
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by: [HASNAOUI, Nejib]
On: 14 June 2011
Access details: Access Details: [subscription number 938625679]
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Food Properties
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597259

Organic Acids, Sugars, and Anthocyanins Contents in Juices of Tunisian
Pomegranate Fruits
Néjib Hasnaouiab; Rania Jbirab; Messaoud Marsa; Mokhtar Trifib; Afaf Kamal-Eldinc; Pablo Melgarejod;
Francisca Hernandezd

a U.R. Agrobiodiversity, Higher Agronomic Institute, Sousse, Tunisia b Laboratory of Molecular
Genetics, Immunology, and Biotechnology, Faculty of Science of Tunis, Campus University, El Manar,
Tunis, Tunisia c Department of Food Science, Swedish University of Agricultural Sciences, Uppsala,
Sweden d Department of Plant Production and Microbiology, Universitas Miguel Hernández, Elche
(Alicante), Spain

Accepted uncorrected manuscript posted online: 16 September 2010

Online publication date: 13 June 2011

To cite this Article Hasnaoui, Néjib , Jbir, Rania , Mars, Messaoud , Trifi, Mokhtar , Kamal-Eldin, Afaf , Melgarejo, Pablo
and Hernandez, Francisca(2011) 'Organic Acids, Sugars, and Anthocyanins Contents in Juices of Tunisian Pomegranate
Fruits', International Journal of Food Properties, 14: 4, 741 — 757, doi: 10.1080/10942910903383438, First posted on: 16
September 2010 (iFirst)
To link to this Article: DOI: 10.1080/10942910903383438
URL: http://dx.doi.org/10.1080/10942910903383438

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597259
http://dx.doi.org/10.1080/10942910903383438
http://www.informaworld.com/terms-and-conditions-of-access.pdf


International Journal of Food Properties, 14:741–757, 2011
Copyright © Taylor & Francis Group, LLC
ISSN: 1094-2912 print / 1532-2386 online
DOI: 10.1080/10942910903383438

ORGANIC ACIDS, SUGARS, AND ANTHOCYANINS
CONTENTS IN JUICES OF TUNISIAN POMEGRANATE
FRUITS

Néjib Hasnaoui1,2, Rania Jbir1,2, Messaoud Mars1,
Mokhtar Trifi2, Afaf Kamal-Eldin3, Pablo Melgarejo4,
and Francisca Hernandez4
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2Laboratory of Molecular Genetics, Immunology, and Biotechnology, Faculty of
Science of Tunis, Campus University, El Manar, Tunis, Tunisia
3Department of Food Science, Swedish University of Agricultural Sciences,
Uppsala, Sweden
4Department of Plant Production and Microbiology, Universitas Miguel
Hernández, Elche (Alicante), Spain

Juices made from fruits of 30 Tunisian accessions of pomegranate were studied for their
organic acids, sugars, and anthocyanin contents, using high performance liquid chro-
matography. Among the detected organic acids, malic acid was the major one (>50%)
followed by citric acid (>22%), while among sugars, fructose and glucose were most
present in pomegranate juice contributing 53.9 and 43.4% of the total sugar content,
respectively. The total anthocyanin content ranged from 9–115 mg per litre of juice
with the following ranges of the six compounds found: cyanidin-3,5-diglucoside (3.1–74.4
mg/L), delphinidin-3-glucoside (0.7–22.0 mg/L), cyanidin-3-glucoside (0.8–21.0 mg/L),
pelargonidin-3-glucoside (0.5–16.1 mg/L), pelargonidin-3,5-diglucoside (0.0–11.8 mg/L),
and delphinidin-3,5-diglucoside (0.0–5.4 mg/L). Based on the analyzed parameters, cluster
analysis allowed grouping cultivars into two main clusters. One was made of sour cultivars
and the second of the sweet ones. Principle component and cluster analyses suggested that
the composition of the pomegranate fruits is determined by cultivar rather than cultivation
location.

Keywords: Pomegranate, Punica granatum L., Organic acids, Sugars, Anthocyanins,
HPLC.

