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ABSTRACT 

In recent times, pomegranate has been one of Turkey’s most important commercial fruit crops for 

consumption and export. In this study, the chemical composition of pomegranate (Punica granatum L.) 

fruits grown in the central area of Bitlis province (Eastern Turkey) was investigated. For this purpose, total 

phenolic content, ascorbic acid content, total anthocyanin and antioxidant activity and minerals content 

were evaluated. The highest total phenolic contents were determined in 13BIT1 (6477.78 mg gallic acid 

equivalents 100 g–1 fresh matter). The highest ascorbic acid was determined in 13BIT2 of pomegranate 

genotype (60.78 mg 100 g–1). Radical scavenging activity (DPPH) were determined between 13BIT18 

(78.15) to 13BIT1 (31.49). Total anthocyanin of genotypes was measured between 13BIT19 (156.03) to 

13BIT17 (55.37), respectively. The highest mineral compositions of the pomegranate genotypes were 

998.00% N, 301.00 mg 100 g–1 P, 1708.61 mg 100 g–1 K, 55.21 mg 100 g–1 Ca, 116.79 mg 100 g–1 Mg,  

5.1 mg 100 g–1 Fe, 1.91 mg 100 g–1 Cu, 0.41 mg 100 g–1 Mn and 1.20 mg 100 g–1 Zn, respectively. 

The results indicate that pomegranate genotypes have an important value of health and nutrition  

for the human. 
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INTRODUCTION 

Pomegranate (Punica granatum L.) is from Puni-

caceae family, the only species in Punica genus in 

Punica granatum L., all forms of formations are of 

the same species [Levin 2006]. Pomegranate (Punica 

granatum L.) is a perennial plant that develops in  

a shrub form and has a strong root system. 

Pomegranate homeland is known mainly in Iran, 

South and South East of Turkey, the Middle East, the 

Caucasus and North India [Lye 2008, Ünal 2011]. 

In particular, its successful adaptation to the Mediter-

ranean climate has produced a widespread in differ-

ent countries thus originating different regional geno-
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types throughout the centuries [Ferrara et al. 2011]. 

Pomegranate has been planted and farmed over the 

whole Anatolia since age-old times [Ercisli 2004, 

Orhan et al. 2014] and the commercial cultivation of 

pomegranate is confined to Mediterranean, Aegean 

and South East Anatolia regions in Turkey [Ercisli et 

al. 2007, Ozgen et al. 2008].  

Genetically, it is a very dense crown with a very 

shallow and often branched. The flowers are her-

maphrodite and have a large fruit, spherical, slightly 

flattened from the top. Pomegranate is a tropical and 

subtropical climate plant. Pomegranate with high 

adaptability can be grown in limited temperate re-

gions in temperate climatic regions [İkinci 2007]. 

Pomegranate juice contains important phenolic 

substances. Gallil type tannins, especially del-

phinidin, cyanidin, pelargonidin 3-glycoside and  

3,5-diglycoside anthocyanins, ellagic acid and its 

derivatives are important components of antioxidant 

activity [Miguel et al. 2004]. 

Phenolic compounds are substances that contrib-

ute to the color and sensory properties of many fruits, 

vegetables and beverages. Research which is con-

ducted in recent years has shown that phenolic com-

pounds commonly found in plant products are very 

useful compounds for health reasons due to their 

antioxidant activities. Epidemiologic studies have 

shown that phenolic-rich foods have positive effects 

such as inhibiting many diseases, including cardio-

vascular diseases and cancer, including diseases, and 

delaying aging [Gil et al. 2000, Aviram et al. 2004]. 

Antioxidant activity of phenolic compounds;  

free radicals and hydrogen atoms or electrons,  

and inactivating certain enzymes [Tsao et al. 2003, 

Balasundram et al. 2006]. 

Chemical properties of pomegranate juice are af-

fected by factors such as fruit variety, growing area, 

soil structure, climatic conditions, maturity status, 

and cultural practice. Accordingly, pomegranate juice 

contains vitamins, minerals, sugars, phenolic com-

pounds, organic acids and so on. variations in terms 

of chemical composition were revealed by many 

researchers [Gil et al. 2000, Poyrazoglu et al. 2002, 

Melgarejo et al. 2006]. 

Nowadays, interest in functional foods has in-

creased with the increase in the health effects of 

foods and the awareness of healthy eating [İşleroğlu 

et al. 2005]. There are many has higher antioxidant 

activity than other fruit juices due to phenolic com-

pounds [Gil et al. 2000, Seeram et al. 2008]. Pome-

granate extracts have antimicrobial and antiviral ac-

tivity [Vidal et al. 2003, Neurath et al. 2004, Braga et 

al. 2005, Vasconcelos et al. 2006]. In addition, some 

clinical trials have shown that the substances of the 

pomegranate fruit reduce the blood pressure, reduce 

the low-density lipoprotein (LDL) oxidation signifi-

cantly [Aviram et al. 2000, Aviram and Domfeld 

2001, Aviram et al. 2004, Khan et al. 2007] have 

shown beneficial effects against Alzheimer’s disease 

[Kim et al. 2002], that chemotherapy reduces side 

effects of chemotherapy treatment [Sumner et al. 

2005], tumor formation and development. It is also 

reported that in recent years, pomegranate has been 

classified as a food used in the treatment of AIDS 

disease and is one of nine plants in Japanese patented 

medicines [Lansky and Newman 2007]. 

In a study of macro and micronutrient content and 

seasonal variation of phenols in the pomegranate and 

edible parts of pomegranate, it was reported that the 

content of macronutrient element in the part of the 

pear-fresh part was lower than that of the pomegran-

ate shell. It has been reported that the order of the 

macronutrients on both sides is the order of the ele-

ments K > N > Ca > P > Mg > Na micronutrient  

Fe > Zn > Cu > Mn [Mirdeghan and Rahemi 2007]. 

