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ABSTRACT

In this study, geographical discrimination of some Iranian pomegranate cultivars was
investigated using chromatographic analyses and multivariate statistical methods. The
organic acid content of 24 pomegranate samples of different cultivars (5 sweet, 7 sweet-
sour and 12 sour cultivars) from different production sites (Yazd and Markazi Provinces,
Iran) were analyzed by HPLC/UV. Ten organic acids including oxalic, tartaric, malic,
shikimic, ascorbic, maleic, succinic, citric, acetic and fumaric were identified and
quantified in freshly prepared juices. The total organic acid content was in the range of
105.4-2074.4 mg 100 g' of pomegranate juice. Citric acid predominated in most cultivars
especially in sour cultivars, while sweet-sour and sweet ones were characterized by high
malic acid content. Principal Component Analysis (PCA) indicated that principle
component 2 was responsible for discrimination of two geographical regions.
Furthermore, Factor Analysis (FA) and Hierarchical Cluster Analysis (HCA) showed the
high potential in complete separation of pomegranate cultivars based on geographical
origins.
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INTRODUCTION

Pomegranate (Punica granatum L.) is one
of the oldest edible and commercially
important fruits extensively cultivated in
many tropical and subtropical regions with
over 1000 cultivars originated from different
parts of the world (Arabi et al., 2008;
Tehranifar et al., 2010; Cam et al., 2009).
Recently, there has been an increasing
interest in Pomegranate Juice (PJ) as a rich
source of functional ingredients such as
phenolic compounds and anthocyanins.
Chemical composition is one of the most
important quality criteria for fruit juices,
which are influenced by cultivar, growing
area, climate, maturity, cultural practice and
storage conditions (Fadavi et al., 2005;

Ozgen et al., 2008; Tezcan et al., 2009). PJ
contains considerable amounts of sugars,
vitamins, polyphenols, minerals and organic
acids, which are accountable for the color,
sensory and nutritional values of
pomegranate products (Hasnaoui et al,
2011a). Iran is a native land for pomegranate
fruit and its cultivation extended from this
area throughout the world. It is grown in
many parts of Iran, but the most important
pomegranate producing regions are located
in the Provinces of Yazd and Markazi
(Sarkhosh et al., 2009). In 2013, Iran was the
world's largest producing country contributing
1,009,885 tons of pomegranates to the world
annual production (Anonymous, 2013).

It has been reported that more than 36
organic acids exist naturally in fruit and
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vegetables. The type and amount of these
natural compounds, which are extensively
distributed in fruit and vegetables can affect
pH, acidity, sweetness, flavors, freshness,
consumer acceptability and microbial
stability of PJ and the related products. In
addition, it provides useful information
about their origin and even the technological
processes used for their production (Arabi ef
al., 2008; Nanda et al., 2001). Each type of
fruit juices has a distinctive organic acid
profile, which makes this property a suitable
marker. Pomegranate fruits have been
categorized into three varietal groups based
on their sugar and organic acid ratio: sweet,
sweet-sour and sour. Generally, sweet and
sweet-sour cultivars are consumed as fresh
fruit or concentrated juice, whereas the sour
type is used for sauce, jams, jellies, syrups
or other industrial applications.

There is a growing interest among
consumers for the geographical origin of
food. There are different reasons for the
emphasis on this aspect of foodstuff
including health profit, patriotism, specific
organoleptic quality, concern about animal
welfare and -environmentally friendly-
production strategies, media attention and
decreased confidence in the quality and
safety of products manufactured or made
outside their local region (Kelly et al., 2005;
Luykx and Ruth, 2008).

Multivariate data
chemometrics is an interdisciplinary
technique composed of several logic
methods including multivariate statistics,
applied mathematics and computer science,
which can be used for the treatment of large
amounts of multivariate data generated by
spectroscopy, chromatography, etc.
Principal Component Analysis (PCA) and
Hierarchical Cluster Analysis (HCA) have
been successfully applied for this purpose by
many researchers (Hasnaoui et al., 2011a;
Hasnaoui ef al., 2011b; Cam et al., 2009).

Since organic acid profile plays one of the
major roles in the organoleptic characteristic
of pomegranate fruit, the aim of this study
was to discriminate the geographical origin
of twenty-four Iranian pomegranate cultivars

analysis or

1222

based on organic acid profile using HPLC
and chemometrics analysis (PCA, FA and
HCA).

