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ABSTRACT  

This study was aimed at evaluating polyphenolic compounds and antioxidative capacity of Berhi variety of Date as well as 

comparing the methanolic extract and methanol-chloroform and methanol-aqueous fractions. The methanolic extract was 

prepared by maceration method. Concentratrd methanolic extract was suspended in water and extracted by chlorophorm. 

Water and chlorophorm fractions were dried with freeze drier. In this paper, the antioxidant activity of extracts has been 

analyzed using DPPH (1,1-diphenyl-2-picrylhydrazyl), ABTS (2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) 

free-radical scavenging, FRAP (ferric reducing antioxidant power), Iron chelation and erythrocyte hemolysis assays. In 

addition total phenolic, flavonoids and oligomeric proanthocyanidins compounds were also analyzed. Quantitative 

phytochemical studies showed the presence abundant amount of phenolic, flavonoids and oligomeric proanthocyanidins 

compounds in extracts. The IC50 values of, Met-Aqu, methanolic and Met-Chl extracts for scavenging the DPPH and 

ABTS radical ranged from 161.64 to 238.95 and 52.3 to 152.40, respectively while that of Iron chelation, erythrocyte 

hemolysis and EC1 of FRAP assay ranged from 695.38 to 925.94, 147.40 to 418.87 and 0.748 to 2.32 µg/ml.  Results 

indicate that the amount of total phenol, flavonoids and oligomeric proanthocyanidins compounds in the extracts is rated 

as Met-Aqu> Methanol>Met-Chl. Results of antioxdative, iron chelation, and hemolysis tests indicate an order of Met-

Aqu> Methanol>Met-Chl. Better results of Met-Aqu can be because of its more polyphenolic compound. Results above 

show that this method of preparing fractions from methanolic extract can cause more polyphenolic compound extraction 

and improvement of the antioxidative effect. 
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INTRODUCTION 
Free radicals are molecules, or molecular components, 

contained one or a number of nonbonding electrons in their 

orbital and, meanwhile, Oxygen radicals’ derivatives 

create an important group of radicals inside a living 

system1. Reactive oxygen species (ROS) and reactive 

nitrogen species (RNS) are resulted from normal cell 

metabolism and can be considered as both beneficial and 

harmful species for living systems2. Beneficial effects of 

ROS occur in the low-to-mid concentrations including 

different effects such as the production of ATP from ADP 

in mitochondria, oxidative phosphorylation, Xenobiotic 

detoxification by cytochrome P450, cell apoptosis, 

removal of microorganisms and cancer cell by 

Macrophages and lymphocyte, activity of oxygenase (such 

as cyclooxygenases and lipoxygenases), etc3. Harmful 

aspect of free radicals causes biologic damages namely 

oxidative-nitrosative reaction, which, in biologic systems, 

happens when in one hand excessive production of ROS 

and RNS and, in the other hand, lack of enzymatic and non-

enzymatic antioxidants occur. In other words, oxidative 

stress is resulted from a disorder in the balance of 

antioxidant and pro-oxidant reactions. This extra amount 

of ROS can damage the cell lipids, proteins, DNA, and the 

control of their natural performance. Because of this, 

oxidative stress plays an important role in some diseases 

and damages to the texture of lungs, heart, cardiovascular 

system, kidney, liver, eye, skin, muscle, brain, and cell 

aging process4,5. Antioxidants are compounds which 

considerably delay or prevent substrate oxidation. 

Biologically, antioxidants are considered as active 

compounds protect the body against damages resulted 

from the active radical species, which cause diseases. 

However, as getting older and in ones with specific 

diseases, inside-the-body antioxidants need outer help, 

which is provided by the antioxidants of foodstuff in order 

to keep the cell membrane healthy6,7. Date (Phoenix 

dactylifera) in the Arecaceae family is widely cultivated in 

both old world (Near east and north Africa) and new world 

(America). More than 5.4 million metric ton of date is 
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produced in the world (basically in hot deserts and arid 

