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Pomological traits, phenol and flavonoid content and
antioxidant activity introduced the pomegranate
(Punica granatum L.) cultivars grown in the
Mediterranean part of Croatia

Pomoloska svojstava, sadrzaj fenola 1 flavonoida te antioksidativna
aktivnost introduciranih sorata Sipka (Punica granatum L.)
uzgajanih u mediteranskom dijelu Republike Hrvatske

Mira Radunié, Jelena Gadze, Katarina Lozo, Ela §imera,
Maja Jukié¢ Spika

ABSTRACT

Fruit samples of ‘Granada’, ‘Wonderful’ and ‘Hicaznar’ cultivars were collected in
productive pomegranate orchard in Neretva valley, Metkovi¢ (Croatia) and their
pomological and chemical properties were compared. Significant differences among
cultivars were noted between the studied traits. Fruit weight ranged from 429.37 g to
359.43 g and the lowest was recorded in cv. ‘Hicaznar’. Color of peel, aril and juice of
all investigated cultivars was intensively red and dark red, respectively. ‘Granada’ and
‘Wonderful’ stood out with high juice yield compared with ‘Hicaznar’. Total soluble
solid (TSS) of ‘Hicaznar’ (18.61%) was higher than that of ‘Wonderful’ (16.64%).
Total acidity (TA) significantly differed among cultivars and ranged from 1.6% to
2.1%. According to the TSS/TA ratio investigated cultivars belong to the group of sour-
sweet cultivars. Dissimilarity between cultivars was found in the phenolics content
(TPC). It ranged from 679.6 to 906.6 mg/100 g D.W. where ‘Hicaznar’ stood out as a
cultivar with highest TPC and also highest flavonoid and non-flavonoid content (521.1
mg/100 g D.W. and 385.5 mg/100 g D.W., respectively). In ‘Granada’ antioxidant
activity measured by 1,l-diphenyl-2-picrylhydrazyl was recorded for 64.1%, in
‘Wonderful’ 70.2% and the highest in ‘Hicaznar’ (74.5%). Results of this assessment
are the basis for practical determination of the pomegranate use.

Keywords: pomological properties, quality, phenolic, total anthocyanin content,
cultivars

171



M. Radunic¢ et al.: Pomological traits, phenol and flavonoid content and antioxidant
activity introduced tje pomegranate (Punica granatum L.) cultivars grown in the
Mediterranean part of Croatia

SAZETAK

Uzorci plodova sorata ‘Granada’, “Wonderful’ i ‘Hicaznar’ prikupljeni su u
proizvodnom nasadu Sipka u dolini rijeke Neretve, Metkovi¢ (Hrvatska) te su
usporedene njihove pomoloske i kemijske karakteristike. Izmedu istrazivanih sorata
utvrdene su znacajne razlike. Masa ploda varirala je od 429,37 g do 359,43 g, a
najmanja masa ploda utvrdena je kod sorte ‘Hicaznar’. Boja kore i arilusa (zrna) te soka
svih istrazivanih sorata je crvena odnosno tamno crvena. Plodovi sorte 'Granada' i
'Wonderful' istaknuli su se vi§im randmanom soka u usporedbi sa sortom 'Hicaznar'.
Sadrzaj topljive suhe tvari (TSS) sorte ‘Hicaznar’ (18,61%) je ve¢i u odnosu na TSS
sorte ‘Wonderful’ (16,64%). Ukupna kiselost (TA) se znacajno razlikovala izmedu
sorata i varirala je od 1,6% do 2,1%. Temeljem TSS/TA odnosa istrazivane sorte
pripadaju skupini kiselo-slatkih sorata. Razli¢itost izmedu sorata utvrdena je u sadrzaju
fenolnih spojeva (TPC) koji su bili u rasponu od 679,6 do 906,6 mg/100 g s.tv. Sorta
‘Hicaznar’ se istakla najve¢im sadrzajem ukupnih fenola, kao i sadrzajem flavonoida i
ne-flavonoida (521,1 mg/100 g s.tv. i 385,5 mg/100 g s.tv.). Antioksidacijska aktivnost
mjerena sa 1,1-diphenyl-2-picrylhydrazyl sorte ‘Granada’ iznosila je 64,1%,
‘Wonderful’ 70,2%, a najveca je bila kod sorte ‘Hicaznar’ (74.5%). Rezultati ovog
istraZivanja osnova su za definiranje moguénosti uporabe Sipka.