MATERIAL AND METHODS

Chemicals

HPLC-grade standards (Purity > 98%) of
citric, malic, oxalic, tartaric, succinic,
shikimik, ascorbic, acetic, fumaric and
maleic acids were obtained from Supelco
(USA). Water and phosphoric acid (HPLC
grade) were purchased from Caledon
(Canada) and Merck (Germany),
respectively. Other reagents and solvents
used in the experiments were of analytical
grade commercially available.

Pomegranate Cultivars

Twenty-four fresh Iranian pomegranate
cultivars, including ten cultivars from the
Province of Markazi (M, Latitude: 35° 2" N,
Longitude: 50° 2" E) and fourteen cultivars
from the Province of Yazd (Y, Latitude: 32°
0" N, longitude: 55° 0" E) were purchased
from the Agricultural Research Center of
Saveh (province of Markazi) and Yazd,
respectively. Pomegranate cultivars with
similar commercial maturity (approximately
2 Kg of each cultivar) were randomly
collected during September and November
2008 and transferred to the laboratory. Table
1 shows the characteristics of pomegranate
cultivars including aril color and taste.

Juice Extraction

After discarding the defective ones, each
pomegranate fruit was washed and drained.
Then, they were peeled and cut into pieces
to separate the arils manually. Next, the
pomegranate’s juice was extracted by a
manual juicer. Subsequently, juice samples
were centrifuged at 12,000 rpm for 2
minutes and filtered through a Sep—Pak C18
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cartridge (Millipore, USA) and 0.45 pm
Millipore filter paper to remove suspended
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SlE258822588 samples were filled in glass bottles and
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2012). FA (with varimax rotation) and PCA
were applied to highlight the information of
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data matrix (with the size of 10
chromatographic ~ variables  concerning
organic  acids  contentx24  samples
concerning pomegranate cultivars) using R
software, version 3.0.2 (URL:
http://CRAN.R-project.org/package=clusterSim).
Manhattan distance and the Ward’s methods
were used as the dissimilarity measure and
agglomerative rule, respectively, using
Minitab 16.2.4 (Minitab Inc., USA).

RESULTS AND DISCUTION

Quantification of Individual Organic
Acid in Pomegranate Cultivars

The profiles of organic acids (including
oxalic, tartaric, malic, shikimic, ascorbic,
maleic, succinic, citric, acetic and fumaric
acids) of 24 fresh PJs from two geographical
regions were assessed and reported based on
mg/100g fruit juice in Table 2. Total Organic
Acid Content (TOAC) varied from 105.4 to
20744 mg 100 g fruit juice. The results
showed that sour samples had higher TOAC
(1033.53 mg 100 g -ranging between 105.4
and 2074.44 mg 100 g), followed by sweet-
sour cultivars (565.35 mg 100 g' -ranging
from 171.39 to 1294.7 mg 100 g"). As we
expected, the lowest TOAC was determined
in sweet pomegranate cultivars (296.23 mg
100 g -ranging from 212.83 to 387.61). The
average amount of organic acids (mg 100 g™)
for three pomegranate groups is shown in
Table 2.

Citric acid (534.9 mg 100 g"), malic acid
(56.7 mg 100 g), and tartaric acid (54.7 mg
100 g"") were the main organic acids in juices
made from Iranian pomegranate cultivars.
Citric acid was the major organic acid in 16
pomegranate samples. As shown in Table 2,
the mean values of citric acid content in sour
(843.04 mg 100 g'l) and sweet-sour (316.55
mg 100 g') pomegranate cultivars were
higher than sweet (100.84 mg 100 g")
cultivars. The highest citric acid content
(1611.3 + 54.1 mg 100 g') was found in
MTK cultivar that is generally used for
preparation of pomegranate paste in Iran. The
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citric acid content of 30 Tunisian cultivars
were in the range of 0.44-31.36 (g L)
reported by Hasnaoui et al. (2011a) and 3.93-
13.06 (mg ml") reported by Tezcan et al.
(2009) for seven commercial pomegranate
juices from Turkey. These differences are
normal and they might be originated from
cultivar, growing region, climate, maturity
and cultural practice.

Among three groups of pomegranate
cultivars, the sweet-sour type showed the
highest malic acid (76.71 mg 100 g") and
tartaric acid (61.22 mg 100 g") content. In
addition, based on the geographical region,
the results showed that pomegranate cultivars
from Markazi had higher amounts of malic
acid (102.44 mg 100 g) than the ones from
Yazd (23.42 mg 100 g"). The highest malic
acid content was found in MT (366.3 mg/100
ml), while it was not detected in MY and
VKT cultivars. Malic acid was reported as the
main organic acid in the commercial Turkish
PJs (Tezcan et al., 2009), Tunisian sweet
pomegranate cultivars (Hasnaoui et al,
2011b) and Spanish pomegranate cultivars
(Melgarejo et al, 2000). The tartaric acid
concentration of pomegranate cultivars was
in the range of 0-105.1 mg 100 g"' and sour
and sweet cultivars had similar values.
However, Hasnaoui et al. (2011a) reported
the presence and lack of tartaric acid in the
sweet and sour Spanish pomegranate
cultivars, respectively.

