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Summary

This study characterises the genetic variability of local pomegranate (Punica granatum 
L.) germplasm from the Slovenian and Croatian areas of Istria. The bioactive components 
and antioxidant and antimicrobial properties of ethanol and water extracts of different 
parts of pomegranate fruit were also determined, along with their preliminary nutritional 
characterisation. Twenty-six different genotypes identified with microsatellite analysis in-
dicate the great diversity of pomegranate in Istria. The pomegranate fruit ethanol extracts 
represent rich sources of phenolic compounds (mean value of the mass fraction in exocarp 
and mesocarp expressed as gallic acid is 23 and 16 mg/g, respectively). The ethanol ex-
tracts of pomegranate exocarp and mesocarp showed the greatest antimicrobial activity 
against Candida albicans, Candida parapsilosis, Rhodotorula mucilaginosa, Exophiala dermatitidis 
and Staphylococcus aureus, and the same water extracts against S. aureus and Escherichia coli. 
To the best of our knowledge, this study represents the first report of the characterisation 
of pomegranate genetic resources from Istria at different levels, including the molecular, 
chemical, antimicrobial and nutritional properties.
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Introduction
Horticultural plants are very important for human 

diet as sources of vitamins, minerals and dietary fibre. 
They have also become a significant part of human life 
due to their medicinal and environmental uses as well as 
their aesthetic and economic values. The stem, leaves, 
flowers, roots, and vegetable and fruit crops have the 
highest potential of utilisation (1–4). Pomegranate (Punica 
granatum L.) belongs to the Lythraceae family (5). The Pu-
nica genus includes only two species: P. granatum L. and P. 
protopunica Balf, with the former believed to be autoch-
thonous to an area between Iran and the Himalayas in 
northern India (6,7). Due to its good adaptation to a wide 
range of climate and soil conditions, pomegranate is now 
grown in many different geographical regions including 
the Mediterranean basin, Asia and California, USA (8). 
The pomegranate fruit is commonly consumed fresh and 
it is also used for production of juice, syrup, jam and wine 
(6).

Pomegranate fruit represents a rich source of bioac-
tive components and minerals (9). These have been re-
ported in different parts of the fruit, such as the exocarp, 
seeds and arils (10). Moreover, other compounds in the 
fruit can have protective influence on human health, such 
as punicic acid, a conjugated fatty acid in pomegranate 
seed oil.

The functional properties of this fruit and the need 
for breeding programs for pomegranate have encouraged 
genetic investigations. Although pomegranate is consid-
ered as an underused and minor fruit species (11,12), 
efforts  to develop new and highly informative microsa-
tellite molecular markers have been developed in P. gra-
natum (7,13–17). Their applicability to P. granatum DNA 
genotyping procedures and diversity studies has been 
demonstrated in Iran (15,16), Tunisia (14,17) and Turkey 
(13).

In the northern Adriatic region, large pomegranate 
orchards are rare, although individual trees are frequent-
ly planted in home and market gardens together with ol-
ives, figs, and other Mediterranean plants. Nevertheless, 
the economic potential and functional properties of this 
fruit suggest the larger cultivation of pomegranate. For 
successful promotion of the cultivation of local ecotypes 
that are already present in the region of Istria, investiga-
tion into the P. granatum genetic resources and the identi-
fication of the most promising ecotypes is necessary. To 
the best of our knowledge, this study represents the first 
report on the characterisation of P. granatum genetic re-
sources from Istria at the molecular, chemical, antimicro-
bial and nutritional levels.

The aim of the present study was to characterise the 
genetic variability of the local P. granatum germplasm 
from the Slovenian and Croatian areas of Istria. Further-
more, we investigated the content of important phenolic 
compounds and their antioxidant properties in ethanol 
and water extracts of different parts of pomegranate fruit, 
along with their antimicrobial properties. In addition, 
preliminary characterisation of the nutritional properties 
of different parts of P. granatum fruit was performed. It is 
important to note that the genetic, antimicrobial and 
chemical properties were assessed for the same samples.

Materials and Methods

Plant material and collection sites
Thirty-five pomegranate (Punica granatum) samples 

were used for the genetic characterisation. These included 
varieties with known provenance, as well as local acces-
sions and potential wild forms from Slovenian and 
Croatian areas of Istria (Table 1), a peninsula on the north-
ern coast of the Adriatic Sea. The plant materials of this 
regional pomegranate germplasm were collected in the 
field, mostly from family gardens and orchards, along 
with the P. granatum varieties provided by the nursery 
Skink Ltd (Rovinj, Croatia) for molecular analysis. Chem-
ical analysis was performed on eight of the selected sam-
ples, coded Pg1, Pg5, Pg6, Pg7, Pg8, Pg9, Pg10 and Pg12 
(Table 1).

The climate in the coastal part of Istrian peninsula is 
Mediterranean (Cs according to Köppen classification), 
with mild winters and dry and warm summers, and an av-
erage of 2400 h of sunshine per year (18). The average 
monthly temperatures range from a minimum of 6 °C in 
January, to a maximum of 26 °C in July. The average mini-
mum monthly rainfall is in July (40.1 mm) and the average 
maximum monthly rainfall is in November (101.8 mm). 
The terrain in Istria is mostly a limestone plateau, much of 
which lacks water due to its karst topography.

The sampled P. granatum trees and shrubs were ex-
tensively cultivated using no special agronomic technolo-
gies (e.g. irrigation, fertilisation, plant protection). The 
pomegranate fruits were harvested in the beginning of 
November 2014, as part of the normal ripening period for 
pomegranate in different parts of Istria (Table 1: Baredi, 
Izola, Koper, Kampolin, Marasi, Rovinj, Rabac and Seča). 
The fruits were harvested randomly from each of the four 
orientations of the plants, and were immediately taken to 
the laboratory for analysis. For chemical analysis only 
healthy, ripe fruits were included. Based on these exclu-
sion factors, 2 to 13 fruits were included in each single 
sample.

The pomegranate seeds and arils were separated 
from the exocarp and mesocarp. Before determination of 
the phenolic compounds and the antioxidant and antimi-
crobial properties, different parts of the pomegranate (ex-
ocarp, mesocarp and squeezed juice from arils) were 
lyophilised, with the remaining deposits crushed to form 
powders. The water and 70 % ethanol extracts from these 
exocarp, mesocarp and aril samples were prepared by 
extrac tion of 5 g of lyophilised powdered mesocarp in 40 
mL of solvent (water and 70 % ethanol) for 4 h. These ex-
tracts were then centrifuged at 10 000×g (model Rotanda 
460R; Hettich, Tuttlingen, Germany), dried under rotary 
evaporation (model HT-4 Series II; Genevac Ltd, Ipswich, 
UK) and lyophilised (model Alpha 1-2 LD plus; Christ, 
Osterode, Germany). These deposits from the extracts 
were kept at –20 °C until further analysis.

