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1. Introduction

The date palm (Phoenix dactyliferea L.) is one of the 
oldest cultivated trees and the most popular in the hot 
arid regions (Saleh et al., 2011). Based on Arabic terms 
and accepted universal terminology, the fruit of date 
palm cultivars are classified into five stages of ripening 
viz., Hababouk, Kimri, Khalal, Rutab and Tamar (full ripe 
stage) (Baliga et al., 2011).

Dates are a very good source of numerous nutritive 
components, viz., sugars, proteins, fats, dietary fibers, 

minerals (Punia 2016; Benmeddour  et  al.,  2013). It is 
preferable to consume dates regularly, because of its 
beneficial properties in increasing sexual stamina, reducing 
sterility, decreasing fatigue and sluggishness in anemic 
patients (Siddiqi et al 2020; Vayalil 2012).

Dates are used and consumed during the month of 
Ramadan by Muslims all over the world to break their 
hunger (Umar et al., 2016). It is an important subsistence 
crop in dry and semi dry regions of the world due to its 
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socioeconomic and traditional value (Chandrasekaran and 
Bahkali 2013; Jain et al., 2011).

Morocco is one of the most date producing countries in 
the world (the 13th producer). the estimated production of 
dates in 2018 was 111.701 tones (FAOSTAT, 2018). There are 
about 5.4  million palm trees in Morocco (Sedra  2015). 
Furthermore, the Mohammed VI Foundation for the 
Protection of the Environment has planted 580.000 date 
palm (khalts and vitroplants) in the oasis of Marrakech 
which is known for its ornamental and unproductive 
aspect (Meddich et al., 2015b).

Previous studies analyzed the quality parameters in 
some Moroccan dates varieties (Hasnaoui  et  al.,  2011; 
Abba and Rochdi 2019). In this study, the quality properties 
and valuation of a none studied dates fruit clones from 
southern Morocco (Zagora region) will be investigated.

The aim of this study was to determine the compositional 
and nutritional profile of the Moroccan date varieties and 
clones in terms of the amounts of sugars, proteins, fats, 
minerals and organic acids.

2. Materials and Methods

2.1. Plant materials and experimental procedure

The present study was conducted using 4 Moroccan 
date varieties and 13 clones as shown in Table 1, and 
were obtained at Tamar stage from different locations 
in Zagora region (Southern Morocco). The fruit samples 
were collected and kept in a freezer at −20 °C in Zagora, 

and transported to the food science laboratory under the 
same conditions until analyses. The informations about 
samples are presented in Figure 1.

2.2. Physico-chemical analysis

2.2.1. Soluble solids

The soluble solids (SS) were measured as °Brix in fruit 
juice with a hand refractometer (DR 6000, A. Kruss Optronic 
GmbH, Hamburg, Germany). 10 g of dates pulp were hydrated 
in 100 mL of distilled water and the juice was collected 
separately and centrifuged at 4000 rpm/ 15 min, and filtred 
through a Whatman No. 41 filter paper. The juice °Brix was 
determined using refractometer (NF V 05-109,1970).

2.2.2. Total titratable acidity

Total titratable acidity (TA) was measured in juice by 
titrating with 0.1N of sodium hydroxide in the presence of 
phenolphthalein as indicator and the results were expressed 
as a percentage of citric acid. Titratable acidity was measured 
by mixing 25 g of fruit pulp with 50 mL of boiled distilled 
water in a blender and filtred, then, 25 mL of the filtrate 
(juice) was used for titration (NF V 05-101, 1974).

2.2.3. Ash content

The ash contents were obtained by incineration of 2 g 
of date pulp in porcelain container at 600 °C in a muffle 
furnace (Wise Therm, FHP-03, Korea) for 8h. Ash contents 
were expressed as percent of dry matter.

2.2.4. Maturity index

The ripening index (RI) is determined as the ratio of soluble 
solids content and total titratable acidity (SS/TA). It is used 
as an indicator of taste quality. According to Melgarejo et al. 
(2014), the ripening index can be a good indicator for good 

Table 1. Name and abbreviations of date varieties and clones.

