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Abstract: Pomegranates (Punica granatum) are a significant source of bioactive compounds and
have been widely used in traditional Eastern medicine in different countries and cultures.
Pomegranate peel and pulp have significantly antioxidant capacity, and pomegranate pulp contain
markedly anti-atherogenic activity against atherosclerosis diseases in humans and mice model
investigations. Pomegranates from different cultivars possess different bioactive molecules,
increasing the desired antioxidant properties genes and chemical profiles. This study provides an
overview of geographic origins and an evaluation of the chemical analysis of flavonoids and
polyphenolic content of the pomegranate from the local (Persian) and foreign pomegranate cultivars.
The present narrative review aims to compare chemical analysis of total phenolic and flavonoids
content of different pomegranate cultivars grown in various geographic regions in the world. This
review demonstrated that remarkable differences existed in all factors rates measured in various
cultivars, being considerably related to many factors such as cultivar type, growing region, maturity,
cultivation, climate, edaphic condition, and storage situation. The data would be useful to produce
better crops with high nutritional quality.

Keywords: pomegranate; polyphenols; flavonoids; phytomedicine

Abbreviations: GAE/g: Gallic acid equivalents per one gram; CE/g: Catechin equivalents (CE) per
one gram; RE/g: Rutin equivalents per one gram; QUE: Quercetin equivalent
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1. Introduction

Pomegranate is native to Persia and Mediterranean zone and has been widely used in many
countries and cultures [1]. Pomegranate has attracted considerable attention for its health benefits in
recent years. Results show that pomegranate juice has markedly high total phenolic contents and
antioxidant capacity, being responsible for beneficial activities of pomegranates. Total phenolic
content plays a probable role in preventing different diseases related to oxidative stress such as
cardiovascular [2-4], cancer [5,6] and neurodegenerative diseases [7,8]. Pomegranate juice has
excellent antioxidant activity and is beneficial for atherosclerosis prevention [2—4], In this regard,
polyphenols are capable of moderating the broad range of enzymes activities and cell receptors [9].
The main part of pomegranate seed oil is Punicic acid having anti-atherogenic effects [10].

Pomegranate extract has potential to decrease the incidence of collagen-induced arthritis. In
an in-vivo study into mice fed by pomegranate extract, it was indicated that joint inflammation,
arthritis severity and IL-6 level were decreased remarkably [11]. Pomegranate has been widely
accepted for its antimicrobial [12-14], and anti-candidial activities by in-vitro [15] and iv-vivo
investigations [16]. Crude extract of pomegranate peel yielded a compound that demonstrated
potent antifungal activity to Candida spp. [13]. The compound was recognized as punicalagin,
based on spectral analyses [17]. Punicalagin showed high activity against Candida albicans and
Candida parapsilosis, as tested by minimum inhibitory concentration (MIC) [14]. Pomegranate
pericarp and peel extracts are reported to possess strong activity against Candida spp., with MICs
of 125 pug/mL [18]. Salazar Aranda et al. [19] showed that polyphenolics compound had antioxidant
activity, and they revealed its highest activity against C. glabrata by MIC test. The effect of their
hydroxyl groups on their activity against C. glabrata is considerable. Furthermore, it has been shown
that pomegranate peel has a high inhibition capacity against C. albicans [19,20]. Bassiri-Jahromi et
al. in their in-vitro [15] and in-vivo [16] investigations indicated that pomegranate peel extract had
potential antifungal activity against 5 various Candida species. This investigation demonstrated that
among 8 different Persian pomegranate cultivars, Saveh sour malas peel extract indicated strongest
antifungal activity against C.albicans, which was comparable to nystatin. Bassiri-Jahromi et al.
reported that pomegranate peel extract had no adverse effects following application in the rats’
model. Pomegranate peel extract application was effective and safe in treating oral candidiasis in the
Wistar rats [21].

Schubert et al. (1999) in their studies clearly demonstrated that pomegranate fermented juice
and seed procurement and pomegranate seed oil contained powerful antioxidant properties [22].
Therefore, pomegranate can play a potential role as natural food preservative, health promotion and
therapeutic agents.

This paper provides a general review of the evaluation of polyphenolic and flavonoid contents
of various pomegranate cultivars in different regions of the world.