Genetic analysis
DNA extraction and genotyping

As pomegranate contains high amounts of polysac-
charides and polyphenolic compounds (19), the total 
DNA was extracted from leaf tissue according to a slight-
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ly modified protocol of Japelaghi et al. (20) that was suit-
able for DNA isolation from such tissues that are rich in 
secondary metabolites. For protein denaturation and pu-
rification of genomic DNA, instead of the chloroform/iso-
amyl alcohol (24:1, by volume) mixture recommended in 
the original protocol (20), a phenol/chloroform/isoamyl 

alcohol (25:24:1, by volume; Sigma-Aldrich, St. Louis, 
MO, USA) mixture was used. Since no amplification of 
the PCR products was obtained in a PCR protocol optimi-
sation step, two additional phenol-chloroform extractions 
were done on the same DNA samples, followed by iso-
propanol precipitation step. DNA concentrations were 
measured using a fluorometer (QubitTM, Invitrogen, Ther-
mo Fisher Scientific, Waltham, MA, USA).

Twelve microsatellite loci were included into the 
DNA genotyping procedure: ABRII-MP30, ABRII-MP42 
(15), pg08, pg10, pg17, pg18 (16), Pom006, Pom013 (14), 
PGCT015, PGCT088, PGCT093A and PGCT111 (7). Am-
plification of the microsatellites was carried out in PCR 
reactions in a total volume of 15 μL, containing the sup-
plied PCR buffer (Promega, Mannheim, Germany), 2 mM 
MgCl2, 0.2 mM of each dNTP (Sigma-Aldrich), 0.2 μM of 
each locus-specific primer (IDT-DNA, Leuven, Belgium), 
with one of the primers in the pair elongated for the M13 
(−21) universal sequence (IDT-DNA) (21), 0.25 μM M13 
(−21) universal primer labelled with 6-FAM, VIC, PET or 
NED (Applied Biosystems, Woolston, UK), 0.375 U of Taq 
DNA polymerase (Promega), and 40 ng of DNA. The am-
plification of the DNA was performed in a 2720 thermal 
cycler (Applied Biosystems, Thermo Fisher Scientific, Sin-
gapore). For the microsatellite loci ABRII-MP, pg and 
Pom, the cycling conditions of the two-step PCR were as 
follows: first step: 94 °C for 5 min, five cycles of 45 s at 94 
°C, 30 s at 57 °C, lowered by 1 °C in each cycle, and 30 s at 
72 °C; and second step: 30 cycles of 30 s at 94 °C, 30 s at 52 
°C, and 90 s at 72 °C; and a 10-minute extension step at 72 
°C. The amplification protocol for the microsatellite locus 
PGCT was performed according to Schuelke (21). Separa-
tion of the amplified microsatellites was performed on a 
3130 Genetic Analyzer (Applied Biosystems, Hitachi 
High-Technologies Corporation, Tokyo, Japan), using Ge-
neScanTM-500 LIZ® (Applied Biosystems, Woolston, UK) 
for the size standards, and the data were analysed using 
the Gene Mapper v. 4.1 software (Applied Biosystems, 
Thermo Fisher Scientific, Foster City, CA, USA).

Genetic data analysis
For a total of 35 pomegranate samples, the following 

genetic parameters were calculated from the data for the 
12 microsatellite loci: the observed and expected hetero-
zygosity, the Hardy-Weinberg equilibrium test, the effec-
tive number of alleles, the probability of identity, the fre-
quency of null alleles per locus, and the polymorphic 
information content (PIC).

The genetic parameters of observed and expected 
heterozygosity and PIC were calculated using the CER-
VUS v. 3.0.7 program (22), with the IDENTITY v. 1.0 pro-
gram (23) used to calculate the probabilities of identity. 
The frequencies of null alleles per locus were estimated 
using the FreeNA v. 1.2 software (24). GENEPOP v. 4.2 
(25,26) was used to test the genotypic frequencies for con-
formance to the Hardy-Weinberg equilibrium test expec-
tations, to test the loci for linkage disequilibrium, and to 
estimate the significance of the genotypic differentiation 
between the population pairs. Probability tests for loci 
with less than five alleles were based on the complete 
enumeration method, as described by Louis and Demp-
ster (27), while for loci with five or more alleles, the Mar-
kov chain algorithm was used (25,28), with 1000 dememo-
risation steps, 100 batches, and 1000 iterations per batch.

Table 1. Pomegranate (Punica granatum L.) accessions used in 
this study

Collection 
site,  
country

Code Variety name/
local accession 
name

Latitude
(N)

Longitude
(E)

Baredi, 
Slovenia

Pg11 Unknown 45°30’53’’ 13°40’59.4’’

Izola, 
Slovenia

Pg2 Unknown 45°32’23.3’’ 13°41’19.8’’
Pg3 Unknown 45°32’23.6’’ 13°41’19.3’’
Pg4 Unknown 45°32’23.4’’ 13°41’19.2’’

Pg51 Unknown 45°32’23.3’’ 13°41’19.5’’

Koper, 
Slovenia

Pg61 Unknown 45°32’5.5’’ 13°41’56.6’’

Kampolin, 
Slovenia

Pg71 Unknown 45°30’43.9’’ 13°36’4.9’’
Pg81 Unknown 45°30’43.9’’ 13°36’5.2’’

Marasi,  
Croatia

Pg91 Unknown 45°9’29’’ 13°42’29.8’’
Pg101 Unknown 45°9’29’’ 13°42’29.9’’
Pg11 Unknown 45°9’29.5’’ 13°42’32’’
Pg121 Unknown 45°9’28.7’’ 13°42’33.1’’

Skink Ltd, 
Rovinj, 
Croatia

Pg13 ‘Nar’2 45°6’41.2’’ 13°38’12.7’’
Pg14 ‘Irački ljutunac’2 45°6’41.2’’ 13°38’12.7’’
Pg15 ‘Barski sladun’2 45°6’41.2’’ 13°38’12.7’’
Pg16 ‘Barski žuto-

narančaste kore’2
45°6’41.2’’ 13°38’12.7’’

Pg17 ‘Rumanjaš slatki’2 45°6’41.2’’ 13°38’12.7’’
Pg18 ‘Slatki rani’2 45°6’41.2’’ 13°38’12.7’’
Pg19 ‘Dente di 

Cavallo’3
45°6’41.2’’ 13°38’12.7’’

Pg20 ‘Medun’2 45°6’41.2’’ 13°38’12.7’’
Pg21 ‘Modraš divlji 

šipek’2
45°6’41.2’’ 13°38’12.7’’

Pg22 ‘Glavaš’2 45°6’41.2’’ 13°38’12.7’’
Pg23 ‘Valenciana’3 45°6’41.2’’ 13°38’12.7’’
Pg24 ‘Wonderful’3 45°6’41.2’’ 13°38’12.7’’
Pg25 ‘Mollar de Elche’3 45°6’41.2’’ 13°38’12.7’’

Rabac, 
Croatia

Pg26 Unknown 45°4’37.8’’ 13°40’44.5’’
Pg27 Unknown 45°4’37.8’’ 13°40’44.7’’
Pg28 Unknown 45°4’37.9’’ 13°40’44.6’’
Pg29 Unknown 45°4’37.6’’ 13°40’42.9’’
Pg30 Wild 45°5’11.5’’ 14°9’28.7’’

Seča, 
Slovenia

Pg43 Unknown 45°30’4.3’’ 13°35’47’’
Pg44 Unknown 45°30’4.4’’ 13°35’44.5’’
Pg45 ‘Domača’2 45°30’4.2’’ 13°35’44.6’’
Pg46 Unknown 45°30’4.3’’ 13°35’47.2’’
Pg47 ‘Italijanska’2 N45°30’4.6’’ E13°35’45.8’’

1samples included in chemical and microbiological analyses, 
2local name, 3variety name
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The genetic distances between these 35 pomegranate 
samples were calculated using Jaccard’s coefficient of sim-
ilarity, and the dendrogram was constructed using the 
unweighted pair-group method. The correlation coeffici-
ent between the similarity matrix and the cophenetic va-
lue matrix was computed to test the goodness-of-fit of the 
cluster analysis. All calculations were performed using 
the NTSYS v. 2.02 package (29).

