superoxide Anion Radicals Scavenging Activity 

 

Figure 3. Scavenging activity on superoxide anion radicals (%) of the 
extracts obtained with water extract (WE), methanol extract (ME), 
ethanol extract (EE), chloroform extract (CE), N-butanol extract (NBE) 
and ethyl acetate extract (EAE) 

Superoxide anion is an oxygen-centred radical with 
selective reactivity, and can generate many dangerous 
species, including singlet oxygen and hydroxyl radicals 
which can cause damage to biological macromolecules 
(lipids, proteins and DNA), leading to various diseases 
[32]. Superoxide anion has been observed to directly 
initiate lipid peroxidation. It has also been reported that 
flavonoids can scavenge superoxide anion radical [33]. 
Pyrogallol can be autooxidized and generated superoxide 
anion radical and a chromogenic intermediate. The 
intermediate has a characteristic absorbance at the 
wavelength of 320nm. After adding the extracts into the 
reaction system, the low absorbance indicates high 
superoxide anion radial scavenging activity. Figure 3 
shows the scavenging activity on superoxide anion 
radicals of the extracts. The EC50 value of WE, ME, EAE, 
NBE, EE and CE are 173.41, 451.28, 229.45, 413.42, 
419.09, 176.35 μg/mL. The superoxide anion scavenging 
rate of WE, ME, EAE, NBE, EE and CE are 52.48%, 
53.16%, 63.12%, 51.48% and 70.31% respectively under 



625 Journal of Food and Nutrition Research  

 

the concentration of 500 μg/mL. The results are quite 
different with Sahreen’s which indicate water extract with 
very high superoxide anion scavenging [25]. Moreover the 
superoxide anion scavenging activities are lower than 
Hu’s researches [19]. 

3.2.4. Total Antioxidant Activity 
The total antioxidant activity method is based on the 

reduction of Mo (VI) to Mo(V) by the antioxidant 
compounds, with the formation of a green phosphate 
complex with a maximal absorption at 695 nm [34]. 
Figure 4 shows the total antioxidant activity of the extracts 
and the ME and EAE have higher total antioxidant activity. 
The total antioxidant activity of ME is 1.08, 1.67, 2.78, 
2.93 and 4.60 times more than those of EAE, CE, EE, 
NBE and WE. The total antioxidant activities of extracts 
are much higher than Vitamin C, but slightly lower than 
rutin [34].  

 

Figure 4. Total antioxidant activity values for the extracts obtained with 
water extract (WE), methanol extract (ME), ethanol extract (EE), 
chloroform extract (CE), N-butanol extract (NBE) and ethyl acetate 
extract (EAE) 

3.2.5. Reducing Power Assay 

 

Figure 5. Reducing power values for the extracts obtained with water 
extract (WE), methanol extract (ME), ethanol extract (EE), chloroform 
extract (CE), N-butanol extract (NBE) and ethyl acetate extract (EAE) 

The reducing power assay is often used to evaluate the 
ability of an antioxidant to donate electrons [35]. The 
reducing power assay is based on the reduction of the Fe3+ 

complex to the Fe2+ in the presence of antioxidants. The 
Fe2+ concentration can be monitored by measuring the 
absorbance at 700nm. From Figure 5, the reducing power 
was positively correlated with the concentrations of the 
extracts. The reducing power of ME is 1.15, 1.27, 1.72, 
2.27 and 2.93 times more than those of CE, WE, EE, EAE 
and NBE under the concentration of 500 μg/mL. The 
reducing powers of extracts are lower than rutin under the 
concentration of 500 μg/mL [21].  

4. Conclusions 
The antioxidant properties of extracts with different 

solvents (water, chloroform, methanol, ethanol, ethyl 
acetate and N-butanol) from walnut shell were 
demonstrated. The highest extraction yield was obtained 
with N-butanol and the extracts showed higher DPPH 
scavenging activity. The highest total flavonoids content 
was obtained with ethyl acetate and the extracts had the 
highest DPPH scavenging activity. However the reducing 
power of EAE is very low. The highest ability to 
scavenging hydroxyl free radicals and superoxide anion 
radicals is ME and CE. The methanol extract shows the 
greatest total antioxidant activity and reducing power. The 
result obtained demonstrated the potential of walnut shell 
as a source of antioxidant. Nevertheless, there is no a clear 
correlations about the flavonoids content of extracts and 
antioxidant ability. This is mainly due to the extracts may 
be complex mixtures with other antioxidant ingredients. 
For further research, the factors of temperature, time, 
solid-liquid ratio, the extract method should to be 
considered and the ingredients of extracts ought to be 
identified.  
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