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Abstract 

Background and Aim: This research was conducted in order to investigate secondary metabolite contents such 

as ellagic acid, total phenol, total flavonoid and antioxidant capacity in some commercial Iranian pomegranate 

(Punica granatum L.) cultivars under drought stress.  

Materials and Methods: The experiment was a factorial arrangement based on a completely randomized 

design with three replications. Two factors, including pomegranate cultivars (Rabab Neyriz, Nadery badroud, 

Shyshah cap Ferdous, Ardestany Mahvelat, Malase Yazd and Shirinshavar Yazd) and irrigation levels (60% 

and 40% field capacity), the moderate and severe stresses respectively, and 80% field capacity as "control" 

were used and the plants were kept for six weeks. Subsequently, the alteration of some secondary metabolite 

contents, including ellagic acid content, total phenol, total flavonoid and antioxidant capacity in fully developed 

leaves were measured under above treatments.  

Results: In this research, all the examined cultivars had similar responses to drought stress treatments, but the 

intensity of these responses was different in various cultivars. Drought stress caused an increase in ellagic acid 

content, total phenol, total flavonoid and antioxidant capacity in all cultivars.  

Conclusion: According to the ultimate results, due to the high amount of ellagic acid, total phenol, total 

flavonoid and the consequent antioxidant capacity of the pomegranate leaf, it can be used in medicinal industry 

to produce herbals drugs.  
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Introduction 

Iran has the most diverse and richest gene pool of 

pomegranate cultivars in the world. Likewise, more 

than 760 pomegranate cultivars have been collected 

from different provinces of Iran (1). Iran ranks first in 

the production of pomegranate and the land area 

allotted to the cultivation of this fruit with the 
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production of 990,000 ton of pomegranate per year in 

68,000 hectares of land (1). Nowadays, apart from 

being considered as a kind of fruit, pomegranate has 

drawn the attention of researchers throughout the 

world for its medicinal properties (2). 

There are several metabolites, including sugars, 

organic acids, alkaloids, polyphenols, flavonoids, 

anthocyanin, fatty acids and vitamins, in the fruit and 

other parts of pomegranate tree (3). Three kinds of 

yellow tannins called ellagitannin, granaten and 

punicalin have been separated from pomegranate 

fruit pericarp. About ten types of tannins have been 

found in different parts of the pomegranate tree, most 

of which are found in fruit skin and leaf. They are 

currently used for pharmaceutical and industrial 

purposes (4). Phenolic compounds are a large group 

of plant secondary metabolites that protect plants 

from biological and environmental stresses and are 

produced in response to an attack of fungal and 

bacterial pathogens or under prolonged exposure to 

ultraviolet radiation (5). 

Plants produce a large group of secondary products 

that have a phenolic group. Each phenolic group has 

a hydroxyl group that is located on an aromatic ring. 

Some of them are soluble only in organic solvents, 

and others are soluble carboxylic acids and 

glycosides in water (6). Tannins, particularly 

punicalagin, anthocyanins and ellagic acid, are 

considered as categories of polyphenol group (7). 

Many plants contain these substances. Polyphenols, 

which are powerful compounds capable of 

neutralizing free radicals and the toxic effects of 

these invasive agents, play a significant role in 

human health. 

Flavonoids and flavones are compounds that are 

found in plants either free or in combination with 

glycosides. There are about 4,000 types of flavonoids 

in higher plants, especially in the nondestructive 

plants, which are chemically related to phenols and 

are found in their leaves, fruits, vegetables, seeds, 

plants, stems and flowers (8). Flavonoids can be 

classified into various groups including flavonols, 

flavones, isoflavones, flavanones, proanthocyanidins 

and anthocyanins. Flavonoids, quercetin and 

Kaempferol are the most important antioxidants (9, 

10).  

Flavonoids are one of the most significant natural 

compounds that have drawn attentions due to their 

noticeable medicinal properties. Over the past 50 

years, the pharmacological impacts of flavonoids and 

their derivatives have been studied and identified. One 

of the major causes of this problem is that the 

researchers believe that flavonoids, as drugs, can play 

a significant role in the treatment of diseases in near 

future. The antioxidant effects of flavonoids, which 

are polyphenol compounds found in all herbal foods, 

have been proven. Hence, the consumption of 

vegetables and plants prevents cancer and 

cardiovascular diseases. On the other hand, since 

today the use of artificial antioxidants is limited due to 

their toxicity, medical communities prefer to use 

natural antioxidants (11). 

