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ABSTRACT 
 

Quantitative estimation of total phenolic, flavonoid, proanthocyanidin and hydrolysable tannin content of 
aqueous and methanol peel extracts of five selected Egyptian pomegranate cultivars was carried out, the gained 
results revealed that they ranged from 246.37±4.61 to 197.30±4.82 mg GAE g-1, 123.72±2.01 to 96.89±2.59 mg 
QE g-1, 318.40±2.39 to 80.92±2.41 µg CE g-1 and 779.28±28.10 to 519.10±26.30 µg TAE g-1 respectively for 
their aqueous extracts while methanol extracts exhibited varied values ranged from 214.91±3.29 to 148.13±2.99 
mg GAE g-1, 136.72± 2.74 to 106.89±2.81 mg QE g-1, 339.80±3.52 to 85.05±2.16 µg CE g-1 and 762.90±28.04 
to 506.40±25.85 µg TAE g-1 respectively. In vitro screening of their antioxidant effect revealed that the 
maximum free radical scavenging percent were observed in Wardy, Assuity and Manfalouty cultivars with 
calculated values of  98.80±2.02, 97.30±2.86 and 96.82±3.16% for aqueous extracts and 97.30±2.94, 
96.74±2.55 and 95.93±2.96% for methanol extracts respectively at dose levels comparatively less than the dose 
of the reference standard butylated hydroxytoluene (BHT), moreover, the results of screening of their anticancer 
effect using Hepg2 and U251 cell lines were matched with the gained results for screening of their antioxidant 
effect as maximum efficacies were demonstrated for the same cultivars at dose levels comparatively less than 
the dose of the reference standard Cisplatin.  

 
Kew words: Pomegranate, Polyphenols, Flavonoids, Proanthocyanidins, hydrolysable tannins, Antioxidant, 

Anticancer. 
 
Introduction 

 
Pomegranate, Punica granatum L., is an ancient, mystical, unique fruit borne on a small, long-living tree 

cultivated throughout the Mediterranean region used in folk medicine for the treatment of various diseases 
(Ajaikumar et al., 2005; Hassan et al., 2012), it has gained popularity in recent years due to its multifunctional 
nature and nutritional benefit in human diet, the fruit is rich in tannins and polyphenol compounds, which have 
been reported to reduce disease risks (Martınez et al., 2006; Jaiswal et al., 2010). Fruit peel constitutes about 
50% of its total weight (Al-Said et al., 2009) and is often discarded as waste in spite of being containing higher 
amounts of polyphenol compounds compared to other plant parts, hence possess more potent biological 
activities (Li et al., 2006; Hajimahmoodi et al., 2008; Gözlekçi et al., 2011).  

The unique biochemistry of the pomegranate peel is quite intriguing by virtue of its high content of 
antioxidant-rich tannins and flavonoids i.e. ellagitannins such as punicalagin and its isomers (2,3-
hexahydroxydiphenoyl-4, 6-gallagyl-glucose), as well as punicalin (4, 6-gallagyl-glucose), gallic acid, ellagic 
acid, and ellagic acid glycosides (Gil et al., 2000; Cerdá et al., 2003; Mousavinejada et al., 2009; Aviram and 
Rosenblat 2013), in addition to anthocyanins, catechin, proanthocyanidins and flavonoids (Machado et al., 
2002; Wang et al., 2010) these polyphenols have been implicated in many pharmacological activities referred 
to pomegranate peel (Lansky et al., 2007; Althunibat et al., 2010; Viuda-Martos et al., 2010),  however, their 
levels may vary among cultivars resulting in different levels of the same biological effect (Holland et al., 
2009).  

Pomegranate peel have been reported to possess a wide range of biological effects including anti-cancer 
(Ackland et al., 2005; Kowalski et al., 2005; Adhami et al., 2006), anti-atherosclerotic (Rajan et al., 2011), 
anti-inflammatory (Seerama et al., 2005), anti-diabetic (Althunibat et al., 2010), antimicrobial (Al-Zoreky 
2009; Endo et al., 2010), antidiarrheal (Olapour et al., 2009) and anti-tyrosinase (Yoshimura et al, 2005) 
activities.  

