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The phenolics and antioxidant abilities of pomegranate juices (aril juice (AJ) and aril-mesocarp-epicarp mixture juice 

(AMEJ), by-product extracts (extract of aril-mesocarp-epicarp (EAME) and rind extract (ER) were determined and 

compared. The results showed no significant difference in phenolic compositions however ratio of phenolic constituent were 

found different. The total phenolics, total flavonoids and total tannins contents followed the order of ER>EAME>AMEJ>AJ, 

and total anthocyanins followed the trend EAME>AMEJ>AJ>ER. The total antioxidant, total reduction, ABTS
•+

 radical 

scavenging and DPPH
•
 radical scavenging capacities followed the sequence ER>AJ>EAME>AMEJ, AMEJ>ER>EAME>AJ, 

ER>AMEJ>EAME>AJ and AMEJ>ER>AJ>EAME respectively. With the exception of ABTS
•+

 scavenging capacities, 

strongest antioxidant activity found in juices compared to their corresponding purified products. These data suggest that 

phenolics play a vital role in the composition and antioxidant activity of pomegranate products.   
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INTRODUCTION 

 

Pomegranates (Punica granatum L.) belong to the family 

Punicaceae (Still, 2006). Pomegranate is a shrub or small 

tree attaining a height of 4-10 m. The fruit size can differ 

from 6-12 cm in diameter and has a hard, tough skin (Eccles, 

2009), leaves are simple and opposite with entire margins 

and deciduous in nature. The flowers are bisexual and the 

fruit is a berry (Still, 2006) consisting of many closely 

packed red grains (arils), and irregular segments divided by 

non-edible white piths and thin membranes. Each aril 

contains a seed surrounded by edible juicy pulp. . 

Pomegranate domestication started about 3000-4000 BC in 

the North of Iran and Turkey (Lye, 2008), from where it 

spread to other parts of the world e.g. Mediterranean 

countries. There is a growing interest in the use of 

pomegranate fruit regarded as a “healing food” largely 

because it contains a lot of polyphenols, including 

ellagitannin (punicalagin, punicalin, ellagic acid, 

gallotannins etc.), flavonoids (rutin, quercetin, kaempferol 

and luteolin glycosides) and anthocyanins (cyanidin, 

delphinidin and pelargonidin glycosides) (Viuda-Martos et 

al., 2010). Many researchers have proven pomegranate 

phenolics to be good antioxidants (Fujita et al., 1987; 

Yokozawa et al., 1998; Seeram et al., 2005; Castaneda-

Ovando et al., 2009; De Nigris et al., 2007; Zahin et al., 

2010). Many studies have described that food polyphenols 

play important roles in preventing diseases, like 

atherosclerosis, inflammation and cancer, and for inhibiting 

food oxidative deterioration (Jurenka, 2008; Viuda Martos et 

al., 2010). Pomegranate polyphenols are accumulated and 

translocated in different parts of pomegranate fruit. 

Ellagitannins are the predominant phenolics in rind and 

mesocarp, while anthocynins and phenolic acids are rich in 

arils (Fischer et al., 2011). However, they are redistributed 

into different products and by-products during pomegranate 

processing. To validate the use of these products, especially 

to utilize them as nutraceuticals and food additives, for 

human consumption the phenolics profile and antioxidant 

ability should be clearly ascertained. Due to variability and 

structural diversity, identification and analysis of plant 

polyphenols remained challenging area of investigation 

when the complex glycosylation and polymerisation patterns 

and various food matrices are taken into consideration (Tsao, 

2010). Therefore combinations of phytochemicals screening 

methods are employed for evaluation and characterization. 

In addition several assays have also been developed for 

determining the antioxidant activity. Comprehensive 

consideration of different mechanisms behind these assays, 

such as scavenging free radicals, decomposing the peroxides 

and chelating the metal ions is also required (Kim and Lee, 

2004). Furthermore, the assay result had better been 

expressed in comparable forms, such as milligram of gallic 

acid (or trolox) equivalent per gram of the sample.   

The major objective of this study was to quantify phenolics 

contents of pomegranate aril juice (AJ), arils-mesocarp-

epicarp juice (AMEJ), extract of arils-mesocarp-epicarp 

juicing marc (EAME) and rind extract  (ER) by classical and 

advance separation techniques.  The assays applied include 

DPPH
•
 scavenging, ABTS

•+
 scavenging, ferric reducing and 

total antioxidant capacities by in vitro test methods.   Based 
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on the results, phenolics profile and antioxidant activity of 

different pomegranate products have also been compared. 