Plants are potential sources of natural antioxidants. 

Today, it has been revealed that the antioxidant 

properties of plants are related to phenolic compounds 

(such as phenolic acid, phenolic diterpins, tannins, and 

flavonoids), sulfur compounds and some vitamins 

such as tocopherol and ascorbic acid. According to 

various reports, the use of natural and herbal 

antioxidants has a great influence on body health. 

Compounds such as polyphenols and flavonoids have 

the potential to inhibit the activity of free radicals and 

delay lipids oxidation (7, 12, 13). 

Today, free radicals and reactive oxygen species as 

well as their effects on biological systems are among 

the important subjects in medical sciences. Many of 

mutagenic and carcinogenic materials might be 

affected by free radicals production such as reactive 

oxygen. These molecules are potentially dangerous 

and harmful. The role of free radicals in many diseases 

or their exacerbation has been confirmed and is 

clarified ever more every day. These materials play 

major roles as analytical processes agents, such as the 

damage to biological membranes and macromolecules 

including DNA, RNA, and proteins (14). 

In normal conditions, there is often a balance between 

free radicals production and antioxidant defense 

system. The rise in the production of free radicals or 

reduction in the antioxidant defense results in damage 

caused by free radicals, which leads in turn to 

oxidative stress in these conditions (15). In addition to 

endogenous defense, the consumption of some 

nutrients such as antioxidants plays an important role 

against mutagenic or carcinogenic substances (16). 
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Oral antioxidants such as tocopherol, ascorbic acid, 

carotenoids, and phenolic compounds play a pivotal 

role against free radicals through the elimination of 

free radicals (17). Today, it is believed that the 

consumption of fruits and vegetables that are rich in 

antioxidant is more influential than the use of 

supplements to counter oxidative damage (18). The 

antioxidant activity of pomegranate is due to the 

presence of ascorbic acid and phenolic compounds 

such as punicalagin, punicalin, gallic acid, ellagic 

acid and anthocyanins. Moreover, the antioxidant 

activity, which is influenced by the amount of 

phenolic and ascorbic acid compounds, differs 

among different cultivars of pomegranate (19). The 

antioxidant and chemical properties of pomegranate 

cultivars depend on cultivar, growth region, weather, 

degree of fruit maturity and agricultural practices 

(20). Pomegranate peel is a rich source of natural 

antioxidants. The antioxidant capacity of the extracts 

of pomegranate peel is due to the presence of phenols 

such as ellagic tannin, acetic acid and gallic acid. 

This antioxidant capability is achieved thanks to the 

existence of phenols and their capacity to regulate 

free radicals (21). 

Ellagic acid is a dimer derived from gallic acid that is 

found mainly in organic plants, such as fruits and 

dried fruits. Ellagic acid exists in the plant vacuole in 

its free form, namely, ellagic acid or ellagic acid 

derivatives (22). Ellagic acid exists in plants as 

hydrolysable tannins. Hydrolysable tannins consist of 

the two types of gallotannins and ellagic tannins. 

They are the components of complexes derived from 

ellagic acid such as glucose esters with ellagic acid, 

which produce ellagic acid when they are 

hydrolyzed. Ellagic tannins are the structural 

composition of plant cell wall and cell membranes. 

Ellagic tannins have an important role in human 

nutrition thanks to their beneficial properties 

including anti-oxidant, anti-cancer, anti-arterial, anti-

inflammatory, anti-bacterial and anti-AIDS 

properties. In Japan, ellagic acid is added to food as 

an antioxidant (23). In human body ellagic tannins 

and ellagic acid are absorbed in daily diets by eating 

fruits, grains, dried fruits and beverages. Ellagic acid 

in high concentrations is found not only in 

pomegranate but also in different fruits including 

strawberries, raspberries, cranberries and grapes 

(24). The aim of this experiment is study on secondary   

metabolites in pomegranate cultivars under drought 

stress. 

Materials and Methods 

This research was conducted in the research 

greenhouse of Lorestan Agricultural Sciences and 

Natural Resources Center in 2013 from March to July. 