 
 
 
 



4824 
J. Appl. Sci. Res., 9(8): 4823-4830, 2013 
 
Material and Methods 
 
Plant Material: 
 

Samples of pomegranate cultivars used for this study were collected from Assuit and El-Badary, Upper 
Egypt, Egypt on September 2011 and were kindly identified by Prof. Dr. Moneer Abdel-Ghany, Prof. of Plant 
Taxonomy, Faculty of Science, Cairo, University. Fruits for each cultivar were manually peeled; the peels were 
separately air-dried, powdered and kept in tightly closed amber coloured glass containers, protected from light at 
low temperature as possible. Voucher specimens are kept in herbarium, Pharmacognosy Department, Faculty of 
Pharmacy Al -Azhar University, Cairo, Egypt. 
 
Chemicals: 
 

Folin-Ciocalteu's reagent, vanillin and 1,1-Diphenyl-2-picryl-hydrazil (DPPH) were purchased from Sigma 
Chemical Co., Saint Louis, MO, USA. Gallic acid, quercetin, aluminum chloride, catechin, tannic acid and 
Silica gel 60 F254 were purchased from E. Merck, Darmstadt, Germany while all the solvents used were of 
analytical grade. 
 
Apparatus: 
 

Soxhlet, rotatory evaporator (BUCHI Rotavapor ® R-210/R-215, Germany), chromatographic glass jars, 96 
MicroWell™ Plates, Conical Wells, Thermo Fisher Scientific USA and Genesys Spectrophotometer (Milton 
Roy, INC., Rochester, NY). 
 
Preparation of peel extracts: 
 

For each cultivar, 15 g each finely-powdered peel sample were extracted separately with 150 ml of 80% 
(v/v) methanol and distilled water for one hour to yield the methanol and aqueous extracts respectively, the 
extracts were filtered under vacuum through Whatmann No.1 filter paper, the residue was re-extracted following 
the same procedure two more times, extracts collected were dried under vacuum at 400 C.  
 
Determination of total phenolic content: 
 

The total phenolic content in aqueous and methanol extracts of each cultivar were determined 
spectrophotometrically using the Folin-Ciocalteu's reagent where standard curve was done using different 
concentrations of gallic acid  in methanol. The concentrated extracts of the tested plants were dissolved each in 
least methanol volume then completed to 10ml, 100µl of these extracts were separately diluted with 8 ml 
distilled water, to each sample 0.5 ml of 50% Folin-Ciocalteu's reagent was added and left 8 min, and then 1.5 
ml of 5% sodium carbonate was added, mixed and allowed to stand for 60 min. protected from light. Their 
absorbance was measured at 725 nm using methanol as blank and the concentration of the total phenolic content 
of extracts was calculated as mg gallic acid equivalents per g dry weight (mg GAE g-1) (Zhou and Yu 2006).  
 
Determination of total flavonoid content: 
 

Determination of the total flavonoid content in the each tested extract was done colourimetrically using 
aluminum chloride solution where standard curve was done using different concentrations of quercetin in 
methanol, 100µl were added to a 96 Micro-well plate and then 100µl of 2% aluminum chloride solution in 
methanol were added, after 10 min, their absorbance was measured at 415 nm using methanol as blank and the 
concentration of total flavonoids was calculated as mg quercetin equivalent per g dry weight (mg QE g-1) 
(Djeridane et al., 2006). 
 
Determination of proanthocyanidin content: 
 

Determination of the total proantho-cyanidin content each of tested extract was done colourimetrically 
using vanillin-methanol reagent where standard curve was done using different concentrations of catechin in 
methanol,  0.05 g of dried extract was dissolved in 5 ml methanol or the filtrates made up to 50 ml were used 
directly, 1 ml of the solution was mixed with 3 ml of 4% vanillin-methanol solution and 1.5 ml hydrochloric 
acid, allowed to stand for 15 min at room temperature, then the absorbance was measured at 500 nm and the 
proanthocyanidin contents were expressed as μg catechin equivalents per g dry weight (μg CE g-1) (Kelm et al., 
2005). 
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Determination of hydrolysable tannins content: 
 

Determination of the hydrolysable content in the each tested extract was done colourimetrically using 2.5% 
potassium chlorate solution reagent where standard curve was done using different concentrations of tannic acid 
in methanol, 1 ml of 10-fold diluted extracts and 5 ml of 2.5% potassium chlorate solution were added into a 
vial and mixed for 10 seconds, the absorbance of the red colored mixture was measured at 550 nm versus the 
prepared water blank noting that the optimum reaction defined as the time to gain maximum absorbance value, 
was determined to be 2 min for pomegranate peel extracts and 4 min for standard solutions of tannic acid. Total 
hydrolysable tannin contents were expressed as μg tannic acid equivalent per g dry weight (μg TAE g-1) (Çam 
and Hişil 2010). 
 
