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We investigated fruit physical traits and nutritional value in both seed and flesh in eight Moroccan date palm varieties. The greatest
values of weight for whole fruit, flesh, seed, and flesh percentage were found in “Boufgous,” “Agondari,” and “Bouskri.” These two
later varieties displayed also their superiority with respect to proximate composition. For fruit flesh, proximate composition,
energy value, and reducing capacity ranged as follows: proteins (1.60-3.53%), moisture (5.31-17.31%), ash (2.08-2.50%), lipids
(0.32-1.09%), carbohydrates (76.69-90.18%), energy value (338.30-385.89 kcal/100 g), and reducing capacity (100.14-1607.12 mg
GAE/100g). Corresponding values in seeds were as follows: proteins (3.20-5.00%), moisture (1.42-4.14%), ash (1.14-1.50%),
lipids (6.30-7.40%), carbohydrates (83.39-85.55%), energy value (417.06-429.51kcal/100g), and reducing capacity
(1427.71-6843.84 mg GAE/100 g dry weight). Among all minerals (K, Ca, Mg, B, Fe, Cu, Mn, Na, and Zn) found in both fruit
parts, K had the highest records for both flesh (12047 mg/kg) and seed (6127.6 mg/kg), followed by Mg and Ca. Seeds lipidic
fraction was dominated by monounsaturated fatty acid C18:1 (47.5%), followed by saturated fatty acids mostly C12:0 (18.0%),
C14:0 (10.5%), and C16:0 (10.6%) and finally polyunsaturated fatty acid C18:2 (8.8%). It could be concluded that investigated
varieties presented a great importance from a nutritional point of view, and seeds could present important opportunities
of valorization.

1. Introduction

Date palm (Phoenix dactylifera L.) is a very important
species in arid and semiarid areas [1, 2]. It plays an important
role from economic, social, and ecological standpoints [3, 4].
The date palm is renowned due to its delicious fruits, re-
ported to have distinct nutritional and medicinal properties
[5]. It is an important source of sugars, nutrients, and an-
tioxidants [6, 7]. From an agronomic perspective, the fruit
development period in date palm lasts about 200 days from
pollination to full ripening, known as Tamar stage [8]. Three

distinct phases can be distinguished during ripening, during
which fruits undergo substantial metabolomic changes, as
highlighted by Diboun et al. [9]. According to these authors,
during the first phase, fruits are enriched in regulatory
hormones, amines and polyamines, energy production,
tannins, sucrose, and antioxidants. The second phase is
characterized by ongoing phenylpropanoid secondary
metabolism, gene expression, and phospholipid metabolism
and a late phase with marked sugar dehydration activity and
degradation reactions leading to increased synthesis of
volatile compounds.
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From a pomological standpoint, date palm fruit consists
of a fleshy pericarp surrounding a seed [10]. Owing to its
nutritional richness, the fleshy pericarp is consumed fresh,
dry, or under various processed forms such as dough and
jam [11]. However, seeds are considered a waste product
generated by date palm industries [12] and are used mainly
for animal feed [13]. Seeds can also be processed into foods
such as noncaffeinated coffee and in cosmetic products [1].

In Morocco, the date palm is cultivated in several areas
generally located on the southern side of the Atlas Moun-
tains along the wadis [3]. Most of this heritage is concen-
trated mainly in the valleys of Drda and Ziz and the Bani area
in Tata region [3]. According to the latest FAOSTAT’s re-
lease, date production in Morocco increased from 101,351
tons in 2010 to 129,562 tons [14]. Seeds account for about 7
to 18% of the total weight of dates [15, 16]. The Moroccan
date seeds production was estimated at about 9,069 tons in
2017, which offers opportunities for valorization in favor of
national economy and local population.

Compositional studies on Moroccan date palm varieties
are scarce, especially those devoted to characterizing both
flesh and seeds, hence the originality of this work. Herein, we
aimed at (i) investigating the nutritional composition
(proteins content, lipids, carbohydrates, polyphenols, and
mineral elements) and related energy value in the two parts
of the date fruit (flesh and seeds) in eight Moroccan varieties
to establish the criteria for the characterization and iden-
tification of each variety and (ii) determining seeds oil
content and its fatty acids composition.

2. Material and Methods

2.1. Plant Material, Study Area, and Sampling. This study was
carried out on date palm fruits belonging to eight Moroccan
varieties from three sites in southeastern Morocco.
“Agondari,” “Ismmarti,” “Sair,” and “Matrouh” were sam-
pled from Ouarzazate (30°55'08” N, 6°53/36" W;
1113 m.a.s.l.), while “Boufkouss” and “Jihel” were harvested
from Errachidia (31°55'55"N, 4°25'28"W; 1039 m.a.s.l.), and
“Amouch” and “Bouskri” were collected from Tata
(29°44'34" N, 7°58'21"” W; 670 m.a.s.l.). Sites were selected
based on their important cultivated acreage, commercial
production, and similar agronomical managements prac-
ticed by local growers. In the above-mentioned sites, or-
chards are conducted under rainfed conditions and undergo
similar agronomical practices without any fertilizer or
phytosanitary treatment.