The required experiments were carried out in three 

laboratories, namely a) the laboratory of horticultural 

sciences department in the School of Agriculture, 

Lorestan University, b) the research laboratory of 

Lorestan Agricultural Sciences and Natural Resources 

Center, c) the analysis laboratory of Kharazmi 

University. 

Plant Materials  

The plant material used in this study consisted of 

annual seedlings of six commercial pomegranate 

cultivars with the same age, diameter and seedlings 

size. This study was conducted in factorial 

arrangement based on a randomized design with three 

replications. Factors were six completely pomegranate 

cultivars including: Rabab Neyriz, Nadery Badroud, 

Shyshah cap Ferdous, Ardestany Mahvelat, Malase 

Yazd and Shirinshavar Yazd and three drought levels 

as 40%, 60% and 80% (control) field capacity.  

Each experimental unit was five potted seedlings. 

Seedlings were planted in 15-liters plastic pots (34 and 

32 cm height and diameter respectively) containing 1: 

1:3 mixtures of manure, sand and soil.  Before 

seedlings were transplanted into the pot, and their 

roots were disinfected with a water and manure 

mixture containing the Mancozeb fungicide (2 in 

1000). The experiments related to soil moisture at the 

field capacity and soil physicochemical properties 

were conducted in the water and soil laboratory of 

Agricultural Research and Natural Resources Center 

of Lorestan Province. 

The average moisture content of six pots was used to 

calculate soil moisture content. For this purpose, the 

pots were irrigated on the first day until drainage water 

was removed. To prevent evaporation from the pots, 

their upper surface was covered with aluminum foil. 

After 24 hours, sampling from the pot soil started and 

continued for 10 days, and soil moisture content was 

calculated according to the following formula: 
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Soil moisture percentage = ((primary soil weight-

secondary soil weight)/ secondary soil weight)) × 

100 

To apply different stress levels, after field capacity 

determination, other stress levels were considered as 

a field capacity percentage and the amount of 

moisture content was calculated to reach the desired 

moisture content in grams and was added to the pots. 

Seedlings were exposed to drought stress for 6 weeks 

(from May 20 to July 2), and then the amount of 

secondary metabolites was measured and evaluated. 

Leaf Sampling 

At the end of the experiment for each drought stress 

level, the mature and healthy leaves of each seedling 

were selected from the third to fifth nodes in the 

main stem and were sampled. The required samples 

were dried at room temperature in shade to measure 

secondary metabolites. 

Secondary Metabolites Measurement 

After the application of drought treatments, 

secondary metabolites were evaluated as follows.  

A) Extraction 

Powder obtained from leaves (5g) was mixed with 50 

ml Erlen and then added 50 ml of 80% methanol with 

a 1 to 10 ratio. To complete the extraction process, 

the sample mixture and methanol were crossed from 

filter paper after 72 hours. To obtain methanol from 

the extract, the methanol was transferred to rotary 

machine under vacuum and finally, the pure extract 

was located in a small container to determine the 

total phenol, flavonoid and antioxidant activity. 

B) Total Phenol Measurements 

To make the calibration curve, primarily standard 

solutions in concentrations of 0, 40, 80, 160, 320 and 

480 mg per ml gallic acid were prepared. Each of the 

concentrations was injected three times to UV-Vis 

spectrophotometer then their absorbance was read. In 

each sample with 2.5 ml Folin Ciocalteu )1 to 10 

diluted with distilled water) and 2 ml sodium 

carbonate (75 g per liter) were added to 0.5 ml 

methanolic extract and were then mixed. Blank 

sample was methanol instead of methanolic extract in 

samples, and was used for spectrophotometer 

calibration. The above solution was placed in the 

dark for 15 minutes and then absorbed at 765 nm. 

The standard curve was plotted based on gallic acid 

(Fig. 1). The total phenol content was determined 

based on gallic acid (mg in 100 g leaf dry weight) 

based on the following equation: 

Total phenol= (the number which has been 

read*(extract volume (ml)/sample weight (g)) 

C) Total Flavonoid Measurement 

To prepare calibration curve and slope equation, 

standard solutions were prepared with concentrations 

of 0, 40, 80, 160, 320 and 480 mg per ml of quercetin. 