Screening of antioxidant effect and determination of percent DPPH free radical scavenging: 
 

Determination of antioxidant effect of the tested extracts was done according to the stable DPPH radical 
technique both qualitatively using thin layer chromatography (TLC) and quantitatively using spectrophotometric 
methods.  
 
 - TLC assay: 
 

20 µl aliquot of each extract was spotted on silica gel plates and developed using butanol: acetic acid: water 
(4:1:5) as a mobile phase, after development, the dried TLC plates were sprayed with 0.2% DPPH solution in 
methanol and examined after 30 min. where active extracts as antioxidants appeared as yellow spots against 
purple background (Cavin et al., 1998).   
 
 - Spectrophotometric assay: 
 

the test was carried out on 96 Micro-Well plate where a standard curve was done using different 
concentrations of ascorbic acid in methanol (7serial 2fold dilutions to give final range of 100 to 5 µm). 50 µl of 
a 0.022% DPPH solution in methanol was added to a range solution of different concentrations (7 serial -3 fold 
solutions to give final range of 1000 to 1.3 µg /ml) of the extracts and (7 serial 2 fold dilutions to give final 
range of 100 to 5 µm) of compounds to be tested in methanol (230 µl) and their absorbance was measured at 
515 nm after 30 min., the percent radical scavenging activities were calculated (Gálvez et al., 2005). 
 
Screening of anticancer effect: 
 

the anticancer effect against U251 and Hepg2 which are corresponding to brain and liver cancer cell lines 
respectively were performed on the tested extracts where the cells were plated in a 96-multiwell plate (104 
cells/well), for 24 h, before treatment with the extracts to allow attachment of cells to the wall of the plate. 
Different concentrations of the extracts (0, 1, 2.5, 5 & 10 μg/ml in DMSO) were added to the cell monolayer; 
triplicate wells were prepared for each concentration. Monolayer cells were incubated with the tested samples 
for 48 h at 37°C, in an atmosphere of 5% CO2. After 48 h, the cells were fixed, washed and stained with 
sulphorhodamine-B stain, the excess stain was washed with acetic acid and attached stain was recovered with 
Tris EDTA buffer, the colour intensity was measured in an ELISA reader and the relation between surviving 
fraction and the extracts׳ concentration is plotted to get the survival curve of each tumor cell line after treatment 
with screened extracts. Cisplatin was used as a reference standard drug, data fitting and graphics were 
performed by means of the Prism 3.1 computer program (Graph Pad software, USA) (Skehan et al., 1990). 
Screening of the cytotoxic effect of the tested extracts was carried out in the National Cancer Institute, Cairo 
University. 
 
Statistical analysis: 
 

The statistical analysis of the outcome data was carried out using one way analysis of variance (ANOVA) 
followed by student t-test, P value <0.05 were considered as significant (Elliott and Woodward 2007). 

 
Results and Discussion 

 
Pomegranate (Punica granatum L.) is an important fruit of tropical and subtropical regions which has been 

used for centuries in ancient cultures for its medicinal purposes, recent studies revealed that the peel has very 
generous collection of phenolic compounds (Rather et al., 2010) the major of which are tannin compounds to 
whom a tremendous number of biological effects have been referred. Tannin compounds are implicated in 

http://lib.bioinfo.pl/auth:Gálvez,M�
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antimicrobial (Miguel et al, 2010), antioxidant, anticancer and anti-proliferative effects (Ibrahim et al., 2010, 
Abdel-Hady et al., 2011, Abdel-Motaal et al., 2011, Eghdami et al., 2011, El-Hela et al., 2013). 

In recent years there have been many reports concerning the role of polyphenol compounds in counteracting 
negative effects of oxygen and nitrogen reactive species (ROS/RNS), maintaining the redox homeostasis of 
biological fluids and preventing human disease such as cardiovascular diseases, atherosclerosis, and other 
degenerative pathologies such as cancer, diabetes, Alzheimer’s and Parkinson’s diseases (Tzulker et al., 2007; 
Jahangir et al., 2009; Cartea et al., 2011; Avarim et al., 2013).   