INTRODUCTION

The pomegranate (Punica granatum L., Punicaceae) is one of the oldest known edi-
ble fruits (latin: pomum “apple” and granatus “seeded”). This species, originated from
Persia to the Himalayas in northern India and surrounding areas, is now extensively
cultivated in other countries (e.g., Spain, Tunisia, Turkey, China, Russia, and USA).
Pomegranate trees are adapted to saline and poor soils in arid and semi-arid climates,
as in the case of the large area of Tunisia, without special requirements.[1] Thus, the
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742 HASNAOUI ET AL.

pomegranate tree can be an adequate cultivation choice for agricultural lands to contribute
to the reduction of desertification.

Currently, there is an increased interest in pomegranate fruit because it is consid-
ered as a functional product of great health benefits because of its richness of several
groups of substances useful in disease prevention and health promotion.[2–4] Pomegranate
fruits are known for high antioxidant and radical scavenging activities related to high
levels of anthocyanins,[2,5] punicalagin and ellagitannins,[2] and other unexplored phe-
nolic compounds. Several health-promoting effects have been reported for pomegranate
juices (e.g., protection against cancer, diabetes, cardiovascular disease, inflammations, den-
tal conditions, erectile dysfunction, bacterial infections, antibiotic resistance, UV-induced
skin damage, infant brain ischemia, male infertility, Alzheimer’s disease, arthritis).[3,6–9]

Pomegranate extracts were not found to be toxic since the no observed-adverse-effect level
(NOAEL) for a standardized pomegranate fruit extract was determined as 600 mg/kg body
weight/day.[10]

Pomegranate fruits are mainly consumed fresh but they are also used in the prepa-
ration of fresh juices, canned beverages, jellies, jams, etc.[11–13] The edible parts of
the fruit are called arils (∼50% of the fruit) and are composed of 22% seeds and
78% juicy fraction.[14] Malic and citric acids are reported as the main organic acids in
pomegranate fruits. These two acids are known to be correlated with the sensory perception
of sourness.[15] Two types of sugars, fructose and glucose, are known as the main sources of
energy and sweetness.[16] Six anthocyanins, namely the 3-glucosides and 3,5-diglucosides
of cyanidin, delphinidin, and pelargonidin, were identified as the main compounds respon-
sible for the colour of the pomegranate juice.[17,18] In combination, organic acids, sugars,
and anthocyanins are important for the sensory attributes and authenticity of fruit prod-
ucts. The types and amount of organic acids, sugars, and anthocyanins also contribute to
the nutritional quality of both fresh fruits and juices.[12]

In Tunisia, pomegranate has been cultivated in the coastal regions of the north, cen-
ter, and south since ancient times. The pomegranates are propagated by cuttings that are
selected by the farmers mainly aiming at desirable fruit qualities.[19] Actually, acreage
of nearly 15,000 ha with 5 million trees produces about 50,000 tons of fruit that are
mainly consumed locally.[20] Characterization of main Tunisian pomegranate cultivars
by amplified fragment length polymorphism analysis revealed that cultivars are clustered
independent on their geographical origin or their denomination and suggested a common
genetic basis.[21] The aim of the present work was to study the variability in the amounts
of organic acids, sugars, and anthocyanins in samples belonging to 30 main Tunisian
pomegranate cultivars using HPLC technique.

MATERIAL AND METHODS

Fruit Samples

The present study was carried out on fruits of a set of 30 pomegranate accessions
collected at maturity from the main regions of pomegranate cultivation in Tunisia (Table 1).
Maturity is determined based on visible fruit characteristics, mainly peel colour and size.
Aril colour and taste were also included for each fruit included in the present study.
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FRUIT DESCRIPTION AND JUICE EXTRACTION 743

Table 1 Cultivar names, sample codes, and collection sites and regions of 30 Tunisian pomegranate samples.

Cultivar
name

Sample
code Collection site/region

R4

R2

R3

R1

Map of Tunisia showing the sites of
collection. Regions:
R1 = South East,
R2 = South West,
R3 = Centre East, and
R4 = North East.

