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Introduction
As an available source of innovative active biological 
compounds, medicinal plants are increasingly analyzed 
to determine the components on the structural level 
(1). These new compounds are pivotal for the discovery 
of new herbal medicines. Some kinds of side effects 
such as carcinogenesis have been attributed to synthetic 
antioxidants and thus, there is increasing interest to 
replace them with naturally occurring antioxidants 
(2,3). Antioxidant activity is one of the most important 
biological properties of these natural compounds. As 
natural antioxidants are capable of promoting food quality 
and stability and could act as nutraceuticals to end free 
radical chain reaction in biological systems, an increasing 

attention has been recently paid to directly evaluating the 
antioxidant properties of plant extracts as the source of 
natural antioxidants (4,5).
Many of naturally occurring antioxidants have been found 
to be free radical or active oxygen scavengers (6) and thus 
plants have been investigated for their biological activities 
and antioxidant properties (7-10). Flavonoides which are 
of the largest group of herbal polyphenols (11) contain 
tannins (12). Recent reports about antioxidant activity 
and polyphenol contents of herbals, used for fighting 
cancer, show that polyphenols, i.e. flavonoids, tannins, 
and phenolic acids, have antioxidant properties. 
Belongs to the family of Fagaceae, Genus Quercus contains 
500 species, some of which such as Quercus brantii L. are 
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Implication for health policy/practice/research/medical education:
This study indicates that, at least some fractions of methanolic extract of Q. brantii acorn can be used as an accessible source 
of natural antioxidants. However, further works might be needed to the other extracts of this plant to reveal and evaluate its 
antioxidant potential.
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Introduction: Due to their roles in the maintenance of human health, phytochemicals and 
antioxidants in plants are raising interest. Phenolic and flavonoids are components with potential 
to protect against human diseases such as cardiovascular disease and cancers. Q. brantii is one of 
the traditional folk medicinal plants widely used in Iran. In this study, crude methanol extract and 
four correspond fractions of this plant were used to evaluate the total phenolic, total flavonoids, 
total flavonol, and antioxidant activities. 
Methods: The identification of phenolic, f lavonoid, and flavonol components and assay of 
antioxidant activity were carried out using standard in vitro procedures.
Results: The n-butanol fraction (376.2±7.1) had the highest amount of total phenolic compounds 
and the n-butanol fraction exhibited the lowest IC50 value (6.5±0.6 μg ml). There was significant 
relationship between the total phenolic contents and the free radical scavenging property in the 
four fractions in this study (R= -0.768, P< 0.01). 
Conclusion: The results indicate that at least, n-butanol fraction of this plant with high 
phytoconstituents and less toxicity could be a promising source of medicinally important natural 
compound.
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predominant in central and northern regions of Iran (13). 
The fruit of Oak tree is called acorn and is placed within a 
cup called Gland. Vitamins, nutrients, and Carbohydrates 
have been reported to comprise a large portion (48%-85%) 
of acorn components. Acron also contains considerable 
amounts of phenolic, tannin, catechin, epicatechin, and 
gallocatechin components (13-16).
There are some reports indicating different biological 
activities of some species of Genus Oak include Iranian 
Oak with use of the acorn and bark in treatment of 
some diseases such as chronic dermatological diseases, 
eczema, and varis (2,7,14,17-19). Additionally, some of 
the biologically active substances of acorn are utilized 
in preparing functional foods (20-22). To the best of 
our knowledge, to date, there has been no reports on 
the phytochemical analysis and antioxidant potential of 
different fractions of Q. brantii acorn. The main aim of 
this work was to evaluate phytochemical screening and 
antioxidant activity of both crude methanol extract and 
four correspond fractions of Q. brantii acorn. 

Materials and Methods 
Plant collection
The fruits of Oak were gathered from southwest region 
of Iran. Then, in Herbarium of Medical Plants Research 
Center of Shahrekord University of Medical Sciences 
(Iran), genus and species of the plant were identified and 
confirmed.

Extraction and fractionation of plant material
The fruits were harvested and powdered three times per 
maceration method. The plant material was dissolved in 
70% ethyl alcohol and kept at room temperature for 96 
hours. After that, the mixture was filtered and concentrated 
under nearly vacuum pressure and at 40°C using rotary 
evaporator. Having crude methanol extract of the plant, 
four fractions of the crude extract, with different polarity 
through in-solution isolation and using the difference in 
various secondary metabolites’ polarity, were prepared. 
To isolate hexane fraction, the extract concentrated, 
suspended in 70% ethyl alcohol, and mixed with equal 
volume of normal hexane with sufficient shaking. The 
remaining plant material, from which the methanol was 
removed, mixed with distilled water and with chloroform 
in equal volume, shaked, dried over anhydrous sodium 
sulfate and used as the chloroform fraction. To prepare 
butanol fraction, equal volume of butanol was added 
to the remaining aqueous phase of the material, shaked 
and concentrated at 40°C and in vacuum condition. The 
remaining aqueous phase was concentrated, with the 
similar condition, mentioned above and used as aqueous 
fraction. The extracts were kept in sterile bottles, under 
refrigerated conditions, until further use. 