Oxalic acid noticeably existed in all
pomegranate cultivars ranging from 10.3 to
453 mg 100 g with the overall mean values
of 27.32, 28.21 and 24.82 mg 100 g' for
sour, sweet-sour and sweet cultivars,
respectively. Poyrazoglu et al. (2002)
reported the oxalic acid concentration of 13
pomegranate cultivars from the
Mediterranean region of Turkey in the range
of 0.2-6.72 g L' and Hasnaoui ef al. (2011a)
reported 0.3-3.89 g L' of oxalic acid for 30
Tunisian pomegranate samples. As observed,
the organic acids content varies considerably,
affected by genetic make-up, light,
temperature and agronomic factors.

Succinic acid ranged between 0-134.4 mg
100 g'1 (GSY cultivar) with the overall mean
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content of 44.72 mg 100 g while it was not
detected in MY, TML, JPGR, BHPZ and
PSR cultivars. Similar overall mean values
for this acid were also reported by
Poyrazoglu et al. (2002) for Turkish PJs.
Hasnaoui er al. (2011b) showed that the
amount of oxalic acid was much higher in
the sweet than the sour Tunisian
pomegranate cultivars, whereas this trend
reversed regarding the succinic acid content,
which might be originated from cultivar,
growing region, climate, maturity and
cultural practice. However, other researchers
could not detect succinic acid in
pomegranate fruit (Legua et al., 2012).

Shikimic acid belongs to the minor group
of organic acids in PJ monitored in this
study and was detected in 11 pomegranate
cultivars, ranging from 0.0 to 47.4 mg 100 g’
' (MY). Cultivars obtained from Yazd and
Markazi had similar average concentrations.
Its concentration in sweet-sour cultivars
(8.37 mg 100 g') was approximately three
and six times higher than sweet (3.19 mg
100 g™') and sour cultivars (1.31 mg 100 g),
respectively.

Among the investigated cultivars, acetic
acid was detected in only nine samples
(PSY, MY, VKT, JPGR, MS, SSY, PST, T,
and PSS), varied from 0.0 to 76.1 mg 100 g’
(JPGR). Acetic acid is a volatile and aroma
organic acid, which was not previously
reported in PJs. However, Melgarejo et al.
(2000) reported the presence of acetic acid
in three Spanish cultivars (average of 0.015
g 100 g™). Also, acetic acid contents of 6.0
to 76.0 mg 100 g have been reported in PJs
from three Spanish cultivars, namely MES5,
Mel7, and MOG6 (Legua et al., 2012).

The amount of ascorbic acid ranged
between 0.0- 8.78 mg 100 g (KDTG) with
the overall mean value of 1.92 mg 100 g™
Results of the current study were lower than
the previous values (9.91-20.92 mg 100 g™)
reported for twenty Iranian pomegranate
cultivars (Tehranifar er al, 2010). Maleic
and fumaric acids were also determined in
comparatively lower amounts in most
pomegranate cultivars. This observation is
common because the cultivars studied by
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Tehranifar et al. (2010) are different from
cultivars studied in our research. As shown
in Table 2, the highest maleic acid content
was in JPGR (19.2 mg 100 g'), but it was
not observed in PSR cultivar. The overall
mean concentration of maleic acid was
found to be 1.04 mg 100 g"'. Fumaric acid
concentration ranged from 0- 0.65 mg 100 g’
"and 6.41 to 15.39 mg 100 g in Yazd and
Markazi pomegranate cultivars, respectively
(Table 2). In another report, fumaric acid
was not detected in the studied pomegranate
cultivars (Hasnaoui et al., 2011a).

Principle Component Analysis (PCA)

PCA is the most sophisticated multivariate
technique that reduces the dimension of
numerical datasets and facilitates the
understanding of similarities and differences
among objects by generation of two or three-
dimensional patterns without losing much
information (Zielinski et al., 2014).

