
 

ORIGINAL 
ARTICLE 

 Veterinary Research Forum. 2018; 9 (4) 361 - 365 

doi: 10.30466/vrf.2018.33090 

  

  Journal Homepage: vrf.iranjournals.ir   

 

Effect of extraction conditions on antioxidant activity of barberry  
(Berberis vulgaris L.) fruit extracts 

Javad Aliakbarlu1*, Sindokht Ghiasi2, Behnaz Bazargani-Gilani3 

1 Department of Food Hygiene and Quality Control, Faculty of Veterinary Medicine, Urmia University, Urmia, Iran; 2 DVM Graduated Student, Faculty  
of Veterinary Medicine, Urmia University, Urmia, Iran; 3 Department of Food Hygiene and Quality Control, Faculty of Veterinary Science, Bu-Ali Sina  

University, Hamedan, Iran. 

 
 Article Info  Abstract  

 Article history: 
 
 Received: 18 July 2017 
 Accepted: 09 January 2018 
 Available online: 15 December 2018 

 Barberry fruit is consumed in different forms including dried fruit, juice, jam and 
marmalade in Iran. This fruit is also used as a food additive (flavoring and colorant) in soup 
and rice dishes. In present study, antioxidant activities of acetone, ethanol and water 
(infusion and decoction) extracts of barberry (Berberis vulgaris) fruit were investigated using 
2,2-azinobis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS), 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) and reducing power methods. Total phenolic contents of the extracts were also 
estimated using Folin-Ciocalteu assay. In ABTS assay, acetone and ethanol extracts showed 
the highest radical scavenging activity, while in DPPH and reducing power methods, acetone 
extract and decoction exhibited the strongest antioxidant activity. Meanwhile, the antioxidant 
potential of water extracts increased with increasing heating time (antioxidant activity of 
decoction was higher than that of infusion). The highest total phenolic content was found in 
the acetone extract (92.75 mg GAE per g). It was concluded that the acetone extract and 
decoction of barberry fruit can be used as an effective natural antioxidant in food industry. 

© 2018 Urmia University. All rights reserved. 
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 های میوه زرشک اثر شرایط استخراج بر فعالیت آنتی اکسیدانی عصاره

 چکیده 

و رنگ( در سوپ و برنج استفاده  گردد. این میوه همچنین به عنوان افزودنی غذایی )برای ایجاد طعمآبمیوه، مربا و مارماالد مصرف میخشک، میوه زرشک در ایران به اشکال مختلف شامل میوه 

 ، (ABTS)زینوبیس اتیل بنزو تیازولین سولفونیک اسیدآ -2،2کرده و جوشانده( میوه زرشک با استفاده از روشهای های استونی، اتانولی و آبی )دمشود. در مطالعه حاضر، فعالیت آنتی اکسیدانی عصارهمی

های استونی و اتانولی بیشترین ، عصاره ABTSسیوکالتو ارزیابی گردید. در روش  -ها نیز با آزمایش فولینو قدرت احیا کنندگی ارزیابی شد. مقادیر فنلی تام عصاره (DPPH)دی فنیل پیکریل هیدرازیل  2،2 

و قدرت احیا کنندگی، عصاره استونی و جوشانده قویترین فعالیت آنتی اکسیدانی را نشان دادند. در ضمن، قابلیت آنتی اکسیدانتی  DPPHاد را نشان دادند در حالیکه در روشهایفعالیت حذف رادیکال آز

میلی گرم گالیک اسید بر گرم(.  57/22بود(. بیشترین مقدار فنلی تام در عصاره استونی یافت شد ) کردهدهی افزایش یافت )فعالیت آنتی اکسیدانتی جوشانده بیشتر از دمهای آبی با افزایش زمان حرارتعصاره

 تواند به عنوان یک آنتی اکسیدانت طبیعی موثر در صنعت غذا استفاده شود.گیری شد که عصاره استونی و جوشانده میوه زرشک میچنین نتیجه

 میوه ،اکسیدانیی، فعالیت آنتزرشک، عصاره واژه های کلیدی:
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Introduction 
 