The three sites are located in southeastern Morocco. Tata
is under a warm Mediterranean climate with dry summer; it
has an annual rainfall of 353.8 mm with an average tem-
perature of 19.2°C. The two remaining sites are under desert
climate (according to the Képpen-Geiger classification) with
a continental influence. Errachidia and Ouarzazate receive
about 127 mm and 112.2 mm of annual precipitations with
average temperatures of 19.2°C and 19.6°C, respectively,
following Moroccan Department of National Meteorology.

For fruit sampling, from each variety, three healthy trees
of similar age were used for fruit harvesting [17, 18]. At
Tamar stage, from each tree, about 1.5kg of fruits was
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harvested around trees canopy following the four compass
directions. Immediately after harvesting, samples were
brought to the lab, where dates were pitted manually, and the
fleshes were dried at 80°C to facilitate grinding. Fleshes and
seeds were then crushed and stored in dark bottles at 4°C
until use.

All solvents used were of analytical or HPLC grade and
were purchased from VWR international (Darmstadt,
Germany).

2.2. Physical Fruit Traits Measurement. Before starting
measurements, impurities were removed, such as unripe or
damaged fruits, as well as dirt and dust. To determine
physical fruit traits of interest, fifty date fruits were randomly
taken from each variety. For each individual fruit, the whole
fruit weight (FW) and the corresponding flesh weight (fW)
and seed weight (SW) were measured using a precision
electronic balance with a sensitivity of 0.001g. The per-
centages of flesh (fP, %) and seed (SP, %) were also
calculated.

2.3. Proximate Composition and Energy Value

2.3.1. Moisture Content (MC). Briefly, 5g of fruit flesh
powder samples was placed in a ventilated oven (Precision
Scientific Co., USA) at 103°C until reaching a constant
weight. MC was calculated according to the following
equation [19]:
P2 -P3
0, —

MC (%) = 5o——7 x 100, (1)
where P1 is the weight of container with lid, P2 represents
the weight of container with lid and sample before drying,
and P3 corresponds to the weight of container with lid and
sample after drying.

2.3.2. Ash Content (AC). The samples (5 g) of the pulp were
dried at 80°C in an oven until they reached a constant weight.
Then all flesh and seed samples were finely crushed. Later,
one gram of dried powder was calcinated in the furnace for 4
hours at 500°C.

2.3.3. Protein Content (PC). PC was quantified based on the
measurement of nitrogen using combustion by a LECO
FP628 (LECO Corp., MI, USA) Proteins Analyzer, based on
the Dumas method following the AOAC method 992.15
[20]. A factor of 6.25 was then used to convert measured
nitrogen to PC expressed in percent.

2.3.4. Oil Content (OC). Twenty fully ripe fruits from the
eight varieties were subjected to Soxhlet extraction to de-
termine OC. Seeds were separated and oven-dried at 60°C
for 3 hours and then finely ground. The powders of seeds and
fleshes were Soxhlet-extracted (Biichi, Switzerland) with
n-hexane for 8 hours. The solvent was partly removed in a
rotary vacuum evaporator (R-200, Biichi, Zurich, Switzer-
land) at 40°C, and the rest of the solvent was removed under
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stream of nitrogen to a constant weight to determine the oil
content gravimetrically. The oils were filtered and stored in
dark glass bottles at 4°C until analysis.

2.3.5. Total Carbohydrates Content (CC) and Energy Value
(EV). CC for each fruit part (flesh and seed) in the eight date
varieties was calculated by subtracting the sum of the other
components (proteins, moisture, ash, and oil) using the
following formula given in the work of Besbes et al. [12]:

Carbohydrates (CC, %) = 100% - (%PC + %MC

(2)
+ %AC + % OC).

EV (expressed as kcal/100g dry basis) was computed
from values of MC, AC, PC, OC, and CC using the following
equation described by Crisan and Sands [21]:

keal

Energyvalue(eV, 100) =(2.62 x %PC) + (8.37 x %OC)
g

+4.2 x %CC.
(3)

2.4. Dietary Elements Determination. Nine dietary elements
(K, Ca, Mg, B, Fe, Cu, Zn, Mn, and Na) were determined on
the obtained ash in fleshes and seeds according to
Mohammed et al. [22]. For the mineralization assay, 0.25 g
of sample was mixed with 10 mL of HNO; 69.5% and 8 mL of
H,0, 35%. The mixture was quickly brought to 140°C for 4 h
(close to dryness). Immediately after cooling, 1 mL of HNOj3
1% was added to the mixture and the final volume was
completed to 25 mL with deionized water.