 

MATERIAL AND METHODS 

 

Chemicals: Folin–Ciocalteu reagent, aluminium chloride, 

casein, potassium ferricyanide, ferric chloride, phosphorus 

molybdenum reagents, 2,2`-azino-bis-(3-ethylbenzothia 

zoline-6-sulphonic acid) (ABTS
•+

), and 2,2-diphenyl-1-

picrylhydrazyl (DPPH
•
) were analytical  reagents purchased 

from Sigma–Aldrich Co. (St. Louis, Missouri, USA). Gallic 

acid, quercetin, cyaniding 3-glucoside, punicalagin, 

catechin, chlorogenic acid, epicatechin, caffeic acid, ferulic 

acid, rutin, ellagic acid, luteolin, quercetin, and kaempferol 

were HPLC grade standards purchased from Vick's 

biological Inc.(Chengdu, Sichuan, China.). 

Products preparation: Jingpitian pomegranate fruits were 

procured from a pomegranate orchard located in Lintong, 

Shaanxi, China and processed immediately. Calyxes and 

surface scars of the fruits were cut off firstly and soaked in 

potassium permanganate solution (1%) for 5 min to disinfect 

then washed with tap water. the clean fruits were squeezed 

by manual juicer to extract aril-mesocarp-epicarp juice 

(AMEJ) and juicing marc. The other half were peeled to get 

rinds (mesocarp and epicarp together) and arils, and then the 

arils were squeezed to get aril juice (AJ). AJ and AMEJ 

were kept at -4°C immediately for further use. The rinds and 

marc were freeze dried and quantities of water loss were 

recorded. Then the dried samples were ground into the 

powder of 80 mesh, defatted with diethyl ether and 

petroleum ether (3:2, v/v) and then extracted with 

H2O/ethanol (4:6, v/v) assisted with 40 kHz ultrasonic wave 

at 20C for 30min for 4 times respectively. The two kinds of 

extracts were  dried, and re-dissolved in equal quantities of 

water as mentioned above respectively and labeled as 

“extract of rind” (ER) and “extract of marc of juicing aril-

mesocarp-epicarp” (EAME) respectively, and then stored at 

-4°C for further use. 

Polyphenols preparation: AJ, AMEJ, ER and EAME were 

modulated respectively to solutions with total polyphenols 

concentration of 2.5 mg/ml at pH 3.0 and added to a 

macroporous absorbent resin (type of HZ-818) column at 

speed of 5BV/h (bed volume per hour). After one hour 

balance by distilled water at same speed, the polyphenols in 

the column were eluted by ethanol/H2O (7:3, v/v) mixture at 

speed of 2BV/h.  The eluted fraction was dried in vacuum 

dryer at 30°C. The residue obtained was re-dissolved in 10 

ml water and transferred into a small beaker for 

lyophiliation. The resultant dried purified polyphenols 

samples of AJ, AMEJ, ER and EAME were labeled as PAJ, 

PAMEJ, PR and PAME respectively, and kept at -20°C for 

further use. 

 

 

Polyphenols analysis: 

Total phenolics content determination: Total phenolic 

contents (TPC) of samples were determined by the Folin–

Ciocalteau method described by (Altiok et al., 2008) and 

gallic acid was used as the standard of polyphenols. Briefly, 

1 ml of the appropriately diluted sample and 0.5 ml of 

Folin–Ciocalteau reagent were mixed together in a 10 ml 

stopper test tube. After exactly 2 min, 3.0 ml of sodium 

carbonate (10%) was added and mixed then kept in dark at 

37°C for 30 min. The absorbency of the final solution 

measured at 760 nm and results were expressed in mg of 

GAE (gallic acid equivalents) per 1 gm of sample.  

Total flavonoids content determination: Total flavonoids 

content (TFC) of samples was measured according to the 

method of (Lin and Tang, 2007) with slight modification and 

quercetin was used as standard for flavonoids. The final 

reaction mixture contained 0.5 ml of the appropriately 

diluted sample, 1.5 ml aqua ethanol (95%, v/v) mixture, 0.1 

ml AlCl3 solution (10%), and 0.1 ml potassium acetate 

solution (1mol/L). After 30 min of reaction at 37°C, the 

absorbance of the reaction mixture was read at 415nm. The 

results were expressed in mg of QE (Quercetin equivalents) 

per 1 gm of sample. 