Chemical analysis
Nutritional properties

The water content was determined according to the 
AOAC 950.46 method (30). The soluble solids were meas-
ured using a hand refractometer (Atago, Bellevue, WA, 
USA). The protein content was determined according to 
the method described by Hach et al. (31). The total, solu-
ble and insoluble fibre were determined by the modified 
enzymatic-gravimetric method of Lee et al. (32), using To-
tal Dietary Fiber kit (Merck, Darmstadt, Germany). The 
total dietary fibre was calculated as the sum of the soluble 
and insoluble dietary fibre.

Minerals
The element compositions of pomegranate exocarp, 

mesocarp and arils were analysed using energy disper-
sive X-ray fluorescence spectrometry. Pellets were pre-
pared from 0.5 to 1.0 g of powdered samples using a pel-
let die and a hydraulic press (both were made in house at 
Jožef Stefan Institute workshop, Ljubljana, Slovenia). As 
the primary excitation sources, the disc radioisotope exci-
tation sources of 55Fe (25 mCi) and 109Cd (20 mCi) were 
used (Eckert and Ziegler, Berlin, Germany). The emitted 
fluorescence radiation was measured using energy dis-
persive X-ray spectrometer with a Si(Li) detector (Ortec 
EG&G, Oak Ridge, TN, USA), a spectroscopy amplifier 
(mo del M2024; Canberra, Meriden, CT, USA), an ana-
logue-to-digital converter (M8075; Canberra) and a PC- 
-based multichannel analyser (S-100; Canberra). The spec-
trometer was equipped with a vacuum chamber. The 
energy resolution of the spectrometer was 175 eV at 5.9 
keV.

The complex X-ray spectra were examined by the 
analysis of x-ray spectra by iterative least square fitting 
(AXIL) (33) program. The evaluated uncertainty of this 
procedure included the statistical uncertainty of the mea-
sured intensities and the uncertainty of the mathematical 
fitting procedure. The overall uncertainty of the spectral 
measurement and analysis was in most cases less than 1 
%. Quantification was then performed using the Quanti-
tative Analysis of Environmental Samples (QAES) soft-
ware developed by Nečemer et al. (33,34). The estimated 
uncertainty of the analysis was around 5 to 10 %. This 
relatively high total estimated uncertainty was mainly 
due to contributions of the matrix correction and the ge-
ometry calibration procedures, which included errors of 
tabulated fundamental parameters, and also contribu-
tions of spectrum acquisition and analysis.

Fatty acid composition
The oil was extracted from pomegranate seeds using 

heptane (Sigma-Aldrich, Steinheim, Germany). The fatty 
acid composition of the samples was determined accord-

ing to European Commission (EEC) regulation no. 2568/ 
91 (annexes XA and XB) (35). The instrument used was 
split/splitless gas chromatograph (model 6890N; Agilent 
Technologies, Santa Clara, CA, USA) equipped with FID 
detector and the SP-2560 capillary column (100 m×0.25 
mm×0.20 μm; Supelco, Sigma-Aldrich, Bellefonte, PA, 
USA). The fatty acid methyl esters were identified with 
the aid of 37-component FAME Mix 47885-U (Supelco, 
Sigma-Aldrich) and oil samples with the International Ol-
ive Council (IOC, Madrid, Spain) proficiency schemes.

Total phenolics
The total contents of phenolic compounds of the 

pomegranate fruit samples were determined spectropho-
tometrically with UV-Visible spectrophotometer model 
8453 (Hewlett Packard, Waldbronn, Germany) (36), and 
are expressed as mean gallic acid equivalents, with the 
determinations carried out in triplicate.

Assignation and quantification of phenolic compounds
The phenolic compounds (epicatechin, catechin and 

gallic acid (all from Sigma-Aldrich, Steinheim, Germany), 
delphin (delphinidin-3,5-di-O-glucoside) and cyanin (cya-
nidin-3,5-di-O-glucoside; both Extrasynthese, Genay, France) 
and pelargonin (pelargonidin-3,5-di-O-glucoside; Sigma- 
-Aldrich) standards were used for determining their re-
spective multiple reaction monitoring (MRMs) using an 
ultra-high performance liquid chromatography system 
(UHPLC, model 1260 Infinity; Agilent Techno logies, San-
ta Clara, CA, USA), interfaced with a triple-quadrupole 
mass spectrometer (Triple Quad 6420 LC/MS; Agilent 
Technologies) equipped with a binary gradient pump 
(model G1312B), a thermostated column compartment 
(model G1316A), an automatic liquid sampler (model 
G1329B), a HiP degasser (model G4225A), a thermostat 
(model G1330B), a diode array detection system (model 
G4212B) and a Poroshell 120 column (EC-C18; 2.7 μm; 3.0 
mm×50 mm; Agilent Technologies). The following elution 
gradient deliberately modified from Luján et al. (37) was 
used: water/formic acid (99.5:0.5, by volume) (A) and ace-
tonitrile/methanol (50:50, by volume) (B) with initial com-
position of 96 % A and flow of 0.34 mL/min, 0–3.96 min 50 
% A, 3.96–4.45 min 40 % A, 4.45–5.94 min 0 % A, and 5.94–
7.12 min 0 % A. The standard phenolic compounds were 
dissolved in methanol and infused to optimise the acqui-
sition parameters. The following optimised conditions 
were used: fragmentor voltages 80–220 V, collision energy 
range 15–45 eV, capillary voltage 4.0 kV, cell acceleration 
voltage 7 V, and sheath gas temperature 300 °C. All of the 
samples were measured in duplicate. The limit of detec-
tion (LOD) was 0.01 mg per 100 g of sample for epicate-
chin and catechin, and 0.002 mg per 100 g of sample for 
gallic acid, delphin, cyanin and pelargonin. The levels of 
epicatechin, catechin, delphin, cyanin and pelargonin 
were calculated on the basis of the constructed calibration 
curves with the aid of determined MRMs, using their re-
spective chlorides.

Antioxidant activity
The antioxidant activities of the water and ethanol 

extracts of the pomegranate exocarp, mesocarp and aril 
juice were determined spectrophotometrically using the 
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2,2-diphenyl-1-picryl-hydrazyl (DPPH•) reagent (Sigma- 
-Aldrich, St. Louis, MO, USA) (38). Triplicate analyses 
were performed for each extract, and the procedure was 
previously described in detail (38).

Microbiological analysis
Antibacterial activity

The antibacterial activities of the ethanol and water 
extracts of the pomegranate mesocarp and exocarp were 
tested against a panel of pathogenic microorganisms, in-
cluding Gram-positive Staphylococcus aureus (ATCC 25923) 
and Listeria monocytogenes (ŽMJ58a), and Gram-negative 
Escherichia coli (ŽMJ370) and Pseudomonas aeruginosa 
(ŽMJ87) (all clinical isolates). The cultivation/assay media 
were Mueller–Hinton broth or Mueller–Hinton agar (Ox-
oid, Hampshire, UK). The minimum inhibitory concen-
trations (MICs) of the extracts were determined using the 
broth microdilution method, as previously described (39). 
To indicate respiratory activity, the presence of colour was 
determined after the addition of 2-p-iodophenyl-3-p-ni-
trophenyl-5-phenyltetrazolium chloride (Sigma-Al drich) 
(39). All of the MIC measurements were carried out in du-
plicate.

