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Abstract

Pomological characterization and biochemical study were conducted on five
pomegranate fruits cultivars. Results show statistically significant difference
between varieties. Indeed, pomegranate seeds play a key role in determining
the pomological quality of the fruit. Interestingly, Kalai ranks first with
256.06 g of the mass of fresh seeds which has 73% of the Total fresh weight
(TFW). Besides, the mass of fresh seeds and TFW showed a significant nega-
tive correlation with the percentage of fresh peel (r = —0.987 and r = -0.930,
respectively, p < 0.01). Parallelly, two major sugars were detected in seeds:
glucose, fructose followed by arabinose. Meanwhile, malic and citric acids are
both main organic acids accumulated in pomegranate seeds. By determining
the acidity index “AI”, citric acid was found to be the most predominant or-
ganic acid in sour pomegranate varieties like Kalai and Garsi. Though, Tounsi
and Zahri variety are the sweetest, thus, having least amounts of citric acid
and highest Al levels.
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1. Introduction

Pomegranate is generally cultivated in the Mediterranean basin, and in regions
of Southern Asia, in India and in North and South America, where high tem-
peratures allow a good fruit ripening. Its successful adaptation to the Mediterra-
nean climate has produced a wide diffusion in various countries thus originating

several local genotypes along the centuries [1].

As for many fruit species, pomegranate fruit maturity status is commonly as-
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sessed based on external (skin) colour, juice colour and acidity of juice [2].

Furthermore, the acceptability of pomegranate to the consumer and processor
depends on a combination of several quality attributes that are related to the
physico-chemical and mechanical properties including skin colour, absence of
physical defects sugar content, acidity and flavour [2].

Indeed, pomegranate varieties differ in their taste, ranging from sweet to sour
[3] which is determined mainly by organic acid-sugar quantitative and qualita-
tive content balance of the fruit. The desired pomegranate taste varies, however,
in different countries and regions [1]. Besides, these compounds (organic acids
and sugars) serve as unequivocal markers for sensory attributes assessment and
genotype characterization [4].

In Tunisia, pomegranate is one of the most important fruit trees. According to
the first forecasts published by the Ministry of Agriculture, Water Resources and
Fisheries, the production of grenades will reach 75,000 tons for the 2018-2019
season, compared with 74.5 in the previous year, of which 25,000 tonnes come
from Gabes, 13,000 tonnes from Beja and 9500 tonnes from Kairouan [5]. Al-
most all these productions are based on a few cultivars, with interesting market
characteristics, despite the quite large number of local ecotypes listed. However,
there is scarcity in seed morphological and chemical characterization of local
cultivars of pomegranate despite their high potential of valorisation [4]. Conse-
quently, more information is needed on the morpho-pomological and chemical
characteristics of the different genotypes localized in various Tunisia; to capital-
ize on the potential benefits of pomegranate cultivation.

The purpose of this study consists of pomological and morphological charac-
terization of some Tunisian pomegranate varieties, along with organic acid and
sugar profiles as well as their interrelation in order to better understand the po-

tential impact of these factors on consumer preferences.

2. Material and Methods
2.1. Fruits Sampling

Five different cultivars of Tunisian origin and derived from three regions respec-
tively, “Tounsi” from “Beja” (36°33'N, 9°25'E), “Chelfi”, “Garsi” and “Zahri”
from “Sousse” (35°57'N, 10°27'E) and “Kalai” from “Kairouan” (35°67'N,
10°099'E) in October 2015. A group consisting of 09 mature pomegranate fruits
per cultivar were sampled at ripe stage as following: three trees of the same cul-
tivar are randomly selected, from each one, mature fruits three are collected. The
three fruits from the same tree designating a repetition to finally have three
repetitions each formed of three pomegranate fruits. Samples were immediately
weighted, then peels and seeds (arils) were carefully separated by hand. Both
peels and seeds were weighted separately. The number of fresh seeds per fruit
was manually counted for all samples. Peels were dried in oven at 40°C until
constant weight, then were crushed and sieved to obtain fine powders and

stocked away from light at room temperature for further use.
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2.2. Simultaneous Determination of Soluble Sugars and Organic
Acids as Their Trimethylsilyl (TMS) Derivatives in
Pomegranate Fruits by Gas Chromatography (GC)