regions of southwest Asia and North Africa) and used as a 

valuable fruit and sweeter. Iran is one of the most 

important countries in terms of producing and exporting 

date in the world8. About 400, or based on some sources, 

600 date varieties have been introduced in Iran9, which, 

unfortunately, studies on the therapeutic and 

pharmaceutical fields of Iranian date are too limited. Date 

contains various polyphenolic compounds such as 

proanthocyanidins, flavonoid (Flavanols, flavones, etc.), 

anthocyanidins10,11 as well as minerals, vitamins, sugars, 

and carotenoids12-14. Date is used in traditional medicine to 

cure rheumatism, burning sensation, nephropathy, 

gastropathy, bronchitis, sexual debility, and reinforce of 

body`s immune system; antiaging effects and reduction of 

wrinkle were also reported for date12 and it`s fruit also has 

anticancer, antitumor, antiinflammatory, antimutagenic, 

antihepatotoxicity, antivirus, antibacterial, and antifungal 

effects as well as protective effect for ulcer and effect on 

different enzymes12,15-17. Several studies have evaluated 

date`s antioxidative effects indicating that there are many 

differences between the antioxidative capacity of different 

date varieties13,18-20. Several studies show that 

antioxidative capacities of extracts prepared by different 

solvents from various plants are different20-22. This study 

was aimed at evaluating the antioxidative effects of 

methanolic extract P. dactylifera var Berhi and two Met-

Aqu and Met-Chl fractions in order to compare this 

variety’s antioxidative capacity with other ones and find a 

proper extraction system to increase the antioxidative 

effect.   

 

MATERIALS AND METHODS 

Chemicals 

The 6-hydroxy-2, 5,7,8-tetramethylchroman-2-carboxylic 

acid (Trolox), 2,2-azinobis(3-ethylbenzothiazoline-6-

sulfonic acid) diammonium salt (ABTS), and 2,4,6-

tripyridyl-s-triazine (TPTZ), 1,1-Diphenyl-2-

picrylhydrazyl (DPPH), 2-deoxy- D-ribose, xanthine,  

xanthine oxidase (XOD), thiobarbituric acid (TBA), ferric 

chloride and L-ascorbic acid, nitroblue tetrazolium (NBT), 

Folin-Ciocalteu reagent,  2.2'-azobis (2-amidinopropane) 

dihydrochloride (AAPH) were purchased from Sigma. 

FeSO4·7H2O, FeCl3 anhydrous were purchased from Fluka 

Co.  All other chemicals used were of analytical grade 

supplied by Merck. 

Plant material 

Fresh and ripe Fruits were used in the experiments. The 

Phoenix dactylifera L cultivar Berhi, was collected from 

Ahwaz, Iran in the October 2015. The fruits were 

authenticated and herbarium specimen (A16) was 

deposited in the medicinal plants research center, Ahvaz 

Jundishapur University of medical Sciences, Ahvaz, Iran. 

The herbal product extract was prepared according to 

Iranian herbal pharmacopeia23, which was explained in 

previous work20. Fruits cut off into small pieces using a 

kitchen mixer, and extracted with methanol for 48h at 

room temperature. The supernatant were filtered through 

filter membrane, concentrated in a rotoevaporator, and 

dried by Freeze Dryer. 

The methanolic extract was suspended in water and 

extracted by chloroform for three times. Two aqueous and 

chloroform fractions were concentrated and dried by rotary 

and freeze drier, respectively. In the present study, all 3 

aqueous, aqueous-mathanolic, and aqueous- chloroformic 

extracts were studied.   

Determination of  total phenolic content  

Total phenolic compound amount in extracts was 

determined by Folin–Ciocalteu method: 0.5 ml of each 

extract and 2.5 ml of a 1/10 aqueous dilution of folin-

Ciocalteu reagent were mixed. After 5 min 2 ml of Na2CO3 

7.5%  were added and incubated at room temperature for 

120 min.Absorption at 765 nm was measured using a 

spectrophotometer. The total phenolic content was 

expressed as Tannic acid24. The results were expressed as 

mg Tannic acid equivalents per gramme of the extract of 

samples. 

Determination of total flavonoid contents 

The flavonoid content was estimated by AlCl3 method: 1 

ml of methanolic extract solution was added to 1 ml of 2% 

methanolic AlCl3, 6H2O. Absorbance was measured 10 

min later at 430 nm (X-ma 3000, Human, Korea). Results 

were expressed in mg rutin/100 g dry matter by 

comparison with standard rutin (A calibration curve of 

Rutin ranging from 0.5 to 25 µg/ml) treated in the same 

conditions25. 

Determination oligomeric proanthocyanidin content 

This method was described by Quettier-Deleu et al. 0.5 ml 

extract solution, 6 ml of n-butanol:HCl (95:5;v:v), and 0.2 

ml of 2% (w:v) solution of NH4Fe(SO4)2, 12H2O in 2 M 

HCl were mixed and  heated during 40min at 95±2°C in a 

water bath. Absorbance of the cooling extract was 

measured at 550 nm. The proanthocyanidin content was 

expressed in mg of cyanidin chloride/ 100 mg dry weight 

of extract26. 