Anthocyanins content determination: Total anthocyanins 

contents were determined with the pH differential method 

reported by (Giusti and Wrolstad, 2001) with a little 

modification, that cyanidin-3-glucoside was accounted as the 

representative substance of anthocyanins. The pH of the 

appropriately diluted sample was brought to pH 1.0 with 

KCl-HCl solution (0.025mol / L) and to pH 4.5 with NaAc-

HAc buffer (0.4mol / L) respectively, and then the solutions 

were kept for 15min at ambient temperature. The absorbance 

of each solution was measured on UV-VIS 

spectrophotometer at ambient temperature at 510 nm and 

700 nm respectively. Then the total anthocyanin content of 

the sample was calculated. The results were expressed in mg 

of Cy-gluE (cyanidin-3-glucoside equivalents) per 1 g of 

sample. 

Tannin content measurement: Tannin contents of the 

samples were measured by the casein test described by 

(Vázquez et al., 2009) with a little modification. Briefly, 25 

ml of the appropriately diluted sample was mixed with 0.6 

gm of casein. The suspension was stirred and kept at 30°C 

for 1 h and then filtered through a sintered glass filter. The 

filtrate and another 25 ml of the appropriately diluted sample 

were used to determine the non-tannin polyphenols and total 

polyphenols contents by Folin–Ciocalteau method 

respectively. The tannin contents of the sample solution 

were calculated as the difference between the total 

polyphenols and the non-tannin polyphenols contents. The 

results were expressed in mg of GAE (gallic acid 

equivalents) per 1 gm of sample. 

Polyphenols composition analysis: Polyphenols 

composition of samples were analysed using a HPLC system 
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(Shimadzu, Japan) equipped with auto sampler, SPD-M20A 

diode array detector( 200~800 nm), and Promosil (Agela 

technologies, China) C18 reversed phase column(250×21.1 

mm i.d., 5µm particle size; 125Å pore size） at 30°C. The 

mobile phases consisted of phosphate acid in water with pH 

2.6 (elute A) and methanol (elute B). The flow rate 

maintained at 0.8 ml/min with gradient program elution as 

15-25% B (15 min), 25% B (10 min), 25-75% B (40 min), 

75-15% B (5 min), 15% B (5 min). The appropriately diluted 

sample was injected through an aqueous filter film (0.45µm) 

into auto-sampler vial with volume of 20 µl. Monitoring was 

performed at 260 nm (Karaman et al., 2010). Twelve 

phenolic compounds that existed in pomegranate 

supplements reported by Fischer et al. (2011) and Saad et al. 

(2012) were selected as the standards. The different 

polyphenols were distinguished according to their relative 

retention times compared with phenolic standards. 

Total antioxidant capacity assay: Molybdenum blue method 

was used to evaluate total antioxidant capacities of the 

samples (Ozkan et al., 2007). In general, the reaction 

mixture consisted of 4 ml of molybdenum blue reagent and 

0.4 ml of the appropriately diluted sample. After standing at 

95°C for 90 min, the reaction mixture allowed to attain 

ambient temperature, the reaction solution’s absorbance was 

measured at 695 nm. The results were expressed in the 

absorbance value per 1 mg of total phenolics in per 1 ml of 

sample solution.  

Total reduction capacity assay: The reducing capacities of 

samples were determined by the Fe
3+

-Fe
2+ 

transformation 

method (Gulcin et al., 2004; Koksal and Gulcin, 2008). The 

reaction mixture contained 0.5 ml of the appropriately 

diluted sample, 2.5 ml of pH 6.6 phosphate buffer (0.2 mol/ 

L) and 2.5 ml of K3Fe (CN)6 (1%) solution. The mixture was 

vortexed, kept at 50°C for 20 min, then; 2.5 ml of 

trichloroacetic acid solution (10%) was added after cooling. 

Then, 2.5 ml of the reaction solution, 2.5 ml of distilled 

water and 1 ml of FeCl3 solution (0.1%) were mixed 

together. Finally, the absorbance of the mixture solution was 

read at 700nm in 10 min. The results were expressed in the 

absorbance value per 1 mg of total phenolics in per 1 ml of 

sample solution. 