Antifungal activity
The antifungal activities of the ethanol extracts of the 

pomegranate mesocarp and exocarp were tested against 
eight fungi: Saprochaete clavata (EXE 5631), Candida albi-
cans (EXE 9382), Candida parapsilosis (EXE 9370), Aureoba-
sidium pullulans (EXE 3105), Aspergillus fumigatus (EXE 
8280), Fusarium dimerum (EXE 9214), Exophiala dermatitidis 
(EXE 5586) and Rhodotorula mucilaginosa (EXE 9762). 
These tests were carried out according to the reference 
methods for broth dilution antifungal susceptibility test-
ing of yeast (M27-A3) (40) and filamentous fungi (M38-
-A2) (41). All of the measurements of the MICs were car-
ried out in duplicate.

Statistical analysis
All of the chemical data were analysed using the Sta-

ta 13 SE v. 1.0 software (42). The normality of the variable 
distributions was determined using Shapiro-Wilk tests. 
Where the data were not normally distributed, Spear-
man’s rank correlations were used for bivariate compari-
sons. Where logarithmic transformations of the variables 
conformed to the requirements for a normal distribution, 
Pearson’s correlations were used. Wilcoxon-Mann-Whit-
ney tests were applied for comparisons of two differ-
ent groups. The level of statistical significance was set to 
p<0.05.

Results and Discussion
It is well known that the chemical composition of 

fruit is influenced by both genetic and environmental (e.g. 
climatological and edaphological) factors. Therefore, the 
aim of the present study was to determine the genetic var-
iability of the pomegranate germplasm in Istria, and to 
characterise the plants of different genotypes in relation 
to their antimicrobial and nutritional properties. The geno-
types with the best nutritional properties will be planted 
in collection orchards for further characterisation while 
maintaining the same ecological factors.

Genetic characteristics of pomegranate
The microsatellite primers for the pomegranate DNA 

genotyping and diversity study were chosen on the basis 
of previously reported genetic characteristics of loci. The 
main criteria for locus selection were: the number of am-
plified alleles per locus, the observed heterozygosity, and 
the polymorphic information content. The calculated ge-
netic parameters over 12 loci are presented in Table 2. All 
12 of these microsatellite markers were polymorphic, 
which defined a total of 41 alleles in the group of 35 

Table 2. Diversity parameters estimated for the microsatellite loci of the pomegranate samples used in this study

Locus Alleles Heterozygosity PIC Null allele 
estimated  
frequency

p-value Probability 
of identityNumber 

detected
Effective 
number

Observed Expected

ABRII-MP30   2 1.059 0.000 0.056 0.054 0.11488 0.0145 0.896683
ABRII-MP42   2 1.029 0.029 0.029 0.028 0.00007 n.d. 0.945656
pg17   2 1.724 0.314 0.426 0.332 0.08113 0.2196 0.601000
pg18   4 2.110 0.543 0.534 0.474 0.01947 0.2015 0.379825
Pom006   5 1.583 0.229 0.373 0.350 0.12516 0.0093 0.453269
Pom013   6 1.744 0.400 0.433 0.402 0.04303 0.6673 0.401221
pg8   2 1.717 0.281 0.424 0.330 0.10424 0.0857 0.600764
pg10   2 1.385 0.333 0.282 0.239 0.00000 0.5588 0.637346
PGCT015   3 2.127 0.618 0.538 0.472 0.00000 0.1236 0.395991
PGCT088   5 3.153 0.800 0.693 0.632 0.00000 0.3542 0.254454
PGCT093A   3 2.470 0.412 0.604 0.509 0.11355 0.0043 0.421654
PGCT111   5 2.956 0.724 0.673 0.621 0.00812 0.0783 0.236525
Cumulative 41 n.c. n.c. n.c. n.c. n.c. n.c. 1.35·10–4

PIC=polymorphic information content, p-value=according to the Hardy-Weinberg equilibrium test, n.d.=not determined, n.c.=not 
calculated
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pomegranate samples. The number of alleles for each lo-
cus varied from 2 (loci ABRII-MP30, ABRII-MP42, pg17, 
pg8 and pg10) to 6 (locus Pom013), with a mean of 3.41 
alleles and a mean of 1.92 effective alleles. Seven unique 
alleles were found, which were characteristic of five of the 
pomegranate samples: ‘Pg30 wild-type’ (allele 172-ABRII- 
-MP30), ‘Unknown Pg28’ (alleles 196-ABRII-MP42, 145- 
-Pom006 and 164-Pom013), ‘Modraš wild-type’ (allele 183- 
-pg18), ‘Medun’ (allele 174-Pom013), and ‘Irački ljutunac’ 
(allele 134-PGCT088). The expected heterozygosity varied 
between 0.029 (ABRII-MP42) and 0.693 (PGCT088), with a 
mean of 0.422. The highest observed heterozygosity (0.800) 
was at locus PGCT088, and the lowest (0.000) at locus 
ABRII-MP30, where no heterozygotes were found. The 
PIC values ranged from 0.028 (ABRII-MP42) to 0.632 
(PGCT088). Out of 12 loci, only three markers (PGCT088, 
PGCT093A and PGCT111) were classified among the in-
formative loci (PIC>0.5) (43). The probability of identical 
genotypes varied among the loci from approx. 0.236 
(PGCT111) to 0.945 (ABRII-MP42), and the common prob-
ability of identity calculated for all the loci was 1.35·10–4. 
Most of the used loci (i.e. except loci PGCT088 and 
PGCT111) showed high probability of identity, and were 
thus less appropriate for discrimination of accessions. 
Nevertheless, the combination of the used loci allowed 
discrimination of these pomegranate accessions into 26 
different genotype profiles. Identical DNA profiles were 
observed in eight cases. The results suggest that ‘Rume-
njaš slatki’ and ‘Glavaš’, and also ‘Barski sladun’ and ‘Bar-
ski žuto-narančaste kore’, are synonyms. In the case of the 
identical DNA profiles of ‘Valenciana’ and ‘Unknown 
Pg44’, the identity Pg44 accession from Slovenian Istria 
was resolved and confirmed as the variety ‘Valenciana’.

Interestingly, the values of the genetic parameters cal-
culated in this study were not very similar to those from 
the previous studies of Hasnaoui et al. (14), Pirseyedi et al. 
(15) and Ebrahimi et al. (16). The main differences were in 
the observed and expected heterozygosities and the PIC 
values, which indicated that the characteristics of the loci 
were strongly influenced by the diversity and origin of 
the samples included in the analysis. These previous stu-
dies focused on the diversity of accessions from Tunisia 
(14,16) and Iran (15). However, similar genetic parameters 
to the present study were reported by Soriano et al. (7) for 
the PGCT primer set. Their study included 11 accessions 
from five distinct countries, and the number of alleles and 
calculated PIC values of four primers were similar 
(PGCT015, PGCT088, PGCT093A and PGCT111). These 
results suggest the need for careful selection of microsa-
tellite primers for diversity studies of pomegranate, and 
the existence of very specific germplasm around the Me-
diterranean basin.