First, a preliminary mixture of quercetin with 1 mg 

concentration per liter was prepared, and then it was 

diluted to obtain all concentrations. Each 

concentration was injected three times to the UV-Vis 

spectrophotometer and the absorbance was 

determined. The total flavonoid content was measured 

by aluminum chloride chromatography. Based on this 

method, 0.5 ml methanolic extract was mixed with 0.1 

ml of 10% aluminum chloride, 0.1 ml of 1M 

potassium acetate (2.4 ml in 10 ml of distilled water) 

and 2.8 ml distilled water in a Falcon tube. The 

mixture was placed in darkness at room temperature 

for 0.5 hour and was absorbed at 415 nm. The standard 

curve was depicted based on quercetin concentration 

(Fig 2). The flavonoids content was calculated based 

on the following equation: 

Total flavonoids= Extract volume (mg)/Sample 

weight (g) 

D) Evaluation of Antioxidant Activity by DPPH 

Method 

The extract antioxidant effect was evaluated by free 

radical inhibitory capacity measurement using 2 and 2-

diphenyl-picyrilhydrazil (DPPH). Based on this 

method, 0.05g of extract was placed in a 50 ml balloon 

with methanol and then 0.1, 0.2, 0.4, 0.6, 0.8 was 

prepared at 1 mg.ml-1 concentrations. 2.5 ml solution 

with above concentration was placed in each tube and 

was added to 1ml DPPH. Samples were placed at 

room temperature for 15 minutes in darkness and then 

absorbed the obtained solutions and control at 517 nm 

by UV-Vis spectrophotometer. The percentage of 

radical inhibitory percentage was calculated by the 

following formula: 

Radical inhibitory percentage= (control 

absorbance-sample absorbance)/ control 

absorbance 

E) Extraction for HPLC Injection  

To prepare the sample for being injected to HPLC 

machine, primarily, 0.5g powdered sample was 
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dissolved in 5 ml extraction solution including 

methanol and acetic acid in 9 to 1 (v/v) ratio. After 

homogenization, the extract was filtered via 0.45 

micron cellulose filter then 20 µl of extract was 

injected into HPLC. 

F) Measurement of Ellagic Acid 

Primarily, ellagic acid standard was purchased from 

Sigma Company. Ellagic acid was determined using, 

Diagel and Conkerton (25) method. The used HPLC 

device was the Unican-Crystal-2000 mole made in 

United Kingdom, with 25cm length Erospher-100-

C18 column, 4mm internal diameter and 5µm 

particle diameter. The moving phase consisted of a 

mixture of methanol, water and acetic acid at 50, 45 

and 5 ratio respectively with 1mm per minute in 

speed. Each material in sample was determined by 

comparing the inhibition time with the standard 

sample peak. Their amounts were determined based 

on the comparison of the below peak in the sample 

curve with calibration curve with different standard 

concentrations. The used detector was ultraviolet 

with 200 nm wavelength.  

Data Analysis  

All the obtained data from the experiments 

conducted in this research were categorized by SAS-

9.1 software and mean comparison was done using 

Duncan's multiple range tests. Interaction effect 

mean comparison was done by MSTAT-C software 

using Duncan's multiple range tests. Charts were 

plotted using Microsoft Excel. To calculate the line 

slope equation, Minitab software was used to 

calculate the total phenol and flavonoid. 

Results and Discussion 

The results showed that the effect of cultivar and 

drought stress and also their interaction effect were 

significant on secondary metabolites such as total 

phenol, total flavonoid, and leaf ellagic acid in 

pomegranate cultivars (P≤0.01), but their interaction 

effect was not significant on leaf antioxidant capacity 

(Table 1). 

Antioxidant Capacity  

The results indicated that pomegranate cultivars had 

significant differences in antioxidant capacity 

(P≤0.01). The effect of drought stress treatment was 

significant on antioxidant capacity in 1% level 

(figures 7 and 8). But the interaction effect of cultivar 

and drought stress was not significant on it. The mean 

comparisons results showed that there were significant 

differences between pomegranate cultivars with regard 

to antioxidant capacity. The maximum antioxidant 

capacity was observed in Malase Yazd and Nadery 

Badroud cultivars with a mean of 54.7 and 40.2%, 

respectively, and no significant differences were 

observed between them. The mean antioxidant 

capacity of two Ardestany Mahvelat and Shyshah cap 

Ferdous, was significantly lower than other cultivars. 

The antioxidant capacity of pomegranate cultivars 

significantly increased under the influence of drought 

stress treatments and in this regard there was a 

significant difference between treatments (Table 2).  

