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ABSTRACT

Squash (Cucurbita maxima Duchense) is an important crop that is used as human food and animal
feed. The main objective of the present study was to characterize morphological and biochemical
properties of a Tunisian squash collection. Morphological analyses were performed using UPOV
and IPGRI descriptors. While biochemical analysis included total soluble sugars, starches and
carotenoid contents in the squash fruits. The morphological analysis showed that the squash
accessions have significant differences in morphology. Clustering showed that accessions from
the same region were grouped together. Data about their biochemical characteristics showed large
variability. Also, high content of carotenoids (between 35.95 and 52.82 mg / g) and total sugars
(1.89 %) were observed in squash.

Keywords: Squash, morphological characterization, biochemical characterization, clustering,
total sugars, starch, carotenoids

1. INTRODUCTION

Biochemistry has long been used to explain the relationships between plant taxa and to
complement morphology, embryology and ecology (Stuessy 1990). In fact, plant products must be
biochemically evaluated to understand their nutritional values (Sharma and Rao, 2013). In this
context, several scientific works have evaluated the biochemical properties of squash. With a rich
chemical composition, squash has become an important component in the human diet, showing
not only antioxidant and anticancer effects, but also hypoglycemic and anti-inflammatory
properties (Seroczynska et al., 2014). In the same context, Tamer et al. (2010) demonstrated that
squash is a healthy and functional vegetable because of its rich nutrients and bioactive compounds.
Squash contains some phenolic components, flavonoids, vitamins (including -carotene, vitamin
A, vitamin B2, a-tocopherol, vitamin C and vitamin E), amino acids, carbohydrates and minerals
(especially potassium). It has a low energy content (about 17 Kcal / 100 g fresh squash) and a large
amount of fiber. In addition, several studies have shown that cucurbits not only contain important
biological compounds, but also have important nutritional effects, so it is necessary to
biochemically analyze it (Omorayi and Dilworth, 2007). Indeed, carotenoids, methanol and certain
types of sugars (polysaccharides) present in the pumpkin could reduce blood glucose and make
insulin available in diabetic patients (Saha et al., 2012). Other studies by Fu et al. (2006) on C.
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maxima seeds and demonstrated their human health benefits due to their rich macro and micro-
component composition. It is a natural source rich in proteins, triterpenes, lignans, phytosterols,
polyunsaturated fatty acids, antioxidant phenolic compounds, carotenoids, tocopherol and
minerals. Carotenoids in squash are essential to plant life because it provides important
photoprotective functions in chloroplasts during photosynthesis and serves as precursors to
abscisic acid (Grotewold, 2006). Beyond their essential biological activities, carotenoids also
accumulate in flower and fruit chromoplasts (Tanaka et al., 2008).

According to Santoni et al. (2000), biochemical descriptors are used to help the breeder identify
his plant material. However, according to Rezig et al. (2012), the composition and physico-
chemical properties of squash seeds remain relatively unexplored, particularly for North African
accessions. The determination of chemical properties would contribute significantly to the
development of the potential of pumpkin seed oil in the cosmetic, pharmaceutical and food
industries. Squash needs to be studied to understand its nutritional value, the potential for
commercial cultivation in appropriate areas and changes in marketing (Sharma and Rao, 2013).

In this study, we have tried to study the agro-morphological proprieties and the biochemical profile
of a Tunisian squash collection including a determination of total sugars and starch and an
extraction of carotenoids.

1.MATERIALS AND METHODS
1.1.Plant material used

Thirteen local accessions of Cucurbita maxima (fruits) were purchased directly from the
experimental station of the Higher Institute of Agronomy Chott-Mariem, Tunisia (between May
and July 2017). Thirty-nine squash samples (Three from each morphotype) were selected visually
to fulfil a level of ripeness, physical appearance and uniform color.

1.2.Morphological characterization

The Tunisian accessions of squash were grown in an open field in the experimental station of the
Higher Agronomic Institute of Chott-Mariem (Tunisia). For the morphological characterization,
the standards descriptors from the UPOV (2016) and the IPGRI (2007) were used. The phenotypic
characterization was carried out on three fruits randomly harvested from each population. The
following morphological-agronomic traits were measured: seeds length, width and ratio W/L,
leaves length, width, shape and form, fruits weight, shape, peduncle length, skin thickness, flesh
thickness, placenta length, placenta width and placenta ratio.

1.3. Extraction and dosage of soluble sugars

The total content of soluble sugars in pumpkin fruits was determined by the phenol-sulfuric acid
method (Dubois, 1965). We put 0.3 g of fresh squash in test tubes. Then, we added 3 ml of ethanol
(80%) and the mixture was left for 48 hours in the dark. At the same time, we mixed 20 ml of
distilled water in glass tubes with 1 ml of phenol (5%) and 5 ml of concentrated sulfuric acid. We
obtained a yellow-orange solution on the surface. we left the tubes to cool to room temperature
and the tubes were shaken. The absorbance measurement was made at a wavelength of 640 nm, 1
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ml of each sample of fresh juice. A standard was prepared from a glucose solution with a
concentration ranging from 0.25 to 4.5 g / I. Quantities are expressed in mg / g MF. The total sugar
content was determined using a calibration curve.