Quantitative estimation of the total phenolic content of the aqueous and methanol extracts of the tested 
cultivars using Folin-Ciocalteu's reagent table 1, figure 1 showed that the aqueous and methanol extracts of 
Wardy cultivar contains the highest percent of phenolic compounds (246.37±4.61 and 214.91±3.29 ) followed 
by Assuity (224.62±4.84  and 190.44±3.02); Nab El-Gamal (193.39±3.79 and 148.13±2.99); Manfalouty 
(189.18±3.07 and 163.70± 3.47) and Balady (179.30±4.82 and 158.30±4.15) mg GAE g-1  respectively, the total 
phenols were measured by in terms of gallic acid equivalent (the standard curve equation is y = 0.05 X±0.0545, 
r2= 0.9873); while quantitative estimation of total flavonoids of each of the tested cultivars using aluminum 
chloride reagent  and quercetin as standard revealed that the highest percent present in the methanol and aqueous 
extracts of Wardy cultivar (136.72± 2.74 and 123.72±2.01 ) followed by Assuity (128.48± 2.53 and 111.48 ± 
1.90); Manfalouty (120.68±2.58 and 105.68±1.88); Nab El-Gamal (106.91±2.81 and 99.91±2.10) and Balady 
(106.89±2.92 and 96.89±2.59) mg QE g-1 respectively, the total flavonoid contents of the extracts in terms of 
quercetin equivalent (the standard curve equation is y = 0.0067X ± 0.0132, r2 = 0.999). 

Quantitative estimation of the total proanthocyanidin content of the aqueous and methanol extracts of the 
tested cultivars table 1, showed that the methanol and aqueous extracts of Assuity cultivar contains the highest 
percent of proanthocyanidins (305.60±2.02 and 297.26 ±1.92) followed by Nab El-Gamal (339.80±3.52 and 
318.40±2.39); Manfalouty (227.20± 2.02 and 199.49±2.04); Wardy (89.20±1.32 and 82.07±1.33) and Balady 
(85.05±2.16 and 80.92±2.41) µg CE g-1, the total phenols were measured by in terms of catechin equivalent (the 
standard curve equation is y = 0.005 X±0.01472, r2= 0.9950); while quantitative estimation of total 
hydrolysable tannin content of each of the tested cultivars using potassium chlorate reagent and tannic acid as 
standard revealed that the highest percent present in the aqueous and methanol extracts of Manfalouty cultivar 
(779.28±28.10 and 762.90±28.04) followed by Wardy (730.19±29.80 and 693.10±28.27); Assuity 
(691.40±28.35 and 682.52±28.04); Balady (579.30±30.62 and 565.73±28.40) and Nab El-Gamal (519.10±26.30 
and 506.40±25.85) µg TAE g-1 respectively, the total hydrolysable tannin contents of the extracts in terms of 
tannic acid equivalent (the standard curve equation is y = 0.0038 X±0.01608, r2= 0.9703). 

   
Table 1: Total phenolic, flavonoid, proanthocyanidin and hydrolysable tannin contents of aqueous and methanol extracts of five selected  
               Egyptian pomegranate cultivars: 

 
 

Cultivar 

Total 
Phenolic 
content 

(mg GAE g-1) 

Total 
Flavonoid 

content 
(mg QE g-1) 

Total 
Proanthocyanidin 

content 
(μg CE g-1) 

Total 
Hydrolysable tannin 

content 
(μg TAE g-1) 

Aqueous 
extract 

Methanol 
extract 

Aqueous 
extract 

Methanol 
extract 

Aqueous 
extract 

Methanol 
extract 

Aqueous 
extract 

Methanol 
extract 

Assuity 224.62 
±4.84 

190.44 
± 3.02 

111.48 
± 1.90 

128.48 
± 2.53 

297.26 
± 1.92 

305.60 
± 2.02 

691.40 
±28.35 

682.52 
±28.04 

Balady 179.30 
± 4.82 

158.30 
± 4.15 

96.89 
± 2.59 

106.89 
± 2.92 

80.92 
± 2.41 

85.05 
± 2.16 

579.30 
±30.62 

565.73 
±28.40 

Manfalouty 189.18 
± 3.07 

163.70 
± 3.47 

105.68 
± 1.88 

120.68 
± 2.58 

199.49 
±2.04 

227.20 
± 2.02 

779.28 
±28.10 

762.90 
±28.04 

Nab-El Gamal 193.39 
± 3.79 

148.13 
± 2.99 

99.91 
± 2.10 

106.91 
± 2.81 

318.40 
± 2.39 

339.80 
± 3.52 

519.10 
±26.30 

506.40 
±25.85 

Wardy 246.37 
± 4.61 

214.91 
± 3.29 

123.72 
± 2.01 

136.72 
± 2.74 

82.07 
± 1.33 

89.20 
± 1.32 

730.19 
±29.80 

693.10 
±28.27 

The tabulated values are means ± S.D. where n=3. 
 