Total Phenol 

The results of the analysis of variance concerning the 

effect of drought stress and cultivar on total phenol 

content is shown in Table 1. The studied pomegranate 

cultivars indicated significant differences in terms of 

total phenol (P ≤ 0.01). Moreover, the effect of 

drought stress on total phenol content was significant 

 
Figure 1.  Standard curve of gallic acid and equation for total 

phenol measurement. 
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Figure 2.  Standard curve of querestin and equation for 

flavonoid measurement. 
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at 1% level. Furthermore, the interaction effect of 

cultivar and drought stress factors on this trait was 

significant (P ≤ 0.01). With the rise of drought stress 

level, the total phenol content in all cultivars 

increased and there was a significant difference 

between different drought stress levels, so that the 

highest total phenol was observed in severe drought 

stress (Fig. 3). The highest total phenol content was 

measured in Malase Yazdi (783 mg / 100 g leaf dry 

matter) and the lowest (379 mg) was in Shyshah cap 

Ferdous cultivar. In other cultivars, the total Phenol 

is stated in the middle of these two cultivars (Table 

2). 

Total Flavonoid 

The results concerning the impact of drought stress 

and cultivar on total flavonoid content are shown in 

Table 1. The studied pomegranate cultivars showed a 

significant difference in flavonoid content (P ≤ 0.01). 

Furthermore, the effect of drought stress on total 

flavonoid content was significant at 1% level. 

Moreover, the interaction effect of drought stress and 

cultivar on this trait was significant (P ≤ 0.01). As seen 

in Fig. 4, an increasing trend of leaf flavonoids under 

draught stress was observed in the studied cultivar. 

The average amount of flavonoids was 406.4 mg / g of 

dry leaf tissue. It should be noted that a significant 

difference was observed between the cultivars in terms 

of total flavonoid content. The highest total flavonoid 

content was observed in MalaseYazdi (616 mg / 100 g 

leaf dry tissue) in severe drought stress. The mean 

 
Figure 3.  Effects of different drought stress levels on total phenol in six pomegranate cultivars. The results are indicating of the mean 

± standard error (SE) for three replicates. 

0

200

400

600

800

1,000

1,200

40 60 80To
ta

l p
h

e
n

o
l (

m
g 

p
e

r 
1

0
0

g 
le

af
 d

ry
 w

e
ig

h
t)

FC (%)

Rabab nyriz

Nadery badroud

Shyshah cap ferdous

Ardestany mahvelat

Malase yazdi

Shirinshavar yazd

 
Figure 4.  Effects of different drought stress levels on total flavonoid in six pomegranate cultivars. The results are indicating of the 

mean ± standard error (SE) for three replicates. 
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total flavonoids in Shyshah cap Ferdous cultivar 

were significantly lower than other cultivars (Table 

2). 

Ellagic Acid 

The results of the analysis of variance for the effect 

of drought stress and cultivar on the amount of 

ellagic acid are shown in Table 1. The pomegranate 

cultivars showed a significant difference in the 

amount of ellagic acid (P ≤ 0.01). The effect of 

drought stress on ellagic acid was significant at 1% 

level. In addition, the interaction effect of drought 

stress and cultivar on this trait was significant (P ≤ 

0.01). Based on the mean comparison, drought stress 

significantly increased the amount of ellagic acid in 

the leaves and there was a significant difference 

between the cultivars under moderate and severe 

drought stress conditions. In non-stress condition, 

there was no significant difference between cultivars 

in the amount of leaf ellagic acid (Fig. 5). The highest 

amount of ellagic acid was observed in Malase Yazdi 

cultivar under severe drought stress (41 mg / 100 g 

leaf dry tissue). The mean of ellagic acid in Shyshah 

cap Ferdous cultivar (8.3 mg / g leaf dry tissue) was 

significantly lower than other cultivars. There was a 

remarkable difference between other cultivars and the 

stated intermediate (Table 2). It should be noted that 

the chromatogram of pomegranate leaves ellagic acid 

combination and its other derivatives is shown in Fig. 

6. 

 

 
Figure 5.  Effects of different drought stress levels on ellagic acid in six pomegranate cultivars. The results are indicating of the mean 

± standard error (SE) for three replicates. 
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Table 1: Analysis of variance for effects of different drought stress levels on some secondary metabolites in leaf of six pomegranate 

cultivars.  