PCA was applied to the determined values
of organic acids of 24 pomegranate
cultivars. It was possible to visualize the
correlation between the analyzed organic
acids and to recognize the variables
characterizing the pomegranate cultivars by
PCA bi-plot. As shown in Figure 1, by using
two first principle components, 21.59 and
20.86% of variance could be explained. First
two PCs could not distinguish well the
cultivars grown in different regions.
According to loading values, it was observed
that PC1 highly correlated with succinic acid
while PC2 greatly correlated with fumaric
acid (Table 3). As shown in Figure 1,
succinic, citric and ascorbic  acids
significantly correlated with each other.
Tartaric, malic, and oxalic acids were the
variables with negative loadings on PC1 and
PC2, and had significant correlation with
each other. Shikimic, maleic and acetic acids
were the parameters with positive and
negative loadings on PCl and PC2,
respectively.

In fact, similar positions of various
pomegranate cultivars in the PCA plot
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Table 3. Loadings, eigenvalues, and percent of cumulative variance for the first three principle

components (PCs).

Variable PC1 PC2 PC3
Oxalic -0.377 -0.440 0.174
Tartaric -0.362 -0.144 0.358
Malic -0.364 -0.330 -0.285
Shikimic 0.361 -0.206 -0.0188
Ascorbic -0.043 0.177 -0.029
Acetic 0.357 -0.407 0.347
Maleic 0.164 -0.283 0.542
Succinic -0.519 0.209 0.239
Citric -0.111 0.271 0.404
Fumaric -0.152 -0.487 -0.350
Eigen value 2.15 2.08 1.67
Cumulative variance 21.59 42.45 59.21
4 L, 0 2 4

Comp .2

el Tartaric &~

-0.1
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= IR
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Figure 1. Principle component analysis (PCA) bi-plot (PC#1 versus PC#2) obtained from the organic
acid profile of 24 Iranian pomegranate cultivars. All abbreviations have been introduced in Table 1.

indicated their similar organic acid profiles.
Most cultivars of Yazd (including ZY,
MTK, ATS, KDTG, GSY, PSY, TG, and
SSY) and one cultivar of Markazi (SHB)
were characterized by higher values of citric,
ascorbic and succinic acid contents. Figure 1
shows high orthogonally between malic acid
plus tartaric and citric acids. Some cultivars
were very rich in citric acid, but very low in
malic and tartaric acids (MTK, KDTG and
TG), while MT and AT cultivars were rich
in malic and tartaric acids, but poor in citric
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acid. A close association was observed
among TML, TLM, MPS and VKT cultivars
located in the upper right side of plot. BPZS,
MS, PST and T cultivars were located close
to the center of bi-plot, indicating that they
could not be characterized by any of the
organic acids. Shikimic, acetic and maleic
acids were found in higher contents in MY,
JPGR, PSS and PSR cultivars. Some
cultivars from Markazi (AMAS, AT and
MT) were best characterized duo to their
considerable amounts of tartaric, malic,
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oxalic and fumaric acid. Based on the
obtained results, it is possible to choose an
interesting cultivar with specific organic
acid profile for industrial applications.
Acidity (especially citric acid content)
affects not only the sour taste of fruit juices,
but also sweetness by altering sugars/organic
acid ratio. The quantity of individual organic
acid is also important as citric acid covers
the perception of sucrose and fructose,
whereas malic acid appears to enhance
sucrose perception (Lobit er al, 2006).
These compounds serve as good markers for
sensory characteristics assessment. As
shown in Figure 1, sour, sweet-sour and
sweet pomegranates were not located
distinctly.

In some cases, PCA does not seem to be
the best statistical approach to classify the
geographical origin of fruit samples based
on the chemical composition. Furthermore,
this method did not show enough ability to
discriminate Tunisian pomegranate cultivars
(Hasnaoui et al., 2011a) and sweet cherry
juices (Longobardi et al, 2013) from
different regions of Tunisia and Italy,
respectively. Figure 2 shows the 3D scatter
plot of the scores of PC1 versus PC2 and
PC3 which together explain 59.21% of the

Markazi

Principle component 1 (21.59 %)

Principje .,
nciple Componeny 3(16.759,
S Y

total variance and the classification results
give a satisfactory separation of two
geographical regions (Table 3).

Factor Analysis (FA)

The algorithm of FA is similar to PCA
except that it emphasizes on that portion of
total variation that a variable shares with
other variables in the data set. FA
determines the interrelationship among a
large number of variables and groups them
based on the common original dimension.
This allows one to define and identify a
number of latent unique constructs and
errors due to unreliability in measurement
(Campbell-Platt, 2009). In this study, FA
was performed using the varimax rotation
method, which showed a high potential in
the complete discrimination of geographical
origins based on organic acid composition of
pomegranate cultivars. The scores plot of
FA was constructed to define different
groups as shown in Figure 3-a (and 3-b).
The  first three  factors  explained
approximately 50% of the total variance in
the data set. Factor 2 points to the
differentiation between pomegranate

) \‘m\c'\\\\\: com?