There is an increasing demand for replacing the 
synthetic preservatives with natural compounds in food 
products. This is due to consumer’s awareness about 
the toxic and carcinogenic effects of synthetic 
compounds.1 In this regard; natural antioxidants from 
plants and fruits are the most popular candidate among 
other substances. In recent years, herbal products such 
as various essential oils and extracts have been 
investigated for anti-inflammatory, antibacterial, 
antioxidant and radical scavenging activities.2-4  

Barberry (Berberis vulgaris), belonging to 
Berberidaceae family, is native to Asia, Middle East and 
Europe. The barberry is a thorny shrub that grows to 1 to 
3 m.5-7 Barberry fruits are deep red in color and about 10 
mm in length. The plant is a long and red colored shrub. 
The roots and bark of plant contain alkaloids including 
berbamine, berberine and berberrubine. Besides, it has 
antioxidant, antitumor and antibacterial activities.8,9 
Barberry is grown in many countries essentially for 
medical and ornamental purposes. In Iran, however, the 
seedless variety of this plant is cultivated and consumed 
as dried fruit, juice, jam, marmalade and food additive 
(soup, stews and rice dishes) that may be correlated to 
its unique, palatable and acceptable sour flavor and an 
exciting pink color.10  

Barberry fruits contain vital nutritional components 
for human health. The plant contains various substances 
such as carbohydrates, organic acids, some vitamins, 
polyphenolic compounds, pectin, tannin, minerals, 
jatrorrhizine and palmatine.11 Furthermore, barberry 
fruits can be used for kidneys and urinary and 
gastrointestinal tracts disorders, liver diseases, bronchial 
discomforts and as a stimulant for the circulatory 
system.12 Also, it has been demonstrated that Berberis 
vulgaris root extract exhibits antimicrobial activity 
against some microorganisms such as Bacillus subtilis, 
Staphylococcus aureus, Escherichia coli, Pseudomonas 
aeruginosa and Candida albicans.13 To our knowledge, 
there is limited information about antioxidant properties 
of various extracts of barberry fruits.9,11,14-16 Therefore, 
the objective of this work was to evaluate the antioxidant 
activities of acetone, ethanol and water extracts of 
barberry fruit. 

 
Materials and Methods 
 

Fruit sample. The seedless barberry fruits (Berberis 
vulgaris L.) were purchased from a local market and 
identified at Faculty of Agriculture, Urmia University, 
Urmia, Iran.  

Chemicals. Butylated hydroxyl toluene (BHT), 2,2-
azinobis-3-ethylenzothiazoline-6-sulphonicacid (ABTS), 
potassium persulfate, 2,2-diphenyl-1-picrylhydrazyl  
 

 

 (DPPH), Ferric chloride, potassium ferricyanide and gallic 
acid were obtained from Sigma-Aldrich Chemie 
(Steinheim, Germany). Trichloroacetic acid, disodium 
hydrogen phosphate (Na2HPO4), sodium dihydrogen 
phosphate (NaH2PO4), Folin–Ciocalteu’s phenol reagent 
and sodium carbonate were procured from Merck 
(Darmstadt, Germany). 

Preparation of the extracts. To prepare acetone and 
ethanol extracts, 40 g of ground barberry fruits were 
mixed with 400 mL acetone or 96.00% ethanol, 
respectively. The solutions were stirred at room 
temperature for overnight. The extracts were filtered 
through no.42 Whatman filter paper (Whatman, 
Pleasanton, USA) and concentrated under vacuum at  
45.00 °C using a Heidolph rotary evaporator (Laborata 
4003; Schwabach, Germany). Finally, the waxy 
concentrated extracts were then dried at desiccator and 
kept in dark at 4.00 ˚C until analysis.17  

Preparation of infusion. To prepare infusion, 100 g of 
ground barberry fruits were refluxed with 1000 mL of 
distilled water at 100 ˚C for 10 min. The infusion was 
filtered through the filter paper and concentrated using 
the rotary evaporator. After drying, the sample was kept in 
dark at 4.00 ˚C until analysis.15  

Preparation of decoction. Ground barberry fruits 
(100 g) were refluxed with 1000 mL of distilled water at 
100 ˚C for 60 min. This extract is called a decoction. The 
next steps (filtering, concentrating, drying and storage) 
were similar to above-mentioned procedure. For 
antioxidant analysis, the dried samples were dissolved in 
their respective solvents.15 

pH measurement. The pH values of the extracts were 
determined using a pH meter (pH-Meter E520, Metrohm 
Herisau, Switzerland) that was calibrated by buffer 
solutions at pH 4 and 7. 