S.O.V DF 

Antioxidant 

capacity 

Total 

phenol 

Total 

flavonoid 

Ellagic 

acid 

Cultivar 5 1123** 164971** 88778** 443** 

Stress 2 1820** 184688** 693955** 1223** 

Cultivar*stress 10 30ns 5088** 7538** 5561** 

Error 36 19 48 1416 15 

CV (%)   12.41 1.25 4.59 11.02 

** Significant at 1% level and ns: not significant. 
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The Correlation between Traits 

The results of the correlation analysis between 

different traits (Table 3) indicated that there was a 

positive and significant correlation between the total 

phenol content with flavonoid and leaf ellagic acid (r = 

0.84) and (r = 0.71) respectively. Moreover, there was 

a positive and significant relationship between the 

amount of ellagic acid and flavonoid (r = 0.79). 

In the present study, as shown in figures 3, 4 and 5, 

there was an increasing trend in total phenol, total 

flavonoid and ellagic acid in all pomegranate cultivars 

as drought stress increased, indicating a positive 

relationship between the severity of drought stress and 

the amount of these metabolites. It should be noted 

that total phenol, total flavonoid and ellagic acid 

dramatically increased with the rise of drought stress 

severity. Furthermore, the alteration trend of 

secondary metabolites changes was different with 

other parameters that were measured. This 

phenomenon indicates that the presence of secondary 

 
Figure 6.  HPLC Chlamogram for ellagic acid measurement. 

 
Figure 7.  Effect of cultivar on antioxidant capacity in leaf of six pomegranate cultivars. 
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Figure 8.  Effect of drought stress on antioxidant capacity in 

six pomegranate cultivars. 
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metabolites could not be considered as an evaluation 

index for tolerance in the pomegranate tree.  

Ellagic acid is one of the most important compounds 

in pomegranate the phenolic nature of which causes its 

Table 2: Results of mean comparison for some secondary metabolites in leaf of six pomegranate cultivars under drought stress.  

treatments 

Antioxidant 

capacity (%) 

Total phenol 

(mg/100 g DW) 

Total flavonoid 

(mg/100 g DW) 

Ellagic acid 

(mg/100 g DW) 

C1 32.1c 547c 303c 23.5b 

C2 40.2a 601b 322b 24.4b 

C3 22.2f 397f 149e 15.8c 

C4 31e 472e 267d 21.3b 

C5 54.7a 783a 449a 29.8a 

C6 35.2d 520d 203d 22.9b 

MSE 1.47 3.13 6.43 1.24 

S1 25.7c 447c 119c 14.2c 

S2 33.9b 559b 288b 24.1b 

S3 45.7a 650a 445a 31.1a 

MSE 1.76 4.33 5.55 0.86 

C1×S1 22 389k 102i-k 19.3c-f 

C1×S2 32 612f 328ef 24b-e 

C1×S3 43.4 641e 478bc 27.2bc 

C2×S1 33.2 476i 112i-k 16.3d-g 

C2×S2 38.5 599fg 391c-e 24.7b-e 

C2×S3 49 729c 462b-d 32.2b-e 

C3×S1 16.2 327m 46.4k 8.3g 

C3×S2 19.5 379kl 82.4jk 15.4e-g 

C3×S3 30.8 431j 320e-g 23.81b-e 

C4×S1 21.3 370l 166h-j 10.5fg 

C4×S2 30.9 472i 253fgh 25.9b-d 

C4×S3 38.5 599fg 422bcd 30.8b 

C5×S1 41.5 682d 234gh 17.5c-g 

C5×S2 56.9 755b 498b 30.9b 

C5×S3 65.7 911a 616a 41a 

C6×S1 20 440j 56k 13.1fg 

C6×S2 26.8 535h 177.5hi 23.9b-e 

C6×S3 46.7 587g 375.4de 31.7b 

MSE 0.89 1.3 1.37 0.43 

The same letters along with the numbers of each column in each section indicate a significant statistical difference between them at 

the 0.01 level of 0.01. MSE represents a standard error among the means. The C1 to C6 represent the pomegranate cultivars namely 

Rababnyriz, Naderybadroud, Shyshah cap ferdous, Ardestanymahvelat, Malaseyazd and Shirinshavaryazd. The S1, S2 and S3 

indicate 3 drought levels as 40%, 60% and 80% (control) field capacity respectively. 
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strong antioxidant activity. Pomegranate leaves like 

fruit, fruit juice and fruit skin is rich in phenolic 

compounds, such as ellagic and gallic tannins. 