Gabsi GB1∗ Zerkine I (33◦45′ N, 10◦16′ E), R1
Gabsi GB2 Arram (33◦35′ N, 10◦20′ E), R1
Gabsi GB3 Zerkine II (33◦45′ N, 10◦16′ E), R1
Gabsi GB4 El Fjè (33◦20′ N, 10◦29′ E), R1
Gabsi GB5 Hammam Zriba (36◦23′ N, 10◦9′ E),

R4
Gabsi GB8 Kettana (33◦45′ N, 10◦13′ E), R1
Gabsi GB9 Zerkine II (33◦45′ N, 10◦16′ E), R1
Tounsi TN1 Testour (36◦33′ N, 09◦27′ E), R4
Tounsi TN3 Testour (36◦33′ N, 09◦27′ E), R4
Tounsi TN4 Esslouguia (36◦44′ N, 09◦11′ E), R4
Tounsi TN5 Tozeur (33◦55′ N, 08◦08′ E), R2
Tounsi TN6 Tozeur (33◦55′ N, 08◦08′ E), R2
Zehri ZH1 Testour (36◦33′ N, 09◦27′ E), R4
Zehri ZH2 Testour (36◦33′ N, 09◦27′ E), R4
Zehri ZH3 Hammam Zriba (36◦23′ N, 10◦09′

E), R4
Zehri ZH6 El Alia (37◦10′ N, 10◦159′ E), R4
Chelfi CH1 Testour (36◦33′ N, 09◦27′ E), R4
Chelfi CH2 Testour (36◦33′ N, 09◦27′ E), R4
Chelfi CH3 Testour (36◦33′ N, 09◦27′ E), R4
Mezzi MZ1∗ Tozeur (33◦55′ N, 08◦08′ E), R2
Mezzi MZ2∗ Tozeur (36◦33′ N, 09◦27′ E), R2
Mezzi MZ3∗ Tozeur (33◦55′ N, 08◦08′ E), R2
Jebali JB1 Beni Khalled (36◦39′ N, 10◦35′ E),

R4
Jebali JB3 El Alia (37◦10′ N, 10◦159′ E), R4
Garoussi GR1 Mareth (33◦35′ N, 10◦18′ E), R1
Garoussi GR2∗ Chott–Mariam (35◦54′ N, 10◦35′ E),

R3
Kalaii KL1 Chott–Mariam (35◦54′ N, 10◦35′ E),

R3
Zaghouani ZG1 Zaghouan (36◦24′ N, 10◦09′ E), R4
Andalousi EP1 Zaghouan (36◦24′ N, 10◦09′ E), R4
Bellahi BL1 Tozeur (33◦55′ N, 08◦08′ E), R2

∗Cultivars with sour fruits.

Reagents

Organic acids (oxalic, tartaric, malic, ascorbic, acetic, citric, fumaric, and succinic
acids) and sugars (arabinose, fructose, galactose, glucose, maltose, and sucrose) were pur-
chased from Sigma Chemical Company (St. Louis, MO, USA). Standards of anthocyanins
(delphinidin 3-glucoside and 3,5-diglucoside, cyaniding 3-glucoside and 3,5-diglucoside,
and pelargonidin 3-glucoside and 3,5-diglucoside) as well as HPLC grade solvents were
also obtained from Sigma. Ultrapure water was purified with the MilliQ system (Millipore,
Billerica, MA, USA).
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744 HASNAOUI ET AL.

Juice Extraction

The weights of the whole fruit and of 100 arils were determined. The peel colour
was described using a rating scale ranging from yellow-green (01) to red-purple (16).
To obtain the juice, pomegranate fruits were peeled by hand and the seeds were liq-
uefied using a Moulinex food processor. The obtained juice was pre-filtered and then
centrifuged at 14,000 rpm for 15 min. Furthermore, it was filtered through 0.45 µm fil-
ters before being stored at −18◦C upon analyses. The pH was measured using a pH meter
(Jenway, Cambridge, UK). Titratable acidity, expressed as percentage of malic acid, was
performed by titrating 10 mL of pomegranate juice with a 0.1 M NaOH to a pH point of
8.1. Morphological measures are performed on ten fruits and pH and titratable acidity in
triplicates. HPLC analyses were performed in duplicates, on juices of two different fruits.