2. Pomegranate polyphenols and flavonoid compound
Pomegranate has considerable content of phytochemicals compounds such as punicalagin,
ellagitannins, anthocyanins, tannins, hydrolysable tannins, and punicic acid [18-23]. Pomegranate

peel is a valuable source of polyphenolic compounds, known as punicalagin, which is an ellagitannin
with antioxidant capacity and is unrivaled and unique to pomegranate [24].

AIMS Agriculture and Food Volume 4, Issue 1, 41-55.



43

Phenolic compounds have attracted increasing attention as agents for inhibiting and treating
various oxidative stress correlated diseases, preventing conventional and novel biomarkers of tissue
plasminogen activator (TPA) induced tumor promotion, as well as possessing chemo-preventive role
in various tumor models [25]. These compounds are recognized for their attributes in scavenging free
radicals and preventing in-vitro lipid oxidation [26,27].

Polyphenol is a significant antioxidant found in pomegranate seed and juice containing
ellagitannin (punicalagin), gallic acid, ellagic acid, anthocyanins, catechins, caffeic acid, and
quercetin [28]. Flavonoids may prevent coronary artery diseases by inducing various processes such
as HDL increase, LDL decrease level, mast cell release reduction, and cardiovascular
inflammation decrease. Flavonoids have been recognized with antiviral activity since the 1940s [29].
Selway et al. (1986) have reported that flavonoids contain antiviral activity against 11 types of
viruses [30]. Furthermore, flavonoids possess protective effect against liver injury [31]. There is
incisive documentary evidence that flavonoids have anti-mutagenic acting [32,33].

Pomegranate peel is a significant source of bioactive compounds such as flavonoids,
polyphenols, ellagitannins, and proanthocyanidin [34]; however, this part of the fruit is inedible. The
antibacterial activity of peel extracts of Indian Ganesh variety was tested by Malviya et al. using the
agar well diffusion method against four bacterial strains, Staphylococcus aureus, Salmonella typhi,
Enterobacter aerogenes, and Klebsiella pneumoniae. The pomegranate peel extracts showed
significant antibacterial activities against all of the 4 bacterial strains tested [35].

The abundance of these compounds and their activities are related to cultivar type, climate, and
growing region [36,37]. Up to now, polyphenols of different pomegranate cultivars in Iran [38],
Turkey [39], the United States [40], Italy [41] and South Africa have been investigated [42]. Fawole
et al. showed that the highest peel extract activity against monophenolase activity and phenolase
activity was Bhagwa cultivar and Arakta cultivar with 1C50 values of 3.66 pg/mL and 15.88 pg/mL,
respectively [43].

Almost 50% of the pomegranate weight corresponds to the peel [44]. Total polyphenols,
flavonoids and pro-athocyanidins contents are superior in pomegranate peel extract than in
pomegranate pulp extract owing to their powerful antioxidant capacity [45].

According to Shams Ardekani et al. (2011) [38] report from Iran, sour summer cultivar peel
extract has the highest antioxidant activity with 118.074 mg or 274.132 umol trolox/g. Sour summer
cultivar is a strong source of natural antioxidants, phenolic and flavonoid content and the peel of
Sweet Saveh malas, Sour summer and Black peel cultivars are suitable sources of phenolic and
flavonoid compounds.

This review will investigate the evidence for the identity of the antioxidant content of various
cultivars of pomegranate such as polyphenols and flavonoids, playing a probable role in preventing
different diseases associated with oxidative stress such as cardiovascular, cancer and
neurodegenerative diseases.

The results provide significant information about the compound of polyphenols and antioxidant
content of different cultivars of pomegranate, which can be useful for expanding fruit processing
professions and choosing favorable pomegranate genotypes to provide commercial agriculture.

The phenolic and flavonoids content are different; the antioxidant activity of various solvent
extracts from pomegranate peel was also surveyed using in vitro assays.

Gil et al. (2000) [27] evaluated antioxidant acting of pomegranate by four comparative assays:
ABTS, DPPH, DMPD, FRAP, and they were detected and quantified using ellagic acid anthocyanins,
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and hydrolyzable tannins in pomegranate juice. They reported that the antioxidant capacity of
commercial pomegranate juice was three times superior to red wine and green tea.

Pomegranate peels have significant superior antioxidant potency compared to other parts of

pomegranate against free radical activities. It also contains higher total polyphenols, flavonoids and pro-
athocyanidins than pulp extract. Strong antioxidant potency of pomegranate peel extract may be due to its
major polyphenolics contained [46]. In the present study, various cultivars from different regions were
described evaluate the phenolic and flavonoid contents. Tables 1, 2 and 3 present the obtained data.