In this study, certain local genotypes of 

pomegranate growing in Turkey were analyzed. 

We determined some pomegranate genotypes as 

nutrient elements, antioxidant activities and 

phenolic content of some pomegranate genotypes 

grown in Bitlis region of Turkey. In addition, the 

correlation between the biochemical contents of 

pomegranate genotypes investigated was also 

determined and related between them. Therefore, 

we believe that this study will serve as a novel 

source of germplasm for Turkish and international 

breeders searching for variations to develop new 

good commercial varieties. 
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MATERIAL AND METHOD 

Fruits collection. The collection of pomegranate 

fruits was performed in the years 2015 and 2016, in 

villages near the central of Bitlis province (Eastern 

Turkey). The villages were close to each other and 

had almost the same soil and climate characteristics. 

Irrigation was done by drip irrigation. Fruits were 

gathered from mature trees (nearly 30-year-old) lo-

cated in private little orchards. Every the genotype 

elected had a similar maturity date rely on their inter-

nal and external color and the fruits were harvested 

when the green color has gone from fruit surface and 

yellow or red color was appeared. For both years, 

harvesting time varied from mid-end September to 

mid-October. 

Biochemical analysis. The ascorbic acid content 

was detected with modified HPLC procedure sug-

gested by Cemeroglu [2007]. Five milliliters of the 

fruit extracts were supplemented with 2.5% (w/v) 

metaphosphoric acid (Sigma, M6285, 33.5%), then 

centrifuged at 6500 rev min–1 for 10 min at 4°C.  

A 0.5 mL sample of the mixture was increased to  

a final volume of 10 mL with 2.5% (w/v) metaphos-

phoric acid. Supernatants were filtered with 0.45 μm 

PTFE syringe filter (Phenomenex, UK). A C18 col-

umn (Phenomenex Luna C18, 250 mm × 4.60 mm,  

5 µm) was used for the identification of ascorbic acid 

at 25°C. Ultra-distilled water with 1 mL min−1 flow 

rate and pH of 2.2 (acidified with H2SO4) was used as  

a mobile phase. Spectral measurements were made at 

254 nm using a DAD detector. Different standards of 

L-ascorbic acid (SigmaA5960) (50, 100, 500, 1000, 

and 2000 ppm) were used for quantification of ascor-

bic acid readings. 

The method of Folin-Ciocalteau reagent has been 

used to estimate the TPC [Farhan et al. 2012, Zeidan 

et al. 2015]. 100 µL of each used extract and 0.5 mL 

of Folin-Ciocalteau (1/10 dilution in water) were 

mixed with 1.5 mL of Na2CO3 (2%). The mixture 

was incubated in the dark at room temperature for  

30 min. The absorbance of the solution was measured 

at 765 nm using a Gene-Quant 1300 UV-Vis spectro-

photometers. The blank was composed of 0.5 mL of 

selected solvent and 1.5 mL of Na2CO3. The results 

were expressed as milligram of gallic acid equivalent 

(GAE) per gram extract (mg GAE g–1). 

TA content was determined by pH differential 

method using two buffer systems – potassium chloride 

(KCl) buffer (pH 1.0 (25 mM)) and sodium acetate 

buffer (pH 4.5 (0.4 M)) [Ozgen et al. 2009]. Reaction 

mixtures were prepared using 0.4 ml of sample with 

3.6 ml of corresponding buffers separately and absorb-

ance (A) was measured by a UV–Visible spectropho-

tometer (UV Chrome TECH CT-8200) at 510 nm and 

700 nm. Water was used as the blank for juice samples 

and absolute ethanol was used as the blank for peel 

and seed extracts. 

 

(A) = (A 510 nm – A 700 nm) pH 1.0 – 

– (A 510 nm – A700 nm) 

 

The antioxidant activity was practiced according 

to the method of Rammal et al. [2013] using free 

radical DPPH. Increasing concentrations of extracts 

(0.05, 0.1, 0.2, 0.4, 0.5 mg mL–1) were prepared.  

1 mL of each prepared dilution of each extract was 

added to 1 mL of DPPH reagent. The solutions were 

incubated in the dark at room temperature for 30 min 

and the absorbance was measured at 517 nm by  

a Gene-Quant 1300 UV-Vis spectrophotometer.  

The DPPH scavenging ability of peels extracts was 

calculated according to the following equation:  

 

% Scavenging activity =  

= [(Abs control – Abs sample) / Abs control] × 100 

 

Control was prepared by mixing 1 mL DPPH with 

1 mL of selected solvent. The blank was composed of 

1 mL of the selected solvent. 

Nutrient mineral elements content  

Nitrogen content was measured by the Kjeldahl 

method [James 1995]. In order to determine the 

mineral contents of (Mn, Cu, Zn and Fe) pomegran-

ate genotypes, samples were burned with a nitric 
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acid solution, on a hot plaque, at 200°C. Later, the 

absorbance of the essence was measured by atomic 

absorbance spectroscopy. The amounts of minerals 

were measured with a standard curve of every one 

element. But phosphorus content of the pomegran-

ate essence was analyzed by determining the yellow 

absorbance, obtained from the Barton reaction, at 

680 nm, and comparing the results to a standard 

curve [James 1995]. 

Statistical analysis.  The study was planned as 

three repetitions and 10 fruits per repetition. The 

introductory statistics belonging to analysis and 

measurement results were offered as average ± 

standard deviation. In the statistical evaluations, 

Windows SPSS 20 were used and the differences 

between the means was evaluated by subjecting to 

ANOVA variance analysis and determined with 

Duncan multiple comparison tests (p < 0.005). 