 Qualitative TLC-DPPH assay of the tested extracts showed that they all are active compounds as DPPH 

scavengers appearing as zones with different Rf values at in the chromatogram, these results directed the 
research to quantitative estimation of the antioxidant capacity of each extract individually. 

Spectrophotometric quantitative estimation using DPPH method of the antioxidant potential of the aqueous 
and methanol extracts at three dose levels 500, 750 and 1000µg ml-1 revealed that they possesses significant free 
radical scavenging potential at all tested dose levels and the most effective dose is 1000 µg ml-1  which is proven 
to be more potent when compared with the reference synthetic antioxidant butylated hydroxytoluene (BHT), the 
most significant free radical scavenging effect indicated as percent free radical scavenging table 2, figure 1 
which proved that the higher potency was recorded for the aqueous and methanol extracts of Assuity 
(98.20±1.93 and 94.37±1.81) followed by Wardy  (95.28±1.73 and 92.30±1.92),  Manfalouty (90.15±1.70 and 
88.03±1.96), Nab El-Gamal (89.72±1.62 and 87.30±1.87) and Balady (85.19±1.52 and 82.04±1.30) respectively 

http://en.wikipedia.org/w/index.php?title=Petrea_volubilis&action=edit&redlink=1�
http://en.wikipedia.org/w/index.php?title=Petrea_volubilis&action=edit&redlink=1�
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and these extracts have highest calculated percent of total flavonoids i.e. 66, 85.8 & 88.7mg % & of total 
phenolic compounds i.e. 140.43, 86.17 and 88.70 mg % respectively. 

    
Table 2: Antioxidant effect of aqueous and methanol extracts of five selected Egyptian pomegranate cultivars: 

Cultivar 
 

Medicinal Plant 
 

% Scavenging* 
1000  µgml-1 750 µg ml-1 500 µgml-1 

Aqueous 
extract 

Methanol 
extract 

Aqueous 
extract 

Methanol 
extract 

Aqueous 
extract 

Methanol 
extract 

Assuity 98.20 ± 0.93 92.37 ± 1.01 82.16 ± 0.71 89.93 ± 0.70 61.90 ± 0.62 69.21 ± 0.60 
Balady 85.19 ± 0.92 82.04 ± 0.90 65.20 ± 0.60 73.90 ± 0.62 65.73 ± 0.50 62.80 ± 0.52 

Manfalouty 90.15 ± 1.00 88.03 ± 0.96 71.44 ± 0.78 79.47 ± 0.73 58.38 ± 0.59 66.10 ± 0.57 
Nab- El Gamal 89.72 ± 1.02 87.30 ± 1.01 68.10 ± 0.72 85.03 ± 0.68 56.70 ± 0.60 65.83 ± 0.54 

Wardy 95.28 ± 1.03 94.30 ± 1.02 
 

85.40 ± 0.80 83.18 ± 0.82 66.18 ± 0.67 75.30 ± 0.62 

*EC50 for Butyl hydroxyl toluene (BHT) is 400 µg ml-1 equivalent to 93±0.50 % scavenging 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Total phenolic content and percent DPPH radical scavenging effect in aqueous and methanol extracts of 
five selected Egyptian pomegranate cultivars. 

 
Fortunately, the anticancer screening of the tested extracts on Hepg 2 and U251 cell lines table 3, figure 2 

revealed that the most potent extracts expressed as the least IC50 compared to the anticancer standard Cisplatin 
were the aqueous and methanol extracts of  Wardy cultivar (0.34±0.05 and 0.40±0.18), Assuity (0.36±0.02 and 
0.50±0.01), Manfalouty (0.42±0.02 and 0.60±0.15), Nab El Gamal (0.43±0.02 and 0.60±0.16) and Balady 
(0.61±0.03 and 0.85±0.18) μg ml-1 for Hepg 2  cell line, while for  U251 cell line the most active were the 
methanol and aqueous extracts of Wardy cultivar (0.40±0.15 and 0.42±0.12), Assuity (0.45±0.20 and 
0.56±0.19), Manfalouty (0.51± 0.02 and 0.55±0.17), Nab El Gamal (0.57±0.19 and 0.59±0.22) and Balady 
(0.59±0.19 and 0.64±0.24) μg ml-1 . 