Varieties and clones Abbreviations

Variety

Bourar BRR

Black Bousthammi BST

Bouzegagh BZG

Iklane IKL

Clone

Bheir Ingli KBN

Elahmer Chetoui ECT

Elasfer Eljaid EED

Elmensoum EMS

Hak Feddan Laaneb HFL

Khali Iaissi IAS

Khalt Abdelghani IAH

Khalt Iaach KHL

Khalt Khel KKL

Khalt Lohmadi LHD

Khalt Zoubair Ibn Laouam ZIE

Mentouj Lhaj Lehbib MEL

Mentouj Tissgharine MTN Figure 1. Map of Zagora of the date palm in Morocco as seen from 
space (Source: Google earth).
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fruit taste and can be a descriptive character in selecting 
cultivars for specific uses of fruit species.

2.2.5. Determination of mineral contents

The determination of the mineral contents was carried 
out on ICP emission spectroscopy (inductively coupled 
plasma). Each sample was digested in 3 mL concentrated 
nitric acid (HNO3) and 3 mL concentrated hydrochloric 
acid (HCl) on a digestion block for 95 oC for 2h; then made 
up to a final volume 40 mL with ultrapure water. Each 
digest was then analyzed in triplicate. High purity single 
element standards were used for quantitation. All results 
were expressed as mg/100 g DW (dry weight).

2.2.6. Organic acids content

Samples were accurately measured, and 1 g of the pulp 
date fruit was homogenized in 5 mL of deionized water 
and centrifuged at 10,000 × g for 15min. Supernatant was 
then passed through a 0.45 µm filter before measurement. 
Each  sample was measured in triplicate. The Agilent 
1100 Series HPLC system was used for the organic acid 
measurements, with a UV/Vis detector and SB-C18 
(4.6 × 250 mm) column. The mobile phase consisted of 
a 0.2% phosphoric acid aqueous solution, the flow rate 
was 0.7 mL/min, the column temperature was 35 °C, the 
injection volume was 10 µL and the detection wavelength 
was 210 nm. Organic acid quantification was achieved by 
comparison of retention times and UV-vis spectra with 
the standards.

2.3. Biochemical analyses

2.3.1. Protein content

Date pulp was ground and subjected to the protein 
analysis in triplicates using protein dye binding procedure 
described by Bradford (1976). Proteins content was 
expressed as g/100 g of pulp dry weight (DW).

2.3.2. Sugar content

Sugar content was determined according to the 
method of Rao and Pattabiraman (1989) using glucose 
as a standard, with some modifications. Briefly, 200 µL of 
aliquot appropriately diluted was assayed with 1  mL 
of sulfuric acid (18 mol/l) and 200 µL of phenol (50 g/L). 
The mixture was vortexed and kept 5 min in a water bath 
at 95 °C. The flask content was cooled at room temperature 
and diluted with the addition of 1 mL of distillate water. 
After 15 min the absorbance of the mixture was measured 
at 480 nm. Sugars content was expressed as g of glucose 
equivalent (GLE)/100 g of pulp dry weight (DW). The sugars 
content of date flesh was performed in triplicate.

2.3.3. Lipid content

About 30 g of pulp fruit were used. Crude fats were 
determined with a Soxhlet extractor using 300  mL 
of n-hexane and then the solvent was removed by 
evaporation. Lipid content was expressed as g/100 g of 
pulp dry weight (DW).

2.3.4. Determination of energy value

The energy value estimation of the date fruit varieties 
and clones was calculated by summing the multiplied 
values for crude protein, fat and carbohydrate by their 
factors using formula described by Crisan and Sands 
(1978) as follows:

( ) ( ) ( ) ( )Energy value Kcal /  100 g   2.62  % protein   8.37  % fat   4.2  % carbohydrate= × + × + ×

( ) ( ) ( ) ( )Energy value Kcal /  100 g   2.62  % protein   8.37  % fat   4.2  % carbohydrate= × + × + ×

2.4. Statistical analysis

The results were statistically evaluated by the analysis 
of variance (ANOVA) using “XLSTAT Addinsoft TM” 
software (XLSTAT 2014). Differences between the average 
data were compared using least significant difference 
(LSD) and statistical differences with P-values under 
0.05 were considered significant. A principal component 
analysis (PCA) was performed using factor analysis of 
XLSTAT software. It highlights the existence or absence of 
correlations between the studied physico-chemical and 
biochemical parameters.