Dietary element content was measured using an ICP-
AES spectrometer (Jobin Yvon, Ultima 2) equipped with an
axial viewed plasma. Operating conditions were the fol-
lowing: power 1.15-1.2kW, plasma flow gas 12-14 L/min,
auxiliary gas flow 1.5L/min, and nebulizer gas flow 0.2L/
min.

2.5. Fatty Acids Composition in Seeds Oil. The fatty acids were
esterified by boiling under reflux for 10 minutes. A mixture
of 1 gof oil, 10 mL of methanol, and 0.4 mL of 2 N potassium
hydroxide was prepared in methanol. After cooling at room
temperature, 2 mL of n-hexane was added to the mixture and
washed with distilled water. The hexane layer containing
fatty acid methyl esters (FAMEs) was collected and analyzed.
The fatty acid composition was determined as their corre-
sponding methyl esters by gas chromatography (Agilent-
6890) coupled with a flame ionization detector (GC-FID).
The capillary column CP-Wax 52CB (30 m x 250 ym i.d.,
0.25 ym film thickness) was used. The carrier gas was helium,
and the total gas flow rate was 1 mL/min. The initial oven
temperature was 170°C, the final temperature 230°C, and the
temperature gradient was 4°C/min. Injector and detector
temperature were set at 220°C. The injection volume of the
samples was 2L in a split mode (split ratio 1:50). The

results were expressed as the relative percentage of the area
of each fatty acid peak.

2.6. Reducing Capacity (RC). 10g of flesh or seed powder
samples was extracted with 30 mL of methanol-water (80:
20, v/v); for 24 h at room temperature, the mixture was then
filtered, and the filtrate was diluted (1:100). Subsequently,
0.5 mL of sample solution extract was mixed with 2.5 mL of
Folin-Ciocalteu reagent in water (1:10), and then 4 mL of
Na,COs3 (7.5% w/v) was added. The mixture was then in-
cubated in a water bath at 45°C for 30 min and the absor-
bance at 765 nm was measured. The calibration curve was
prepared using gallic acid under the same conditions. RC
was expressed as mg of Gallic Acid Equivalent (GAE) per
100 g of fruit (flesh or seeds) dry weight [23, 24].

2.7. Statistical Analysis. The analyses of variance (ANOVA)
were performed and quantitative differences among mean
values were assessed by the general linear procedure fol-
lowed by Tukey’s test. Statistical analyses were performed
using the SPSS package version 23 (IBM, Armonk, NY,
USA). Results were expressed as means + standard devia-
tions (SD). Differences were considered significant at a
probability level of 5%. Principal component analysis (PCA)
was performed to discriminate among varieties on one hand
and between fruit parts on the other hand using STAT-
GRAPHICS package version XVII (Statpoint Technologies,
Inc., Virginia, USA).

3. Results and Discussion

3.1. Physical Fruit Traits. Along with chemical composition,
physical fruit traits are very important as they define fruit
quality and consumer acceptance [18]. Date fruits can be
sorted based on their morphological traits [4]. Results of
physical fruit traits are summarized in Table 1. There were
significant variations among the studied varieties for FW, fW,
SW, {P, and SP. The average FW in the investigated varieties
was 7.43 g, with only four varieties weighing less than this
average. FW ranged from 14.03+1.68g in “Boufgous” to
3.26+£0.31g in “Sair.” FW of “Boufgous” was significantly
higher than those reported in the literature for eighteen
Moroccan varieties such as “Aguellid” (7.78 g), “Ahardane”
(8.39g), “Bouijjou” (9.16 g), and “Bourhare” (9.75g) [25].
The P values ranged from 74.43 +3.30% (“Bouskri”) to
89.70+1.04% (“Boufgous”). Several Moroccan varieties,
such as “Majhoul” and “Bourhare” have a higher fP (>90%)
than the studied varieties [25]. Moreover, Acourene et al.
[26] reported a higher value of P (91.23%) for “Boufgous”
grown in Algerian oases. Such variations could be ascribed
to pedoclimatic differences under which date varieties are
grown, as explained by Taouda et al. [4]. Higher SW values
were observed in “Agondari” (1.44+0.18g), “Ismmarti”
(1.40 £0.35g), and “Boufgous” (1.39+0.18g), while lower
records of SW (<1 g) were found in “Sair,” “Matrouh,” and
“Jihel”. SP (Table 1) ranged from 10.14 + 1.51% (“Boufgous”)
to 25.30+3.40% (“Bouskri”). Our results regarding SP
were comparable to those reported by Bouhlali et al. [15]
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TaBLE 1: Mean values of physical fruits traits, namely, fruit weight (FW), flesh weight (fW), seed weight (SW), flesh percent (fP), and seed
percent (SP), for the studied date palm varieties. All values are means + standard deviation. In each column, values followed by the same

letter are not significantly different at 5% as a probability level.