Iron chelation 

An aliquot of the extract (1 ml) was added to 100 µl of 1 

mM FeCl2 and 3.7 ml of distilled water. The reaction was 

initiated by adding 200 µl of 5 mM ferrozine. After a 20 

min incubation at room temperature, an absorbance at 562 

nm was recorded. EDTA was used as a positive control. 

The control contained all the reaction reagents except the 

extract or positive control. Fe2+-chelating activity was 

calculated using the equation below: 

Chelation activity (%) = [(A0-AS)/A0] × 100, where, A0 is 

the absorbance of control and AS is the absorbance of 

extract27. 

DPPH free radicals scavenging activity assay 

DPPH assay was performed according to the method 

Brand-Williams 1995 et al. 0.1 ml of various 

concentrations of the extracts in methanol was added to 3.9 

ml of DPPH solution (0.025 g/l), After a 30min incubation 

period at room temperature the absorbance was read 

against a blank at 517 nm. Inhibition of DPPH radical was 

calculated using the equation: I (%) = 100× (A0 −As)/A0, 

where A0 is the absorbance of the control and As is the 

absorbance of the tested sample. The IC50 value 

represented the concentration of sample that caused 50% 

inhibition28,29.  

ABTS free-radical scavenging activity 
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The ABTS·+ radical was generated by chemical reaction 

with potassium persulfate (K2S2O8). 25 ml of ABTS (7 

mM) was mixed with 440 μl of K2S2O8 (140 mM) and 

permitted to position in darkness at the room temperature 

for 12–16 h that is the time required for formation of the 

radical. Taking a volume of the previous solution and 

diluting it in ethanol, the working solution was prepared 

until its absorbance at λ = 734 nm was 0.70 ± 0.02. The 

reaction took place directly in the measuring cuvette. 100 

μl of the sample or the standard were added to 2 ml of the  

ABTS·+ radical, The absorbance was measured 2, 4 and 6 

minutes after mixing the reagent30-32. Trolox was used as 

standard and IC50 values were calculated using linear 

regression analysis. 

Ferric-reducing antioxidant power (FRAP) assay 

The FRAP reagent was prepared by mixing 2.5 ml of a 10 

mM tripydyltriazine (TPTZ) solution in 40 mM HCl, 2.5 

ml of 20 mM FeCl3, 6H2O and 25 ml of 0.3 M acetate 

buffer at pH 3.6. 3.0 ml of Freshly prepared FRAP reagent 

were mixed with 30 μl of sample and 10 μl of distilled 

water; the reaction mixtures were later incubated at 37° C.  

Absorbance at 593 nm was read with reference to reagent 

blank containing distilled water, which was also incubated 

at 37°C. Aqueous solutions of known Fe(II) concentrations 

were used for calibration. The parameter equivalent 

concentration (EC1) was defined as the concentration of 

antioxidant having a ferric-TPTZ reducing ability 

equivalent to that of 1 mmol/L FeSO4·7H2O. Tannic acid 

was used as standard25,33. 

Assay for erythrocyte hemolysis of rat 

Albino rats (weighing 100 - 150 g) were kept under 

controlled conditions of light: dark cycle of 12:12 h and 

temperature (25 °C ± 1 °C) in the animal house of Faculty 

of Pharmacy in Ahvaz Jundishapur University of Medical 

Sciences, Ahvaz, Iran. The animals were individually 

housed in plastic animal cages. Animals were fed on 

standard rodent diet.  Following a one week of 

acclimatization, the animals were entered in the study. For 

the experimental procedures, the animals were kept fasting 

during night but allowed to drink water. All of the 

experimental procedures on animals were performed in 

accordance with the Ethics Committee of Ahvaz 

Jundishapur University of Medical Sciences, Ahvaz, Iran 

(registeration no. A887/2015) which were completely 

coincide with the Guide for the Care and Use of Laboratory 

Animals34. Rats were anesthetized with a combined dose 

of ketamine/xylazine and their blood samples were Blood 

was obtained from rats by cardiac puncture and collected 

in heparinized tubes. Erythrocytes were separated from 

plasma and buffy coat and washed three times with 10 

volumes of 0.15 M NaCl. During the last washing, 

erythrocytes were centrifuged at 2,500 rpm for 10 min to 

obtain a constantly packed cell preparation. A 10% 

suspension of erythrocytes in pH 7.4 phosphate buffered 

saline (PBS) was added to the same volume of 200 mM 

AAPH solution in PBS containing samples to be tested at 

different concentrations. The reaction mixture was shaken 

gently while being incubated at 37°C for 2 h. The reaction 

mixture was then removed, diluted with 8 volumes of PBS 

and centrifuged at 2500 rpm for 10 min. The absorbance 

of the supernatant was read at 540 nm. Inhibition of 

erythrocyte hemolysis was calculated using the equation 

I(%) = (1- (As /A0)) * 100, where A0 is the absorbance of 

the control and As is the absorbance of the tested sample; 

The IC50 value represents the concentration of the sample 

that caused a 50% inhibition35.  