HPLC Analysis of Organic Acids, Sugars, and Anthocyanins

Juice samples (1 mL) were centrifuged at 10,000 rpm for 2 min and filtered through
a 0.45-µm Millipore filter. Organic acids and sugars were analyzed by the HPLC apparatus
(model HP 1100, Hewlett Packard, Wilmington, DE, USA) equipped with a refractive
index detector for sugars detection, and UV/Vis detector for organic acids analysis. The
injection volumes were 10 µL for both. Organic acids were separated on a SupelcogelTM

C-610H column (30 cm × 7.8 mm i.d., Supelco, Bellefonte, PA, USA) run isocratically at
30◦C using 0.1% phosphoric acid as a mobile phase at a flow rate of 0.5 mL/min and were
detected at 210 nm. Sugars analysis was performed on a µBondapak-NH2 column (30 cm
× 3.9 mm i.d., Waters, Milford, MA, USA) using acetonitrile/water (85:15, v/v) as the
mobile phase.

Anthocyanins were analysed on the same model of HPLC apparatus, equipped
with a diode array detector (DAD). Twenty µL of each juice sample was injected.
Anthocyanins separation was performed on LiChroCART 100 RP-18 column (12.5 cm
× 0.4 cm i.d.; 5 µm particle size; Merck, Darmstadt, Germany) using 5% formic acid
(solvent A) and methanol (solvent B) in a gradient starting with 15% B in A, reach-
ing 35% B in 15 min, then isocratically until 20 min at a flow rate of 1 mL/min.
Anthocyanin peaks were detected at 520 nm as described by Hernandez et al.[22] The
different organic acids, sugars, and anthocyanins were identified and quantified by
reference to authentic standards using external calibration. All determinations were per-
formed in duplicates and compound identification was made by comparison of their
retention time to those of pure standards. Standard curves of the respective organic
acids, sugars, and anthocyanins have been used to calculate the concentrations of these
compounds.

Statistical Analysis

Results were reported as average of collected data as well as mean, coefficient of
variation, and relative percentage of chemical compounds. The interdependence of the
variables was investigated by the analysis of Pearson correlations. Besides, using XLSTAT
software, Principal Components Analysis and cluster analysis were performed including
all the investigated parameters.
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FRUIT DESCRIPTION AND JUICE EXTRACTION 745

RESULTS AND DISCUSSION

Variability in Tunisian Pomegranate Fruit and Juice Characteristics

Tunisian pomegranate fruits vary considerably in size and characteristics (Table 2).
The weight of the fruits varied from 196–674 g and the colour of the peels varied from
6–11 measured against an arbitrary scale ranging from yellow-green (01) to red-purple
(16). The juice colours varied considerably ranging from white-yellow to dark red-purple
(Fig. 1). The pH of the juice varied between 2.9 and 4.6, and its titratable acidity varied
between 0.2 and 3.35% of malic acid equivalents with a coefficient of variation of 105%.
Five of the 30 cultivars (GB1, GR2, MZ1, MZ2, and MZ3) were characterized by sour
taste. The samples of the 30 cultivars studied here showed a larger variability than have
been reported before.[23–26] Variability in fruit characteristics is well documented, e.g., for
mulberry (Morus alba L.)[27] and bayberry.[28]

Table 2 Values of measured characters on fruits and juices of samples of 30 Tunisian pomegranate cultivars.