Variety FW (g) W (g) SW (g) fP (%) SP (%)

“Agondari” 6.93 +0.75% 5.42 +0.74° 1.44+0.18° 78.21 + 3.40% 21.01 +3.10°°
“Amouch” 8.54 +1.07° 7.23+0.58% 1.20+0.15%® 84.72 + 7.90%° 14.32 +2.92%
“Boufgous” 14.03 + 1.68° 12.58 + 1.57° 1.39+0.18° 89.70 + 1.04° 10.14 + 1.51¢
“Bouskri” 5.11+0.55% 3.80+0.19% 1.29+0.19%® 74.43 + 3.30° 25.30 + 3.40°
“Ismmarti” 9.60 +1.27° 8.09 +0.95° 1.40 +0.35° 84.31 +2.90°° 14.60 + 2.32¢
“Jihel” 7.91 +1.41°% 6.91 + 1.46 0.93 +0.09%° 87.40 +9.80%° 12.08+2.11¢
“Matrouh” 4.02 +0.504 3.13+0.47% 0.86 + 0.14%° 78.04 + 3.50°¢ 21.40 + 3.52%°
“Sair” 3.26 £0.31° 2.51+0.30° 0.73 £0.12¢ 77.00 £ 3.50° 22.41 +3.63°

for “Boufgous” (9.45+0.22%) and “Bousthammi”
(10.34+£0.37%) but slightly higher than “Majhoul”
(7.29+0.17%). Varieties studied here demonstrated higher
amounts of date seeds, which represent important oppor-
tunities for valorization.

3.2. Proximate Composition, Energy Value, and Reducing
Capacity. Proximate composition, associated EV, and RC
for date fleshes and seeds are shown in Table 2. As can be
seen, significant variations were found among the studied
date varieties for almost all the evaluated parameters. For
fruit flesh, CC exceeded 76% of the total composition, with
the best record being presented by “Bouskri” (90.18%). These
results were consistent with published literature [15, 27]. CC
found in flesh date fruit consist mainly of reducing sugars
and dietary fibers are a minor fraction. Reducing sugars
consist mainly of glucose and fructose (about 70-80%),
which contribute to the sweet taste and are easily absorbed
into the human body to provide energy quickly [28, 29].
Similarly, in date seeds, CC were reported to be the major
constituents (over 83% of total composition). Their con-
centrations ranged from 83.39 (“Ismmarti”) to 85.55%
(“Amouch”). These outcomes were in full agreement with
values found in literature with the predominance of dietary
fibers [12, 29, 30]. This suggests the use of date seed powder
to enrich processed foods in fibers. With respect to PC, seeds
were rich in proteins compared to the flesh. For the studied
varieties, PC ranged from 1.60+0.11% obtained in “Bouf-
gous” to 3.53 £ 0.20% obtained in “Jihel” for flesh part and
from 3.20+0.21% in “Amouch” to 5.00+0.10% in “Ism-
marti” for seeds part. Our findings were in line with other
works carried out in Morocco and abroad involving several
varieties [27, 31, 32]. Date fruits showed higher PC than
other fruits such as apples (0.3%), oranges (0.7%), bananas
(1.0%), and grapes (1.0%) [33]. These values were similar to
those reported in date fleshes and seeds in some independent
studies [2, 5, 15]. Date proteins vary widely depending not
only on genotype but also on environments under which
dates are grown and in developmental stage [34]. According
to these authors, date pulp protein consists of water-soluble
albumins with predominance of acidic amino acids, while
sulfur containing amino acids are found in minor fractions.
Likewise, important amounts of essential amino acids
[34, 35] are found in date fruits.

OC (Table 2) was found to vary significantly among
studied varieties (p <0.05) and ranged from 6.30 +0.01%
(“Agondari”) to 7.40 £ 0.31% (“Sair”) in the investigated date
seeds. In contrast, lower OC values were found in date
fleshes ranging from 0.32+0.03% (“Bouskri”) to
1.09+0.09% (“Agondari”). Our results regarding OC were
comparable to previously published values for date seeds and
fleshes in Moroccan and foreign varieties [15, 30, 36].
However, Besbes et al. [12] found higher values of seed OC in
two Tunisian cultivars, namely, “Deglet Nour” (10.19%) and
“Allig” (12.67%). Such variations in seed and flesh oil content
could be assigned to genotypic factors and environmental
conditions along with the ripening stage at which date fruits
are harvested [6, 34, 35].