Determination of ABTS radical scavenging 
activity. The ABTS (7.00 mM) and potassium per 
sulfate (2.45 mM) was prepared, as described 
previously.18 These solutions were mixed together. 
After 16 hr, the solution was diluted in ethanol to get an 
absorbance of 0.70 ± 0.02 at 734 nm. Then, 2 mL of 
above solution was mixed with 200 μL of different 
concentrations of extracts (0.50, 1 and 2 mg mL-1) and 
after incubating for 1 min at room temperature, the 
absorbance was measured at 734 nm using a 
spectrophotometer (Novaspec II; Pharmacia LKB, 
Uppsala, Sweden). The ABTS radical scavenging activity 
(%) was calculated by the following equation: 

ABTS radical scavenging activity (%) = 
Ablank − Asample 

×100 
Ablank 

where, Ablank is the absorbance of blank (containing all 
reagents except the test compound) and Asample is the 
absorbance of the test compound. The BHT (2 mg mL-1) 
was used as a reference compound. 
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Determination of DPPH radical scavenging 
activity. The ability of the extracts to scavenge DPPH 
radical was determined using the method of Blois with 
slight modification.19 A volume of 50 μL of the various 
concentrations of the extracts (0.50, 1and 2 mg mL-1) 
was added to 2 mL of methanol solution of DPPH (24 μg 
mL-1) and mixed. The mixture was stored in dark at 
room temperature for 60 min and the absorbance was 
measured at 517 nm using a spectrophotometer (model 
Novaspec II; Pharmacia LKB, Uppsala, Sweden). The 
DPPH radical scavenging activity (RSA) was calculated 
by the following equation: 

DPPH radical scavenging activity (%) = 
Ablank − Asample 

×100 
Ablank 

where, Ablank is the absorbance of blank (containing all 
reagents except the test compound) and Asample is the 
absorbance of the test compound. The BHT (2 mg mL-1) 
was used as a positive control.  

Determination of reducing power. The reducing 
power of the extracts was determined according to the 
method of Oyaizu.20 One milliliter of the extracts (0.50, 
1 and 2 mg mL-1) was mixed with 2.50 mL of sodium 
phosphate buffer (0.20 M, pH 6.60) and 2.50 mL of 
potassium ferricyanide (1.00%). After incubation at 50 
°C for 20 min, 2.50 mL of trichloroacetic acid (10.00%) 
was added to the mixture and centrifuged at 1,430 g for 
10 min. Finally, the 2.50 mL of upper layer was mixed 
with 2.50 mL of distilled water and 0.50 mL of ferric 
chloride (0.10%). After 10 min, the absorbance was 
measured at 700 nm against blanks containing all 
reagents except the sample extracts. A higher 
absorbance value indicated a higher reducing power. 
The BHT was used as a positive control. 

Determination of total phenolic contents. The 
total phenolic contents of the extracts were determined 
using the Folin-Ciocalteu reagent assay according to the 
method of Singleton and Rossi with gallic acid as a 
standard.21 Briefly, 500 μL of the extracts were mixed 
with 2.25 mL of distilled water and then 250 μL of 
Folin-Ciocalteu reagent was added. The mixture was 
vortexed for 1 min and allowed to react for 5 min. Then, 
2 mL of Na2CO3 (7.50%) was added. After incubation at 
room temperature for 120 min, the absorbance of each 
mixture was measured at 760 nm. The same procedure 
was also applied to a standard solution of gallic acid and 
a standard curve was prepared. The total phenolic 
contents were expressed as mg of gallic acid equivalent 
per gram of the extract.  