Determination of the free-radical scavenging activity
The free-radical scavenging activity was measured by the 
2,2 diphenyl-1-picrylhydrazyl (DPPH) method described 
by Moon and Terao, with some modification (23). 

Different amounts of each extract and methanol were 
added to a solution of 0.3 mg/mL methanolic solution of 
DPPH to make up a total volume of 3.0 mL. After standing 
for 15 min at room temperature, the absorbance was 
measured at 517 nm using UV–Vis spectrophotometer 
(UNICO 2100: USA). High absorbance of the reaction 
mixture indicated low free radical scavenging activity. 
Butylated hydroxytoluene (BHT) was used as positive 
control. Inhibition of free radical by DPPH was calculated 
as follows: Antiradical activity (%) = (Acontrol – A 
sample)/A control × 100. The IC50 value, defined as the amount 
of antioxidant necessary to decrease the initial DPPH 
concentration by 50% and was calculated based on linear 
regression of plots of the percentage antiradical activity 
against the concentration of the tested compounds (24). 
The experiment was carried out in triplicate and the 
results are average values.

Determination of total phenolic content
The total phenolic content of the crude extract and four 
correspond fractions of Q. brantii fruits was determined 
using Folin-Ciocalteu method (25). Briefly, 0.1 ml of 
each of the diluted samples was added to 0.5 ml of 10% 
(v/v) Folin-Ciocalteu reagent. After 3-8 min, 0.4 ml of 
7.5% (w/v) sodium carbonate solution was added to the 
mixture. After being kept in total darkness for 30 min, the 
absorbance of the reaction mixture was measured at 765 
nm using a UV–Vis spectrophotometer (UNICO 2100: 
USA). Amounts of total phenolic were calculated using a 
gallic acid calibration curve. The results were expressed as 
gallic acid equivalents (GAE) g/g of dry plant matter.

Determination of total flavonol content
The total flavonol content was measured following a 
previously reported method (26). Briefly, 0.5 ml of each 
diluted plant material was independently mixed with 1.5 
ml of methanol, 0.1 ml of 10% (w/v) aluminum chloride, 
0.1 ml of 1M potassium acetate, and 2.8 ml of distilled 
water. After incubation at room temperature for two and 
a half h absorbance of the reaction mixture was read at 
440 nm using a UV–Vis spectrophotometer (UNICO 
2100: USA). The results were expressed in mg of rutin 
equivalents of dry plant matter by comparison with the 
standard curve, which was made in the same condition. 
All measurements were done in triplicate and statistical 
analysis was done by statistical software using one-way 
analysis of variance (ANOVA) and the post-hoc Tukey’s 
test. All the data are expressed as ± SEM. 

Results 
DPPH radical scavenging activity
Our results showed that the scavenging effect of the 
fractions increases as the concentration increases. The 
four fractions of Q. brantii fruit significantly reduced the 
DPPH. The concentration of each fraction which showed 
inhibition of higher than 50% were found to be significant 
(P<0.05; Table 1). The n-butanol fraction exhibited the 
lowest IC50 value (6.5±0.6 μg ml) as compared to the other 
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fractions under study. The crude extract, chloroform 
fraction, and aqueous fraction had IC50 values of 15±3, 
12.7±1, and 22.4±1.7 μg/ml, respectively, and the n-hexane 
fraction showed highest value (144.54±5). The results are 
expressed relative to butylated hydroxytoluene (BHT), a 
reference standard having IC50 of 25.41±1.89 μg/ml. The 
IC50 values of the chloroform fraction, the n-butanol 
fraction, the crude extract, and the n-hexane fraction were 
found to be significant (P<0.05) while that of the aqueous 
soluble fraction non-significant (P>0.05) as compared 
with BHT (Table 2). 

Total phenolic content
The total phenolic content of the Q. brantii extract and the 
four fractions were expressed as gallic acid equivalent and 
are presented in Table 2. The results showed total phenolic 
content of the fractions ranged from 24.4 to 376.2 mg 
gallic acid equivalent (mgGAE/g). Among the four 
fractions, the n-butanol (376.2±7.1) and the n-hexane 
(24.4±3.5) had the highest and the lowest amount 
of total phenolic compounds, respectively. The total 
phenolic contents of the crude extract, the chloroform 
fraction, the n-butanol fraction, and the aqueous fraction 
were significantly different from that of the n-hexane 
fraction (P<0.05; Table 2). There was good relation 
between the total phenolic contents and the free radical 
scavenging property in the four fractions in this study (R= 
-0.768, P<0.01).

Total flavonoid and flavonol content
The total flavonoid and flavonol contents of the crude 
extract and the four fractions of Q. brantii fruit were 
expressed as gallic acid equivalent, as rutin equivalent 
(mg/g) and are presented in Table 2. The most amount of 
flavonoid and flavonol (91.6 and 105 mg/mL, respectively) 
was extracted in chloroform fraction and the lease 
amount (5.8 and 1.1 mg/mL, respectively) was extracted 
in aqueous fraction (P<0.05).