2.2.1. Samples’ Extraction and Preparation for GC

In a glass flask 5 ml of 80% ethanol are added to 50 mg of previously prepared

pomegranate powder. The sample is placed in a water bath at 70°C for 5 min-

utes. The supernatant is then recovered in a 15 ml flask. The extraction is re-
peated a second time and the total supernatant is filtered. The filtrate obtained is

placed in a water bath at 70°C for 24 h and then placed in the oven at 70°C for 5

minutes for further evaporation until complete drying [6]. Dried extracts were

converted into trimethylsilyl ethers with a silylation mixture previously prepared
as follows: 1 ml of pyridine, 100 pl of hexamethyldisilazane (HMDS) and 50 pl of
chlorotrimethylsilane (TMCS). After 24 hours of incubation at room tempera-
ture, 1 pl of the solution of the silylated extracts are injected into the chroma-

tographic system. D-salicin solution was used as internal standard [6].

2.2.2. GC Analysis

The trimethylsilyl ethers of sugars were analyzed by gas chromatography on a
capillary column as described by Bartolozzi et al [6], using a Hewlett-Packard
5890 series II gas chromatograph equipped with a flame ionization detector
(FID) system and an HP-5MS column (30 m x 0.25 mm). Individual sugars and
acids were identified by comparison of their retention times with the corre-
sponding standards (standards of sugars and organic acids previously prepared
and injected to the capillary column). Injector and detector temperatures were
280°C and 300°C, respectively. The temperature of the oven follows a cycle
starting with a temperature of 180°C which persists for one minute; then in-

creases with a flow rate of 5°C/min up to 290°C.

2.3. Statistical Analysis

All data were subjected to analyses of variance (ANOVA one-way) using
SPSS.16.0 (SPSS, Chicago, IL, USA). The data shown are mean values (n = 3)
and the significance of the differences was compared using Duncan multiple
range test at p < 0.05 probability level. The Hierarchical cluster analysis (den-
drogram) based on the pomological characteristics of each cultivar, was carried
out using the same software SPSS.16.0 (SPSS, Chicago, IL, USA). Simple associa-
tions between variables were calculated as the Pearson correlation. Principal
component analysis (PCA) was carried out and the individual sugar contents as
well as the individual organic acids content of each cultivar were used as vari-
ables in PCA using XLStat-Pro version 7.5.2 for Windows (Addinsoft, New
York, USA).

3. Results and Discussion

3.1. Pomological Characterization of Pomegranate Fruits

The results presented in Table 1 show statistically significant difference between
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varieties. Among them, Chelfi has the largest size with a total fresh weight
(TFW) equal to 361.55 g, while Tounsi has the smallest size with 224.63 g TFW.
Furthermore, the mass of fresh seeds (MFS) varies significantly from one cultivar
to another. The Kalai variety ranks first with 256.06 g which has 73% of the TFW.
While the variety Tounsi comes last with 109.75 g (49% of the TFW, Figure 1).

Thus, the proportion of fresh seeds (%) relative to the TFW is, in ascending
order, as follows: Tounsi > Zahri > Garsi > Chelfi > Kalai. In most studied culti-
vars, proportions (percentages) of fresh peel compared to TFW are lower than
those of the pulp (seeds) and range from 27% to 42%. Except for the case of
Tounsi where peel present almost half of the fruit’'s TFW with 51% (Figure 1).
The percentages of seeds compared to peel presented by our samples are higher
than those found by Martinez et al [7] who reported seed rates (in%) between
53.4% and 61.2% in five Moroccan pomegranate varieties. Additionally, Fadavi
et al. [8] found that the average TFW of mature pomegranate fruits varies be-
tween 250 and 300 g. It is noticed that the mass of Chelfi variety reaches up to
more than 361 g.

Meanwhile, Zaouay and Mars [9] reported differences between the pomological
characteristics of some Tunisian cultivars (total mass and seeds mass) although
they are almost the same varieties tested in our study. Indeed, they recorded TFW
ranging between 590.80 and 434.75 g for Chelfi and Tounsi, and between 253.00 g

Table 1. Pomological characteristics of five Tunisian varieties of pomegranate.