EVs associated with date fleshes and seeds (Table 2)
showed trend of variations similar to those of CC, PC, and OC
with significant variations among varieties. Date fleshes
appeared to have lower energy values than seeds, which were
linked to higher OC (known for its higher EV as compared to
PC or CC). Moreover, “Agondari” was found to present the
lowest record of EV for both date fleshes (338.30) and seeds
(417.06 kcal/100 g), while “Bouskri” displayed the greatest
values in fleshes (385.89) and seeds (429.51 kcal/100 g).

In literature, many studies were devoted to assessing EV
in date fruits. Bouhlali et al. [15] found lower values of
energy from date seeds belonging to three Moroccan vari-
eties. Likewise, while investigating nutritional value in flesh
fruits from 22 date varieties grown in Sultanate of Oman, Al-
Harrasi et al. [5] found energy values similar to ours. As
discussed above, a set of factors (genotype, environment,
and ripening stage) are behind the variations in PC, CC, and
OC and, therefore, impact also on EVs, given the positive
association between these compositional attributes on one
hand and energy value on the other hand.

MC is one of the essential constituents of the fruit and it
has a fundamental importance on its conservation [34]. The
MC was found to vary significantly among the studied varieties
and ranged from 5.31+0.42% (“Bouskri”) to 17.31+3.20%
(“Agondari”) for date fleshes. For date seeds, “Bouskri” dis-
played the lowest value of MC (1.42 + 0.03%), while the greatest
one was found in “Boufgous” (4.14 £ 0.02%). Taouda et al. [4]
reported higher values of MC in flesh fruits from three
Moroccan date varieties: “Boufgous” (26.70%), “Bouskri”
(25.00%), and “Jihel” (24.00%). Also, Al-Harrasi et al. [5] found
slightly higher MC levels in 22 date varieties from Oman. The
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same picture was reflected for seeds, which presented slightly
lower values of MC than those reported for some Moroccan
[15] and Tunisian varieties [12]. However, our results for
moisture levels in fleshes and seeds were consistent with those
found in the work of Ahmed et al. [34]. Such differences in MC
could be assigned to climatic conditions (water availability)
under which date fruits are grown. It is also important to note
that date fruits moisture was reported to decrease drastically
during ripening to reach its small value at the Tamar stage [34].
Higher MC makes the dates susceptible to microbial coloni-
zation, including that of the fungal flora, so the low water
content allows better conservation of the dates [4]. In this
context, good hygienic practices should be undertaken to avoid
microbial colonization.

AC was found to be higher in fleshes as compared to
seeds. However, not much variation was outlined among
varieties (Table 2). For date fleshes, AC ranged from
2.10+0.17 (“Ismmarti”) to 2.50+0.23% (“Bouskri”), while
seed AC values varied from 1.14+0.13 (“Amouch”) to
1.50£0.09% (“Agondari”). These outcomes were close to
those reported in literature for several Moroccan and foreign
date varieties [12, 15, 30]. As discussed in the work of Ahmed
et al. [34], AC decreased with ripening advancement, with
Tamar stage being marked by the highest level of minerals,
which seems to be linked to the decrease of fruit MC.

For RC (Table 2), date seeds displayed higher records of
RC as compared to fleshes with a significant varietal effect
(p <0.05). In date seeds, the highest concentration of RC was
found in “Ismmarti” (6843.83 + 2.84), while the lowest one
was recorded in “Bouskri” (1427.71 +2.50 mg GAE/100 g of
seeds dry weight). For fleshes, RC ranged from 100.14 + 0.22
to 1605.60 + 3.70 mg GAE/100 g date flesh dry weight. The
two varieties “Agondari” and “Boufgous” had higher RC
values (1607.12+3.21 and 1605.60+3.73mg GAE/100g,
respectively) and “Bouskri” presented the lowest concen-
tration (100.14 +0.22mg GAE/100g). Our values for RC
were in the range of published literature (22.8-7486 mg
GAE/100 g fresh or dry weight) as reviewed by Sirisena et al.
[29]. Likewise, similar results were reported in several va-
rieties grown in Morocco and abroad [15, 37, 38]. In con-
trast, lower levels of polyphenols were reported by other
authors [39, 40] who found a maximum of 6.73 mg GAE/
100 g for the pulp and 48.64 mg GAE/100 g for date seeds,
respectively. RC values reported in our work showed the
richness of Moroccan date varieties as compared to other
popular fruits such as pineapple (94mg GAE/100g FW),
kiwi (88 mg GAE/100 g), red grape (80 mg GAE/100 g), red
apple (74mg GAE/100g fresh weight), and green citrus
(54 mg GAE/100 g FW) as outlined in the work of Fu et al.
[41]. Such differences could be assigned to the difference
among varieties, growing conditions, ripening, growing
season, geographic origin, agronomic managements, and
storage conditions, among others [37, 38, 42, 43]. The main
phenolic compounds found in date fruits are gallic acid,
catechin, ferulic acid, rutin, syringic, and p-coumaric acid
[6, 37, 38], which make date fruits excellent antioxidants, as
recently reviewed by Magsood et al. [43]. Many other studies
confirm that phenolic compounds have a protective effect on
human health [44, 45]. Epidemiological studies show a
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correlation between the consumption of polyphenols (fla-
vonoids) and the reduced incidence of chronic diseases such
as cardiovascular disease, diabetes, and cancer [46, 47].