 
Table 3: Anticancer effect of aqueous and methanol extracts of the selected Egyptian pomegranate cultivars: 

Cultivar 
Medicinal Plant 

 

Cytotoxic Effect*  IC50 ( μ g ml-1) 
Hepg2 U 251 

Aqueous extract Methanol extract Aqueous extract Methanol extract 
Assuity 0.36±0.02 0.50±0.10 0. 56±0.20 0.45±0.19 
Balady 0.61±0.03 0.85±0.19 0. 64±0.19 0.59±0.24 

Manfalouty 0.42±0.02 0.60±0.15 0.55±0.17 0.51±0.18 
Nab- El Gamal 0.43±0.02 0.60±0.16 0.59±0.19 0.57±0.22 

Wardy 0.34±0.05 0.40±0.18 0.42±0.15 0.40±0.12 
*IC50 for Cisplatin was 0.87 for Hepg2 and 0.56 µg ml-1 for U251. 
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Fig. 2: Anticancer effect of aqueous and methanol extracts of five selected Egyptian pomegranate cultivars. 
 
The anticancer effect can be attributed to the moderate the existence of the total phenolic and flavonoid 

content in the tested extracts meanwhile the antioxidant effect is mainly referred to their flavonoid content 
mainly as evidenced by the gained data.  

This study presented a comprehensive comparison among the most widely consumed five pomegranate 
cultivars in Egypt on the basis of their total phenolic, flavonoid, proanthocyanidin and hydrolysable tannin 
content as well as their antioxidant and anticancer effects, in conclusion, the study revealed that the Wardy 
cultivar is the most generous source of polyphenol compounds as it was monitored by its highest phenolic 
content and also can serve as powerful natural antioxidant and anticancer against both Hepg2 and U251 in both 
its aqueous and methanol extracts, followed by the Assuity and Nab-Elgamal cultivars respectively which 
exhibited close results. 

    
References  

 
Abdel-Hady, N.M., G.T.M. Dawoud, A.A. El-Hela and T.A. Morsy, 2011. Interrelation of antioxidant, 

anticancer and antilieshmania effects of some selected Egyptian plants and their phenolic constituents, J. 
Egypt. Soc. Parasitol., 41(3):785-800. 

Abdel-Motaal, A. and S. Shaker, 2011. Anticancer and Antioxidant Activities of Standardized Whole Fruit, 
Pulp, and Peel Extracts of Egyptian Pomegranate, The Open Conference Proceedings Journal, 2: 41-45. 

Ackland, M.L., S. Van De-Waarsenburg and R. Jones, 2005. Synergistic antiproliferative action of the flavonols 
quercetin and kaempferol in cultured human cancer cell lines, In Vivo, 19: 69-76.  

Adhami, V.M. and H. Mukhtar, 2006. Polyphenols from green tea and pomegranate for prevention of prostate 
cancer, Free Rad. Res., 40(10): 1095-1104. 

Ajaikumar, K.B., M. Asheef, B.H. Babu and J. Padikkala, 2005. The inhibition of gastric mucosal injury by 
Punica granatum L. (pomegranate) methanolic extract, J. Ethnopharmacol., 96: 171-176. 

Al-Said, F.A., L.U. Opara and R.A. Al-Yahyai, 2009. Physico-chemical and textural quality attributes of 
pomegranate cultivars (Punica granatum L.) grown in the Sultanate of Oman, J Food Eng, 90: 129-134. 

Althunibat, O.Y., A.H. Al-Mustafa, K. Tarawneh, K.M. Khleifat, B.H. Ridzwan and H.N. Qaralleh, 2010. 
Protective role of Punica granatum L. peel extract against oxidative damage in experimental diabetic rats, 
Process Biochem., 45: 581-585. 

Al-Zoreky, N.S., 2009. Antimicrobial activity of pomegranate (Punica granatum L.) fruit peels, Int. J. Food 
Microbiol., 134: 244-248. 

Aviram, M. and M. Rosenblat, 2013. Pomegranate for Your Cardiovascular Health, Rambam Maimonides 
Medical Journal, 4: 2-13. 

Çam M. and Y. Hışıl, 2010. Pressurised water extraction of polyphenols from pomegranate peels. Food Chem., 
123(3): 878-885. 

Cartea, M.E., M. Francisco, P. Soengas and P. Velasco, 2011.  Phenolic Compounds in Brassica Vegetables, 
Molecules, 16: 251-280; doi: 10.3390/molecules16010251 

Cavin, A, K. Hostettmann, W.Y. Dyatm and O. Potterat, 1998. Antioxidant and lipohilic constituents of Tino 
spora crispa. Planta Med., 64: 393-6.  