Fresh seeds mass (g)
Number of fresh seeds
Fresh peel mass (g)
Total fresh weight (whole fruit) (g)

356.28 + 35.03"

Kalai Garsi Zahri Chelfi Tounsi

256.06 + 23.34¢ 194.65 + 18.78" 177.18 + 40.99" 239.4 + 40.54¢ 109.57 + 5.55%

542.66*" 622.33" 463.67° 582.83*" 265.17°

100.22 + 15.58° 131.77 + 15.48° 128.59 +22.13° 122.14 +30.58*°  115.057 + 18.49*°

326.43 +21.35*° 305.77 + 61.46*" 361.55 + 49.81*" 224.63 + 32.41°

Means with different letters in the same column were significantly different at the level of p < 0.05.

Garsi

Tounsi

Kalai

27%
73%

Chelfi

M proportion (%) of fresh seeds
compared to whole fruit

l proportion (%) of fresh peel
compared to whole fruit

0
a0k 64%

Zahri

51% | 400 G 58%

Figure 1. Proportions variations (percentages) of fresh seeds and peels in five Tunisian pomegranate varieties.
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87.14 g for Zahri and Garsi varieties.

Compared to our results, these differences can be attributed to the diversity that
occurs in pomegranate genetic resources originating from hybridization associated
with vegetative and sexual propagation [10] which have given rise to a wide variety
of cultivars. In Tunisia, more than 60 cultivars have been recorded [11].

We also note the diversity of the geographical location of our cultivars com-
pared to those used by Zaouay and Mars [9]. Indeed, samples in our study
namely Gabsi and Tounsi, are coming from the region of Testour (Beja), in
northern Tunisia, and cultivars Zahri, Chelfi and Garsi are coming from “Sidi
Bou Ali” (Sousse, coastal region). Meanwhile, they have used these same varie-
ties but originating from different regions [9].

Referring to the dendrogram based on the square of the Euclidean distance il-
lustrated in Figure 2, we note that the hierarchical cluster analysis based on the
pomological and morphological characteristics subdivides the varieties into four
different poles. Indeed, the varieties Kalai and Tounsi have great similarity and
thus forming the first group discriminated by this analysis. On the other hand,
these two varieties are less related to Garsi variety. The three previous cultivars
thus forming the second pole, which itself has a certain degree of similarity with
Chelfi variety and constitutes the third group distinguished by hierarchical analy-
sis. However, Zahri variety seems to have less similarity with the previous varieties
and thus forming a monopoly compared to the rest of the tested cultivars.

The importance of morphological features and multivariate analyses for the
characterization of pomegranate cultivars has been highlighted in some studies
[2] [12] [13]. In fact, the identification of pomegranate cultivars is traditionally
based on morphological criteria. However, close genetic relationships as well as
morphological changes due to the environment are major constraints for the cor-
rect identification of cultivars [14]. In Tunisia, the characterization and identifica-
tion of the pomegranate genetic material is very important, since the same pome-
granate cultivar may have several local names and the same local name may refer to
different pomegranate cultivars. Characterization based on morphological markers

is commonly used to solve problems of duplication of genetic material [9].

FFFFTTTFTFTFTFTTTTETTTTITTHIERARCHICAL CLUSTER ANALYS I S*=**

Dendrogram using Average Linkage (Between Groups)

CASE 0

Rescaled Distance Cluster Combine

Label Num +----—--—- Fm—————— f e ————— e m——— e et +

kalai
tounsi
garsi
chelfi

AWN D

zahri

Figure 2. Dendrogram (based on the square of the Euclidean distance) carried out using morphological characteristics of some

Tunisian pomegranate varieties.
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Correlations study between the different pomological characteristics shows
that TFW is well correlated with total number of seeds per fresh fruit (r = 0.913,
p < 0.01) as well as with the mass of fresh seeds (MFS) per fruit (r = 0.976, p < 0.01).
This latter (MFS) are also highly correlated to the percentage of fresh seeds per fruit
(r =0.987, p < 0.01). we also noted that the percentage of fresh peel per fruit is nega-
tively correlated with TFW (r = —0.930, p < 0.01) and MEFS (r = —0.987, p < 0.01).