Kljuéne rijeci: pomoloska svojstva, kakvocéa, fenoli, sadrzaj ukupnih antocijana,
sorta

INTRODUCTION

Extensive knowledge of pomegranate’s health attributes, due to high levels
of antioxidant compounds contained that protecting against harmful free
radicals, advance pomegranates consumption and therefore also its production.
Genotype, growing region, climate, maturity and cultural practices are main
variables that affects quality of pomegranate fruit and a number of studies have
been carried out in different pomegranate producing regions (Gil et al, 2000.;
Durgac et al, 2008.; Al-Said et al, 2009.; Cristofori et al, 2010.; Tehranifar et al,
2010.; Martinez et al, 2012.; Raduni¢ et al, 2015.).

One of the traditional fruits cultivated in the Mediterranean part of Croatia
is a pomegranate (Punica granatum L.). As in other countries, that have
Mediterranean-like climate suggested as optimal for pomegranate fruit growth
(Schwartz et al., 2009), there is a growing interest in planting new orchards. In
new orchards in Croatia alongside domestic cultivars in recent years also
foreign cultivars have been planted. As new cultivars merge in commercial
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farming, it is expedient to investigate the quality potential of newly introduced
cultivars.

The aim of this study was to compare and characterize pomegranate
cultivars ‘Granada’, ‘Wonderful’ and ‘Hicaznar’ in the agro-ecological
conditions of the Neretva valley (Croatia). Pomological (fruit weight, peel color
and thickness, number of arils, color, weight and yield of arils, seed yield, juice
yield and color) as well as chemical (total soluble solids, total acidity, TSS/TA,
total phenol, flavonoid and non-flavonoid content, total anthocyanin content,
antioxidant activity) properties were determined.

MATERIALS AND METHODS

Fruit samples of three pomegranate cultivars (‘Granada’, ‘Wonderful’ and
‘Hicaznar’) were collected from an orchard in Metkovi¢, Croatia in the year
2016. Trees were trained to form a bush, with three to four main trunks and
planted at a spacing of 3 x 4.5 m. For each cultivar, nine fruit of uniform size
were randomly collected from around the canopy (3 fruit per tree x 3 trees).

Fruit weight (g) was determined using a digital balance (Mettler Toledo AB
204, Swizeland; +0.01 g sensitivity), Peel thickness was determined using
digital caliper; two measurements were recorded from opposite sides of the
fruit. Arils were manually separated from the pericarp/membrane and total aril
weight per fruit was recorded. Number of arils per fruit was estimated by
counting the number of arils in a 100 g sample extrapolating the number of arils
based on the total arils weight per fruit. Aril color was determined based on the
coloration scale from cream to dark red (cream, light pink, pink, red, dark red).
Aril yield (%) was determined as the ratio between aril weight and fruit weight,
multiplied by 100. Juice was obtained from a 50 g of arils by pressing through
four layers of cheesecloth and juice yield (%) was determined as the ratio
between acquired milliliters of juice per 50 g sample, multiplied by 100. Seed
yield (%) was determined as the ratio between seeds weight and arils weight per
fruit, multipled by 100.

Fresh aril juice extracted after pressing through cheesecloth as previously
described was used for measuring of total soluble solids, total acidity and
TSS/TA ratio. Total soluble solids (TSS) was determined using an Abbe
refractometer (A. Kruss Optronic, Germany), with results expressed as
percentage (at 20 °C). According to the AOAC method (1995), total acidity
(TA) was measured and expressed as percentage of citric acid equivalents. The
above values were used to calculate the TSS/TA ratio.
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Extract was performed for analyses of phenolic, non-flavonoid, flavonoid
content and DPPH assay. A sample of freeze-dried pomegranate arils (dried
using a FreeZone 2.5 Liter Benchtop Freeze Dryer, LabConco, USA) were
grinded in a stainless steel mill (A 11 Analytical mill, IKA). Powdered tissue
(0.5 g) was vortexed (Biosan, V1 plus, Latvia) for 1 min with 10 mL of 80%
aqueous methanol and extracted in ultrasonic bath (Sonorex Digitec DT 100H,
Bandelin) for 15 min. The extract was centrifuged (Beckman Instruments J2-21,
Palo Alto, CA) at 5.000 rpm for 25 min. Total phenolic content was determined
using the colorimetric Folin—Ciocalteu method (Singleton and Rossi, 1965.).
Results were expressed as mg/100 g D.W. To determine non-flavonoid and
flavonoid content the method by Kramling and Singleton (1969) was used. The
concentration of non-flavonoid content was calculated as the concentration of
total phenolic content, while the concentration of the flavonoid content was
calculated from the differences between total phenols and non-flavonoids.
According to Brand-Williams et al. (1995) antioxidant activity was
determinated using 1.1-diphenyl-2-picrylhydrazyl reagent and the total
anthocyanin content using bisulphite bleaching method (Ribéreau-Gayon and
Stonestreet, 1965). The molar absorbance value for cyanidin-3.5-diglucoside
was used as a standard value and results were expressed as mg cyanidin-3.5-
diglucoside equivalents/100 g D.W.