Deviation from the Hardy-Weinberg equilibrium was 
found at three loci (ABRII-MP30, Pom006 and PGCT- 
093A). At locus ABRII-MP30, no heterozygotes were found, 
while locus Pom006 had the excess of one class of homo zy-
gotes, and at locus PGCT093A, of two classes of homozy-
gotes.

Jaccard’s similarity coefficient was used for the calcu-
lation of the genetic distances among pairwise combina-
tions in the set of 35 pomegranate accessions. The dendro-
gram shown in Fig. 1 was constructed from the genetic 

similarity data, and the clusters were tested for associa-
tions. The cophenetic correlation coefficient was 0.844, 
which indicated a good fit of the original data to the clus-
tering.

The accessions were clustered into three main groups. 
The first cluster consisted of eight local accessions of un-
known identity plus the varieties ‘Rumenjaš slatki’, 
‘Glavaš’, ‘Slatki rani’, ‘Dente di Cavallo’ and ‘Nar’. The 
second cluster comprised varieties ‘Medun’, ‘Irački ljutu-
nac’, ‘Barski sladun’, ‘Barski’, ‘Domača’ and ‘Wonderful’. 
The third cluster included the Spanish varieties ‘Valen-
ciana’ and ‘Mollar de Elche’, as well as three local acces-
sions and the wild pomegranate Pg21. The ‘wild’ acces-
sion that was sampled in the natural habitat near Rabac 
(Croatia) showed the lowest affinity to all of the other 
samples. Some of the varieties included in the molecular 
analysis had their origins in the Adriatic region. ‘Glavaš’ 
is believed to be a Herzegovinian autochthonous variety, 
whereas ‘Barski sladun’ is from Montenegro, and both of 
these varieties are reported to be commercially interest-
ing, due to their high quality (44). Based on the clustering 
of the samples into the related groups, no connections be-
tween the samples according to geographical origin can 
be defined.

Based on the polymorphic information and their oth-
er diversity characteristics, loci pg18, Pom013, PGCT015, 
PGCT088 and PGCT111 demonstrated suitability and 
usefulness for Istrian (or in the wider context of the Adri-
atic region) pomegranate germplasm characterisation and 
identification. Other loci were less suitable due to low de-
tected numbers of alleles, high values of probability of 
identity and deviation from the Hardy-Weinberg equilib-
rium.

Nevertheless, the set of molecular markers used in 
the present study allowed the first insight into the extent 
of pomegranate diversity in the region, and 26 different 
genotypes confirmed the great diversity of the analysed 
samples.

Chemical properties of pomegranate fruit
The levels of total and individual phenolic com-

pounds, soluble solids, fatty acids, the antioxidant poten-
tial and antimicrobial/antifungal characteristics were de-
termined for eight of the pomegranate samples from 
Istria, which represented six different genotypes (Fig. 1). 
The mass fractions of protein, ash, dietary fibre and min-
erals in the samples from exocarp, mesocarp and arils 
were determined in a single sample, Pg9 (Table 3), with 
this selection based on the morphological characteristics 
of the fruit (data not shown).

The protein level on wet mass basis in the arils from 
sample Pg9 (1.56 g/100 g) was much higher than that of 
the Turkish ‘Hicaz’ variety (0.3 g/100 g) (45). However, 
this was comparable with the level in the arils of the 
‘Wonderful’ variety (1.7 g/100 g) (46), which is the most 
widely planted commercial variety in California, USA (8). 
The mass fraction of total lipids on wet mass basis in 
seeds from the Istrian accessions (2.8 g/100 g) was much 
higher than in the arils from the ‘Wonderful’ variety (1.7 
g/100 g) (46). The content of total dietary fibre on wet 
mass basis in the arils (3.3 g/100 g) was comparable with 
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that of the ‘Wonderful’ variety (4 g/100 g) (46). These data 
indicate that in addition to the geographical position, the 
genotype has an impact on the biosynthesis pathways of 
the protein and total lipid contents. However, these data 
remain to be confirmed through further investigations.

The pomegranate fruit is a good source of minerals 
(Table 3), especially potassium, which accounts for about 
60 % of all of the minerals defined here. The potassium on 
wet mass basis in the arils (194 mg/100 g, i.e. 972 mg/100 g 
dry mass) is comparable to that in the ‘Wonderful’ variety 
(236 mg/100 g) (46). The highest potassium levels were in 
the exocarp samples (336 mg/100 g wet mass, i.e. 1460 
mg/100 g dry mass). In comparison with the calcium lev-
els on wet mass basis in the exocarp of other varieties that 
were reported by Fawole and Opara (47) such as ‘Arakta’ 
(16 mg/100 g), ‘Bhawa’ (48 mg/100 g), ‘Ganesh’ (31 mg/100 g), 
‘Herskawitz’ (52 mg/100 g), ‘Mollar de Elche’ (29 mg/100 
g), ‘Rubi’ (61 mg/100 g) and ‘Wonderful’ (49 mg/100 g), 
the level of calcium determined in the pomegranate exo-
carp from Istria is the highest (133 mg/100 g wet mass, i.e. 
578 mg/100 g dry mass). One of the reasons for these high 
levels of calcium might be due to the flysch bedrock, as 
compositional differences in bedrock can be reflected in 
plant elemental composition (48). Moreover, the iron con-
tent determined in the arils from Istria (0.87 mg/100 g wet 
mass, i.e. 4.4 mg/100 g dry mass) was also higher than the 
levels reported in the literature (0.30 mg (39) and 0.56 
mg/100 g (45)).

The mineral content of fruit depends on genetic fac-
tors and pedoclimatic conditions. The pomegranate plants 
from which the fruits were harvested in the present study 
were growing wild, with no agricultural practices applied. 
We hypothesise that the main reason for the differences 
observed between the varieties will lie in the different 
pedoclimatic conditions. However, due to the relatively 
small sample size, further investigations are necessary to 
confirm these observations and to define the reasons for 
the elevated levels of calcium and iron in the pomegran-
ate samples from Istria.

In the fatty acid composition of the pomegranate 
seeds the unsaturated fatty acids (95 %) prevailed (data 
not shown). Conjugated linolenic acid, which is a collec-
tive term for the positional and geometric isomers of octa-
decatrienoic acid (C18:3), amounted to 78.4 % of all of the 
fatty acids determined in the pomegranate seed oil. These 
results are in agreement with the literature (49–51). Ac-
cording to Sassano et al. (49), considering all of the geo-
metric isomers of the determined octadecatrienoic acid, 
punicic acid is by far the most abundant fatty acid in 
pomegranate seed oil, as it can amount to 72 % of all of 
the determined fatty acids.