These correlations show that in the case of the studied varieties (Chelfi, Kalai,
Zahri, Tounsi and Garsi), seeds play a key role in determining the pomological
quality of pomegranates. Indeed, the fruits of these varieties provide the maxi-
mum of seeds as well as the minimum of peels, such a fruit is probably of great
calibre by dint of its richness in juicy pulp but not because it contains more
peels; which present a satisfying characteristic of the consumers requirements. It
should be noted that such a characteristic is not often available according to the
results of some previous studies. Indeed, Hazel et al [15] have shown that the
size of pomegranate fruit does not necessarily increase the proportion of the edi-
ble part, it is rather the number and the mass of the seeds which directly con-
tribute to the improvement of the pomological quality of pomegranate fruits.
Our results could then have a positive impact on the studied local varieties by
promoting their commercialization and integration on local or even interna-

tional markets.

3.2. Organoleptic Characterization of Pomegranate Seeds

3.2.1. Determination of Individual Sugars
The individual sugars identified by capillary column gas chromatography (GC)
of pomegranate cultivars are presented in Table 2. A total of 12 sugars is identified

Table 2. Individual sugar content (g/100 g) identified in five Tunisian pomegranate varieties.

Chelfi Garsi Zahri Tounsi Kalai

Arabinose 0.82 +0.21*° 0.44 £0.07°  0.61 £0.07*°  0.96 + 0.05°¢ 1.32 £ 0.4

Fructose 3.14 + 0.88"¢ 1.61 +£0.12% 3.42 +0.15¢ 6.1 +0.34¢ 2.11 + 0.58*"
Glucose 4.57 + 0.84° 4.45 + 0.46° 6.35 +0.19° 9.6 +0.92° 3.43 + 0.06
Inositol 0.13 £ 0.02° 0.01 + 0.00* 0.1 +£0.01° 0.18 + 0.04¢ 0.01 * 0.00*

Mannitol 0.04 +0.01° 0.02 + 0.00° 0.03 + 0.00° 0.03 £ 0.03* 0.04 + 0.00°
Mannose 0.01 +0.00° 0.42 + 0.06° 0.02 + 0.00° 0.03 +£0.01* 0.13 + 0.02°
Raffinose 0.01 + 0.00° 0.02 £ 0.00° 0.01 + 0.00° 0.02 £ 0.00° 0.00 £ 0.00*
Rhamnose 0.04 £ 0.01* 0.34 +0.14° 0.02 £ 0.00* 0.04 £0.01* 0.72 £0.17°

Ribose 0.00 + 0.00° 0.01 +0.00° 0.00 + 0.00° 0.01 £ 0.00* 0.01 +0.00°
Saccharose 0.14 + 0.04° 0.04 + 0.00° 0.14 + 0.02° 0.37 £ 0.04¢ 0.07 + 0.02°
Threalose 0.06 + 0.01° 0.07 + 0.02° 0.04 +0.01° 0.05 £ 0.01* 0.05 +0.01°

Xylose 0.22 + 0.04%¢ 0.28 £ 0.04° 0.01 £ 0.05* 0.15 + 0.00** 0.12 £ 0.04*

Total 9.18 +2.06*> 7.71+091* 10.75+0.5> 17.54 + 1.45° 8,01 +1.3*®

Means with different letters in the same column were significantly different at the level of p < 0.05.
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of which both fructose and glucose were major sugars detected in pomegranate
seeds. Their proportions vary respectively from 1.61 (Garsi) to 6.1 g/100 g of re-
sorcinol equivalent (Tounsi) and from 3.43 (Kalai) to 9.6 g/100 g (Tounsi), fol-
lowed by arabinose (0.44 (Chelfi) to 1.32 g/100 g (Kalai)).

Thus, the total sugar content of pomegranate fruits, which varies between 7.71
and 17.54 g/100 g) consists essentially of fructose and glucose (Figure 3), in ad-
dition to lower amounts of arabinose.

The predominance of fructose and glucose found in this study is consistent
with all previous works. However, the results differ regarding the main sugar
(fructose or glucose). Indeed, some studies reported that fructose concentrations
are higher than those of glucose [16] [17] [18].

Schwartz et al [19] [20] found equal amounts of these two sugars in 10
pomegranate varieties, while some other studies [21] [22] [23] found results
similar to ours, since glucose is predominant in all tested cultivars (Figure 3).