Table 1. Comparative evaluation of polyphenolic and flavonoid content of peels of
various pomegranate (Punica granatum) cultivars from different regions in the world.

No. Author/References  Cultivar Region of Fruitpart  Total Polyphenolic  Flavonoids
growth Compound mg (mg/g), Total
(Country) GAE/g extract flavonoids mg
CE/g extract

1 Fawole OA et al. Ganesh South Africa Peel 295.5%23.91d 121.1+3.12¢
(2012) [67] mg GAE/ g DM mg CAE/g DM

2 Shiban MS et al. Yemeni variety  Yemen Peel 274.1 +£17.2 mg 56.4 +2.7 cmg
(2012) [68] GAE/g (RE)/g.

3 Ardekani MRS et Black peel Iran Peel 250.13+£33.03mg  36.40 £1.34 mg
al. (2011) [38] GAE/g CAE/g DM

4 Kulkarni AP et al. Kashmir India Peel 249.4 mg GAE/g 59.4 mg CE/g dry
(2004) [58] solids

5 Li Y et al. (2006) China China Peel 249.4+17.2mg/g  59.1 +4.8 (mg/qg)
[45]

6 Ardekani MRS et Sour Summer Iran Peel 226.56 £18.98 mg  35.92 +0.84 mg
al. (2011) [38] GAE/g CAE/g DM

7 Fawole OA et al. Bhagwa South Africa Peel 224.1 +6.86 ¢ mg 1126 +£1.51b
(2012) [67] GAE/g DM mg CAEg DM

8 Fawole OA et al. Ruby South Africa Peel 218.2 +453bcmg 126.0 £0.57 c
(2012) [67] GAE/g DM mg CAE/g DM

9 Ardekani MRS et Saveh sour Iran Peel 216.74 £19.01mg 34.71%+1.34mg
al. (2011) [38] malas GAE/g CAE/g DM

10 NasrCBetal. Tunesia Tunesia Peel 216.9 +£7.3mg
(1996) [69] GAE/g

11  Mphahlelea RR et South Africa South Africa peel 2152142190 b 36.67 £3.43 ab
al. (2016) [66]

12 Mphahlelea RR et South Africa South Africa Peel & 138.36 £2.27 ¢ 50.39 +£6.93 a
al. (2016) [66] seed

13 Mphahlelea RR et South Africa South Africa Whole 185.73+3.89 b 23.35+2.07b
al. (2016) [66] fruit

14  Fawole OAetal. Herskawitz South Africa Peel 198.1 £9.22 abc 101.0 £1.02a
(2012) [67] mg GAE/g DM mg CAE/g DM

15  Ardekani MRS et North white Iran Peel 192.72 £15.45mg  26.94 +0.48 mg
al. (2011) [38] peel GAE/g CAE/g DM
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No. Author/References  Cultivar Region of Fruitpart  Total Polyphenolic ~ Flavonoids
growth Compound mg (mg/g), Total
(Country) GAE/g extract flavonoids mg
CE/g extract
16  Fawole OAetal. Wonderful South Africa  Peel 189.1 £3.79abmg 97.8 +2.10a mg
(2012) [67] GAE/g GAE/g DM
17 Fawole OAetal. Arakta South Africa  Peel 187.4 +£6.44abmg  103.0 £1.86a mg