Statistical analysis. All tests were carried out in 
triplicate and data were presented as mean ± standard 
deviation. Statistical Analysis System (version 9.1; SAS 
Institute, Cary, USA) software was used for analysis of 
results and significant differences between mean values 
were determined by Tukey’s multiple-range test. 

 

 Results  
 

pH of the extracts. Ethanol extracts had the highest 
pH value among others (pH = 4.80) that followed by 
acetone extract (pH = 4.40), infusion (pH = 3.60) and 
decoction (pH= 3.50). Differences between the pH values 
of the extracts were significant (p < 0.05) statistically. 
However, the difference between infusion and decoction 
was not significant (p > 0.05).  

The ABTS radical scavenging activity. The ABTS 
radical is soluble in both aqueous and organic solvents. 
Thus, ABTS method evaluates the antioxidant activity of 
both hydrophilic and lipophilic compounds. In this method, 
blue-green color of ABTS solution changed to colorless by 
the process of hydrogen or electron donation. The ABTS 
radical scavenging activities of the extracts are shown in 
Table 1. Acetone extract showed the highest radical 
scavenging activity (p < 0.05). In contrast to DPPH and 
reducing power results, ethanol extract had significantly (p 
< 0.05) higher ABTS scavenging activity than decoction 
and infusion. There was no significant difference between 
ABTS scavenging activities of decoction and infusion.  

 
 
 
 
 
 
 

 
 
 
 
 

The DPPH radical scavenging activity. The 
scavenging effects of the barberry fruit extracts at different 
concentrations on the DPPH radical are shown in Table 2. 
According to the results, radical scavenging activity of all 
extracts was dose-dependent. Acetone extract significantly 
(p < 0.05) showed the strongest DPPH radical scavenging 
activities. This activity was significantly (p < 0.05) followed 
by decoction, infusion and ethanol extract. In other words, 
ethanol extract showed the lowest scavenging activity. 

 

Table 1. The ABTS radical scavenging activities of the barberry 
fruit extracts. 

Extract 
Concentration (mg mL -1) 

0.50 1.00 2.00 

Acetone extract 87.92 ± 2.69a 97.73 ± 1.28a 97.61 ± 0.82a 
Ethanol extract 60.23 ± 1.41b 89.71 ± 0.46b 97.44 ± 0.35a 
Infusion  32.83 ± 0.46c 69.82 ± 0.51c 95.36 ± 0.25a 
Decoction 31.52 ± 0.53c 69.96 ± 2.56c 96.54 ± 1.16a 
BHT - - 98.65 ± 0.13a 

BHT = Butylated hydroxytoluene. 
abc Values with different letters in each column are significantly 
different (p < 0.05). 
 

Table 2. The DPPH radical scavenging activity (%) of different 
extracts of barberry fruit. 

Extract 
Concentration (mg mL -1) 

0.50 1.00 2.00 

Acetone extract 28.75 ± 2.00a 42.12 ± 0.86a 68.40 ± 0.75b 
Ethanol extract 25.25 ± 0.40a 30.15 ± 0.57c 40.75 ± 0.10e 
Infusion  27.30 ± 0.34a 36.75 ± 0.50b 45.45 ± 2.30d 
Decoction 31.70 ± 1.50a 41.61 ± 0.61a 60.20 ± 0.80c 
BHT – – 78.65 ± 0.90a 

BHT = Butylated hydroxytoluene. 
abc Values with different letters in each column are significantly 
different (p < 0.05). 
 



364 

 
J. Aliakbarlu et al. Veterinary Research Forum. 2018; 9 (4) 361 - 365 

 

Reducing power. The reducing capacity of various 
extracts is presented in Table 3. Similar to the results of 
DPPH assay, acetone extract significantly (p < 0.05) 
exhibited the highest reducing capacity that significantly 
(p < 0.05) followed by decoction, infusion and ethanol 
extract. Therefore, infusion and ethanol extract had the 
lowest reducing power when compared to other extracts. 
Similar to the ABTS and DPPH results, reducing capacity of 
the extracts increased in a dose-dependent manner.  