1.4.Starches determination

The enzymatic hydrolysis of starch in pumpkin fruits was made according to the protocol described
by Millet (1959). This protocol consists of mixing 1 g of each sample (dry vegetable material) with
10 ml of distilled water containing 100 ppm of CaCl2. The first step (dextrinization) is to mix 1
ml from the solution with 200 ul of a-amylase. Then, the tubes were incubated in a water bath for
2 hours at 920C. When the temperature dropped to 600C, we added 40 pl of AMG enzymes for
the second step: saccharification (transformation of starch into glucose). The tubes were then
completely hydrolyzed in the water bath for 12 hours at 60 to 65°C. The reducing sugars were
determined by spectrophotometry at 550 nm and the calibration was carried out with a glucose
solution at 1 g/I.

1.5.Extraction of carotenoids

The B-carotene pigment was extracted according to the procedure recommended by Minguez et al.
(1993). Ten grams of each sample of the flesh fruits were mixed with 1 g of sodium bicarbonate
and then homogenized and extracted with acetone. The extracts were mixed and the acetone was
evaporated at 35 ° C until 50 ml of final volume was reached. The concentrate was transferred to
an ampoule and mixed with 100 ml of ethyl ether. A NaCl solution (10%) was added to separate
the phases and transfer the pigments to ether. This solution was treated several times with a
solution of Na2SO4 anhydrous (2%) to remove all the water. The ether layer was evaporated to
dryness at 30 ° C. The dry residue was then dissolved in a methanol (1: 1, v / v) ether mixture,
filtered through a membrane (0.45 mm) and analyzed by HPLC. The preparation of the standard
curves to evaluate the f-carotene pigment was carried out by pure p-carotene (Sigma Chemicol
Co.) using the following concentrations: 3.12-6.25-12.5 and 25 Mg / g (Delia et al., 2004).

2.RESULTS AND DISCUSSION
2.1.Morphological characterization
Principal components of morphological characters

Characters with higher coefficients on the PC axes are considered more important. thus eigen
vectors are shown in Table 1. PCA generalized 18 morphological characters to two principal
components which explains the 41,25% of the total variability (Fig. 1). The first component
accounted for 23,94% of the total variation, and was mainly defined by leaf length, peduncle
length, leaf petiole length and seed length. The second component accounted for 17,31% of the
total variation and was correlated with seed ratio, petiole diameter, placenta width and fruit weight.

Table 1. Principal component analysis (PCA) of characters associated with the squash (C.
maxima Duch) accessions.
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F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 Fi11 F12

Eigen
va?ue 6,225 4,500 3,169 2,626 2,310 1,862 1,363 1,280 0,952 0,891 0,582 0,241
Variabilité
(%) 23,942 17,306 12,188 10,101 8,883 7,161 5,242 4,923 3,662 3,427 2,239 0,926
% cumulé 23,942 41,248 53,437 63,537 72,420 79,582 84,823 89,746 93,408 96,835 99,074 100,000
Traits Eigen vectors

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 Fl11 F12
Cotywidth 0,191 0,227 0,167 -0,190 0,319 0,090 -0,003 -0,109 -0,078 -0,198 -0,264 0,216
Cotylongth 0,200 0,273 -0,044 0,128 0,223 0,181 0,087 0,233 0,113 -0,193 -0,316 0,182
Cotratio -0,047 -0,037 -0,184 0,418 -0,154 0,016 0,189 0,401 0,171 0,203 -0,256 -0,093
Leaflength 0,333 0,037 0,175 0,073 -0,184 0,059 -0,208 -0,052 0,051 0,218 -0,059 0,048
Leafwidth 0,230 0,225 0,042 0,168 0,118 -0,209 0,093 -0,097 -0,330 0,350 0,066 -0,201
Leafratio 0,105 -0,281 0,137 0,055 -0,242 0,185 -0,206 0,256 0,407 0,052 -0,116 0,041