(2012) [67] GAE/g DM CAE/g DM
18  Rosas-Burgos EC Cultivar (PTO8) Spain Peel 187 +£4 mg GAE/g
(2017) [56]
19  Ardekani MRS et Sweet alac Iran Peel 184.10 £25.07mg  30.36 +=2.44 mg
al. (2011) [38] GAE/g CAE/g DM
20 Fawole OA et al. Molla de Elche South Africa  Peel 179.3 £4.60a mg 99.5 £2.94a mg
(2012) [67] GAE/g DM CAE/g DM
21  Ardekani MRS et Agha mohammad  Iran Peel 168.21 +£13.9 mg 33.52 +0.41 mg
al. (2011) [38] ali GAE/g CAE/g DM
22 Belkacem N et al. Algerian Algeria Peel 158.18 +0.66 mg 12.8 2.2 mg
(2014) [70] pomegranate GAE/g DM CE/g
23 NegiPetal. (2003) Pomegranate India Peel 124.3 mg GAE/g 49.1 mg CE/g dry
[71] varieties from India solids
24 Ardekani MRS et Sweet malas Iran Peel 121.11 £8.69 mg 18.61 +0.53 mg
al. (2011) [38] GAE/g CAE/g DM
25  Ardekani MRS et Sour white peel Iran Peel 98.24 +£4.81 mg 28.30 £0.54 mg
al. (2011) [38] GAE/g CAE/g DM
26 Al-Rawahi AS Hellow Oman Peel 64.2 mg GAE/g 1.4 mg CE/g
etal. (2014) [72]
27  Dipnaik HS et al. Indian India Peel 59.73 £0.46 mg
(2014) [73] pomegranate GAE/g
28  Gozlekci S et al. Lefan Turkish Peel 3547.8a |y GAE/g
(2011) [74] fw
31  Gozlekci S et al. Katirbasi Turkish Peel 3127.0b g GAE/g
(2011) [74]
34 Gozlekcei S et al. Cekirdeksiz-1V Turkish Peel 2537.1c g GAE/g
(2011) [74] fw. GAE/g fw
35  Gozlekei S et al. Asinar Turkish Peel 17.75.4d GAE/g fw
(2011) [74]
36  Souleman AMAet PGl Egypt Peel 1724 +1.11c 34.28 £1.47
al. (2016) [59] (GAE mg/g FW) (REmg/g FW)
37  Souleman AMAet PG2 Egypt Peel 135.8 +£0.92 (GAE  29.65 +0.59a
al. (2016) [59] mg/g FW) (REmg/g FW)
38  Souleman AMAet PG3 Egypt Peel 98.6 +1.13a (GAE 21.72 +0.38
al. (2016) [59] mg/g FW) (REmg/g FW)
39  Souleman AMAet PG4 Egypt Peel 102.9 +£1.28 30.29 +£1.29a
al. (2016) [59] (REmg/g FW)
40  Souleman AMAet PG5 Egypt Peel 95.8 +1.19a (GAE 26.35+1.16

al. (2016) [59]

mg/g FW)

(REmg/g FW)
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Table 2. Comparative evaluation of polyphenolic and flavonoid content of juicees of

various pomegranate (Punica granatum) cultivars from different regions.

No.  Author/References  Cultivar Region of Total Polyphenolic Flavonoids (mg/g), Total
growth Compound mg GAE/g flavonoids mg CE/g
(Country) extract extract