The total content of phenolic compounds and the 
antioxidant potential of these different samples of pome-
granate grown in Istria are shown in Fig. 2. Here, the total 
content of phenolic compounds was the lowest in the aril 
juice samples compared to the exocarp and mesocarp, in 
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Pg1* Unknown 
Pg17 'Rumanjaš slatki' 
Pg22 'Glavaš' 
Pg18 'Slatki rani' 
Pg43 Unknown 
Pg4 Unknown 
Pg7* Unknown 
Pg8* Unknown 
Pg19 'Dente di Cavallo' 
Pg26 Unknown 
Pg9* Unknown 
Pg10* Unknown 
Pg13 'Nar' 
Pg29 Unknown 
Pg2 Unknown 
Pg3 Unknown 
Pg5* Unknown 
Pg47 'Italijanska' 
Pg24 'Wonderful' 
Pg11 Unknown 
Pg14 'Irački ljutunac' 
Pg20 'Medun' 
Pg12* Unknown 
Pg45 'Domača' 
Pg15 'Barski sladun' 
Pg16 'Barski žuto-narančaste kore' 
Pg27 Unknown 
Pg28 Unknown 
Pg21 'Modraš divlji šipek' 
Pg6* Unknown 
Pg46 Unknown 
Pg23 'Valenciana' 
Pg44 Unknown  
Pg25 'Mollar de Elche' 
Pg30 Wild 
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Fig. 1. Dendrogram constructed according to the unweighted pair-group method on the basis of the microsatellite data and the cal-
culated Jaccard’s similarity coefficients among the 35 pomegranate genotypes, *genotypes included in the chemical and microbio-
logical analyses
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both the ethanol and water extracts. The differences in the 
contents of total phenolic compounds in the extracts of 
pomegranate exocarp and mesocarp were not statistically 
significant.

The mass fractions of phenolic compounds (expressed 
in gallic acid equivalents) in the pomegranate exocarp and 
mesocarp were on average significantly higher (p<0.005) 
in the ethanol extracts (23 and 16 mg/g, respectively) than 
in the water extracts (7.9 and 6.7 mg/g, respectively). This 
is due to the prevalence of phenolic compounds that are 
more soluble in polar organic solvents than in an aqueous 
medium. However, these differences were not seen in the 
ethanol and water extracts of the aril juice, which is due to 
the ethanol extraction of the water-based medium of the 
juice.

It is worth mentioning that the mass fractions of the 
total phenolic compounds determined in the ethanol ex-
tract of the exocarp of sample Pg1 in gallic acid equiva-

Fig. 2. Total content of: a and b) phenolic compounds, and c and 
d) antioxidant potential of: a and c) ethanol, and b and d) water 
extracts of the eight pomegranate samples (Table 1) from Istria. 
A, B, C, D, E, F=different genotypes (Fig. 1)

Table 3. Analysis of the exocarp, mesocarp and aril of sample 
Pg9 (see Table 1)

Component w/(g/100 g)*

Exocarp Mesocarp Aril 

Protein 0.98±0.01 0.98±0.01 1.56±0.09
Total lipid <LOD <LOD 2.8±0.1
Ash 0.96±0.01 0.79±0.01 1.47±0.01
Total dietary fibre 7.4±0.3 4.7±0.1 3.3±0.2
Insoluble dietary fibre 5.4±0.3 3.1±0.1 3.0±0.2
Soluble fibre 1.97±0.12 1.57±0.11 0.29±0.08

w/(mg/100 g)**

Si <LOD <LOD 82±12

P 111±10 68±7 246±29

S 36.5±4.1 7.10±0.00 95±11

Cl 588±36 460±28 133±15

K 1460±89 
(336±20)*

1140±69 
n.c.

972±109 
(194±22)*

Ca 578±35 
(133±8)*

108.0±6.7 
n.c.

34.7±3.9 
n.c.

Mn 2.16±0.00 2.64±0.00 1.0±0.3

Fe 7.4±1.0 
n.c.

7.5±1.1 
n.c.

4.4±0.4 
(0.87±0.09)*

Ni 0.9±0.3 1.3±0.4 0.38±0.00

Cu 1.2±0.2 1.4±0.3 0.80±0.09

Zn 0.9±0.2 2.0±0.3 1.3±0.1

Se 0.27±0.00 0.50±0.00 0.08±0.00

Pb 0.9±0.2 0.76±0.00 0.06±0.03

Br 1.7±0.2 0.6±0.2 0.21±0.03

Rb 1.2±0.2 1.9±0.4 0.52±0.07

Sr 1.2±0.1 0.5±0.1 0.05±0.00

Mo 0.16±0.00 0.22±0.00 0.04±0.00

Data are mean value±standard deviation, *expressed on wet 
mass basis, **expressed on dry mass basis, n.c.=not calculated, 
LOD=limit of detection
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lents ((44.6±0.5) mg/g) were particularly high in compari-
son with the other samples (Fig. 2). This difference might 
not only be due to the different genotype, but also to dif-
ferent geological and pedological factors. It could also be 
contributed to different local weather conditions, which 
might have had an important influence on the mass frac-
tions of phenolic compounds. This difference was not so 
evident in the samples that underwent the water extrac-
tion (Fig. 2).

Different phenolic compounds have different antioxi-
dant, antibacterial and antifungal activities. Therefore, 
not only were the total contents of the phenolic com-
pounds determined, but also the levels of some of the im-
portant individual phenolic compounds that might con-
tribute to the antioxidant, antibacterial and antifungal 
activities of these ethanol and water extracts. Indeed, ex-
ploitation of natural antioxidants, and especially those of 
plant origin, has greatly increased recently due to the re-
strictions of the use of synthetic antioxidants that are po-
tentially cancerogenic (52,53).

The levels of epicatechin, catechin, gallic acid, delph-
inidin-3,5-di-O-glucoside, cyanidin-3,5-di-O-glucoside and 
pelargonidin 3,5-di-O-glucoside were determined in the 
ethanol and water pomegranate extracts (Table 4) with 
HPLC-MS/MS. As shown in the table, the levels of epicat-
echin were the highest in the exocarp, the lowest in the 
aril juice, and intermediate in the mesocarp in both water 
and ethanol extracts. The levels of catechin were also the 
highest in the exocarp, although it was not detected in the 
aril juice samples. Moreover, the levels of gallic acid were 
the highest in the exocarp, followed by the mesocarp and 
aril juice. In most of the samples, the levels of pelargoni-
din-3,5-di-O-glucoside in the exocarp were higher than in 
the aril juice. On the other hand, the levels of delphinidin-
-3,5-di-O-glucoside and cyanidin-3,5-di-O-glucoside in the 
aril juice were in most cases higher than in the exocarp 
samples (Table 4).

From the data given in Table 4, it is evident that the 
levels of the phenolic compounds were higher in the etha-
nol extracts than in the water extracts, with the exception 
of gallic acid. This is in agreement with the data found in 
this study for the total content of phenolic compounds 
and the antioxidant potential. Furthermore, among these 
phenolic compounds, epicatechin generally showed the 
highest content in both extracts and its levels correlated 
with those of the total content of phenolic compounds 
(R=0.8, p<0.05). However, there was no correlation be-
tween the epicatechin levels and the determined antioxi-
dant potentials. Indeed, the mass fractions of some other 
specific phenolic compounds that are only found in 
pomegranate fruit should also be determined, such as pu-
nicalin, pedunculagin, and punicalagin, to improve the 
assessment of the characteristics of the pomegranate from 
this area.