RESULTS AND DISCUSSION 

The ascorbic acid, total phenolic, radical scaveng-

ing activity (DPPH) and total anthocyanin content of 

pomegranate genotypes are given in Table 1. Ascor-

bic acid contents of the pomegranate genotypes were 

found to be from 11.12 mg 100 g–1 (13BIT1) to 

60.78 mg 100 g–1 (13BIT2). In terms of total phenol 

content, the highest value was determined at 13BIT1 

variety as 6478.78 mg 100 mL–1 and the lowest value 

was determined at 13BIT17 variety as 891.32 mg 

100 mL–1. The highest DPPH content was determined 

at 13BIT18 variety as (78.15%) and the lowest 

content was determined at 13BIT1 variety (31.49%). 

In terms of total anthocyanin content, the highest 

value was determined at 13BIT19 variety as 

156.03 mg 100 g–1 and the lowest value was 

determined at 13BIT17 variety as 55.37 mg 100 g–1. 

 

 
Table 1. The ascorbic acid, total phenolic, total anthocyanin content and antioxidant activity and of pomegranate 

genotypes 

Genotypes 
Ascorbic acid  

(mg 100 g–1) 

Total fenolics 

 (mg GAE 100 g–1 fresh mass) 

Antioxidant 

activity (%) 

Total anthocyanins  

(mg 100 g–1) 

13BIT1 11.12 u* 6477.78 a 31.49 v 56.25 u 

13BIT2 60.78 a 902.45 u 61.51 j 136.53 g 

13BIT3 12.85 s 6003.14 c 39.68 s 72.73 r 

13BIT4 49.72 d 1118.57 s 36.57 u 144.78 e 

13BIT5 15.25 p 5345.46 e 48.96 p 93.44 n 

13BIT6 57.65 b 1366.67 p 76.57 b 152.37 b 

13BIT7 17.32 n 4000.47 i 55.75 m 110.32 k 

13BIT8 55.58 c 2017.18 n 73.87 d 116.47 j 

13BIT9 19.38 l 3570.53 k 60.54 k 64.32 s 

13BIT10 36.62 f 3159.02 l 70.54 f 128.31 h 

13BIT11 21.45 j 4788.27 g 38.52 t 61.62 t 

13BIT12 22.48 i 3902.74 j 69.91 g 150.52 c 

13BIT13 23.52 h 2497.68 m 64.65 h 98.29 m 

13BIT14 34.55 g 4356.86 h 71.72 e 149.55 d 

13BIT15 18.35 m 1453.15 o 62.53 i 78.45 p 

13BIT16 20.42 k 5111.75 f 74.61 c 138.62 f 

13BIT17 12.15 t 891.32 v 59.86 l 55.37 v 

13BIT18 48.68 e 5959.34 d 78.15 a 124.15 i 

13BIT19 16.28 o 1245.32 r 50.52 o 156.03 a 

13BIT20 60.75 a 6186.42 b 51.52 n 85.56 o 

13BIT21 14.22 r 1001.94 t 46.69 r 102.23 l 

* There are significant differences (p < 0.05) among the cultivars having different letters     
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In a previous study conducted in Turkey, the 

ascorbic acid contents were found to be from 14 mg 

100 g–1 to 69 mg 100 g–1 [Ozgen et al. 2008]. In other 

study conducted in the Riyadh region of Saudi Ara-

bia, the highest ascorbic acid content of pomegranate 

species was found 18 mg 100 g–1 [Al-Maiman and 

Ahmad 2002]. Özsayın [2012] determined that the 

ascorbic acid values obtained from the samples of 

Hicaznarı in Antalya were between 13.2–84.7 mg 

100 g–1. Gündoğdu and Yılmaz [2013], found that the 

content of vitamin C was 12.92 mg L–1, 12.88 mg L–1, 

13.47 mg L–1 and 12.37 mg L–1, respectively, in the 

cultivars of Katırbaşı. Li et al. [2006] found 85 mg  

100 g–1 ascorbic acid in the fruit pulp. Al-Maiman 

and Ahmad [2002] found that the chemical content of 

pomegranate fruits was determined. The ascorbic 

acid levels of the pomegranate fruits examined during 

the study were determined at different maturity peri-

ods. It was reported that the amount of ascorbic acid 

was 26 mg 100 g–1, 25 mg 100 g–1 in the semi-mature 

period and 18 mg 100 g–1 in the full mature period in 

the unopened period. In Iran, the vitamin C contents 

of fruit juices of pomegranate varieties were investi-

gated and it was determined that the content of vita-

min C in pomegranate fruits varied between 0.09–

0.40 mg 100 g–1 [Fadavi et al. 2005]. Vicente et al. 

[2002] found that the content of vitamin C in pome-

granate fruits was 50 mg L–1 in their research. We 

have found that the ascorbic acid content is in parallel 

with the literature we compare with the results we 

have obtained. 

When we look at other studies for total phenolic 

substance; Gil et al. [2000] reported that the phenolic 

substance content in pomegranate juice was in the 

range of 1808–2566 mg GAE L–1 Li et al. [2006] 

determined the total phenolic content of pomegranate 

pulp as 24.4 mg TA g–1. Turgut and Seydim [2013] 

determined the total phenolic content of 11 pome-

granate varieties and genotypes grown in the Medi-

terranean Region as 81.515–138.000 mg GAE 

100 mL–1. Karaca [2011] determined the total phe-

nolic content of industrial pomegranate juice between 

1760.67 and 2513.87 mg L–1. Muhacir-Güzel et al. 

[2014] studies were carried out from pomfrets and all 

the work on several pomegranate treatments and the 

total phenolic content was determined in the range of 

1590–3023 mg L–1. In studies investigating changes 

in the amount of pomegranate juice depending on 

pomegranate maturation and growth conditions, the 

total phenolic content was found to be in the range of 

158–366 mg 100 mL–1. Tezcan et al. [2009] exam-

ined the total phenolic amounts of some commercial 

pomegranate juice and found their results at a range 

of 144–10086 mg GAE L–1. It is seen that the results 

we obtained comparing the results with the ones we 

have found overlap with the literature. It is thought 

that the differences can come from the maintenance 

works such as irrigation and fertilization. 