1 Gozlekci S et al. Lefan Turkish 1551.5 g GAE/g fw
(2011) [74]

2 Gozlekci S et al. Katirbasi Turkish 1229.5 mg/L g GAE/g fw
(2011) [74]

3 Gozlekci S et al. Asinar Turkish 1307.3 g GAE/g fw
(2011) [74]

4 Nunzio MD et al. Hershkovitz Italian 2057.2 £174.0a pg
(2013) [75] GAmL™)

5 Li X et al. (2015) XJ-TSL China 4.352 £0.09 de d (GaE 0.118 +0.00 d QuE
[76] mg/mL) mg/mL

6 Li X et al. (2015) XJ-SSL China 6.147 +0.11 b (GaE 0.045 +0.01 h QuE
[76] mg/mL) mg/mL

7 Li X et al. (2015) SD-TSL China 7.429 +0.12 a (GaE 0.335 +0.13 a QUE
[76] mg/mL) mg/mL

8 Li X et al. (2015) SD-SSL China 4.481 £0.11 d (GaE 0.093 +0.00 e QUE
[76] mg/mL) mg/mL

9 Li X et al. (2015) YN-SZ China 3.234 +0.06 g (GaE 0.099 +0.00 e QUE
[76] mg/mL) mg/mL

10 Li X et al. (2015) YN-LZ China 3.151 +0.05 g (GaE 0.084 £0.00 f QUE mg/mL
[76] mg/mL)

11 Li X et al. (2015) YN-SSL China 4.142 +0.08 f (GaE 0.171 +£0.00 c QuUE
[76] mg/mL) mg/mL

12 Li X et al. (2015) SX-JPT China 4.219 £0.10 ef (GaE 0.259 +0.00 b QuE
[76] mg/mL) mg/mL

13 Li X et al. (2015) SX-SBT China 4.750 £0.08 ¢ (GakE 0.170 +0.00 ¢c QUE
[76] mg/mL) mg/mL

14 Li X et al. (2015) SX-SSL China 4.735 £0.03 ¢ (GakE 0.054 +0.00 g QuE
[76] mg/mL) mg/mL

15 Li X et al. (2015) SD-TSL China 7.429 +0.12 a (GaE 0.335 +0.13 a QuE
[76] mg/mL) mg/mL

16 Souleman AMA et PG1 Egypt 72.4 +0.22 (GAE mg/g 12.31 +0.91a (REmg/g
al. (2016) [59] FW) FW)

17 Souleman AMA et PG2 Egypt 63.7 +1.16a (GAE mg/g 9.64 +0.25 (REmg/g FW)
al. (2016) [59] FW)

18 Souleman AMA et PG3 Egypt 64.3 +0.29a (GAE mg/g 10.38 +=1.34b (REmg/g
al. (2016) [59] FW) FW)

19 Souleman AMAet PG4 Egypt 52.1 +0.18b (GAE mg/g 10.68 +=1.63b (REmg/g
al. (2016) [59] FW) FW)
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No.  Author/References  Cultivar Region of Total Polyphenolic Flavonoids (mg/g), Total
growth Compound mg GAE/g flavonoids mg CE/g
(Country) extract extract

20 Souleman AMAet PG5 Egypt 53.4 +£0.32b (GAE mg/g 12.91 +0.88a (REmg/g
al. (2016) [59] FW) FW)

21 Zarei M et al. Aghaye Iran 7.9749 +0.110c (mg/gr)
(2010) [63]

22 Zarei M et al. Faroogh Iran 7.2053 %0.150 ¢ (mg/gr)
(2010) [63]

23 Zarei M et al. Rabbab-e- Iran 7.8620 %0.200 ¢ (mg/gr)
(2010) [63] Fars

24 Zarei M et al. Shahvar Iran 5.2640 0120 ¢ (mg/gr)
(2010) [63]

25 Zarei M et al. Shirin-e- Iran 5.6863 0110 ¢ (mg/gr)
(2010) [63] Bihaste)

26 Zarei M et al. Shirin-e- Iran 5.6581 #0110 ¢ (mg/gr)
(2010) [63] Mohali
Table 3. Comparative evaluation of polyphenolic and flavonoid content of seeds of
various pomegranate (Punica granatum) cultivars from different regions.

No.  Author/References Cultivar Region of Total Polyphenolic Flavonoids (mg/g),

growth Compound mg GAE/g  Total flavonoids mg
(Country) extract CE/g extract

1 Gozlekci S et al. Cekirdeksiz-IV  Turkish 117.0 g GAE/g fw
(2011) [74]

2 Gozlekci S et al. Katirbasi Turkish 121.2 g GAE/g fw
(2011) [74]

3 Gozlekci S et al. Lefan Turkish 125.3 g GAE/g fw
(2011) [74]

4 Souleman AMAetal. PG2 Egypt 95.6 +£1.17a (GAE 23.92 +1.34a (REmg/g
(2016) [59] mg/g FW) FW)

5 Gozlekci S et al. Asinar Turkish 177.4 g GAE/g fw
(2011) [74]

6 Souleman AMAetal. PGl Egypt 123.7 +1.35 (GAE 26.45 +0.29 (REmg/g
(2016) [59] mg/g FW) FW)

7 Souleman AMAetal.  PG3 Egypt 109.1 +0.68 22.59 +1.22 (REmg/g
(2016) [59] FW)

8 Souleman AMA etal. PG4 Egypt 92.8 £0.59% (GAE 24.23 +0.95a (REmg/g
(2016) [59] mg/g FW) FW)

9 Souleman AMA etal. PG5 Egypt 86.7 £1.26 (GAE 19.84 £1.37 (REmg/g
(2016) [59] mg/g FW) FW)

AIMS Agriculture and Food
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3. Discussion

Owing to the pomegranate health benefits, consumption of fresh pomegranates juice is
increasing. Rich bioactive compound cultivars are a significant source of desirable antioxidant
properties for health promotion. Pomegranate peel and pulp contain various kinds of antioxidants;
however, pomegranate peel had the most antioxidant efficacy compared to the pulp and seed
fractions [47].