4829 
J. Appl. Sci. Res., 9(8): 4823-4830, 2013 
 
Cerdá, B., J.J. Cerón, F.A. TomásBarberán  and J.C. Espín, 2003a. Repeated oral administration of high doses of 

pomegranate ellagitannin punicalagin to rats for 37 days is not toxic, J. Agric. Food Chem., 51: 3493-3501. 
Cerdá, B., R. Llorach, J.J. Cerón, J.C. Espín and F.A. TomásBarberán, 2003b. Evaluation of the bioavailability 

and metabolism in rats of punicalagin, an antioxidant  polyphenol from pomegranate juice. Eur J Nutr , 42: 
18-23. 

Djeridane A., Y.M. Nadjemi, D. Boutassouna, P. Stocker and N. Vidal, 2006. Antioxidant activity of some 
Algerian medicinal plants extracts containing phenolic compounds, Food Chem., 97(4): 654-660. 

Eghdami, A., M.S. Moghaddasi and F. Sadeghi, 2011. Determination of Antioxidant Activity of Juice and Peel 
Extract of Three Varieties of Pomegranate and Clinical Study, Advances in Environmental Biology, 5(8): 
2282-2287.  

El-Hela, A.A., N.M. Abdel-Hady, G.T.M. Dawoud, A.M. Hamed and T.A. Morsy, 2013. Phenolic content, anti-
oxidant potential and Aedes aegyptii ecological friend larvicidal activity of some selected Egyptian plants, 
J. Egypt. Soc. Parasitol., 43(1): 215-234.  

Elliott, A.C. and W.A. Woodward, 2007. Statistical Analysis Quick Reference Guidebook: With SPSS 
examples. ISBN: 9781412925600 

Endo, E.H., D.A.G. Cortéz, T. Ueda-Nakamura, C.V. Nakamura and B.P.D. Filho, 2010. Potent antifungal 
activity of extracts and pure compound isolated from pomegranate peels and synergism with fluconazole 
against Candida albicans, Res. Microbiol., 161: 534-540. 

Gálvez, M., M. Martín-Cordero, J. and J. María, 2005. Antioxidant activity of Plantago bellardii All.,  
Phytother. Res., 19(12): 1074-6. 

Gil, M.I., F.A. Tomas-Barberan, B. Hess-Pierce, D.M. Holcroft and A.A. Kader, 2000. Antioxidant activity of 
pomegranate juice and its relationship with phenolic composition and processing, Journal of Agricultural 
and Food Chemistry, 48: 4581-4589. 

Gözlekçi, Ş., O. Saraçoğlu, E. Onursal and M. Özgen, 2011. Total phenolic distribution of juice, peel, and seed 
extracts of four pomegranate cultivars, Phcog Mag, 7: 161-164. 

Hajimahmoodi, M., M.R. Oveisi, N. Sadeghi, B. Jannat, M. Hajibabi, E. Farahani,  M.R. Akrami and R. 
Namdar, 2008. Antioxidant properties of peel and pulp hydro-extract in ten Persian pomegranate cultivars, 
Pak J Biol Sci, 11: 1600-1604.  

Hassan, N.A, A. El- Halwagi and H.A. Sayed, 2012. Phytochemicals, Antioxidant and Chemical Properties of 
32 Pomegranate Accessions Growing in Egypt, World Applied Sciences Journal, 16(8): 1065-1073. 

Holland, D., K. Hatib and I. Bar-Ya’akov, 2009. Pomegranate: botany, horticulture, breeding, Horticultural 
Reviews, 35: 127-191. 

Ibrahim, T.A., H.M. El-Hefnawy and A.A. El-Hela, 2010. Antioxidant potential and phenolic acid content of 
certain cucurbitaceous plants cultivated in Egypt, Natural Product Research, 24(16): 1537-1545. 

Jahangir, M., H.K. Kim, Y.H. Choi and R. Verpoorte, 2009. Health-Affecting Compounds in Brassicaceae. 
Compr. Rev. Food Sci. Food Saf., 8: 31-43. 

Jaiswal, V., A. Der-Marderosian and J.R. Porter, 2010. Anthocyanin and polyphenol oxidase from dried arils of 
pomegranate (Punica granatum L.), Food Chem, 118: 11-16.   

Kelm, M.A., F.H. John and H.S. Harold, 2005. Identification and quantitation of flavanols and 
proanthocyanidins in foods: How good are the datas?, Clinical & Developmental Immunology, 12(1): 35-
41. 

Kowalski, I., A. Samojedny, M. Paul, G. Pietsz and T.Wilczok, 2005. Effect of kaempferol on the production 
and gene expression of monocyte chemoattractant protein-1 in J7742 macrophages, Pharmacol. Rep., 57: 
107-112. 