In addition, less prevalent sugars were identified such as inositol mainly de-
tected in Chelfi and Tounsi varieties (0.13 and 0.18 g/100 g, respectively). How-
ever, mannose and rhamnose are modestly present in Kalai and Garsi varieties
(0.13 and 0.42 g/100 g; 0.72 and 0.34 g/100 g, respectively). Although sucrose
could be identified in all tested samples, its distribution was quantitatively vari-
able (0.37 g/100 g for Tounsi, 0.14 g/100 g for Chelfi and Zahri, respectively; and
0.04 and 0.07 g/100 g for Garsi and Kalai, respectively).

Legua et al [24] found negligible levels of sucrose in some Spanish pome-
granates, while Hasnaoui et a/ [4] who worked on Tunisian varieties did not de-
tect the presence of this sugar in their samples. However, xylose was present in
all tested varieties (from 0.28 g/100 g in Garsi to 0.12 g/100 g in Kalai). More-
over, small amounts of ribose, raffinose and mannitol have been detected.

For a better understanding of results, a principal component analysis (PCA)
was carried out based on individual sugar contents identified in all tested varie-

ties (Figure 4(a)). According to the PCA, (total variance = 77.28%) the main

20

18
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S 14
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E" 12 Il Arabinose
§ 10 _ > Fructose
€
S 8 Glucose
&;n 6 - W Total sugars
(%] 4 - — -

2 L : : :

o LM mi m Il II

Chelfi Garsi Zahri Tounsi Kalai

Figure 3. Arabinose, fructose, glucose and total sugars (g/100 g) contents identified in
five Tunisian pomegranate varieties.
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Figure 4. (a) Principal component analysis based on individual sugar contents identified

in the various tested pomegranate varieties; (b) Principal component analysis based on
the organic acid contents identified in the various tested varieties of pomegranate.

axis 1 (PC1) is positively correlated with the varieties Tounsi, Zahri and Chelfi,
while Garsi and Kalai are negatively correlated with PCI.

Referring to Figure 4(a), four different groups of individual sugars could be
distinguished. The first two groups are associated with varieties positively corre-
lated with PC1 while the second two groups are associated with cultivars nega-
tively correlated with PC1. Thus, we note that Tounsi variety is characterized by
its high sugar content by generating a panoply of sugars such as fructose and
glucose, which are the main sugars of pomegranates, as well as sucrose, raffinose

and inositol. In addition, arabinose and mannitol are mainly generated by Zahri
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and Chelfi varieties. The variety Kalai seems to be low in sugars by providing es-
sentially rhamnose. However, Garsi variety is characterized by the dominance of
four main sugars including ribose, mannose, xylose and threalose.

It is evident that the distribution of sugar content is quantitatively and quali-
tatively variable within cultivars. These differences could be attributed to the di-
versity of agro-climatic conditions, but also to the effect of cultivar (genotype)

which has a major impact on sugars accumulation in pomegranate fruits.

3.2.2. Determination of Individual Organic Acids

A total of six organic acids were detected by GC, namely ascorbic acid, citric
acid, fumaric acid, malic acid, succinic acid and tartaric acid (Table 3). How-
ever, neither oxalic acid nor acetic acid which used to be identified in some pre-
vious studies [4] [25] could be detected in our samples. Meanwhile, we recorded
the presence of two major organic acids; citric acid ranging from 1.4 (Garsi) to
2.86 g/100 g (Tounsi) and malic acid starting from 0.6 g (Tounsi) to 2.5 g/100 g
(Kalai). Similar results were reported by most studies of organic acids composi-
tion in pomegranate fruits [4] [26].

The acid content (acidity) is an important parameter of pomegranate maturity
since it plays a major role in the development of juice flavour [26]. Concentra-
tion and composition of organic acids are also essential factors in determining
consumer perception of both sweetness and acidity in pomegranate fruit [3]
[27]. Hasnaoui ef al. [4] reported that citric acid is the major organic acid in sour
cultivars while in soft cultivars malic acid is predominant. Thus, strong correla-
tion between citric acid and pomegranate fruit acidity could be suggested. This
correlation has been clearly established for the sour (acidic) and sweet cultivars
of pomegranates from Turkey [23] and Spain [16]. Similar results for major or-
ganic acids as well as their distribution in sour-sweet accessions from various
countries have already been reported [16] [17] [19] [20] [23] [28] [29], although
some authors do not give identical specifications to the classification of the
studied accessions. For Tunisian pomegranates, levels of these two organic acids
are generally compatible with previous studies despite a large variation in acces-

sions [4].