Petiollength 0,316 -0,009 0,241 0,044 -0,215 0,146 -0,103 -0,019 -0,082 0,062 -0,036 0,245
Petioldiameter 0,103 0,269 0,277 0,302 -0,080 0,027 0,198 -0,083 -0,055 0,081 0,237 0,159
Fruitweight -0,044 0,155 0,080 -0,258 -0,114 0,501 0,293 -0,092 0,131 0,098 0,235 -0,133
Placentalength -0,292 0,096 0,238 -0,067 0,063 -0,039 0,212 0,149 0,102 0,331 -0,154 0,222
Placentawidth 0,145 0,264 -0,049 -0,365 0,087 -0,031 0,068 0,184 0,261 0,222 -0,093 -0,243
Placentaratio -0,320 0,006 0,220 0,091 0,069 -0,110 0,106 -0,190 0,106 0,211 -0,094 0,394
Skinthickness -0,124 0,315 -0,135 -0,005 0,133 -0,032 -0,410 0,095 0,186 -0,120 0,346 0,070
Flechthickness -0,085 0,037 0,304 0,071 0,336 -0,230 -0,052 -0,099 0,508 -0,139 0,029 -0,106
Pedunclelength 0,287 -0,015 0,245 0,056 0,209 -0,149 0,268 0,076 0,147 -0,009 0,100 -0,251

Seedlength 0,155 -0,017 0,191 -0,398 -0,203 -0,255 -0,037 0,251 -0,069 0,023 0,108 0,182
Seedwidth 0,113 -0,228 0,317 -0,060 0,026 -0,118 0,042 0,412 -0,166 -0,184 0,293 0,124
Seedratio 0,046 0,225 -0,133 -0,361 -0,273 -0,159 -0,116 -0,150 0,143 0,265 -0,143 0,065

Clustering of the Tunisian accessions

The genetic similarities coefficients among all accessions ranged from 0.86 to 0.98. Three clusters
were evident with a similarity coefficient of 0.86 in the dendrogram (Fig. 2); two accessions (A6
and A8) in Cluster Il were well separated from the 11 accessions classified in Cluster I and 1II.
This analysis based on morphological characterization also revealed a sub-clustering structure that
reflected geographical origins.

Cluster | is composed of five sub-clusters (similarity coefficient 0.92): sub-cluster I-1 includes
three accessions (A9 and A5) from Sehline, with small leaves, petioles and seeds and long
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cotyledons and accession 11 from Siliana, with large cotyledons and long leaves. All fruits in this
cluster have big weight. In sub-cluster I-11, two accessions (A3 and A4) from Siliana are clustered
together and have big seeds, small fruit weight and light skin. Accessions A13 from Sehline and
Al14 from Chott-Meriem possess strong growth vigor and are grouped together in sub-cluster I-
I11. Sub-cluster I-1V consists of two accessions (A10 and A12) from Sehline. Within this cluster,
accessions have big cotyledons and petiole diameter, long seeds and small leaves. Sub-cluster I-V
includes only one accession (A2) originating from Siliana which has long seeds, big leaves, big
petioles and small fruits. Cluster Il comprises two accessions (A6 and A8) which originate from
Kalaat-Andalous, with a similarity coefficient of 0.93. These accessions have small leaves,
petioles and seeds, thicker flesh and round or ovate fruits. Cluster 111 contains only one accession
(A7) which is native to Kalaat-Andalous and which has small seeds and low fruit weight.

Observations (axes F1 et F2 : 41,25 %)
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Figure 1. Diagram showing the relationships among the Tunisian accessions of C. maxima at the
basis of the first 2 principal component axes using morphological characterization.
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Figure 2. A dendrogram showing the relationships among the Tunisian accessions of C. maxima
with morphological characters

The morphological characterization has revealed a great diversity in cotyledon, leaf, fruit and seed
parameters within the Tunisian accessions. This diversity is comparable to that found by Chung et
al. (1998) among 24 accessions of Cucurbita muschata in Kuria. Brown and Myers (2002)
indicated that the most significant factors explaining the total variation are the fruit parameters.
The values for seed shape and fruit weight were the largest coefficients of variation seen in the
present study. In term of leaf characterization, Wehner (2008) considered leaf shape as a criterion
genetically controlled in watermelon and it can serve as a discriminator between accessions.
Hamdi et al (2017) found that 15 Tunisian accessions had oval leaves. The average value of fruit
weight across accessions is 8.64 kg and average fruit weight of individual accessions varies from
4.55 10 13.24 kg. Sharma and Rao (2013) showed a large variability in fruit weight. They obtained
a weight mean for a collection of Indian squash accessions ranging between 1.5 and 2 kg. We
obtained a sub-cluster (I-1) that grouped four accessions with different geographic origins (North
and Sahel of Tunisia). Many factors could lead to this confounding grouping situaion; Ferriol et al
(2004a) suggested that the out-crossing nature of C. maxima suggested extremely rapid gene flow
within regions. Liu et al. (2013) had found similar results within a germplasm collection including
10 Chinese seed genotypes of C. pepo and 38 Chinese and 28 Russian seed cultivars of C. maxima.