Lansky, E.P. and R.A. Newman, 2007. Punica granatum (pomegranate) and its potential for prevention and 
treatment of inflammation and cancer, J. Ethnopharmacol., 109: 177-206.  

Li, Y., C. Guo, J. Yang, J. Wei, J. Xu and S. Cheng, 2006. Evaluation of antioxidant properties of pomegranate 
peel extract in comparison with pomegranate pulp extract, Food Chem, 96: 254-260.  

Machado, T .B., I.C. Leal, A. Claudia and F. Amaral, 2002. Antimicrobial Ellagitannin of Punica granatum 
fruits, J. Braz. Chem. Soc., 13: 5-11. 

Martınez, J.J., P. Melgarejo, F. Hernandez, D. Salazar and R. Martınez, 2006. Seed characterization of five new 
pomegranate varieties, Sci Hort, 110: 241-246.  

Miguel, M.G., M.A. Neves, M.D. Antunes, 2010. Pomegranate (Punica granatum L.): A medicinal plant with 
myriad biological properties - A short review. J Med Plants Res., 4: 2836-2847. 

Mousavinejada, G., Z. Emam-Djomeha, K. Rezaei and M.H. Khodaparast, 2009. Identification and 
quantification of phenolic compounds and their effects on antioxidant activity in pomegranate juices of 
eight Iranian cultivars, Food Chemistry, 115: 1274-1278. 

Olapour, S., E. Mousavi, M. Sheikhzade, O. Hoseininezhad and H. Najafzadeh, 2009. Evaluation anti-diarrheal 
effects of pomegranate peel extract, J. Iran. Chem. Soc., 6: 115-143. 

http://lib.bioinfo.pl/auth:Gálvez,M�
http://lib.bioinfo.pl/auth:Martín-Cordero,C�
http://lib.bioinfo.pl/auth:Ayuso,MJ�
http://lib.bioinfo.pl/pmid:16372378�


4830 
J. Appl. Sci. Res., 9(8): 4823-4830, 2013 
 
Rajan, S., S. Mahalakshmi, V.M. Deepa, K. Sathya, S. Shajitha and T. Thirunalasundari, 2011. Antioxidant 

Potentials of Punica granatum Fruit Rind Extracts, International Journal of Pharmacy and Pharmaceutical 
Sciences, 3(3): 82-88. 

Rather, R.A., C. Swetha and K. Rajagopal, 2010. Screening of peel extracts as antioxidants, anticancer agents 
and antimicrobials, Advances in Bioresearch, 1: 29-33. 

Seerama, N.P.,  L.S. Adamsa, S.M. Henninga, Y. Niua, Y. Zhang, M.G. Nair and D. Hebera, 2005. In vitro 
antiproliferative, apoptotic and antioxidant activities of punicalagin, ellagic acid and a total pomegranate 
tannin extract are enhanced in combination with other polyphenols as found in pomegranate juice, Journal 
of Nutritional Biochemistry, 16(6): 360-367. 

Skehan, R, D. Storng, A. Scudier, J. Monks and D. Ncmahnan, 1990. J. Natl. Cancer Inst, 28(13): 1107-42. 
Tzulker, R., I. Glazer, I. Bar-Ilan, D. Holland, M. Aviram and R. Amir, 2007. Antioxidant activity, polyphenol 

content, and related compounds in different fruit juices and homogenates prepared from 29 different 
pomegranate accessions. J. Agric. Food Chemistry, 55: 9559-9570. 

Viuda-Martos, M., J. Fernandez-Lopez and J.A. Perez-Alvarez, 2010. Pomegranate and its many functional 
components as related to human health, A Review, Compr. Rev. Food Sci., 9: 635-654. 

Wang, R., Y. Ding, R. Liu, L. Xiang and L. Du, 2010. Pomegranate, Bioactivities and Pharma-cokinetics, 
Fruits, Vegetables and Cereal Science and Biotechnology 4 (Special Issue 2), 77-87 @ Global Science 
Books.   

Yoshimura, M., Y. Watanabe, K. Kasai, J. Yamakoshi and T. Koga, 2005. Inhibitory effect of an ellagic acid-
rich pomegranate extracts on tyrosinase activity and ultraviolet-induced pigmentation, Biosci, Biotechnol 
and Biochem, 69: 2368-2373. 

Zhou, K. and L. Yu, 2006. Total phenolic contents and antioxidant properties of commonly consumed 
vegetables grown in Colorado, Lebensmittel-Wissenschaf and Technologie, 39(10): 1155-1162. 