Data obtained from this study were analyzed using Statistica software
version 11.0 (StatSoft, Inc.USA, 2012). To determine the difference among
cultivars in pomological and chemical fruit properties analysis of variance
(ANOVA) was performed. Differences among means were considered
significant at p < 0.05 using Tukey’s Honest Significant Difference test.

RESULTS AND DISCUSSION

Results of fruit, arils and seed analyses of ‘Granada’, ‘Wonderful’ and
‘Hicaznar’ cultivars are presented in Table 1. ‘Granada’ and ‘Wonderful’ had a
significantly higher fruit weight (399.34 g and 429.37 g, respectively) than
‘Hicaznar’ (359.43g). All of the examined cultivars can be described as
intensive red peel cultivars. Peel thickness significantly differed between
cultivars ranging from 4.8 to 5.4 mm, where ‘Hicaznar’ had the lowest value.
Preference for fresh consumption in general is pomegranate fruit of red color
and thin peel. Intensive color for consumers is more attractive and they link the
color with fresher and better taste while thin peel cultivars are preferred because
of easier cleaning. The number of arils per fruit varied between 1238
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and 1331 (Table 1) which is higher than number of arils per fruit of domestic
cultivars ‘Sladun’ and ’Barski slatki’ (data not shown). Since each aril derives
from a successfully fertilized ovule, higher number of arils per fruit is the
indication of successful fertilization (Wetzstein, et al., 2011.).

Table 1 Fruit, aril and seed properties of introduced pomegranate cultivars grown
in Mediterranean part of Croatia

Tablica 1. Karakteristike ploda, arilusa i sjemenke introduciranih sorata Sipka
uzgajanih u mediteranskom dijelu Republike Hrvatske

Cultivar /Sorta

Granada Wonderful Hicazar
Fruit weight (g)
Masa ploda () 39934 a 429.37 a 35943 b
Peel color red red red
Boja kore crvena crvena crvena
Peel thickness (mm)
Debljina kore (mm) 328 >4 4.8b
Number of arils 1238 2 1331 a 1258 a
Broj arilusa
Aril color dark red dark red dark red
Boja arilusa tamno crvena tamno crvena tamno crvena
Aril weight (g) 034a 033a 0.29a
Masa arilusa (g)
Aril yield (%)
Randman arilusa (%) 44 ab 43.6b >l6a
Seed yield (%)
Randman sjemenke (%) 723 a 6.47 a 6.09 a

Mean values (n=9) followed by different lower-case letters in each row indicate significant differences at p<
0.05.

Srednje vrijednosti (n=9) oznacene razli¢itim slovima unutar reda oznacavaju statisticki znacajne razlike za p
<0,05.

Differences in aril color among investigated cultivars were not found and a
characteristic of all cultivars is the dark red color of arils (Table 1). In a study
conducted by Celik and Ercisli (2009.) investigating physical properties of
pomegranate cv. ‘Eksinar’ red aril color was emphased as one of the most
important sensory characteristics of pomegranate pulp and juice. Likewise, the
attractive aril pigment, as mentioned above for peel color, may be an important
factor for consumers’ acceptance and purchase increase when a pomegranate is
peeled or when consumers are already familiar with the cultivar characteristics.
Difference between cultivars in aril weight was not found. In contrast,
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significant variability in aril weight was observed in literature (Martinez et al,
2006.; Tehranifar et al, 2010.; Martinez et al, 2012.). Aril yield (as a percentage
of total fruit weight) ranged from 43.6% to 51.6%. These results are in
agreements with investigation on pomegranates conducted in Turkey (36.9—
59.4%) (Durgac et al, 2008.), Italy (44.5-53.5%) (Cristofori et al, 2010.), Iran
(41.1-65.0%) (Tehranifar et al, 2010.), and Morocco (53.4-61.2%) (Martinez et
al, 2012.).