ABTS
•+

 radical scavenging capacity assay: This assay was 

carried out according to the method described by Fu et al. 

(2011). Diluted sample solution 100 µl was mixed with 4.0 

ml ABTS
•+

 working solution. The absorbance of the mixture 

was measured at 734 nm after 6 min of incubation at 37°C in 

dark. The scavenging capacity (SC) of the sample solution 

was calculated by the following equation: Scavenging 

capacity (%) = (1-A sample/A control) × 100. The results were 

expressed in SC value per 1 mg of total phenolics in per 1 ml 

of sample solution. 

DPPH
• 

radical scavenging capacity: DPPH
•
 radical 

scavenging activity was measured according to the method 

mentioned by Yuan et al. (2005). Briefly, 1.0 ml of the 

appropriately diluted sample was mixed with 4.0 ml of 

DPPH solution. The mixture was incubated at 37°C for 30 

min in dark, and then absorbance was measured at 517 nm. 

The scavenging capacity of the sample solution was 

calculated by the following equation: Scavenging capacity 

(%) = (1-A sample/A control) × 100. The results were expressed 

in SC value per 1 mg of total phenolics in per 1 ml of sample 

solution. 

Unifying expression of antioxidant activity assay results: 

The 4 antioxidant activity assay methods applied were 

recommended by Gil et al. (2000) and Tzulker et al. (2007). 

The assay results are usually shown by dose-effect 

regression equations or expressed as the equivalents of an 

antioxidant standard for increasing the results’ comparability 

and revealing the dose-effect relationship. In this article, the 

results were expressed in three formats for increasing their 

comparability.  

First, the original assay results were used to set up linear 

regression equations (y=bx+a) to express the relationship 

between “the value of absorbance or SC” (y) and “total 

phenolics concentration of the tested sample solution”(x). 

Under the condition of that the values of x were chosen 

within the range of 0~0.01 mg/ml for DPPH
•
 scavenging 

capacity assay and 0~0.1 mg/ml for other three assays, these 

equations’ simple correlation coefficients were all 

significant (R
2 

≥0.95), and the constant terms (a) were all 

hundreds to thousands times smaller than the coefficients of 

independent variable (b). Therefore, the a can be negligible 

and the equations were simplified as y=bx or y/x=b. 

Therefore, for the series simplified equations which were set 

up by same assay method when the different products were 

assayed, the values of b can be directly used to judge the 

relative strength of antioxidant abilities and the dose-effect 

ratio (y/x) of the different samples’ polyphenols. So that the 

b was defined as “antioxidant intensity” of the samples for 

easily comparing the antioxidant ability results of certain 

assay in different pomegranate products, under the condition 

of the total phenolic concentration of the tested solution 

within the specified lower range mentioned above. .  

Then, owing to ascorbic acid and gallic acid had been used 

as antioxidant standards in all of the four assays, the original 

results of the antioxidant assays had also been translated to 

the equivalents of the standards’ antioxidant ability and 

finally expressed in “µg of gallic acid equivalent per 1 ml 

tested sample solution” (GaEVC, ug/ml) and “µg of ascorbic 

acid equivalent per 1 ml tested sample solution” (VcEVC, 

µg/ml) when the tested sample solution concentration was 

fixed to 10 µg of total phenolics per 1 ml for DPPH
•
 

scavenging capacity assay or 50 µg of total phenolics per 1 

ml for other 3 antioxidant assays.  

Statistical analysis: Every experiment was performed in 

triplicates, and each test regimen required re-sampled and re-

diluted. The results were used to calculate the mean± SD. 

For different samples in a particular experiment, means were 
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compared through t-test and the 5% significance level. All 

statistical analyses were performed using DPS7.05 statistical 

software. 

 

RESULTS AND DISCUSSION 

 

Polyphenols contents of pomegranate products: 

Phytochemicals of four samples are listed in Table 1. As 

evident the total phenolics, total flavonoids and total tannins 

contents followed the order of ER>EAME>AMEJ>AJ, and 

total anthocyanin contents exhibited the sequence of 

EAME>AMEJ>AJ>ER. The possible reason for this 

variability in contents were that, the   polyphenols of the 

products came from different parts of the fruit, and each 

product subjected to special processing which influenced the 

speed and efficiency of polyphenols migration and 

degradation. In the four products, correlation of total 

phenolics content and total flavonoids content was highly 

significant (r
2
=0.9988**, p<0.05). Correlation of total 

polyphenols and tannin contents was significant 

(r
2
=0.8257*, p<0.05). Total anthocyanins content had 

negative correlation and no significance with total 

polyphenols content (r
2
= -0.8110, p>0.05), total flavonoids 

content (r
2
= -0.7834, p>0.05) and tannins content (r

2
= -

0.3668, p>0.05) respectively. These results were partly 

consistent with previous findings of Orak et al. (2012). 