Table 3. Organic acids Content (g/100 g) identified at five Tunisian pomegranate varieties.

Organic acids Chelfi Garsi Zahri Tounsi Kalai

Ascorbic Acid  0.03+0.01°  0.04+0.00°  0.02+0.00° 228+046>  0.06 % 0.01°
Citric Acid 1.52+035  1.4+0.07° 1.68 £ 0.05  2.86+0.17°  2.19+0.09*"
Fumaric Acid  0.01 £0.00®  0.01 £0.00®  0.00 £ 0.00®  0.00 +£0.00°  0.01 + 0.00"
Malic Acid 0.47 £0.18° 1424048  0.69+0.07°  0.6+0.16* 2.5 +0.03¢
Succinic Acid  0.01 £0.00*®  0.01 £0.00°  0.03 £0.01*®  0.00 +£0.00®  0.00 + 0.00°
Tartaric Acid ~ 0.03 £0.01°  0.01+0.00°  0.03 +0.02*>  0.06 £0.01>  0.02 +0.0°

Total Acids 2.07 £0.55* 2.89+0.5° 245%0.15* 583 +0.8 478 +0.13%

Means with different letters in the same column were significantly different at the level of p < 0.05.

DOI: 10.4236/ajps.2019.107084

1189 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2019.107084

M. Mekni et al.

As for ascorbic acid, Tounsi was the richest variety with 2.28 g/100 g while
minor amounts of this acid were detected in the rest of cultivars. Previous stud-
ies have reported the presence of ascorbic acid in pomegranate fruits [4] [18]
[23] [26] [30]. In addition, we could identify minor quantities of fumaric, suc-
cinic and tartaric acids in some varieties while they were completely absent in
some others. Moreover, traces of tartaric and succinic acids were detected for
some varieties, while the latter is below the detection limit for Tounsi and Kalai
varieties. The presence of both tartaric and succinic acids is also reported by
Hasnaoui et al. [4]. In addition, fumaric acid, which is the least common acid in
our samples, was present in traces in Chelfi, Garsi and Kalai varieties but com-
pletely absent in Tounsi and Zahri varieties.

To better discriminate results, Principal Components Analysis (PCA) is car-
ried out based on the different organic acids detected within studied varieties
(Figure 4(b)).

According to the figure, we note that only the variety Tounsi is positively cor-
related with the axis PC1 (Figure 4(b)). The tartaric, ascorbic and citric acids are
associated with this variety forming the first group distinguished by this classifi-
cation. However, Zahri and Chelfi varieties are negatively associated with the
main PCI axis. Succinic acid is the only acid associated with these two varieties
thus forming the second group discriminated by this study. In contrast, fumaric
and malic acids are associated with Garsi and Kalai varieties that are also nega-
tively correlated with PC1. This quadruplet is the last group established by this
discriminatory study. Therefore, it can be considered that the qualitative and
quantitative distribution of organic acids is dependent on the cultivar. However,
these differences may be not only due to genetic variation, but also caused by the
difference in geographical location from which pomegranate fruits are harvested.
Further studies are needed to explain differences in organic acid accumulation

by pomegranate cultivars.

4. Correlation Study between the Measured Parameters

Although consumers are generally aware of the interrelationship between diet
and health, other quality factors must be present in a health promoting food,
particularly a superior flavour, before it is widely consumed [31]. Hasnoui et al
[4] suggest that organic acid profiles of fruits play an important role in or-
ganoleptic properties by increasing or reducing their palatability since acidity is
generally attributed to the release of protons from acids [32], and based on our
results, it follows that the citric acid content, being the major organic acid seeds,
appears as the main determinant of sourness in pomegranate fruits. Thus, both
acidity (or sourness) and sweetness of pomegranate are closely related to the
concentration of citric acid [4]. Similar conclusion was advanced for orange [33]
and melon [34]. This hypothesis is strongly supported genetically. By studying
the acidity inheritance in pomegranate, Jalikop [27] concluded that sourness is

dominant over sweetness and that this trait is controlled by a major dominant
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gene. He used “low acid variety” as synonym of “sweet variety” in other words,
sweetness and sourness are the “heads and tails” of the same characteristic, at
least genetically.