When we look at other studies related to DPPH 

(radical scavenging activity); Gil et al. [2000] studied 

various commercial pomegranate juice samples and 

found that pomegranate juice has antioxidant activity 

about 3 times higher than red wine and green tea 

samples. In another study, activity was determined in 

vitro using pomegranate seed and seed extracts by the 

DPPH method. The antioxidant activity of the meth-

anol extract of pomegranate husk was found to be 

81% at 50 ppm and 23.2% of the pomegranate meth-

anol extract antioxidant activity at 100 ppm [Singh et 

al. 2002]. Aviram et al. [1999] measured the antioxi-

dant activity of pomegranate waters by the DPPH 

method and found the antioxidant activity of pome-

granate juice as 50 mmol vit. E L–1 as the equivalent 

of vitamin E. Turfan et al. [2011] on pomegranate 

juice, the total antioxidant amount was determined 

as 269–364 mg cyanidin-3-glucoside kg–1. In India, 

the amount of antioxidants in fruit juice of pome-

granate was investigated in a study on pomegranate. 

In this study, it was reported that the antioxidant 

activity measured between 13.0–71.2% [Kulkarni and 

Ardhya 2005]. 

When we look at other studies for total anthocya-

nin; Legua et al. [2000] measured the amount of an-

thocyanin in the fruit growth phase in four different 

pomegranate clones, and the amount of anthocyanin 

in mature fruit varied between 186 mg L–1 and 

271 mg L–1. Aviram et al. [2004] reported that the 

amount of anthocyanin present in the nard was 
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121 mg L–1. Gil et al. [2000] reported between 161.9 

and 387.4 mg L–1. Mena et al. [2013] found that the 

content of total anthocyanin in pomegranate juice 

was found in the range of 109.3 to 182.9 mg cya-

nidin-3-glucoside L–1. It is seen that our results over-

lap with the literature if we compare it with the re-

sults we find. Differences are thought to be due to 

applied analysis methods and climate differences. 

The N, P, K, Ca and Mg values of pomegranate 

fruits varied from 101.20 (13BIT20) to 998.00 

(13BIT7), 228.42 mg 100 g–1 (13BIT1) to 301.00 mg 

100 g–1 (13BIT2), 501.10 mg 100 g–1 (13BIT2) to 

1708.61 mg 100 g–1 (13BIT13), 20.15 mg 100 g–1 

(13BIT1) to 55.21 mg 100 g–1 (13BIT21), and 

26.13 mg 100 g–1 (13BIT1) to 116.79 mg 100 g–1 

(13BIT2), respectively (tab. 2). The micro-mineral 

contents of pomegranate genotypes are shown in 

Table 3. Mangan contents of the pomegranate geno-

types were found to be from 0.16 mg 100 g–1 

(13BIT1) to 0.41 mg 100 g–1 (13BIT16). In terms of 

Cu content, the highest value was determined at 

13BIT15 variety as 1.91 mg 100 g–1 and the lowest 

value was determined at 13BIT8 variety as 0.16 mg 

100 g–1. The highest Zn content was determined at 

13BIT16 variety (1.20 mg 100 g–1) and the lowest 

content was determined at 13BIT6 variety as 

(0.53 mg 100 g–1). In terms of Fe content, the highest 

value was determined at 13BIT4 variety as 5.10 mg 

100 g–1 and the lowest value was determined at 

13BIT1 variety as 2.50 mg 100 g–1. 

 

 
Table 2. The macro nutreint element content of pomegranate genotypes fruits average of 2015–2016 

Genotypes N (%) P (mg 100 g–1) K (mg 100 g–1) Ca (mg 100 g–1) Mg (mg 100 g–1) 

13BIT1 234.25 n* 228.42 v 1347.35 g 20.15 g 26.13 u 

13BIT2 347.15 i 301.00 a 501.10 v 43.19 c 116.79 a 

13BIT3 148.39 t 230.32 t 998.00 k 45.23 b 28.19 s 

13BIT4 229.32 r 300.90 b 1702.11 b 48.26 b 36.46 k 

13BIT5 230.32 p 232.33 r 763.12 n 24.29 f 30.26 p 

13BIT6 301.00 j 297.60 e 856.33 l 45.33 b 31.29 o 

13BIT7 998.00 a 285.40 o 1004.22 j 46.36 b 32.66 n 

13BIT8 232.33 o 295.40 g 505.23 u 47.39 b 34.36 m 

13BIT9 956.33 b 289.50 m 618.32 r 28.43 e 34.39 m 

13BIT10 285.40 m 287.50 n 717.82 o 29.46 e 40.59 g 

13BIT11 518.32 g 291.52 k 807.15 m 29.49 e 82.66 e 

13BIT12 292.10 l 292.10 j 1649.51 c 30.53 e 37.49 j 

13BIT13 300.90 k 293.20 i 1708.61 a 31.56 d 104.73 c 

13BIT14 285.40 m 294.30 h 1481.56 e 32.59 d 39.56 h 

13BIT15 452.26 h 290.51 l 509.22 t 33.63 d 29.23 r 

13BIT16 649.51 e 296.50 f 1387.60 f 34.65 d 41.63 f 

13BIT17 717.82 d 233.33 p 1500.22 d 35.68 d 35.43 l 

13BIT18 781.56 c 298.70 d 1101.10 i 36.72 c 93.69 d 

13BIT19 587.60 f 231.32 s 1202.11 h 37.75 c 38.53 i 

13BIT20 101.20 u 299.80 c 703.11 p 38.78 c 115.76 b 

13BIT21 156.32 s 229.32 u 604.11 s 55.21 a 27.16 t 

* There are significant differences (p < 0.05) among the cultivars having different letters 
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Table 3. Micro mineral content of genotypes 2015–2016 

Genotypes Mn (mg 100 g–1) Cu (mg 100 g–1) Zn (mg 100 g–1) Fe (mg 100 g–1) 