Discussion 
In this study, crude methanol extract and the four 

Table 1. DPPH radical-scavenging activity of the crude extract 
and various fractions of Quercus brantii L. acorn.

Sample Concentration 
(μg/ml )

Scavenging of DPPH radical 
activity inhibition (%) (main 

± SEM)

Crude extract

25 80.9±0.5
20 66.4±1.1
15 49.7±0.9
10 34.5±0.3
5 19±1

n-hexane 
fraction

150 55.3±1.5
125 47.5±2
100 40±2/1
75 37.7±.08
50 17.4±.3

Chloroform 
fraction

25 91.5±1.5
20 80.1±1.4
15 62.5±0.8
10 40.2±1.3
5 22.9±2.4

n-Butanol 
fraction

10 75±1.5
7.5 58.2±1.2
5 47.3±0.3

2.5 25.8±1.3
1 8.6±1.2

Remaining 
aqueous 
fraction

40 86.8±2.5
30 66.5±1.9
20 44.3±0.7
10 19±0.9
5 11.8±1.4

BHT

50 90.8±1.5
40 78.3±1.2
30 55.5±0.7
20 40.09±1.7
10 22±1.06

All results are presented as mean ± standard mean error of three 
assays. DPPH: 1,1-Diphenyl-2-picrylhydrazyl, BHT; Butylated 
hydroxytoluene

Table 2. DPPH-radical scavenging activity IC50, total phenolics, flavonoid, and flavonol values of the different fractions of Quercus brantii 
L. acorn.

Sample DPPH-radical scavenging
activity IC50/(μg/ml )

Total phenolics
(mg GAE/g)

Flavonoid content
(mg/g)

Flavonol content
(mg/g)

Crude extract 15±3#a 201.6±4 14.7±2.2a 33.6±2

n-hexane fraction 144.5±5# 24.4±3.5 16.8±2 a 2.4±0.5a

Chloroform fraction 12.7±1#ab 222.5±2.5 91.6±1.5 105±4.5

n-Butanol fraction 6.5±0.5#b 376.2±7.1 22±2 70.9±55

Remaining aqueous fraction 22.4±1.7 120±3.5 5.8±0.5 1.1±0.4a

P-value* <0.01 <0.01 <0.01 <0.01

All results are presented as mean ± standard mean error of three assays. 
*In terms of analysis of variance; a,b values with the same letter in each column are not significantly different according to Tukey test (P< 
0.05); # Significant when compared with the reference standard (BHT, IC50 of 25.41±1.89 μg/ml). 
Abbreviations: DPPH, 1,1-Diphenyl-2-picrylhydrazyl; IC50, the concentration of a sample at which 50% inhibition of free radical activity is 
observed; GAE, gallic acid equivalent.

correspond fractions of fruit of Q. brantii with different 
polarities were prepared through in-solution isolation and 
using the difference in different secondary metabolites’ 
polarity. Also, the ability of these plant materials to inhibit 
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free radicals was assessed using DPPH method.
Among the 4 fractions, the n-butanol (376.2±7.1) and 
the n-hexane (24.4±3.5) had the highest and the lowest 
amount of total phenolic compounds, respectively. 
Based on the scavenging capacity of the free radicals, 
the n-butanol exhibited the highest antioxidant activity 
with the highest percent inhibition of the DPPH radical, 
followed by the chloroform fraction with higher percent 
inhibition of the DPPH radical compared to that of BHT. 
Also, the n-hexane fraction contained lower percent 
inhibition of the DPPH radical compared to BHT and the 
other fractions, indicating proper relation between the 
total phenolic contents and the free radical scavenging 
property, given that as IC50 value decreases, the ability to 
inhibit free radicals increases. 
Similar to our study, some authors (27,28) have 
demonstrated a linear relation between the content of total 
phenolic compounds and their antioxidant capacity of 
some plant extracts. Therefore, the antioxidant potential 
of our plant extracts most probably is due to presence of 
phenolic components (376.2±7.1). Additionally, as tannins 
have been reported to be considerable components of 
phenolics in Q. brantii fruit (12), notable antioxidant 
potential of our fractions could be also due to the tannins. 
Our results, based on the DPPH method, showed that 
with increasing the polarity of the extracts, their radical 
scavenging activity will increase. Similar findings were 
reported on the rate of antioxidant property of the bark 
of Quercus robur (14). In this study, the crude methanol 
extract of Q. brantii fruit and some of the fractions 
showed promising antioxidant activity, by inhibiting 
DPPH, which is related to its total phenolic content. 
The presence of phenols and flavonoids in the plant, as 
its major constituents, plays a major role in controlling 
antioxidants. Phenolic compounds are very important 
plant constituents because their phenolic groups are 
responsible for high antioxidant activity and their 
hydroxyl groups confer scavenging ability. 

Conclusion
The results of this study showed that at least some fractions 
of methanolic extract of Q. brantii acorn could be used as 
easily accessible source of natural antioxidants. However, 
as some of the fractions show lower activity in DPPH and 
total phenol content as compared with standard, further 
works may be taken up to the other extracts of this plant 
to reveal and evaluate its antioxidant potential.
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