The results of a number of investigations on phenolic compounds and antioxidant capacity of
eighteen various pomegranate cultivars grown in Morocco revealed that thepolyphenols
concentration in pomegranate was high, and antioxidant activity and physico-chemical
characteristics in pomegranates were influenced by the type of cultivar. Phenolic compounds of
pomegranates are graded on phenolic acids (ellagic acid, gallic acid, chlorogenic acid, caffeic acid,
vanillic acid, ferulic acids trans-2- Hydrocinnamic acid, quercetin). Additionally, some flavonoids
such as catechin, rutin, quercetin and phloridzin were identified in pomegranate juice at various
concentrations among the pomegranate cultivars [48].

Although pomegranate peels and the other remaining tissues are inedible, it would be possible
to use them to prepare new products such as flavonoids capsules and other nutraceuticals after
extraction. There are many pomegranate cultivars, which are classified and correlated based on some
important parameters such as morphological characteristics of flower and tree.

Differences in the phenolic compound index among various parts of pomegranate were
observed. Pomegranate peels indicated a high concentration of phenolic compounds, and
ellagitannins have largest quantities in relation to pomegranate pulp and juice for each cultivar [49].
Owing to meeting the current market demand for fruits quality, the characteristics of pomegranate
cultivars are important.

This paper provides an overview of biology evaluation of the phenolic and flavonoid contents of
different pomegranate cultivars.

This review described a polyphenolic and flavonoid analysis and geographic origins of different
pomegranate cultivars.

Different parts of the pomegranate such as peel can act as potentially antimicrobial agents.
Table 1 shows that the Ganesh cultivar possesses the highest polyphenilic compound, indicating an
association between polyphenols level and antibacterial activities. Bassiri-Jahromi et al. in their in-
Vivo investigation indicated that Saveh sour malas Persian cultivar possessed the best activity against
8 Candida strains [16]. Owing to the significant amount of phenolic compounds, Saveh sour malas is
one of the best cultivars (Table 1). These findings demonstrated the relationship between the amount
of polyphenolic compounds and its anti-candidiasis effect.

Therefore, it may be suggested as a natural alternative to synthetic antimicrobial agents.
Punicalagin content in pomegranate extract is tannin, which is reported to be responsible for
antimicrobial activity. Furthermore, the tannin rich bioactive fractions and ellagitannins have
antibacterial [50], antifungal [51] and antimalaria properties [52].

Moreover, polyphenolic compounds not only play a role in controlling various related diseases
to oxidative stress [9], but also regulate the activity of various cell receptors and enzymes [53].

Because the chemical composition of pomegranate peel is differ with the cultivar type such as
sweet, sure, and sour-sweet [54,55], pomegranate antimicrobial activity may vary regarding its

AIMS Agriculture and Food Volume 4, Issue 1, 41-55.
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cultivar [56]. Tehranifar et al. (2010) [57] reported that total polyphenols and tannins content in
pomegranate juice were dependent on major chemical factors.

Kulkarni et al. [58] reported that antioxidant activity growth at the late-developmental phase
was due to anthocyanins composition.

By investigating nine different cultivars, Shams Ardakani indicated that pulp of Sour Summer
cultivar as a strong source of original antioxidants had the highest antioxidant activity than other
cultivars (p < 0.05). The peel of Sour Summer, Sweet saveh malas, and Black peel is a considerable
source of phenolic and flavonoid compound appropriate for phenolic and flavonoid purification and
extraction. In addition, they reported that peel extracts had higher potential antioxidant activity and
polyphenolic and flavonoid content than the pulps [38]. The pomegranate peel extract antioxidant
capacity is 10 times greater than that of the pomegranate pulp extract. The North white peel and
Black peel cultivar contain the highest flavonoid. Souleman et al. (2016) reported that seed of
Egyptian pomegranate cultivar (PG1) contained the most total phenolic and flavonoids
compounds (Table 3) [59].

Bassiri-Jahromi et al. (2015) [15] indicated that the peel extract of Saveh malas cultivar had
the most effective element compared to other cultivars against Candida spp by MIC test [15].
Table 1 indicate that peel of Saveh malas pomegranate cultivar possesses a significant source of
polyphenolic and flavonoid content compared to other cultivars. Difference in the pomegranate
chemical compound is related to the cultivar, growing region, maturity, cultivation, climate, and
storage situation [48]. This difference is also correlated with the latitude, altitude and longitude of
growing regions [60]. The anthocyanin level of pomegranate juice variation was attributed to
diversities of cultivars and growing region and various maturity levels of the pomegranate [40].
The pomegranate juice color is a significant index for juice quality; it is originally related to
anthocyanin concentration.