As for the total content of phenolic compounds in the 
ethanol extracts of the aril juice, the antioxidant potential 
expressed in gallic acid equivalents was the lowest in the 
ethanol aril juice (mean value 0.157 mg/g, minimum 0.048 
and maximum 0.576 mg/g) compared to the exocarp 
(mean value 4.72 mg/g, minimum 1.10 and maximum 

20.5 mg/g) and mesocarp (mean value 4.82 mg/g, mini-
mum 0.560 and maximum 8.43 mg/g), with these differ-
ences showing statistical significance (p<0.005) (Fig. 2). 
However, the differences in the antioxidant potential of 
the exocarp and mesocarp extracts were not statistically 
significant. The antioxidant potential correlated with the 
total phenolic content (RS=0.8, p<0.005), although this cor-
relation was not very strong. The discrepancies between 
the total phenolic content and the antioxidant potential 
were probably related to the method used for determina-
tion of total phenolic compounds, as it is susceptible to 
sugars, and to the different antioxidant potentials of the 
individual phenolic compounds. These data for the aril 
juice antioxidant potential are in the same range that has 
been reported for the pomegranate varieties ‘Arakta’, 
‘Bhagwa’, and ‘Ruby’ (47).

Antibacterial and antifungal activities
Antibacterial and antifungal activity tests were per-

formed with the ethanol and water extracts of exocarp 
and mesocarp from the different genotypes (Fig. 1) of 
pomegranate grown in Istria. These were carried out 
against Escherichia coli, Listeria monocytogenes, Pseudomo-
nas aeruginosa, Staphylococcus aureus, Saprochaete clavata, 
Candida albicans, C. parapsilosis, Aspergillus pullulans, A. fu-
migatus, Fusarium dimerum, Exophiala dermatitidis and Rho-
dotorula mucilaginosa.

As shown by the MICs in Table 5, the ethanol extracts 
generally showed higher antibacterial and antifungal ac-
tivities and were active against more of these species than 
the water extracts. The positive results of antimicrobial 
activities against E. coli, L. monocytogenes, P. auroginosa, S. 
aureus, C. albicans and A. fumigatus are in accordance with 
the literature (54–56). The ethanol extracts of the exocarp 
and mesocarp showed the lowest MICs against C. albi-
cans, C. parapsilosis, R. mucilaginosa, E. dermatitidis and S. 
aureus. The ethanol extracts of the exocarp did not affect 
the growth of P. aeruginosa, S. clavata and F. dimerum, 
while those of the mesocarp did not have any effects on S. 
clavata and F. dimerum. The highest antimicrobial activi-
ties of the exocarp and mesocarp water extracts were 
against S. aureus, followed by E. coli. According to these 
data, the water extracts have no antifungal properties (Ta-
ble 5). Comparing the total contents of phenolic com-
pounds and the antioxidant potentials, differences be-
tween the pomegranate samples were not noted, with the 
exception of sample Pg1 (genotype A), which not only 
had the highest total phenolic content and antioxidant po-
tential, but also showed the best antibacterial and antifun-
gal activities.

Conclusions
Genetic analysis with microsatellite markers revealed 

great diversity of pomegranate in Istria. Among the 35 
samples, 11 had local denomination, four samples repre-
sented varieties known on the European level or wider, 
and the remaining 12 genotypes were of unknown identi-
ty. These results have confirmed the uncontrolled intro-
duction of varieties, and the lack of past investigations 
supports the belief that there is an underutilisation of this 
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Table 4. Phenolic compounds in the ethanol and water extracts obtained from exocarp, mesocarp, and aril juice of the different un-
known varieties 

Sa
m

pl
e 

so
ur

ce Code Geno-
type

w/(mg/100 g)*
Epicatechin Catechin Gallic acid Delphinidin-3,5- 

-di-O-glucoside 
Cyanidin-3,5- 

-di-O-glucoside
Pelargonidin-3,5- 
-di-O-glucoside 

Ethanol extracts

Ex
oc

ar
p

Pg1 A 6.2±0.4 2.21±0.09 0.78±0.02 0.119±0.000 0.283±0.001 0.103±0.002
Pg5 D 10.4±0.4 4.2±0.3 0.68±0.05 0.174±0.001 1.87±0.06 1.88±0.01
Pg6 F 11.8±0.4 4.7±0.3 0.487±0.004 0.283±0.005 0.717±0.01 0.202±0.002
Pg7 B 3.2±0.1 1.38±0.04 0.40±0.02 0.128±0.001 0.260±0.007 0.40±0.02
Pg8 B 2.5±0.1 1.09±0.07 0.31±0.01 0.187±0.009 0.302±0.003 0.32±0.02
Pg9 C 9.2±0.4 3.6±0.2 0.28±0.02 0.044±0.002 0.440±0.001 0.19±0.01
Pg10 C 2.2±0.1 0.85±0.03 0.141±0.006 0.025±0.001 0.106±0.006 0.144±0.003
Pg12 E 3.2±0.2 1.3±0.1 0.248±0.005 0.050±0.001 0.224±0.004 0.070±0.004

M
es

oc
ar

p

Pg1 A 0.70±0.01 0.28±0.04 0.233±0.001 n.d. n.d. n.d.
Pg5 D 0.41±0.01 0.08±0.02 0.127±0.001 n.d. n.d. n.d.
Pg6 F 0.47±0.04 0.11±0.01 0.051±0.002 n.d. n.d. n.d.
Pg7 B 0.18±0.01 0.059±0.003 0.0298±0.0001 n.d. n.d. n.d.
Pg8 B 0.168±0.008 0.071±0.008 0.026±0.003 n.d. n.d. n.d.
Pg9 C 0.44±0.06 <LOD 0.078±0.004 n.d. n.d. n.d.

Pg10 C 0.225±0.008 <LOD 0.0580±0.0005 n.d. n.d. n.d.
Pg12 E 0.49±0.01 0.2570±0.0001 0.150±0.009 n.d. n.d. n.d.

Ju
ic

e

Pg1 A 0.0261±0.0001 <LOD <LOD 0.37±0.01 2.02±0.08 0.38±0.01
Pg5 D 0.030±0.004 <LOD <LOD 1.71±0.02 3.65±0.14 0.81±0.02
Pg6 F <LOD <LOD 0.006±0.001 3.01±0.02 4.19±0.06 0.516±0.005
Pg7 B <LOD <LOD 0.0024±0.0001 0.41±0.01 0.46±0.02 0.064±0.002
Pg8 B <LOD <LOD <LOD 0.45±0.01 0.749±0.001 0.1044±0.0001
Pg9 C <LOD <LOD 0.0030±0.0004 0.482±0.001 0.286±0.003 0.030±0.001
Pg10 C <LOD <LOD <LOD 0.99±0.03 0.56±0.01 0.060±0.002
Pg12 E <LOD <LOD <LOD 0.241±0.003 0.408±0.004 0.077±0.003

Water extracts

Ex
oc

ar
p

Pg1 A 0.195±0.004 0.41±0.02 0.552±0.007 0.0532±0.0009 0.0350±0.0003 0.033±0.005
Pg5 D 0.307±0.004 <LOD 0.851±0.009 0.034±0.002 0.80±0.01 0.991±0.008
Pg6 F 0.316±0.003 <LOD 0.50±0.07 <LOD 0.244±0.005 0.095±0.002
Pg7 B 0.143±0.006 <LOD 0.17±0.01 <LOD 0.043±0.002 0.123±0.005
Pg8 B 0.118±0.006 <LOD 0.179±0.007 0.034±0.002 0.082±0.004 0.118±0.007
Pg9 C 0.24±0.05 <LOD 0.112±0.005 0.010±0.002 0.042±0.001 0.032±0.003
Pg10 C 0.16±0.03 <LOD 0.087±0.005 <LOD 0.0274±0.0008 0.053±0.001
Pg12 E 0.155±0.002 <LOD 0.59±0.03 0.0122±0.0006 0.047±0.003 0.0212±0.0005

M
es

oc
ar

p

Pg1 A <LOD <LOD 0.146±0.002 n.d. n.d. n.d.
Pg5 D 0.082±0.008 <LOD 0.72±0.01 n.d. n.d. n.d.
Pg6 F 0.048±0.009 <LOD 0.10±0.01 n.d. n.d. n.d.
Pg7 B 0.035±0.005 <LOD 0.0411±0.0004 n.d. n.d. n.d.
Pg8 B 0.022±0.003 <LOD 0.059±0.002 n.d. n.d. n.d.
Pg9 C 0.0250±0.0007 <LOD 0.099±0.002 n.d. n.d. n.d.