13BIT1 0.16 v* 0.23 t 0.68 lm 2.50  

13BIT2 0.32 e 1.11 s 0.69 l 4.60 b 

13BIT3 0.16 t 1.23 r 0.56 s 2.60 v 

13BIT4 0.36 c 0.21 u 0.75 i 5.10 a 

13BIT5 0.18 p 1.36 o 0.73 j 2.80 s 

13BIT6 0.16 u 1.60 i 0.53 t 4.40 d 

13BIT7 0.19 o 1.40 l 0.68 m 3.10 p 

13BIT8 0.30 f 0.16 v 0.65 p 4.20 f 

13BIT9 0.19 m 1.55 j 0.71 k 3.30 n 

13BIT10 0.23 h 1.68 f 0.75 i 3.90 h 

13BIT11 0.21 k 1.23 p 0.86 h 3.50 l 

13BIT12 0.20 l 1.71 e 0.91 f 4.50 c 

13BIT13 0.23 i 1.89 b 0.96 d 3.70 j 

13BIT14 0.35 d 1.66 h 1.00 c 3.80 i 

13BIT15 0.21 j 1.91 a 1.12 b 3.40 m 

13BIT16 0.41 a 1.38 m 1.20 a 4.10 g 

13BIT17 0.17r 1.48 k 0.72 k 3.20 o 

13BIT18 0.27g 1.67 g 0.67 n 4.30 e 

13BIT19 0.19 n 1.80 c 0.89 g 2.90 r 

13BIT20 0.39 b 1.74 d 0.95 e 3.60 k 

13BIT21 0.17 s 1.37 n 0.56 r 2.70 t 

* There are significant differences (p < 0.05) among the cultivars having different letters 

 

Chauhan et al. [1991] reported that K > Na > Ca > 

Mg > P > Zn > Fe > Cu is the most abundant element 

in fruit of pomegranate, respectively. Gündoğdu et al. 

[2017], fruit juices of the pomegranate genotypes var-

ied from 329.123 to 943.684 ppm, potassium content 

from 93.375 to 985.600 ppm and calcium content from 

63.477 to 142.703 ppm. The iron content in the study 

was 1.337–41.741 ppm, manganese content 0.281–

3.346 ppm, zinc content 0.050–0.223 ppm, copper 

content 0.253–2.388 ppm and magnesium content 

38.672–92.948 ppm. The content of oxalic acid in 

pome fruit juices is 0.017–0.447 g L–1, the content of 

malic acid is 1.008–2.718 g L–1, the content of citric 

acid is 0.6161–6.408 g L–1, the content of succinic acid 

is 0.059–0.396 g L–1, the content of fumaric acid is 

0.044–0.882 g L–1 and tartaric acid content ranged 

from 0.029 to 0.094 g L–1. Salma et al. [2001] found 

that the content of pomegranate Mg was 28.7 mg g–1. 

Al-Maiman and Ahmad [2002] reported that the con-

tents of K, Na, Mg and Ca of pomegranate fruit were 

higher than other elements, that the contents of Cu, Zn 

and Ca were high in pomegranate seeds and K, Na and 

Fe contents were high in pomegranate juice. Gölükcü et 

al. [2008] were determined contents of potassium 

(0.308–1.399%), phosphorus (0.252–0.650%), calcium 

(0.143–0.281%), magnesium (0.107–0.276%), 

iron (26.69 mg kg), zinc (15.23–40.26 mg kg),  

copper (24.03–38.53 mg kg–1) and manganese 

(6.18–13.12 mg kg–1) between 15 pomegranate gen-

otypes, respectively. Dumlu and Gürkan [2007] 
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analyzed the nutrient elements in 12 different pom-

egranate species and they found contents of potassi-

um (250–1200 ppm), calcium (35–326 ppm), mag-

nesium (176–427 ppm) iron (21–46 ppm) and phos-

phorus (12–43 ppm) in Turkey. Differences are 

considered to be due to applied analysis methods 

and climate differences. In this study, the relation-

ship between nutrient elements and other biochemi-

cal compounds was found to be statistically positive 

at P 0.05 between N and Cu. It was determined that 

there is a strong positive correlation between phos-

phorus, vitamin C, total antioxidant activity and 

total anthocyanin, and statistically significant at  

P < 0.01 level (tab. 4).  

 

 
Table 4. Correlation between nutrients and other bioactive compounds 

 P K Ca Fe Mg Mn Cu Zn Vitamin C 
Total 

phenolic 
DPPH 

Total  

antocyanin 

N  0.13 0.03 –0.13 –0.06 –0.05 –0.13 0.26* 0.08 –0.27 –0.01 0.24 –0.11 

P   –0.04 –0.20 0.81** 0.46** 0.61** 0.10 0.34** 0.67** –0.05 0.55** 0.39** 

K    –0.13 0.18 –0.07 0.11 –0.02 0.29* –0.24 0.08 –0.04 0.23 

Ca     –0.16 –0.10 –0.12 0.00 –0.17 –0.11 –0.16 –0.10 –0.02 

Fe      0.33** 0.60** –0.12 0.14 0.74** –0.28 0.51** 0.63** 

Mg       0.44** 0.23 0.19 0.51** 0.13 0.11 0.01 

Mn        –0.13 0.50** 0.59** 0.10 0.26* 0.39** 

Cu         0.38** –0.17 –0.01 0.42** 0.10 

Zn          –0.14 0.13 0.22 0.12 

Vitamin C           –0.15 0.38** 0.46** 

Total phenolic            –0.16 –0.29 

DPPH             0.49** 

Total antocyanin 

(V13) 
           1.0 

* P ≤ 0.05,  ** P ≤ 0.01 

 

 