Statistical analysis 

The data determined were expressed as the mean of three 

replicate determinations and presented as mean ± SD 

(standard deviation). The IC50 values were estimated by 

linear/non-linear regression. The statistical significance of 

differences between groups was assessed with an analysis 

of variance followed by Duncan test. A P value of 0.05 or 

less 

 

RESULTS AND DISCUSSION 

Phenolic compounds and pigments are the biggest group 

of compounds responsible of the antioxidative activities of 

plant, fruits, seeds, etc. Polyphenolic compounds have 

different structures such as flavonoids, anthocyanins, 

stilbenes, coumarins,lignins, etc. which, based on their 

different functional groups and structures, they have 

different polarities so polyphenolic compounds at different 

ration resolved in different solvents and, finally, we see 

that the antioxidative activity of different extracts is  

different. Amount of polyphenolic, flavonoid, and 

proanthocyanidin compounds of different extracts is 

indicated in table 1. Studies indicate that several methods 

of studying the antioxidative activity should be used to 

have a better evaluation on this activity. DPPH radical is a 

sustainable purple radical and becomes a non-radical 

yellow compound as soon as contacting an antioxidant. 

The method is based on the reduction of alcoholic DPPH 

solution in the presence of a hydrogen-donating 

antioxidant due to the formation of the non-radical form 

DPPH–H by the reaction36. Results of DPPH test for the 

studied extracts are indicated in Fig 1. IC50 for Met-Aqu, 

Methanol, and Met-Chl was obtained to be 161.64, 199.75, 

and 238.95µg/ml, respectively. Results of this test indicate 

that Met-Aqu extract has an acceptable more powerful 

effect compared with other extracts. Comparing the IC50 of 

methanolic extracts of cultivar Berhi (199.75 µg/mL) and 

cultivar Deyri (3.95 mg/mL), Berhi indicates a more 

powerful effects20. ABTS radical cation decolorization 

assay is a rapid and reliable method widely used to assess 

the total amount of radicals that can be scavenged by an 

antioxidant37. This assay is based on the ability of 

antioxidants to scavenge ABTS•+ radicals. It can measure 

antioxidant capacities of lipophilic and hydrophilic 

components in a sample, and is a method usually used for 

evaluating the antioxidant capacity1. ABTS radical 

scavenging test is of highly applied tests in the field of 

evaluating plants` antioxidative effect. Results of this test 

are indicated in Fig 2. IC50 for Met-Aqu, Methanol, and 

Met-Chl was obtained to be 52.30, 94.55, and 

152.40µg/ml, respectively. Results indicate that Met-Aqu 

has an acceptable more powerful effect than other extracts. 

Comparing the results with previous ones, methanolic 

extract of kabkab date has more powerful effects than 

Deyri fruit, but its effect is less than the date leaf  
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Figure 1: DPPH scavenging activity of various fractions of Phoenix dactylifera fruits at different concentration. Each 

value represents the mean ± SD (n= 3). 

 

 
Figure 2: ABTS•+ scavenging activity of different concentration of various fractions of Phoenix dactylifera fruits. Each 

value represents the mean ± SD (n= 3). 

 

 
Figure 3: The absorbance of different concentration of various fractions of Phoenix dactylifera fruits in FARP assay. 

Each value represents the mean ± SD (n= 3). 
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Table 1: Total phenolic, flavonoids and oligomeric proanthocyanidins compounds in Met-Aqu, Methanol, Met-Chl 

fractions of Phoenixdactylifera fruits. Values are expressed as mean ± SD (n=3). 