Pg10 C 0.0172±0.0001 <LOD 0.044±0.005 n.d. n.d. n.d.
Pg12 E 0.061±0.002 <LOD 0.109±0.009 n.d. n.d. n.d.

Ju
ic

e

Pg1 A <LOD <LOD 0.005±0.002 0.0019±0.0001 0.201±0.001 0.0603±0.0004
Pg5 D <LOD <LOD 0.010±0.003 0.0533±0.0002 1.08±0.03 0.229±0.004
Pg6 F <LOD <LOD 0.0018±0.0001 0.243±0.006 0.29±0.04 0.0270±0.0001
Pg7 B <LOD <LOD 0.0042±0.0001 0.000164±0.00001 0.065±0.003 0.0130±0.0003
Pg8 B <LOD <LOD 0.0084±0.0008 0.0017±0.0002 0.111±0.004 0.0206±0.0001
Pg9 C <LOD <LOD 0.0036±0.0007 0.098±0.001 0.078±0.003 0.0074±0.0001
Pg10 C <LOD <LOD 0.0016±0.0001 0.100 ±0.001 0.064±0.003 0.00678±0.00003
Pg12 E <LOD <LOD 0.0010±0.0001 0.00502±0.00007 0.0181±0.0001 0.0031±0.0002

Data are mean value±standard deviation, *expressed on wet mass basis, LOD=limit of detection, n.d.=not determined
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fruit species in the region. Genetic parameters obtained 
with fingerprinting analysis of a set of pomegranate geno-
types revealed the five most informative microsatellites 
(pg18, Pom013, PGCT015, PGCT088 and PGCT111), which 
could be recommended as a standard set for further in-
vestigations of germplasm from the East Adriatic region.

In this study, preliminary results of mass fractions of 
proteins, ash, dietary fibre and minerals in arils, exocarp 
and mesocarp of pomegranate fruit were obtained. Ele-
vated levels of calcium were found in pomegranate exo-
carp. However, more data is needed to confirm these ob-
servations. Our study confirmed that the prevailing acid 

in pomegranate seeds was conjugated linolenic acid. Total 
content of phenolic compounds was higher in ethanol ex-
tracts than in water extracts of pomegranate mesocarp 
and exocarp. Total mass fractions of phenolic compounds 
(expressed in gallic acid equivalents) and antioxidant po-
tential were much lower in juice extracts. The total mass 
fractions of phenolic compounds, antioxidant potential 
and antimicrobial activity were higher in sample Pg1 than 
in other samples. Therefore, further genetic characterisa-
tion and chemical analysis of Pg1 should be performed. 
In regard to individual phenolic compounds, epicatechin, 
catechin and gallic acid were determined in water and 

Table 5. Antibacterial and antifungal activities (MIC) of the ethanol and water extracts of exocarp and mesocarp according to the 
sample and genotype (A, B, C, D, E and F) of the pomegranate grown in Istria

Sa
m

pl
e Microorganism MIC/(mg/mL) 

Pg1 
(A)

Pg5 
(D)

Pg6 
(F)

Pg7 
(B)

Pg8 
(B) 

Pg9 
(C) 

Pg10 
(C) 

Pg12 
(E) 

          Ethanol extracts

Ex
oc

ar
p

Escherichia coli 1.25 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Listeria monocytogenes 2.5 5 5 5 5 5 5 5
Pseudomonas aeruginosa n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Staphylococcus aureus 0.156 0.312 0.312 0.312 0.312 0.312 0.312 0.312
Saprochaete clavata n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Candida albicans 0.156 0.312 0.312 0.312 0.312 0.312 0.312 0.312
Candida parapsilosis 0.156 0.312 0.312 0.312 0.312 0.312 0.312 0.312
Aureobasidium pullulans 2.5 5 5 5 5 5 5 5
Aspergillus fumigatus 1.25 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Fusarium dimerum n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Exophiala dermatitidis 0.312 1.25 0.625 0.625 0.625 0.625 0.625 0.625
Rhodotorula mucilaginosa 0.156 0.312 0.312 0.312 0.312 0.312 0.312 0.312

M
es

oc
ar

p

Escherichia coli 2.5 5 5 5 5 5 5 2.5
Listeria monocytogenes 5 10 10 10 10 10 10 10
Pseudomonas aeruginosa 10 10 5 10 10 10 10 5
Staphylococcus aureus 0.312 1.25 0.625 0.625 0.625 1.25 0.625 0.312
Saprochaete clavata n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Candida albicans 0.312 0.625 0.625 0.625 0.625 0.625 0.625 0.625
Candida parapsilosis 0.156 0.312 0.312 0.312 0.312 0.312 0.312 0.156
Aureobasidium pullulans 5 10 10 10 10 10 10 5
Aspergillus fumigatus 2.5 5 5 5 5 5 5 1.25
Fusarium dimerum n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Exophiala dermatitidis 0.625 1.25 0.625 1.25 1.25 1.25 1.25 0.625
Rhodotorula mucilaginosa 0.156 0.312 0.312 0.312 0.312 0.312 0.312 0.156

          Water extracts

Ex
oc

ar
p

Escherichia coli 2.5 5 5 5 5 5 5 5
Listeria monocytogenes 5 10 10 10 10 10 10 10
Pseudomonas aeruginosa 10 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Staphylococcus aureus 0.625 1.25 1.25 1.25 1.25 1.25 1.25 1.25

M
es

oc
ar

p Escherichia coli 2.5 5 5 5 5 5 5 2.5
Listeria monocytogenes 10 n.d. 10 n.d. n.d. n.d. n.d. 10
Pseudomonas aeruginosa n.d. n.d. 10 n.d. n.d. n.d. n.d. 10
Staphylococcus aureus 0.625 1.25 1.25 1.25 1.25 2.5 1.25 0.625

MIC=minimum inhibitory concentration, n.d.=not determined
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ethanol extracts of all three fractions. Delphinidin-3,5-di- 
-O-glucoside, cyanidin-3,5-di-O-glucoside and pelargoni-
din-3,5-di-O-glucoside were determined in ethanol and 
water extracts of pomegranate juice and exocarp. Our 
data suggest that the ethanol extracts of pomegranate ex-
ocarp and mesocarp are the most efficient against Candida 
albicans, Candida parapsilosis, Rhodontula mucilaginosa, Exo-
phiala dermatitidis and Staphylococcus aureus and water ex-
tracts of pomegranate exocarp and mesocarp are most ef-
ficient against S. aureus, followed by Escherichia coli. The 
ethanol extracts have in general much higher antibacterial 
and antifungal activity and are active against more spe-
cies than the water extracts, which corresponds with their 
higher content of phenolic compounds.
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