These results also illustrated that phenolics, flavonoids, and 

tannins of the products mainly separated from the 

pomegranate peel, and transferred to the ER, EAME, and 

AME; while, anthocyanins mainly isolated from the 

pomegranate aril, and transferred to the EAME, AMEJ, and 

AJ. The correlation between total anthocyanins content and 

tannins content had no significant difference. This means 

that tannins and anthocyanins had more complex distribution 

patterns in the different parts of the fruit and re-distribution-

change patterns during p than total phenolics and flavonoids, 

alternatively they may be more uneven but wildly distributed 

in the fruit and have higher mobility and instability than total 

phenolics and flavonoids. 

Polyphenols compositions of pomegranate products: 

Polyphenols composition of the four products and their 

purified polyphenols samples are shown in Table 2. As 

evident from the results punicalagin, ellagic acid, 

keampferol, chlorogenic acid, catechin, epicatechin, rutin 

and quercetin existed in all of products as well as purified 

polyphenols samples. These finding are in accordance with 

the results of fischer et al. (2011). Cyanidin and an unknown 

substance with retention time of 37.63 min existed in 

samples except ER. Luteolin also detected in test samples 

except PR and PAJ. Gallic acid was only detected in AJ, 

AMEJ and PAJ. However, the relative contents of these 

phenolic componentsdisplayed variability. Specifically, ER 

and PR had higher contents of punicalagin, catechin, 

epicatechin, rutin and ellagic acid as compared with others, 

Table 1. Phenolics compounds content in designed samples (mg/g) 

Samples Total polyphenols Total flavonoids Anthocyanins Tannin 

ER 122.266±0.047 a
1
 24.966±0.091 b

1
 0.052±0.006 d

4
 8.262±0.042 c

1
 

EAME 32.118±0.029 a
2
 7.695±0.171 b

2
 0.837±0.010 d

1
 7.074±0.063 c

2
 

AJ 0.556±0.031 a
4
 0.111±0.006 b

4
 0.486±0.014 c

3
 0.004±0.003 c

4
 

AMEJ 5.916±0.011 a
3
 1.197±0.008 b

3
 0.709±0.011 c

2
 0.349±0.009 d

3
 

Values in each row have different case letters are significantly different (p<0.05); Values in each column have different 

superscript values are significantly different (p < 0.05). 

 

Table 2. Polyphenols composition in each sample identified by HPLC quantification analysis 

Phenolics Rt  ER EAME AJ AMEJ  PR PAME PAJ PAMEJ 

Min  mg/L  mg/g 

Gallic acid 6.255 -------- -------- 12.252 20.459  -------- -------- 1.016 -------- 

Punicalagin 10.833 1108.375 467.464 34.909 767.068  924.16 738.432 42.871 305.321 

Catechin 17.322 156.574 8.824 32.236 28.602  38.757 2.467 27.027 25.513 

Chlorogenic acid 20.044 31.104 1.500 2.720 4.169  0.439 1.328 16.692 0.637 

Cyanidin 24.642 -------- 4.461 0.942 0.452  1.516 9.349 14.952 1.222 

Epicatechin 26.773 75.647 1.916 32.964 28.704  11.083 1.159 6.596 0.613 

Unknown 37.632 -------- 71.426 30.992 109.301  12.869 15.183 28.336 69.820 

Ferulic acid 40.435 81.081 23.414 2.054 13.189  2.275 0.597 3.728 0.333 

Rutin 47.765 57.673 15.829 2.379 1.348  0.411 0.092 0.567 0.110 

Ellagic acid 49.200 148.623 46.957 4.914 53.597  13.583 18.637 4.185 8.096 

Quercetin 56.523 0.126 0.185 0.263 0.395  0.030 0.129 0.066 0.065 

Luteolin 58.133 0.182 0.229 0.126 0.168  -------- 0.134 -------- 0.068 

Keampferole 61.077 3.663 2.512 2.359 4.904  13.497 13.543 13.557 13.642 

 “--------” Undetectable.  Rt, retention time (min) 
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which suggests that peel, might be the site for accumulation 