Among these compounds, ellagic acid has high 

antioxidant and anti-cancer properties (26). Xiang 

(26) evaluated the effect of season, variety and 

preparation of extract method on the amount of 

ellagic acid in pomegranate leaves, and stated that 

the amount of ellagic acid increased significantly 

during the growing season, but the effect of different 

cultivars was not significant on pomegranate ellagic 

acid. The chemical composition of the pomegranate 

leaf varies depending on the cultivar, growth season, 

climate, and planting practices (27). 

Lihua and Zhang (21) measured the changes in 

phenolic compounds, flavonoids, alkaloids and 

antioxidant capacity in pomegranate leaves during 

the growing season. They stated that the amounts of 

these compounds would increase during the growing 

season, so that the maximum amounts of them were 

observed in late growing season. Corroborating our 

results, some researchers also have reported that 

pomegranate leaves antioxidant capacity positively 

correlates with total phenol and flavonoid content in 

leaves (20). Recently, many reports have been 

published in terms of the high antioxidant capacity of 

pomegranate fruits and leaves extract (7, 17, 20). 

Tehranifard (20) reported that the measured total 

phenol in different pomegranate cultivars ranged 

between 295 to 985 mg.100-1 g. The fact that the 

antioxidant capacity of pomegranate juice is higher 

than other fruits juice could be related to higher 

phenolic compounds in pomegranate. It was 

indicated that the various pomegranate organs 

contain significant phenolic compounds (17). 

Wang et al. (28) reported that pomegranate leaves as a 

sub-product of this main tree are a rich source of 

phenolic compounds responsible for its high 

antioxidant capacity. They determined the relationship 

between the total phenol and ellagic acid content of 

pomegranate leaves with their antioxidant capacity 

using regression analysis, and stated that the leaf total 

phenol had a significant relationship with antioxidant 

capacity of leaf (R2 = 0.8). However, there was no 

linear relationship between the amount of ellagic acid 

and antioxidant capacity. 

Jamshidi et al. (29) indicated that there was a direct 

relation between the antioxidant activity in medicinal 

plants and the amount of phenolic and flavonoids in all 

organs. Their results, are in line with these findings. In 

the present study, the antioxidant activity had a direct 

correlation with total phenol and flavonoid. Moreover, 

like other studies, it was observed that pomegranate 

cultivars with higher phenolic and flavonoids had a 

higher anti-radical activity. 

Flavonoids are one of the polyphenol groups that are 

influenced by environmental conditions. Flavonoids 

compounds had high medical and biological properties 

such as blood purification, immune system 

enhancement, blood cholesterol regulation, blood 

pressure regulation, cancer prevention, strong 

antioxidant effects, anti-radicals, anti-inflammatory 

and cardiac protection. Plants are potential sources of 

antioxidant compounds. In recent years, various 

studies have been conducted in order to investigate the 

potential of plant products as antioxidant to be used 

against diseases caused by free radicals. It has been 

reported that the consumption of natural and herbal 

antioxidants has a significant impact on human health 

(12, 30). Compounds such as polyphenols and 

Table 3: Correlation coefficient (r) between total phenol, total flavonoid and ellagic acid.  

  

Antioxidant 

capacity 

Total 

phenol 

Total 

flavonoide 

Ellagic 

acid 

Antioxidant 

capacity 1       

Total phenol 0.9** 1 

  Total flavonoid 0.8** 0.84** 1 

 Ellagic acid 0.65** 0.71** 0.79** 1 

** Significant at the level of 0.01. 
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flavonoids have the potential of inhibiting free 

radicals and are capable of delaying the lipid 

oxidation (12, 31). 

Conclusion 

In the present study, antioxidant activity had a direct 

relation with total phenol and flavonoid. Moreover, 

confirming the results of other studies, this research 

indicated that since pomegranate cultivar contains 

phenolic compounds and flavonoids, it could have 

higher anti-radical activity. According to the present 

results, due to the high total phenol and flavonoid 

content of the leaves and their high antioxidant 

capacity, they could possibly be used in 

pharmaceutical industry to produce drugs. 
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