Properties of the investigated cultivar juices are depicted in Table 2.
Different juice yield was found between studied pomegranate cultivars.
‘Granada’ and ‘Wonderful’ (65.4% and 66.0%, respectively) had higher juice
yield than ‘Hicaznar’ (54.7%). Optimal maturity for harvesting is achieved
through balance of main attributes such as fruit size, peel color and sugar
content. In present study, cultivar significantly influenced total soluble solids
(TSS) and total acidity (TA) content. The TSS ranged from 16.64%
(‘Wonderful’) to 18.61% (‘Hicaznar’) and the TA from 1.62% (‘“Wonderful’) to
2.08% (‘Hicaznar’). The ratio of the two just listed parameters is an important
quality factor. Though dissimilarities were found between single parameter in
studied cultivars, difference in TSS/TA was not found. The TSS/TA ratio is
considered a better indicator of taste for most fruit species than individual sugar
content (in present study as TSS) or acids. Each pomegranate cultivar requires a
certain TSS/TA ratio at harvest time. Consequently, classifications by Onur and
Kaska (1985) and Martinez et al. (2006) define cultivars ‘Granada’,
‘Wonderful’ and ‘Hicaznar’ as sour—sweet cultivars.

Sensory attributes of fruits and vegetables are linked with phenolic
compounds (Gil et al, 2000.). Total phenol, flavonoid and non-flavanoid
content of tree introduced pomegranate cultivars grown in the Mediterranean
part of Croatia is presented in Table 2. Phenolic compounds content ranged
from 679.6 to 906.6 mg/100 g D.W. where ‘Hicaznar’ stands out as a cultivar
with the highest TPC and also flavonoid and non-flavonoid content.
Pomegranate has high antioxidant activity, primarily attributed to its high
phenols content. Furthermore, it is an important source of anthocyanins, which
are wholly responsible for red aril color (Gil et al, 2000.; Aviram et al, 2008.;
Raduni¢ et al, 2015.). In our study, the dissimilarity between cultivars was
found in the anthocyanins content. ‘Granada’ and ‘Hicaznar’ had higher total
anthocyanins content than ‘Wonderful’. The highest antioxidant capacity
according to DPPH method was recorded in ‘Hicaznar’. The results are most
likely related to the amount of phenolics since antioxidant activity (DPPH) was
highly correlated with TPC (r = 0.820) (Raduni¢ et al, 2015.).
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Table 2 Juice properties of introduced pomegranate cultivars grown in

Mediterranean part of Croatia

Tablica 2. Karakteristike soka introduciranih sorata Sipka uzgajanih u
mediteranskom dijelu Republike Hrvatske

Cultivar /Sorta
Granada Wonderful Hicazar
Juice yield (%)
65.4 66.0 54.
Randman soka (%) a a 7b
Juice color dark red dark red dark red

Boja soka

tamno crvena

tamno crvena

tamno crvena

Total soluble solid
(TSS;°Brix)
Suha tvar (°Brix)

17.35 ab

16.64 b

18.61 a

Total acidity (%)
Ukupne kiseline (%)

1.85b

1.62 ¢

2.08a

TSS/TA

991 a

1049 a

923a

Taste
Okus

sour-sweet
kiselo-sladak

sour-sweet
kiselo-sladak

sour-sweet
kiselo-sladak

Total phenol content
(mg/100g D.W.)
Ukupni fenoli
(mg/100g s.tv.)

679.6 b

696.5b

906.6 a

Flavonoid content
(mg/100g D.W.)
Sadrzaj flavonoida
(mg/100g s.tv.)

393.6b

4472 b

521.1a

Non-flavonoid content
(mg/100g D.W.)
Sadrzaj ne-flavonoida
(mg/100g s.tv.)

286.1b

24940 b

3855a

Total anthocyanins
content (mg/100g D.W.
Ukupni antocijani
(mg/100g s.tv.)

81.06 a

66.7b

86.29 a

DPPH (%)

64.1c

70.2b

745 a

Mean values (n=9) followed by different lower-case letters in each row indicate significant differences at p <

0.05.

Srednje vrijednosti (n=9) oznacene razli¢itim slovima unutar reda oznacavaju statisticki znacajne razlike za p

<0,05.
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We have characterized and compared for the first time the pomological and
chemical attributes of foreign pomegranate cultivars grown in Croatia.
‘Granada’, ‘Wonderful’ and ‘Hicaznar’ belong to the sour—sweet cultivars with
high bioactive components adequate for fresh consumption but also for
processing.
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