of these compounds. EAME and AMEJ had relatively higher 

contents of the unknown substance compared to others 

products. The ER had no unknown substance, which means 

the unknown substance may be a metabolite of reaction 

product occurred during juice processing. PAME, PAMEJ 

and PAJ had relatively higher cyanidin contents than others, 

which mean purification was favor to enrich cyanidin. These 

results mean that polyphenols compositions of the four 

products and four purified polyphenols samples are different 

with each other in some extent. This is because of metabolic 

changes that could be taking place during post harvest 

treatment including cleaning, washing, chopping, extraction, 

and purification. 

Antioxidant intensities of products and purified 

polyphenols samples: Total antioxidant intensities of the 

products and purified polyphenols samples are illustrated in 

Table 3. As evident the products extracts followed the order 

of ER>AJ>EAME>AMEJ and PR>PAME>PAMEJ>PAJ, 

respectively. Total reduction intensities followed the 

sequence of AMEJ > ER > EAME > AJ and 

PR>PAME>PAMEJ>PAJ respectively; ABTS
•+

 scavenging 

intensities showed the order of AMEJ>ER>AJ>EAME and 

PR>PAME>PAMEJ>PAJ respectively. DPPH
•
 scavenging 

intensities followed the trend of ER>AMEJ>EAME>AJ and 

PAME>PR>PAMEJ>PAJ respectively. These trends are 

consistent with previous studies (Gil et al., 2000; Li et al., 

2006; Seeram et al., 2005; Tzulker et al., 2007).  

On basis of results the total antioxidant intensities, total 

reduction intensities and DPPH
•
 scavenging intensities of the 

products were all greater than that of corresponding purified 

polyphenols samples. This trend means that purification 

procedure decreased the three abilities of the polyphenols in 

these samples or the metabolite non-polyphenols substance 

of the products induced positive effect to these abilities. 

While, ABTS
•+

 scavenging intensities of the products and 

the purified samples were similar which mean that  this 

capacities mainly concern with  polyphenols contents of  

products, samples, and other substances  have no obvious 

impact towards this property.  

Based on findings it is appropriate to suggest that strong 

positive correlation between total antioxidant intensity and 

DPPH
•
 scavenging intensity (r

2
=0.9321, p<0.05), and 

reducing intensity and DPPH
•
 scavenging intensity 

(r
2
=0.9699, p< 0.05). Correlation between total antioxidant 

intensity and total reducing intensity was not significant 

(r
2
=0.8365, p>0.05) for products. While, for the purified 

polyphenols samples, correlation among total antioxidant 

intensity, reducing intensity and ABTS
•+

 scavenging 

intensity were highly significant (p<0.05), but were not 

significantly correlated with DPPH
•
 scavenging intensity 

(p>0.05). These means the in vitro antioxidant assay 

methods had distinguishing feature for evaluating the 

samples’ antioxidant properties but total antioxidant ability 

assay and total reducing activity assay are partly equivalent. 

Antioxidant abilities of products and purified polyphenols 

samples: As shown in Fig.1 A, B, and D, the VcEVC and 

GaEVC of total antioxidant capacity, total reducing capacity, 

and DPPH
•
 radical scavenging capacity of the products and 

purified polyphenol samples exhibited trend as ER> 

EAME> AJ＜AMEJ > PR>PAME> PAJ＜PAMEJ, which is 

almost same to the order of their total antioxidant intensity, 

total reduction intensity and DPPH
•
 radical scavenging 

intensity. These trends mean that the polyphenols of 

mesocarp and epicarp mixture are the most important 

resource of antioxidants in the pomegranate fruit. The 

products which shared more part of this resource had more 

antioxidant activity. Fig.1A, B, and D showed also that the 

four products had higher VcEVC and GaEVC of total 

antioxidant capacity, total reducing capacity and DPPH
•
 

radical scavenging capacity than corresponding purified 

polyphenols samples. The reason for this could be that 

during the extraction and purification procedure had lost 

some polyphenols or many non-polyphenols antioxidants 

might have degraded. 