Middha et al. [61] reported that higher total flavonoid concentration of pomegranate juice was
almost correlated with sweet and sour cultivar and growing area. Although pomegranate anthocyanin
pigments concentration decreased during 100 days, a considerable decrease in acidity was found as
the significant chemical factor for increased incidence in over-ripe fruits.

This review clearly indicated that pomegranate peel extract possessed more natural antioxidants
and activity as a health supplement than the pomegranate pulp extract. Derakhshani et al. in their
study showed that the pomegranate peel extract contained high levels of antioxidant activity
compared to seeds and juice in three different cultivars of various regions of Iran [62].

Table 1 shows the comparative evaluation of phenolic and flavonoids compounds attributes to
various peels of pomegranate cultivars grown in the world.

These diversities may be owing to variety of cultivar, climate, edaphic condition, different
maturity level, and particularly tannin specification method. Total tannin concentration pomegranate
spectroscopic analyses by Khanavi et al. (2013) [1] in Iran revealed that Black peel cultivar had the
most hyperoside content in its pulp and peel. Hyperoside is identified as the significant flavonoid
with respect to antioxidant activity. The results indicated that commercial pomegranate juice had
significant phenolic quantity and antioxidant capacity. Furthermore, Zarei et al. (2010) revealed a
significant difference in total phenolics, tannins, and antioxidant activity in the juice of six different
Persian cultivars (Table 2) [63]. The polyphenolic content and antioxidant potent of the whole
pomegranate juice were remarkably superior to aril juice of pomegranate from the same cultivar, due
to the entrance of phenolic compounds from the rind sections of pomegranate to the juice [64].
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Hajimahmoodi et al. [65] reported that pulp of Sour summer cultivar had the most antioxidant
potent among the nine various pomegranate cultivars. The antioxidant capacity of pomegranate peel
extract was 10 times higher than the pulp extract.

The antioxidant activity of pomegranate peels showed a rapid decrease in 20 to 60 days of fruit
development (13%) [58]. Furthermore, Kulkarni et al. [58] reported a slight but important decrease
in anthocyanin pigment after 100 days (9.3%). Moreover, they concluded that the anthocyanin
increasing and phenolics decreasing were correlated with each other. In this regard, phenolics were
exhausted when the anthocyanin pigment formation and the phenols were destroyed and their
contents reduced [56].

Mphahlele et al. in their investigation showed that freeze-drying could be a viable method to
proceed pomegranate peel to maintain the maximum natural value of their bioactive compounds [66].

4. Conclusion

Different pomegranate cultivars had different polyphenol compositions and antioxidant
potential. It is considerably associated with many factors such as cultivar type, growing region,
maturity, cultivation, climate, edaphic condition, and storage situation [65]. They were also
correlated with the latitude, altitude and longitude of growing regions. Additionally, difference in the
average temperature and daily temperature during maturity and harvest period had significant effects
on the total polyphenols, flavonoids and anthocyanin concentration of pomegranate.

Further future investigations are necessary to establish a database for pomegranate showing
polyphenol and flavonoids compositions, antioxidant activities, physiochemical characteristics and
their relation to environmental factors in various growing areas of the world. The data would be
useful to produce better crops with higher nutritional quality. This database provides geographic
product labeling and pomegranate brand identification.

Search strategy

This review is based on a method of systematic narrative review on comparative evaluation of
bioactive compounds of various pomegranate cultivars. We conducted an extensive search using the
PubMed, Web of Science, Science Direct, and Scopus databases in April 2018 to obtain related
studies. This review aimed to present an overview of the comparison of the chemical analysis of total
phenolic and flavonoids content of various pomegranate cultivars grown in different geographic
regions of the world and to shows perspective advantages of pomegranate compound. It also aimed
to summarize the present data from in vitro and in vivo tests animal trial systems and human clinical
trials concerning the benefit of pomegranate compound. In addition, this review considered the
pomegranate peel and pulp extracts activities and their future potential.

The findings of this review support that the pomegranate might be used in preventing and
curing some diseases.

Research highlights

This study demonstrated considerable differences among the cultivars in most measured factors
such as total poly phenolics, flavonoids, antioxidant activity and anthocyanins content. It also
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highlights the current aspects and the new research into the potential therapeutic pomegranate for
some diseases and the future of clinical research of pomegranate.
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