Sugars and organic acids play a major role in determining the quality and
maturity of fruit. The ratio of sugars to organic acids is commonly regarded as a
good index of fruit quality [4]. Referring to Table 4, this ratio varies from one
variety to another, ranging from 1.67 (Kalai) to 4.43 (Chelfi). Therefore, it can be
considered that the more the ratio increases, the more acid content increases. In
other words, this ratio is linearly correlated with citric acid. To obtain more re-
liable classification criterion and based on previous study conducted by Has-
naoui et al [4], we calculated the “Acidity Index:” AI “for pomegranate classifi-
cation which is the ratio of total sugars to citric acid (Table 4).

This ratio varies among cultivars from 3.66 (Kalai) to 6.39 (Zahri). Hasnaoui
et al. [4] suggest that relatively low-level Als are due to the low levels of sugars
they contain. Thus, based on their Al, our samples can be classified according to
their decreasing softness as follows: Zahri, Tounsi, Chelfi and finally Garsi and
Kalai. Although, these two latter varieties might be less suitable for fresh con-
sumption, acid pomegranate fruits exhibit highly interesting properties, especially
for food processing industry. Indeed, their acidity, which is due to their richness in
citric acid, is a much sought-after property for meat storage [35] [36].

Besides, Al appears to be a good and reliable criterion for the classification of
pomegranate cultivars. Hasnaoui et a/ [4] consider that it is more effective than
the ratio of organic sugars/acids or that of soluble solids/acidity (TSS/A) known
as the “Maturity Index (MI)”. As it is assumed that the acidity of pomegranate is
governed by the concentration of citric acid, the AI takes this assumption di-
rectly in consideration and therefore gives more reliable indication of the acidity
of pomegranate and therefore its classification. Further sensometric studies, us-
ing larger fruits samples and pomegranate cultivars, are required to validate the

effectiveness of the Al and establish accurate scale of classification.

5. Conclusions

The study of the pomological characteristics of pomegranate fruits shows a sig-

nificant variation between varieties, under the effect of geological and genetic

Table 4. Total sugars, total organic acids, ratio of sugars to organic acids (Sug/A.org) and
the acidity index (IA) calculated for tested pomegranate varieties.

Chelfi Garsi Zahri Tounsi Tounsi

Total Sugar (g/100 g) 9.18 £2.06*> 7.71 £+ 0.91* 10.75+0.5° 17.54 + 1.45° 8.01 +1.3*"
Total organic Acids (g/100 g) 2.07 +0.55* 2.89 +0.5° 2.45+0.15*° 583 +0.8° 4.78 +0.13"
Sugar/Org. Acid ratio* 4.43 2.66 4.38 3.01 1.67

Acidity Index (AI)** 6.04 5.51 6.39 6.13 3.66

Letters (a, c) in the same column were significantly different at the level of p < 0.05. *Total sugars/total or-
ganic acids ratio. **Total sugars/citric acid ratio.
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diversity. The study of the correlations between the different pomological char-
acteristics show that the number of seeds per fruit is significantly correlated with
the total mass of peel, as well as the percentage of fresh seeds compared to the
whole fruit and the total mass of the fresh fruit. The study of organoleptic char-
acteristics showed that among all individual identified sugars, three major com-
pounds are detected at the level of the so-called five varieties and are glucose,
fructose, arabinose. Principal component analysis based on sugars has identified
the quantitative and qualitative variations in the levels of sugars which can be
attributed to the diversity of agro-climatic conditions, but also to the effect of
cultivar (genotype) with a major impact on the accumulation of sugars in pome-
granate fruits.

Among a total of six organic acids identified in our samples, citric and malic
acids are found in most tested varieties. The ratio of total sugars by citric acid or
“Acidity Index:” IA varies among cultivars from 3.66 (Kalai) to 6.39 (Zahri).
This ratio appears to be a good and reliable criterion for classifying pomegranate

cultivars.
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