CONCLUSIONS 

When the biochemical contents of examined 

pomegranate genotypes are examined; 13BIT2 and 

13BIT20 genotypes in terms of ascorbic acid con-

tent, 13BIT1 genotype in total phenolic content, 

13BIT18 genotype in total antioxidant content and 

13BIT19 genotype in terms of total anthocyanin 

content. When the contents of macro and micronu-

trients of pomegranate fruits are examined, it is seen 

that the order is approximately N ˃ K ˃ P ˃ Mg-Ca 

˃ Fe ˃ Zn-Cu ˃ Mn. When we look at the correla-

tion between nutrients and other biochemicals in 

this research, especially P, Fe, and Mn contents, and 

total anthocyanin (P ≤ 0.01). In the study, a statisti-

cally similar relationship was also found between 

total antioxidant content and P, Fe, Cu and Vita-

min C. As a conclusion of this study, it can be said 

that pomegranate fruits are a valuable horticultural 

product, based on their rich and beneficial nutrient 

composition. Certain growing conditions and cultural 

management techniques, affecting the nutritional 

value of pomegranate genotypes, will be the subject 

of further research projects. 



Okatan, V., Çolak, A.M., Güçlü, S.F., Gündoğdu, M. (2018). The comparison of antioxidant compounds and mineral content in 
some pomegranate (Punica granatum L.) genotypes grown in the East of Turkey. Acta Sci. Pol. Hortorum Cultus, 17(4), 201–211. 
DOI: 10.24326/asphc.2018.4.18  
 

 

www.hortorumcultus.actapol.net 209 

REFERENCES 

Al-Maiman, S.A., Ahmad, D., (2002). Changes in physical 

and chemical  properties  during  pomegranate   (Punica 

granatum L.) fruit maturation. Food Chem., 76(4), 

437–441. 

Aviram, M., Rosenblat, M., Billecke, S., Erogul, J., 

Sorenson, R., Bisgaier, C.L., Neton, R.S., La Du, B. 

(1999). Human serum paraoxonase (PON 1) is inacti-

vated by oxidized low density lipoprotein and pre-

served by antioxidants. Free Rad. Biol. Med., 26(7), 

892–904. 

Aviram, M., Dornfeld, L., Rosenblat, M., Volkova, N., 

Kaplan, M., Coleman, R., Hayek, T., Presser, D., 

Fuhrman, B. (2000). Pomegranate juice consumption 

reduces oxidative stress, atherogenic modifications to 

LDL, and platelet aggregation: studies in humans and 

in atherosclerotic apolipoprotein E-deficient mice. Am. 

J. Clin. Nutr., 71(5), 1062–1076. 

Aviram, M., Dornfeld, L. (2001). Pomegranate juice con-

sumption inhibits serum angiotensin converting en-

zyme activity and reduces systolic blood pressure. Ath-

erosclerosis, 158(1), 195–198. 

Aviram, M., Rosenblat, M., Gaitini, D., Nitecki, S., Hoff-

man, A., Dornfeld, L., Volkova, N., Presser, D., Attias, 

J., Liker, H., Hayek, T. (2004). Pomegranate juice con-

sumption for 3 years by patients with carotid artery ste-

nosis reduces common carotid intima-media thickness, 

blood pressure and LDL oxidation. Clin. Nutr., 23(3), 

423–433. 

Balasundram, N., Sundram, K., Samman, S. (2006). Phe-

nolic compounds in plants and agri-industrial by-

products: Antioxidant activity, occurrence, and poten-

tial uses. Food Chem., 99(1), 191–203. 

Braga, O., Smythe, G.A., Schäfer, A.I., Feitz, A.J. (2005). 

Steroid estrogens in ocean sediments. Chemosphere, 

61(6), 827–833. 

Cemeroglu, B. (2007). Food analysis. Food Technology 

Society Publication, No. 34, Ankara, 168–171. 

Chauhan, K.S., Pundir, J.P.S., Singh, S. (1991). Studies on 

the mineral composition of certain fruits. Haryana 

J. Hort. Sci., 20(3–4), 210–213. 

Dumlu, M.U., Gurkan, E. (2007). Elemental and nutritional 

analysis of Punica granatum from Turkey. J. Med. 

Food., 10(2), 392–395. 

Ercisli, S. (2004). A short review of the fruit germplasm 

resources of Turkey. Gen. Res. Crop Evol., 51(4),  

419–435. 

Ercisli, S., Agar, G., Orhan, E., Yildirim, N., Hizarci, Y. 

(2007). Interspecific variability of RAPD and fatty acid 

composition of some pomegranate cultivars (Punica 

granatum L.) growing in Southern Anatolia Region in 

Turkey. Biochem. Syst. Ecol., 35, 764–769. 

Fadavi, A., Barzegar, M., Azizi, M.H., Bayat, M., (2005). 

Note. Physicochemical composition of ten pomegran-

ate cultivars (Punica granatum L.) grown in İran. Food 

Sci. Technol. Int., 11(2), 113–119.  

Farhan, H., Rammal, H., Hijazi, A, Hamad, H., Badran, B. 

(2012). Phytochemical screening and extraction of pol-

yphenol from stems and leaves of a Lebanese Euphor-

bia macroclada schyzoceras Boiss. Ann. Biol. Res., 

3(1), 149–156. 

Ferrara, G., Cavoski, I., Pacifico, A., Tedone, L., Mondelli, 

D. (2011). Morpho-pomological and chemical charac-

terization of pomegranate (Punica granatum L.) geno-

types in Apulia region, Southeastern Italy. Sci. Hor-

tic., 130(3), 599–606. 

Gil, M.I., Tomás-Barberán, F.A., Hess-Pierce, B., Holcroft, 

D.M., Kader, A.A. (2000). Antioxidant activity of 

pomegranate juice and its relationship with phenolic 

composition and processing. J. Agric. Food Chem., 

48(10), 4581–4589. 