3.3. Mineral Composition. The benefits of minerals to hu-
man health are well proved and documented. Minerals are
involved in many functions in the human body, including
bone and teeth health, nervous system, blood regulation, red
blood cell production, and other functions [48]. Many
previous studies have been carried out to investigate min-
erals in date fruits and have proved that dates are great
sources of minerals. The obtained results of AC and minerals
in this study are summarized in Table 2 and Table 3, re-
spectively. AC of the flesh part was almost the same for all
varieties and ranged between 2.08 +0.20 and 2.50 + 0.23%.
These results were similar to those reported by El-Sohaimy
and Hafez [49]. The seed part showed lower concentrations
than the flesh and ranged between 1.14+0.13 and
1.50 £0.09%.

Nine minerals have been analyzed (K, Ca, Mg, B, Fe, Cu,
Zn, Mn, and Na) in fleshes and seeds. As expected, potassium
was the highest element, followed by magnesium and calcium,
in all the studied varieties for both fruit parts (flesh and seed),
with significant varietal differences for almost all minerals.
Similar trends were noticed by other authors for date flesh
[15, 50, 51]. With respect to date fleshes, values of K
(4095.1 +372.0-12047.1 £1096.0), Ca (278.9+25.0-1244.0
+113.0), and Mg (297.1 +27.0-1155.7 + 105.0 mg/kg) were in
agreement with those found by Ali-Mohamed and Khamis
[52]. Corresponding values, in date seeds, of K (3956.6
+360.0-6127.6 £ 557.0), Ca (312.5+28.0-800.3+72.0), and
Mg (583.8 +£53.0-1001.3 +91.0 mg/kg) were consistent with
those found by Habib and Ibrahim [30]. Similar results for
minerals were recently reported by Bijami et al. [53] for date
seeds from “Mozafati” cultivar grown in Iran. According to
these authors, seed mineral levels decrease during develop-
mental stages to reach the lowest values at Tamar stage. The
concentration obtained for each element varied significantly
among varieties; this could be explained by the difference in
needs and absorption of minerals for each variety. The highest
concentrations of potassium, calcium, and magnesium were
found in “Bouskri,” “Boufgous,” and “Amouch,” respectively.
Among the trace metals, iron was the highest element in the
flesh (8.8+0.8 to 24.4+2.2mg/kg) and seed (8.0+0.7 to
79.5 +7.2mg/kg) with large variations among varieties. Our
results regarding the major elements (K, Ca, and Mg) were
greater than those found by Al Juhaimi et al. [54] in different
date fruits obtained in Saudi Arabia. However, the concen-
tration found for trace elements was close to those reported in
the same study for the flesh part. It is also useful to point out
that the seeds contained fewer minerals than fleshes but their
content of essential elements allows them to be better valued in
other industries and be much more profitable in use as an
animal feed.

3.4. Fatty Acid Composition. To evaluate the added value of
the composition of the date seed oils, we have focused on
analyzing the fatty acid profile. This family of compounds is
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TaBLE 4: Mean values of fatty acids (in %) of date seed oils from eight date palm Moroccan varieties. All values are mean + standard deviation
of three replicates. Different letters within a column indicate significant statistical differences (p < 0.05). SFA: saturated fatty acids, MUFA:

monounsaturated fatty acids, and PUFA: polyunsaturated fatty acids.