Sample code
Fruit weight

(g)a
Fruit peel colour

(1–16)a
Weight of 100

arils (g)a pHb Titratable acidityb

GB1 242 9.2 44.5 3.2 2.1
GB2 276 11.0 40.1 4.1 0.5
GB3 412 6.4 51.6 4.2 0.4
GB4 350 7.6 56.4 3.9 0.4
GB5 319 6.6 47.3 4.2 0.4
GB8 489 7.4 55.3 4.2 0.4
GB9 454 7.4 61.4 4.1 0.2
TN1 315 7.0 49.1 4.1 0.4
TN3 339 7.4 55.3 4.2 0.4
TN4 312 6.9 42.6 3.8 0.4
TN5 400 7.6 44.4 4.0 0.3
TN6 387 6.8 40.3 4.2 0.3
ZH1 330 9.6 45.5 4.2 0.4
ZH2 304 9.0 63.0 4.2 0.4
ZH3 357 6.8 57.0 4.3 0.4
ZH6 210 7.8 36.7 4.3 0.4
CH1 361 7.6 68.0 3.8 0.4
CH2 284 6.8 50.1 3.7 0.4
CH3 270 8.4 70.3 4.2 0.4
MZ1 294 6.5 34.8 3.1 1.8
MZ2 334 9.6 40.1 2.9 3.2
MZ3 564 6.4 46.1 3.6 1.0
JB1 318 7.2 49.3 4.3 0.4
JB3 366 9.6 47.2 4.3 0.4
GR1 674 8.0 56.9 4.6 0.3
GR2 544 6.0 41.4 3.4 1.8
KL1 473 6.6 49.5 4.3 0.4
ZG1 398 9.4 45.7 4.4 0.4
EP1 329 6.8 52.1 4.3 0.4
BL1 196 6.0 53.3 4.3 0.3
Range 196 – 674 6 – 11 34.8 − 70.3 2.9 − 4.6 0.2 − 3.2
Mean 363 7.6 49.8 4.0 0.6
C.V. (%) 29.0 16.6 17.5 10.2 104.6

C.V. (%) is the coefficient of variation between the 30 samples. Values are means of
a10 determinations, and b3 determinations.

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
H
A
S
N
A
O
U
I
,
 
N
e
j
i
b
]
 
A
t
:
 
0
7
:
3
0
 
1
4
 
J
u
n
e
 
2
0
1
1



746 HASNAOUI ET AL.

Figure 1 Photo showing the colours of the juices of the 30 Tunisian pomegranate samples. Starting from the left,
juice order is: TN5, GB1, ZG1, GB8, CH3, GR2, ZH1, GB4, MZ2, ZH3, TN4, GB2, GB9, GB5, ZH6, MZ3,
GR1, EP1, MZ1, TN1, CH1, ZH2, JB1, KL1, CH2, GB3, JB3, TN6, BL1, TN3 (color figure available online).

Variability in the Content of Organic Acids and Sugars

Organic acids and sugars are the main components determining the taste of fruit
juice. The total organic acids in Tunisian pomegranate juices varied 12–63 g/L with a
mean of 26 g/L and a coefficient of variation of ∼50% (Table 3). Six organic acids were
identified, including malic acid (∼50% of total), citric acid (∼23% of total), succinic acid
(∼17% of total), oxalic acid (∼7% of total), tartaric acid (∼2% of total), and ascorbic acid
(∼0.3% of total). All organic acids showed large variability, expressed by the coefficient
of variation that was lowest for malic acid (22%) and highest for citric acid (155%). While
malic acid was the prominent organic acid in these Tunisian pomegranates, citric acid was
found to be the major acid in Turkish pomegranates.[29] The highest malic acid content,
62.6 g/L, was found in the cultivar ‘Mezzi 2’ (MZ2), which also showed the highest titrable
acidity. Tunisian pomegranates seem to be rich in oxalic acid (0.3–3.9 g/L) compared with
40 Spanish cultivars with the highest value of 0.34 g/L.[29] Oxalic acid has been reported as
the main organic acid in ‘Assaria’ cultivar from Portugal.[30] In this study, acetic acid could
not be quantified and fumaric acid was detected only as traces, which is quite different
from previous results on Spanish,[12] and Iranian pomegranate cultivars,[31] where both
acids have been quantified.