Figure 2. Three-dimensional Principle component analysis (PCA) score plot (PC#1 versus PC#2
and PC#3) of the 24 Iranian pomegranate cultivars.
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a ®Yazd A Markazi

Factor 2 (16.6%)

Factor 1 (17.2%)

JAST

Factor 3 (15.2%)

b ®Yazd AMarkazi

Factor 2 (16.6%)

Figure 3. Score plots of factor analysis by varimax rotation: (a) F1 versus F2, and (b) F2 versus F3.

cultivars from Yazd and Markazi regions.

Hierarchical Cluster Analysis (HCA)

Unsupervised pattern recognition methods
try to detect the presence of groups of
samples in the data set without prior
knowledge of their existence according to
the similarities between them (Bosque-
Sendra et al., 2012). HCA analyses the inter
point distances (or correlation) between all

31.81

samples by means of a defined metric such
as Euclidian distance, Manhattan distance,
etc. (Berrueta et al, 2007). Ward’s
technique is distinct from other methods
because it uses an analysis of variance to
assess the distances between clusters.

In order to Dbetter recognize the
associations among Iranian pomegranate
cultivars, HCA was performed using 10
identified organic acids as discriminative
variables. As shown in Figure 4, three

Cluster} 1
21.20

Distance

Clusterf 2 Cluster§ 3

10.60

it

izl

| &

1 13 3 126 5 2 17 4 8 7 9 11 14 19 21 24 10 15 20 16 23 22 18

Pomegranate cultivars

Figure 4. Dendrogram plot visualizing the clustering of the 24 pomegranate cultivars based on the
organic acids profile. All cultivars numbers have been introduced in Table 1.
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distinct clusters were suggested based on the
similarities in the organic acid composition
and it was possible to obtain clusters
composed primarily of cultivars of similar
geographical region. The first group
included mostly the Yazd cultivars (ZY,
MTK, ATS, KDTG, GSY, PSY, VKT, TG,
and SSY) and just one from Markazi region
(SHB), which showed great differences from
other Saveh -cultivars. This cluster was
mostly characterized by sour and sweet-sour
cultivars and contained the highest amount
of citric and succinic acids. However, the
cultivars from the second cluster showed no
clear correlation with the origin. This cluster
contained seven cultivars from both regions
(three from Markazi and four from Yazd).
Most cultivars in the third cluster were from
Saveh (AT, T, MT, PST, MS, and PSS) and
one from Yazd region (JPGR), which had a
significantly different organic acid profile
from other pomegranate cultivars of Yazd
region. A similar fingerprint of organic acids
was also observed in MY, TLM, TML and
MPS cultivars (Yazd region) as well as
BPZS and AMAS cultivars (Saveh region).
T, PSS, PST and MS as sweet and sweet-
sour cultivars were clustered within a short
hierarchical distance, indicating the presence
of similar profiles of organic acids among
them.

According to some previous results, the
Euclidean distance and Ward’s method have
been used to classify the Turkish PJs into
three clusters based on their antioxidant
capacity (Cam et al., 2009). In addition, a
high degree of dissimilarity has been
reported for six Spanish pomegranate
cultivars using linkage method based on
some physicochemical attributes (Legua et
al., 2012). The HCA results of fatty acids
composition of Iranian olive oils showed
that it is possible to obtain clusters
composed mostly of samples of the same
origin (Piravi-Vanak er al, 2012). In
addition, Yudthavorasit et al (2014)
reported that ginger samples from identical
origins (China, India, Malaysia, Thailand
and Vietnam) are correctly clustered after
HCA of bioactive compounds profile.
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CONCLUSIONS

In the present study, 24 pomegranate
samples from two different regions of Iran
were characterized by organic acid profiles.
The results showed a vast variance among
pomegranate cultivars in terms of organic
acid composition. Quantitatively, the major
organic acid in all sour pomegranate
cultivars was citric acid, which appears to be
the major factor of sourness. Furthermore,
high amounts of malic acid were found in
sweet-sour and sweet cultivars. PCA and
HCA of the experimental variables (organic
acid content) did not completely discrete the
cultivars of Yazd from the ones Saveh
regions, but showed that the geographical
region had an obvious effect on organic acid
profiles. The best classification was obtained
by FA where factor 2 pointed to the whole
differentiation between cultivars from the
Yazd and Saveh regions. Further research is
needed to accurately distinguish the
geographical origin of pomegranate cultivars
because this property is affected by chemical
composition and strictly correlated with
consumer  acceptance and  industrial
applications of pomegranate fruit.
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