Phoenix dactylifera fruits 

fraction 

Total phenolic contenta Flavonoid contentb Olig. proanthocyanidins contentc 

Methanol 15.75 ± 2.23 825.36 ± 33.26 496.47 ± 19.58 

Met-Chla 9.08 ± 0.74 739.64 ± 23.69 369.23 ± 10.54 

Met-Aqub 24.5 ± 1.96 1136.23 ± 48.96 765.01 ± 35.31 

a: Data are expressed as mg of tannic acid equivalents per g dry extract. 

b: Data are expressed as µg of rutin equivalents per g dry extract. 

c: Data are expressed as µg of cyanidin chloride equivalents per g dry extract. 

 

 
Figure 4: Iron (II) chelation of various fractions of Phoenix dactylifera fruits. Each value represents the mean ± SD (n= 

3). 

 
Figure 5: Anti-hemolytic activity of different concentrations of Phoenix dactylifera fruits on rat`s erythrocytes. Each 

value represents mean ± SD (n = 3). 
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(IC50:38.21 μg/mL)20,38. FRAP method is based on the  

reduction of a ferric-TPTZ complex to its ferrous, colored 

form in the presence of antioxidant. The FRAP directly 

measure antioxidants with a reduction potential of Fe3+ / 

Fe2+ couple1. In Fig. 3 the absorbance (EC1) of different 

concentrations of bark extract of Berhi date is presented. 

EC1 for Met-Aqu, Methanol, and Met-Chl extracts was 

obtained to be 0.748, 1.35, and 2.32 mg/ml, respectively. 

Results of this test indicate that Met-Aqu has an acceptable 

more powerful effect than other extracts. Comparing the 

results of this study with date leaf, date leaf (EC1: 0.28 

mg/mL) has more powerful effects than the fruit. Deyri 

fruit (EC1: 5.35 mg/mL) has weaker effects than Berhi 

variety20,38. Ferrozine can quantitatively form complexes 

with Iron, in the presence of chelating agents, the complex 

formation is disrupted with the result that the red colour of 

the complex is decreased39. In this assay the Met-Aqu, 

Methanol and Meth-Chl extracts of Berhi date interfered 

with the formation of ferrous and ferrozine complex, 

suggesting that they have chelating activity and capture 

ferrous ion before ferrozine. Results of Fe chelation test 

are also indicated in Fig 4 and IC50 for Met-Aqu, methanol, 

and Met-Chl extracts was obtained to be 692.38, 799.75, 

and 925.94µg/ml, respectively. Results of this test indicate 

that Met-Aqu extract has an acceptable more powerful 

effect than other extracts. Iron can stimulate lipid 

peroxidation by the Fenton reaction, and also accelerates 

peroxidation by decomposing lipid hydroperoxides into 

peroxyl and alkoxyl radicals that can themselves abstract 

hydrogen and perpetuate the chain reaction of lipid 

peroxidation40 so iron scavenging by different compounds 

can play an important role in preventing destructive 

reactions, which cause different diseases. It was found 

previously that the aqueous peroxyl radicals derived from 

AAPH attack erythrocyte membranes to induce the 

oxidations of phospholipids, protein and α-tocopherol, 

which eventually lead to hemolysis. The extent of 

hemolysis was directly proportional to the amount of 

peroxyl radicals formed41, thus compounds able to 

scavenge peroxyl radicals can prevent damages to the 

erythrocyte membrane and its lysis. Results of this test 

show that Berhi extract can prevent the lysis of erythrocyte 

(Fig 5). IC50 for Met-Aqu, methanol, and Met-Chl extracts 

was obtained to be 147.40, 198.25, and 418.87µg/ml, 

respectively. Rate of preventing the hemolysis of the red 

globules of Met-Aqu extract is acceptably higher than 

other extracts and the order of extracts` effect was as Met- 

Aqu> Methanol>Met-Chl. Results indicate that amount of 

polyphenolic, flavonoid, and proanthocyanid compounds 

of Met-Aqu extract is more than other extracts and Met-

Aqu> Methanol>Met-Chl was the order of the power of 

antioxidative capacity of different extracts in the 

performed test. Consequently, this fraction system can be 

considered as a proper system to increase the antioxidative 

capacity of date and, probably, other plants. This increase 

of effect can be attributed to polyphenolic compounds` 

more ability caused by Met-Aqu extract. 

 

CONCLUSION 

It is concluded that the order of antioxidative effect and 

polyphenolic contents is as Met-Aqu>Methanol>Met-chl 

indicating that fraction caused more extractions with 

antioxidative effect in Met-Aqu phase, thus antioxidative 

and antiradical effects of this fraction are more than of the 

methanolic extract and Met-Chl fraction. Consequently, 

faction can be used as an appropriate system to increase 

the antioxidative effect and concentration of polyphenolic 

compounds. 
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