Interestingly, tartaric acid was detected in all samples of the sweet fruits but not in
any of the five sour cultivars. Thus, sour taste may be negatively correlated with tartaric
acid content. On the other hand, citric, malic, and succinic acid concentrations were higher
in the sour cultivars suggesting an association, as is the case for citric acid and sourness in
orange juice.[32] Indeed, it is known that acidity modifies the sensory properties by affect-
ing the perception of volatile compounds in juice and improving the appeal of the juice.

The total sugars in Tunisian pomegranate juices varied from 131.3–199.8 g/L
(Table 3). Fructose and glucose, previously identified as the two major sugars, represented
53.9 and 43.3% of total sugars in the studied samples, respectively. The concentrations of
fructose varied from 72–106 g/L (mean 90.5 g/L) and those of glucose varied from 57–86
g/L (mean 72.8 g/L) in the 30 samples with average concentrations of 90.5 and 72.8 g/L,
respectively. These results are in agreement with previous reports on Spanish and Turkish
pomegranates showing fructose concentrations higher than those of glucose but contrast
results on samples from Russia, Saudi Arabia, and Turkey indicating that glucose was
the dominant sugar.[12,33,34] On the other hand, these Tunisian pomegranates contained
more sugars than the Spanish fruits, where the highest fructose and glucose concentrations
were 82.2 and 78.0 g/L and the overall means were 65.8 and 61.4 g/L, respectively.
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FRUIT DESCRIPTION AND JUICE EXTRACTION 749

Low concentrations of arabinose (0–9.19) and sucrose (0–3.62) and sometimes traces of
galactose were found. The variation of very low sucrose content may be explained by the
fact that it may be converted to invert sugars during the ripening process. Sorbitol and
maltose were not detected in any of the studied pomegranate juices. The limited number of
five sour fruit samples tended to have higher average sugar content than sweet ones; 189.17
and 163.97 g/L, respectively, which disagreed with values found for Spanish pomegranate
reported by Melgarejo et al.[12]

Variability in the Content of Anthocyanins

Anthocyanins (glycosylated anthocyanidins) are the main phenolic compounds
responsible for the purple-red colours of pomegranate. Previous studies reported 3-
glucosides and 3,5-diglucosides of delphinidin, cyanidin, and pelargonidin (Fig. 2)
as the anthocyanins involved in the colouring of pomegranate aril colouring during
maturation.[18,22] In the present study, these anthocyanins were quantified in the 30
Tunisian cultivars of pomegranate showing a large diversity in aril and juice colour at
maturity stage (Table 4). Supporting this visual appearance, the total anthocyanin content
of the 30 samples ranged from 9–115 mg per liter of juice. The values of total antho-
cyanins in the Tunisian samples were lower than those of 493, 306, and 252 mg/L reported
for pomegranate from Turkey,[35] the American ‘Wonderful’ variety and TML variety from
Iran,[36] respectively. In a recent study, Iranian pomegranates were found to be much richer
in anthocyanins than Tunisian and Spanish fruits, with a total anthocyanin content reach-
ing 7760 mg/L.[37] For most of the Tunisian samples, the total anthocyanin content agreed
with colour (Table 4; Fig. 1). However, this was not always true as it was the case of
‘Mezzi 1’ (MZ1) that had a dark red juice while its anthocyanins content was only 43.7
mg/L. This can be explained by the importance of co-pigmentation phenomenon result-
ing in redder hues.[38] For example, delphinidin was reported to exist in egg plant also as
sasunin (delphinidin-3-(p-coumaroyl-rutinoside)-5-glucose).[39]

The contents of the individual anthocyanins were as follows: cyanidin-3,
5-diglucoside (3.1–74.4 mg/L), delphinidin-3-glucoside (0.7–22.0 mg/L), cyanidin-3-
glucoside (0.8–21.0 mg/L), pelargonidin-3-glucoside (0.5–16.1 mg/L), pelargonidin-3,5-
diglucoside (0.0–11.8 mg/L), and delphinidin-3,5-diglucoside (0.0–5.4 mg/L). With the
exception of one sample “Gabsi 5,” cyanidin-3,5-diglucoside was the most abundant pig-
ment representing >50% of the total anthocyanins, whereas delphinidin-3,5-diglucoside