Gölükcü, M., Tokgöz, H., Kıralan, M., (2008). Ülkemizde 

Yetiştrilen Önemli Nar (punica granatum) Çeşitlerine 

Ait Çekirdeklerin Bazı Özellikleri. Gıda, 33(6), 281–

290. 

Gündoğdu, M., Aşıcı A., Gecer, M.K., Canan, İ., (2017). 

Mardin bölgesinde yetiştirilen nar (Punica gran-

atum L.) genotiplerine ait meyvelerin besin elementleri 

içeriklerinin belirlenmesi. Bahçe, 46, 149–154. 

Gündoğdu, M., Yılmaz, H., (2013). Bazı standart nar 

(Punica granatum L.) çeşitleri ve genotiplerine ait 

meyvelerin C vitamini, şeker ve besin elementleri 

içeriklerinin belirlenmesi. YYÜ. Tar. Bıl. Derg., 23(3), 

242–248. 

İkinci, A (2007). Nar Yetiştiriciliği. Tarım Türk Derg., (7), 

12–16. 

İşleroğlu, H., Yildrim, Z., Yildrim, M. (2005). Fonksiyonel 

bir gıda olarak keten tohumu. Gaziosmanpaşa Üniversi-

tesi Ziraat Fakültesi Dergisi, 22(2), 23–30. 

James, G.S. (1995). Analytical chemistry of foods. Blackie 

Academic and Professional, London, 117–120. 

Karaca, E., (2011). The effect on phenolic compounds 

applied some of the procedures during production of 

pomegrane juice concentrate. Institute of Natural and 



Okatan, V., Çolak, A.M., Güçlü, S.F., Gündoğdu, M. (2018). The comparison of antioxidant compounds and mineral content in 
some pomegranate (Punica granatum L.) genotypes grown in the East of Turkey. Acta Sci. Pol. Hortorum Cultus, 17(4), 201–211. 
DOI: 10.24326/asphc.2018.4.18  
 

 

www.hortorumcultus.actapol.net 210 

Applied Science, University of Çukurova, MSc. Thesis, 

144 pages, Adana, Turkey. 

Khan, N., Afaq, F., Kweon, M.H., Kim, K., Mukhtar, H. 

(2007). Oral consumption of pomegranate fruit extract 

inhibits growth and progression of primary lung tumors 

in mice. Cancer Res., 67(7), 3475–3482. 

Kim, N.D., Mehta, R., Yu, W., Neeman, I., Livney, T., 

Amichay, A., Poirier, D., Nicholls, P., Kirby, A., Jiang, 

W., Mansel, R., Ramachandran, C., Rabi, T., Kaplan, 

B., Lansky, E. (2002). Chemopreventive and adjuvant 

therapeutic potential of pomegranate (Punica gran-

atum) for human breast cancer. Breast Cancer Res. 

Treat., 71(3), 203–217. 

Kulkarni, A.P., Aradhya, S.M. (2005). Chemical changes 

and antioxidand activity in pomegranate arils during 

fruit development. Food Chem., 93, 319–324. 

Lansky, E.P., Newman, R.A. (2007). Punica granatum 

(pomegranate) and its potential for prevention and 

treatment of inflammation and cancer. J. Ethnopharma-

col., 109(2), 177–206. 

Legua, P., Melgarejo, P., Martinez, M., Hernandez, F. 

(2000). Evolution of sugars and organic acid content in 

three pomegranate cultivars (Punica granatum L.). Op-

tions Mediterr., 42, 99–104. 

Levin, G.M. (2006). Pomegranate roads: a Soviet bota-

nist’s exile from Eden. Baer, B.L. (ed.). Floreat Press, 

Forestville, CA, 15–183. 

Li, Y., Guo, C., Yang, J., Wei, J., Xu, J., Cheng, S. (2006). 

Evaluation of antioxidant properties of pomegranate 

peel extract in comparison with pomegranate pulp ex-

tract. Food Chem., 96(2), 254–260. 

Lye, C. (2008). Pomegranate. Preliminary assessment 

of the potential for an Australian Industry. RIRDC Pub-

lication No. 08/153 RIRDC Project No. GPI-1A,  

Barton,  18. 

Martinez, F.O., Gordon, S., Locati, M., Mantovani, A. 

(2006). Transcriptional profiling of the human mono-

cyte-to-macrophage differentiation and polarization: 

new molecules and patterns of gene expression. J. Im-

munol., 177(10), 7303–7311. 

Melgarejo, Z.H., Suárez, O.M., Sridharan, K. (2006). Wear 

resistance of a functionally-graded aluminum matrix 

composite. Scripta Mater., 55(1), 95–98. 

Mena, P., Vegara, S., Martí, N., García-Viguera, C., Saura, 

D., Valero, M. (2013). Changes on indigenous micro-

biota, colour, bioactive compounds and antioxidant ac-

tivity of pasteurised pomegranate juice. Food Chem., 

141(3), 2122–2129. 

Miguel, E., Satyanath, S., Sergenti, E. (2004). Economic 

shocks and civil conflict: An instrumental variables ap-

proach. J. Polit. Econ., 112(4), 725–753. 

Mirdehghan, S.H., Rahemi, M. (2007). Seasonal changes 

of mineral nutrients and phenolics in pomegranate 

(Punica granatum L.) fruit. Sci. Hortic., 111(2), 120–

127. 

Muhacir-Güzel, N., Türkyılmaz, M., Yemiş, O., Tağı, Ş., 

Özkan, M. (2014). Changes in hydrolysable and con-

densed tannins of pomegranate (Punica granatum L., 

cv. Hicaznar) juices from sacs and whole fruits during 

production and their relation with antioxidant activi-

ty. Food Sci. Technol., 59(2), 933–940. 

Neurath, A.R., Strick, N., Li, Y.Y., Debnath, A.K. (2004). 

Punica granatum (Pomegranate) juice provides an 

HIV-1 entry inhibitor and candidate topical microbi-

cide. BMC Infect. Dis., 4(1), 41. 