“Agondari”  “Bouskri” = “Ismmarti” “Jihel” “Matrouh” “Sair” “Amouch” “Boufgous”  Average
Cl12:0 186401 194+38% 165+05° 167+0.1® 195+11*® 206+0.7° 162+02° 167+05° 18.0+17
Cl14:0 113+01*  104+09%™ 103+02%® 10.0+01° 11.3+05* 11.1+05® 9.6+0.1° 102402 10.5+0.6
C16:0 102+01°  10.8+01° 11.1+0.0* 11.0+0.0* 10.0+02° 101+02° 11.0+01* 109+02° 10.6+04
Cl16:1 0.1+0.0° 0.0+ 0.0° 0.1+0.0° 0.1+0.0° 0.1+0.0° 01+0.0°  01+0.0° 01+0.0°  01+0.0
Cl17:0 0.1 +0.0° 0.0+ 0.0° 0.0+ 0.0° 0.0+0.0°  0.0+0.0° 0.0+0.0° 00+00°> 00+00° 01200
C18:0 31+00%  4.0+04® 332009  42+00° 344019  36+01° 342009 3701 36204
C18:1 46.6+02%°  465+33% 482+04% 501+0.1%° 459412 44.0+1.0° 49.9+02° 48.7+0.9°® 475+21
C18:2 9.3+ 0.0° 8.0+0.7° 9.7+0.1% 70+007  9.0+03®  97+02° 9.0+00"® 87+01° 88+1.0
C18:3 0.1+0.0° 0.1+0.0° 0.1+0.0° 0.1+0.0° 0.1+0.0° 01+0.0°  01+0.0° 01+0.0°  0.1+0.0
C20:0 0.3+0.0° 05+01*  04+0.0®  05+00° 04+00°® 04200 04200  05+0.0° 0.4+0.1
C20:1 0.3+0.0° 0.3+0.1° 03+0.0° 03+00°> 03+00° 03+00° 03+00° 04+00° 0.3+0.0
¥ SFA 43.6 45.1 41.6 424 44.6 45.8 40.6 42.0 432
> MUFA 47.0 46.8 48.6 50.5 46.3 444 50.3 49.2 47.9
> PUFA 9.4 8.1 9.8 7.1 9.1 9.8 9.1 8.8 8.9
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

an essential indicator of its nutritional value and suitability
for the cosmetics, mostly unsaturated fatty acids [55]. Ad-
ditionally, fatty acids are important components of the sa-
ponifiable fraction in vegetable oils. Table 4 shows the fatty
acid profile of the eight date seed oils. Our results showed
that the date seed oil contained three types of fatty acids with
important variations among varieties. Indeed, the mono-
unsaturated fatty acids were the most abundant, accounting
for 479+21% followed by saturated fatty acids
(43.2+7.1%), and closely followed by polyunsaturated fatty
acids (8.9 +1.1%).

The main saturated fatty acids of the date seeds oils in
ascending order were stearic acid (3.6 £ 0.4%), myristic acid
(10.5 + 0.6%), palmitic acid (and 10.6 + 0.4%), and lauric acid
(18.0+ 1.7%). The date seed oils also contain important
amounts of unsaturated normal chain fatty acids, especially
oleic acid (47.5 +2.1%) and linoleic acid (8.8 +1.0%). In our
results, all the oils showed that oleic acid was the dominant
fatty acid. So, this date seed oil belongs to the oleic acid
group. Nevertheless, linolenic acid is a minority and its
concentration was about 0.1+0.0%. These results were
consistent with published literature [1, 12, 15]. Thanks to this
low level of unsaturation, date seed oils may have an in-
teresting potential for different uses as discussed in the work
of Besbes et al. [12].

The minimum content of linolenic acid can be used to
detect adulteration of some vegetable oils with other oils rich
in linoleic acid such as nut, soybean, and rapeseed oils. For
the other fatty acids, apart from C18:0, which displayed an
average value of 3.6 + 0.4%, the remaining fatty acids (C16:
1, C17:0, and C18:3) were found to have lower records,
since their concentrations were below 0.1%. Our findings
regarding fatty acids were consistent with previously pub-
lished literature [1, 12, 30, 34]. These authors highlighted the
predominance of oleic and linoleic acids with significant
varietal effects, while ripening stage along with pedoclimatic
conditions accounts for significant variations and therefore
should be taken into account when processing date seed.

3.5. Principal Component Analysis. PCA was proven to be an
efficient discriminative approach [56-58] used as a multi-
variate statistical method to discriminate among date palm
varieties on one hand and between fruit fleshes and seeds on
the other hand based on the studied fruit physical and
chemical traits steps (dependent variables). The two first
principal components (PCs) were retained because they
allowed explaining over 70% of the total data variability.
Points plotted on the surface determined by axes 1 and 2
(Figure 1(a)) are related to varieties plotted against physical
fruit traits, which seem to be separated along with the first
component (PC1). Toward the positive direction of PC1, the
varieties including “Ismmarti,” “Boufgous,” “Amouch,” and
“Jihel” interacted with higher scores of SW, FW, fW, and {P,
while the remaining four varieties were associated with the
best scores of SP. Similarly, points plotted on the plan de-
termined by axes 1 and 2 were linked to date palm varieties
as independent variables, which were plotted against
proximate composition, EV, RC, and mineral elements as
dependent variables (Figure 1(b)). It seems that the three
varieties (“Jihel,” “Matrouh,” and “Sair”) were associated, on
the positive side of the second component (PC2), to higher
records of PC. On the opposite side, “Ismmarti,” “Agon-
dari,” and “Boufgous” interacted with greater values of RC
and mineral elements. Moreover, both “Bouskri” and
“Amouch” were not clearly separated via the second
component.