Biochemical characterization

ANOVA showed highly significant differences (o <0.01) between the different accessions for total
sugar levels, starches and B-carotene (Table 2). Total sugar obtained from the pumpkin flesh varied
between 0.83 and 2.45% with an average of 1.89%. Kerkoubi rouge which originates from Chott-
Meriem has the lowest sugar levels, while Batati vert-grisatre which originates from Kalaat-
Andalous contains the highest sugar levels.
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The rates obtained are close to those obtained by Jacobo-Valenzuela et al. (2011) in accessions of
Cucurbita moschata D. that varied from 1.01 to 2.44%. On the other hand, these rates are
considered low compared to those found by Biesiada et al. (2009) who reported variability in sugar
content for eight pumpkin morphotypes between 3.35% and 6%.

The results obtained prove that the starch content in the flesh of pumpkin fruits varies from 3.54
to 12.87% with an average of 8.42%. These results are considered low compared to previous work
where researchers found starch levels in C. maxima fruits ranging from 3.3 to 41.4% (Graham
Stevenson, 2011). Irving et al. (1997) demonstrated that squash is a starch-rich vegetable, which
accumulates more starch during the fruit-ripening phase.

Provesi et al. (2011) reported that a-carotene, f-carotene and lutein were the main carotenoids
found in C. moschata and C. maxima. In this context, the B-carotene content in this fruit collection
was between 35.95 and 52.82 mg / g. Similarly, levels of carotenoids in an Indian pre-mature
pumpkin collection were very low (0.6 to 7.47 mg / 100g) compared to our results (Sharma et al.,
2013) as it is well known that carotenoid biosynthesis increases during maturation or maturation
of carotenogenic fruits and fruiting vegetables (Gross, 1987).

The biosynthesis and metabolism of carotenoids in vegetables can be significantly affected by
differences in the growth environment, such as temperature, nutrient availability, soil, intensity of
sunlight, stage of ripening and harvesting (Cazzonelli and Pogson, 2010).

Table 2: Biochemical composition of Cucurbita maxima flesh at maturity

Variable Min Max Mean Ecart-type
ST (%) 0,835 2,457 1,894 0,437
AM (%) 3,541 12,871 8,421 2,292
CR (mg/g) 35,955 52,826 39,496 4,428

Principal Component Analysis of Biochemical Characteristics

According to the principal component analysis, the [3-carotene content is the parameter with the
highest contribution in the construction of the first axis with a value of 0.18%; it is positively
correlated with the total sugar content and the starch rate of the squash fruits and negatively
correlated with the carotenoid content. While axis 2 is composed mainly of the carotenoid content
with a percentage of 0.19%, this axis is negatively correlated with the levels of total sugars and
starch (Table 3).

Table 3.: Contribution of variables in the construction of Axes 1 and 2 of the principal components
analysis

F1 F2
ST 0,066 -0,104
TS 0,174 -0,151
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CR -0,029 0,193

Note: ST: starch rate, TS: total sugar content and CR: carotenoid content

It can be noted that there is a significant difference between squash types for all biochemical
parameters (P <0.01). ACP divided the accessions into three main groups (Table 4): G1 contain
Bejaoui-Vert-jaunatre and Batati-Blanc from Siliana, Kerkoubi-Rose foncé from Sehline and
Batati-Vert grisatre from Kalaat-Andalous. This group has the highest average carotene content
(40.157 mg g%). In squash, carotenoids are responsible for the development of yellow color in
unripe fruit to mature orange color. Carotenoids play an important role in human nutrition and
health because they are precursors of vitamin A, are lipophilic antioxidants and have anti-cancer
properties (Singh and Goyal, 2008). These accessions had also the highest sugar levels with an
average of 1.92%. The sugar content of the fruit of the squash depends on the genotype as well as
the hydrolysis of the starch during the storage of the fruits.

While the second cluster contains: Batati-Orangé Claire from Sehline, Batati-orangé from Siliana,
Batati-Vert from Sehline and Kerkoubi-Rouge from Chott-Meriem. This group is characterized by
the lowest levels of total sugars, starch and carotenoids (1.73 %, 7.006 mg/g and 37.019 mg/g
respectively). This group contains the Batati-Vert accessions from Kalaat-Andalous and Kerkoubi-
Rose accessions from Chott-Meriem. The highest average starch content (10.81 mg /g) is found in
group 3 containing only Kalaaoui accessions from Kalaat-Andalous).

Table 4: Biochemical parameters revealed by ACP

Cluster ST TS CR

1 8,465 1,929 40,157
2 7,006 1,736 37,019
3 10,816 1,862 37,837

The results of the present study show a great variability of biochemical characteristics between
local Tunisian squash accessions. Sensoy et al. (2007) also recorded a large genetic variation in
melon genotypes in Turkey. This study highlights the important morphological and biochemical
characteristics in the squash flesh analyzed, indicating the need for further research to identify
another biochemical characteristic of the Tunisian Cucurbita maxima accessions.
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