OOH

OH

OH

R1

R2

OH

+

Figure 2 Structures of pomegranate anthocyanins.
R1 = R2 = H; Pelargonidin (3,5,7-Trihydroxy-2-(4-hydroxyphenyl)-1-benzopyrylium cation)
R1 = H, R2 = OH; Cyanidin (3,5,7-Trihydroxy-2-(3,4-dihydroxyphenyl)-1-benzopyrylium cation)
R1 = R2 = OH; Delphinidin (3,5,7-Trihydroxy-2-(3,4,5-trihydroxyphenyl)-1-benzopyrylium cation).
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was the minor one representing only about 3% of the total anthocyanins. The antho-
cyanins profiles of Tunisian cultivars were markedly different from those reported for
Iranian and Spanish cultivars. In eight Iranian cultivars, the most abundant pigment
was delphinidin-3,5-diglucoside followed by cyanidin-3,5-diglucoside while cyanidin-3-
glucoside was reported as the major pigment in four Spanish clones as well as ‘Wonderful’
variety.[2,18,22,37] It might be possible that anthocyanin, alone or in combination with other
phytochemicals, can be used for fingerprinting and differentiating of pomegranate juices.

Multivariate Analysis

The inter-relations between the variables studied were investigated by the analysis
of Pearson correlation (Table 5). Correlation values ranged from 0 to 0.936. The highest
correlations were obtained between titratable acidity and citric acid (0.936), followed by
the ones between malic and succinic acids (0.901), fructose and glucose (0.881), and pH
and citric acid content (−0.858). There is also a very strong correlation between pH and
titratable acidity.

Principal components analysis (PCA) and cluster analyses were performed over the
whole data set. The total variability is explained by 21 principal components with the first
three explaining 61.8% of the cumulative variance (Fig. 3). The distribution of the stud-
ied pomegranates along the first two principle components, explaining 51.14% of the total
variability, is shown in Fig. 4. As can be seen, sour and sweet pomegranates are located sep-
arately. Interestingly, all pomegranates varieties studied are differentiated as a consequence
of the large range of studied traits independent of the geographic origin, suggesting that dif-
ferences are mainly dependant on the cultivar. In fact, organic acids, sugars, anthocyanins,
or morphometric traits in all samples studied are similarly differentiated depending on
cultivar (data not shown).

Similarly, hierarchical ascendant classification leads to two main groups (Fig. 5).
Although the first main group (I) is made of four cultivars originated from the north of
Tunisia (region R4), there is no clear weight of geographic origin on clustering. Indeed,
the grouping inside the second main group (II) shows no clear correlation with ori-
gin. The straddling of the samples belonged to different regions given evidence of the
exchange of pomegranate plant material between and within a region in a small country like
Tunisia, and cultivar characteristics are conserved due to the vegetative propagation of the
pomegranate.

CONCLUSION

Fructose and glucose were the two abundant sugars and malic acid and citric acids
were the most frequent organic acids in Tunisian pomegranate juice. This study suggests
that pomegranate juice sourness or sweetness is due to high or low concentrations of cit-
ric acid, respectively, and not to low or high sugar content. Furthermore, PCA including
all parameters studied, the majority of studied pomegranate accessions were clearly dis-
tinguished into groups independent of the cultivation location suggesting the importance
of cultivar. Besides, the quite large ranges of contents’ values of different studied chemi-
cal compounds reflect the large diversity of local pomegranate germplasm. It is important
for future research to describe the complete phenolic profile of different cultivars and how
the juice colour is determined by different phenolic components and by co-pigmentation.
These results may be helpful for further works on pomegranate valorization, for example
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Figure 4 Biplot of the first two principal components F1 and F2s showing dispersion of Tunisian pomegranates
based on their organic acids, sugars, anthocyanins contents, and some morphological traits.

by mixing its juice with other fruit juices to produce a drink with high nutritive and health
benefits.[40,41]
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