Figure 1(c) presents the distribution of fruit parts
(independent variables) versus proximate composition,
EV, RC, and mineral elements as dependent variables on
the surface determined by PCl and PC2. From these
outcomes, fruit parts (fleshes and seeds) were distributed
according to PC1. On the positive side of this component,
seeds were associated with the greatest P, OC, CC, EV, RC,
and various minerals (Fe, Cu, Mn, and Zn). At the same
time, fleshes were characterized by the highest values of
ash, moisture content, and different mineral elements (B,
Ca, K, Mg, and Na). Finally, Figure 1(d) summarizes
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F1GURE 1: Principal component analysis (PCA) projections on PC1 and PC2. Eigenvalues are symbolized as blue segments representing
parameters that most affect each principal component. Plotted points are mean values of each studied parameter of various date palm
varieties. FW: fruit weight, fW: flesh weight, SW: seed weight, {P: flesh percentage, SP: seed percentage, AC: Ash content, CC: carbohydrates
content, PC: protein content, EV: energy value, OC: oil content, MC: moisture content, RC: reducing capacity. C12: 0: lauric acid, C14:0:
myristic acid, C16: 0: palmitic acid, C16:1: palmitoleic acid, C17:0: margaric acid, C18: 0: stearic acid, C18:1: oleic acid, C18:2: linoleic
acid, C18: 3:linolenic acid, C20: 0: arachidic acid, C20: 1: gadoleic acid, SFA: saturated fatty acids, MUFA: monounsaturated fatty acids, and

PUFA: polyunsaturated fatty acids.

interactions between date palm varieties as independent
variables on one hand and fatty acids content as depen-
dent variables on the other hand. Varieties seemed to be
plotted following the first component PCIl. Both
“Matrouh” and “Sair” were linked to higher levels of C12:
0, C14:0, and SFA on the positive side of PCI1, while
“Agondari” was associated with the best records of C18:2
and PUFA. On the contrary, both “Jihel” and “Bouskri”
were distributed toward the negative direction of PCl1
with higher values of C18:0 and C20:0. In comparison
“Amouch,” “Ismmarti,” and “Boufgous” were marked by
higher values of C16:0, C18:1, C20:1, and MUFA. In the
literature, PCA is widely used, as a discriminative tool,
among varieties and environments based on fruit traits

[18]. Al-Harrasi et al. [5] successfully separated 22 date
palm dates grown in Oman based on nutritional and
chemical profiling combined with PCA. Similar results
were highlighted in the work of Abdul-Hamid et al. [27]
for five varieties from Saudi Arabia, Tunisia, and Iran.

4. Conclusions

Flesh date fruit is of major interest from a nutritional
perspective as a source of several nutritional elements.
Date seed, usually used as an ingredient in human health
and cosmetic as well as pharmaceutical field especially, is
less valued. The nutritional and chemical analysis of date
fruit varieties demonstrated higher PC, OC, CC, EV, and
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RC in both fruit parts (flesh and seed) with important
varietal differences. “Boufgous” presented the greatest
values of FW, fW, and {P, while “Agondari” and “Bouskri”
presented the best records of SW and SP, respectively.
Likewise, the greatest values of nutritional traits were
displayed by “Agondari” (MC, OC, RC, and B), “Amouch”
(Mg, Fe, and Zn), “Boufgous” (Ca, Mn, and Na), “Bouskri”
(AC, CC, EV, and K), “Ismmarti” (Cu), and “Jihel” (PC)
for fruit fleshes. Regarding date seeds, the highest records
were presented by “Agondari” (AC, Zn, and Na),
“Amouch” (CC), “Boufgous” (MC and Mn), “Bouskri” (K,
Ca, Mg, and B) “Ismmarti” (PC, RC, Fe, and PUFA),
“Jihel” (MUFA), “Matrouh” (Cu), and “Sair” (OC, SFA,
and PUFA). The main mineral elements present in date
fruit varieties are calcium, magnesium, and potassium,
with considerable variability. Potassium is the highest
element in the seed and the flesh in all varieties. Date seed
oil includes three types of fatty acids. Monounsaturated
fatty acids are the largest class of fatty acids followed by
saturated fatty acids and closely succeeded by polyun-
saturated fatty acids. Our results indicate that oleic acid is
the major unsaturated fatty acid in all varieties. This last
fatty acid is an important element of the diet; it is highly
appreciated because of its high health benefits. Given their
nutritional richness, seeds could offer important oppor-
tunities for valorization, such as a food additive.
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