Orhan, E., Ercisli, S., Esitken, A., Sengul, M. (2014). Mo-

lecular and morphological characterization of pome-

granate (Punica granatum L.) genotypes sampled from 

Coruh valley in Turkey. Genet. Mol. Res., 13(3), 6375–

6382. 

Ozgen, M., Durgaç, C., Serçe, S., Kaya, C. (2008). Chemi-

cal and antioxidant properties of pomegranate cultivars 

grown in the Mediterranean region of Turkey. Food 

Chem., 111(3), 703–706. 

Ozgen, M., Serce., S. Kaya, C. (2009). Phytochemical and 

antioxidant properties of anthocyanin-rich Morus nigra 

and M. rubra fruits. Sci. Hortic., 9, 119–275. 

Özsayın, S., (2012). Determination of nutritional status, 

some fruit quality parameters and antioxidant activity 

of pomegranate orchards (Punica granatum L.) in An-

talya region. Institute of Natural and Applied Science, 

University of Akdeniz, MSc. Thesis, Antalya, 134 pp. 

Poyrazoglu, E., Gokmen, V., Artik, N. (2002). Organic 

acids and phenolic compounds in pomegranates (Puni-

ca granatum L.) grown in Turkey. J. Food Comp. 

Anal., 15, 567–575. 

Rammal, H, Farhan, H, Mohsen, H, Hijazi, A, Kobeissy, 

A, Daher, A, Badran, B. (2013). Antioxidant, cytotoxic 

properties and phytochemical screening of two Leba-

nese medicinal plants. Int. Res. J. Pharm., 4(5), 132–

136. 

Salma, I., Maenhaut, W., Zemplén-Papp, É., Záray, G. 

(2001). Comprehensive characterisation of atmospheric 

aerosols in Budapest, Hungary: physicochemical prop-

erties of inorganic species. Atmos. Environ., 35(25), 

4367–4378. 



Okatan, V., Çolak, A.M., Güçlü, S.F., Gündoğdu, M. (2018). The comparison of antioxidant compounds and mineral content in 
some pomegranate (Punica granatum L.) genotypes grown in the East of Turkey. Acta Sci. Pol. Hortorum Cultus, 17(4), 201–211. 
DOI: 10.24326/asphc.2018.4.18  
 

 

www.hortorumcultus.actapol.net 211 

Seeram, N.P., Aviram, M., Zhang, Y., Henning, S.M., 

Feng, L., Dreher, M., Heber, D. (2008). Comparison of 

antioxidant potency of commonly consumed polyphe-

nol-rich beverages in the United States. J. Agric. Food 

Chem., 56(4), 1415–1422. 

Singh, R.P., Chidambara Murthy, K.N., Jayaprakasha, G.K. 

(2002). Studies on the antioxidant activity of pomegran-

ate (Punica granatum) peel and seed extracts using in 

vitro models. J. Agric. Food Chem., 50(1), 81–86. 

Sumner, M.D., Elliott-Eller, M., Weidner, G., Daubenmier, 

J.J., Chew, M.H., Marlin, R., Raisin, C.J., Ornish, D. 

(2005). Effects of pomegranate juice consumption on 

myocardial perfusion in patients with coronary heart 

disease. Am. J. Cardiol., 96(6), 810–814. 

Tezcan, F., Gültekin-Özgüven, M., Diken, T., Özçelik, B., 

Erim, F.B. (2009). Antioxidant activity and total phe-

nolic, organic acid and sugar content in commercial 

pomegranate juices. Food Chem., 115(3), 873–877. 

Tsao, R., Yang, R., Young, J.C., Zhu, H. (2003). Polyphe-

nolic profiles in eight apple cultivars using high-

performance liquid chromatography (HPLC). J. Agric. 

Food Chem., 51(21), 6347–6353. 

Turfan, Ö., Türkyılmaz, M., Yemiş, O., Özkan, M. (2011). 

Anthocyanin and colour changes during processing of po- 

megranate (Punica granatum L., cv. Hicaznar) juice from 

sacs and whole fruit. Food Chem., 129(4), 1644–1651. 

Turgut, D.Y., Seydİm, A.C. (2013). Organic acid and sugar 

composition of some pomegranate (Punica granatum 

L.) cultivars and genotypes grown in the Mediterranean 

Region of Turkey. Akad. Ziraat Derg., 2(1), 35–42. 

Ünal, A. (2011). Bahçe Tarımı – II. Yumuşak Çekirdekli 

Meyve Türleri ve Nar Yetiştiriciliği, Şeniz, V., 

Erdoğan, V. (eds), T.C. Anadolu Üniversitesi Yayını 

No: 2358, Eskişehir, s. 16–19. 

Vasconcelos, L.C.D.S., Sampaio, F.C., Sampaio, M.C.C., 

Pereira, M.D.S.V., Higino, J.S., Peixoto, M.H.P. 

(2006). Minimum inhibitory concentration of adher-

ence of Punica granatum Linn (pomegranate) gel 

against S. mutans, S. mitis and C. albicans. Braz. Den-

tal J., 17(3), 223–227. 

Vicente, A.P., Izquierdo, A.G., Viguera, C.G., (2002). In: 

Vitro gastrointestinal digestion study of pomegranate 

juice phenolic compounds, anthocyanins, and vitamin 

C. J. Agric. Food Chem., 50(8), 2308–2312. 

Vidal, G., Latorre, J.I., Rico, E., Kitaev, A. (2003). Entan-

glement in quantum critical phenomena. Phys. Rev. 

Lett., 90(22), 227902. 

Zeidan, S, Hijazi, A, Rammal, H, Bazzal, A, Annan, H, 

Alrekaby, AA-AN. (2015). Determination of bioactive 

compound content and antioxidant activity of the Leb-

anese Eryngium creticum L. Eur. Chem. Bull., 4(11), 

498–502. 

 

 

 

 

 
 