Total phenolic contents. Figure 1 shows total 
phenolic contents in different extracts of barberry fruit. 
The highest total phenolic contents were found in the 
acetone extract (92.75 mg GAE per g) that followed by 
ethanol extract (49.92 mg GAE per g), decoction (48.89 mg 
GAE per g) and infusion (39.37 mg GAE per g). There were 
significant differences (p < 0.05) between all of the 
extracts but difference between ethanol extract and 
decoction was not significant.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Total phenolic contents (mg GAE per g) of different 
extracts of barberry fruit. Different letters on the top of the bars 
indicate significant differences (p < 0.05). 

 

Discussion 
 

The pH of various extracts of barberry was ranged 
from 3.50 to 4.80. Decoction and ethanol extract had the 
lowest and the highest pH value, respectively. Our results 
were in agreement to findings of other researchers 
indicating that Berberis vulgaris fruit is an acidic crop that 
can be due to dominant organic acids such as malic, citric 
and tartaric acids.7,11 

 
 
 
 

 The DPPH method is one of the simplest methods to 
evaluate the antioxidant activity of plant extracts.22 It was 
reported that DPPH free radical scavenging activity of 
water extract of barberry (2 mg mL-1) was 74.08%.15 In 
present study, DPPH scavenging activity of decoction (2 
mgmL-1) was 60.20%. This difference may be due to the 
extract drying method. In other words, they used freeze 
drier for drying the extracts, while a desiccator has been 
employed in the present study. The DPPH radical 
scavenging activity of water extract of barberry was more 
than its ethanol extract.14 In another study, antioxidant 
activities of the ethanol extracts of roots, twigs and leaves 
of common barberry (Berberis vulgaris L.) and Croatian 
barberry (Berberis croatica Horvat) have been determined.6 
No significant differences were found between antioxidant 
activities of common and Croatian barberry, while 
antioxidant activity was related to the organ.  

The reducing power of a compound is related to its 
electron transfer ability and may serve as a significant 
indicator of its potential antioxidant activity.20 In this 
assay, the yellow color of the test solution changes to 
green and blue depending on the reducing power of test 
substance. Greater absorbance at 700 nm indicates greater 
reducing power.23 Other studies have reported the strong 
reducing capacity of Berberidacea family fruits such as 
Berberis vulgaris and Berberis croatica.6,24 In a previous 
study, the reducing power of water extract of barberry has 
been reported 0.57 in concentration of 2 mg mL-1.15  

In present study, the acetone extract of barberry fruit 
showed the highest total phenolic contents.  Similarly, other 
researchers have reported that total phenolic contents of 
the water extract of barberry fruit were 33.06 mg GAE per 
g.15 In another study, the total phenolic contents of 
methanol and water extracts of barberry fruit were 
reported 280 and 100 mg GAE per g, respectively.14 These 
differences can be due to many factors such as geographic 
location, environmental and climate conditions, season of 
growth, soil type, storage and processing conditions that 
can influence the levels of phenolic compounds.22 

In conclusion, according to the results of the present 
study, acetone extract and decoction of the barberry 
(Berberis vulgaris L.) fruit exhibited strong antioxidant 
potentials. Antioxidant activity of water extract of 
barberry fruit enhanced with increasing heating time 
(antioxidant activity of decoction was higher than that 
of infusion). The application of barberry in food models 
may be very valuable and desirable due to its health 
benefit and antioxidant potential as well as coloring and 
flavoring properties.  
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Table 3. Reducing power of different extracts of barberry fruit 

Extract 
Concentration (mg mL -1) 

0.50 1.00 2.00 

Acetone extract 0.51 ± 0.04b 0.98 ± 0.06b 2.20 ± 0.16b 
Ethanol extract 0.18 ± 0.02e 0.51 ± 0.03c 1.15 ± 0.07d 
Infusion  0.28 ± 0.01d 0.56 ± 0.02c 1.05 ± 0.03d 
Decoction 0.42 ± 0.01c 0.87 ± 0.06b 1.73 ± 0.02c 
BHT 1.39 ± 0.01a 2.36 ± 0.06a 2.65 ± 0.02a 

BHT = Butylated hydroxytoluene. 
abcde Values with different letters in each column are significantly 
different (p < 0.05). 
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