As Fig.1C showed, VcEVC and GaEVC of ABTS
•+

 

scavenging capacities of the products and purified 

polyphenol samples displayed special order compared to 

Table 3. Antioxidant intensities of pomegranate products and corresponding purified polyphenols samples 

Samples Total antioxidant 

intensity 

A/(ml/ mg) 

Reducing intensity
 

A/(ml/ mg) 

ABTS
·+

 scavenging 

intensity 

SC/(ml/ mg) 

DPPH
· 
scavenging 

intensity 

SC/(ml/ mg) 

Vc 6.248 2.445 1769 660.2 

Gallic acid 8.808 10.98 854.7 4384 

ER 26.09 17.40 728.1 6191 

EAME 16. 60 12.21 488.4 4538 

AJ 17.18 11.35 657.4 4378 

AMEJ 12.47 18.02 849.4 5195 

PR 6.258 6.794 967.1 2272 

PAME 5.308 5.555 731.8 2342 

PAJ 3.667 3.254 401.9 1327 

PAMEJ 5.072 4.846 672.6 2265 
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other three kinds of antioxidant capacities described above. 

ER and EAME had lower VcEVC and GaEVC of ABTS
•+

 

scavenging capacities than PR and PAME, while AJ and 

AMEJ had higher VcEVC and GaEVC of the capacities than 

PAJ and PAMEJ. These findings explain that purification 

steps increased the ABTS
•+

 scavenging capacities of the 

polyphenols of ER and EAME, coupled with removal of 

some ABTS
•+

 scavenger in the two juices.  

 

 
Figure 1. Antioxidant abilities of the pomegranate 

products and their purified polyphenols 

samples by four in vitro assays 

 

As Figure 1D showed, the four products possessed higher 

VcEVC and GaEVC of DPPH
•
 radical scavenging activities 

than their corresponding purified polyphenols samples. This 

phenomenon is possibly due to the fact that during 

purification procedure some polyphenols and many non-

polyphenols scavengers of DPPH
•
 radical degraded in to 

unreactive ingredients. 

A: Total antioxidant capacities (ug of VcEVC and GaEVC 

per 50 ug/ml of total phenolics content per 1 ml of sample 

solution).  B: Reducing capacities (ug of VcEVC and 

GaEVC per 50 ug/ml of total phenolics content per 1 ml of 

sample solution). C: ABTS
•+

 scavenging capacities (µg of 

VcEVC and GaEVC per 50 µg/ml of total phenolics content 

per 1 ml of sample solution). D: DPPH
•
 scavenging 

capacities (ug of VcEVC and GaEVC per 50 ug/ml of total 

phenolics content per 1 ml of sample solution).  

The data showed the mean values of the assay results of 

triplicate experiments ± SD which were depicted by vertical 

bars.  

 

Conclusion: Our results imply that aril-mesocarp-epicarp 

mixture juice had higher total phenolics content and more 

complete polyphenol composition, but relatively lower total 

anthocyanins content than net aril juice. While, aqueous 

ethanol extracts of rind and aril-mesocarp-epicarp juicing 

marc contained significant quantities of polyphenols than the 

two kinds of juices, but rind extract possessed lower degree 

of total anthocyanins content. Based on their polyphenol 

difference, aqueous ethanol extracts of rind and aril-

mesocarp-epicarp juicing marc had higher total antioxidant, 

total reduction and DPPH
•
 radicals scavenging capacities 

than the two kinds of juices, maintaining the same dose of 

total polyphenols content. Contrary to it the two kinds of 

juices had higher ABTS
•+

 radical scavenging activities than 

the extracts at same dose. This phenomenon illustrates that 

different assay methods can evaluate antioxidant ability from 

different perspectives. Purified polyphenols samples had 

lower antioxidant abilities except ABTS
•+

 radical scavenging 

capacity assay, than the corresponding polyphenols 

products, which showed that purification with macro porous 

resin resulted in loss of phenolics and therefore the resultant 

synergic effect was no longer detectable. Concerning 

antioxidant ability assay, the result expressed as ‘antioxidant 

intensity’ had different meaning than ‘the equivalent ability 

of antioxidant standard’ because the former shows the 

changing rate of antioxidant capacity value along with the 

sample’s antioxidant concentration changing within a low 

range, while the latter shows the antioxidant ability of the 

tested sample’s antioxidant at certain concentration 

compared with the standard. Therefore, using them together 

is necessary to show the assay result properly. 
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