3. Results and Discussion

3.1. Physico-chemical parameters

All physico-chemical parameters of dates fruit are 
presented in Table 2. The results showed that values of 
solids content (SS) varied from 36.00% (BRR) to 63.75% 
(IAS). SS values found in this study (Table 2) are close 
to those obtained for the Moroccan cultivars (63.9%-
64.7%) in Boufeggous and Mah-elbaid, respectively 
(Harrak et al., 2005). Also, these results resemble those 
reported by Farahnaky and Afshari-Jouybari (2011) who 
found SS value (64.34%).

The total acidity of the studied fruits ranged from 0.29% 
to 1.40%; KBN presented the highest acidity value (1.40%), 
while BST showed the lowest value total acidity values 
(Table 2) were significantly different compared to those 
found by Harrak and Hamouda (2005) for the Moroccan 
dates with a total acidity ranging between 0.165% to 
0.470%. Difference may be due to the ripening stages of 
the studied dates. Al-Shahib and Marshall (2003) stated 
that the acidity of dates changes also with the content of 
organic acids (citric, malic and oxalic acids) and residues 
of polyphenols.

Dates contained a significant level of ash. MTN had the 
lowest ash amount (1.17%) while higher level was reported 
for MEL (3.00%). Values of ash (Table 2) agreed quite well 
with those reported by Harrak and Hamouda (2005) who 
found a similar levels of ash amount (1.89%-2.70%). Levels 
of ash stated by Al-Harrasi et al. (2014) and Hasnaoui et al. 
(2012) showed slight variations compared to our results. 
These differences may mainly be attributed to the locations 
and geographical origin of these varieties and clones.

The ripening index (RI) presents a crucial indicator 
of the fruit taste and flavor during the ripening stages 
(Ayour et al., 2017). Among the studied dates, BST, IAH, 
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LHD, BZG, ECT, EED and KHL varieties and clones showed 
an important organoleptic quality based on their high 
level ripening index (Table 2). For all the varieties and 
clones of which the values of the ripening index with 
the same letters did not show a statistically significant 
difference. As reported in other fruits, date ripening was 
associated with a soluble solids content, which is a result 
in an increase of the cell wall hydrolyzing enzyme during 
ripening (Rastegar et al., 2012). The ripening index (RI) 
can have an important influence on the taste and flavor 
of date fruit. In fact, during the ripening process, the acids 
are degraded and the sugar content increases. The sugar/
acid ratio (ripening index) reached then a higher value.

The mineral content of date varieties and clones 
is reported in Table 3. Among the studied minerals, 
potassium was the most abundant mineral element in 
all varieties and clones with a levels that varied between 
1055.26 and 1604.10 mg/100 g DW, followed by calcium 
(50.82-261.80  mg/100  g DW), magnesium (84.92-
244.95 mg/100 g DW), sulfur (83.35-178.84 mg/100 g DW) 
and phosphorus (74.98-118.46 mg/100 g DW),

However, all varieties and clones showed low 
levels in iron (2.21 - 4.14 mg/100 g DW), sodium (0.37-
2.28  mg/100  g  DW), copper (0.46-1.05  mg/100  g DW), 
manganese (0.47-1.46  mg/100  g DW) and zinc (0.32-
0.71 mg/100 g DW). Levels of selenium and nickel were 
found in traces (< 40 µg/100 g DW).

EMS contains the highest level of magnesium and 
calcium (244.95 and 261.80 mg/100 g DW), respectively. 
Furthermore, this clone is noticed to be rich in total studied 
minerals elements, whereas KBN contains a high amount 
of copper and sulfur. The highest amount of zinc, iron and 
manganese was detected in MEL (0.736 mg/100 g DW), 
IAS (4.141 mg/100 g DW) and BRR (1.461 mg/100 g DW), 
while the highest amount of potassium was found in IAH 
(1604.10 mg/100 g DW).

The organic acids content of the 17 varieties and clones 
are significantly different (Table 4). Among the studied 
organic acids, tartaric acid, malic acid and oxalic acid were 
the most abundant. The minor organic acids observed were 
acetic acid (13.81-176.64 mg/100 g DW), fumaric acid (9.54-
101.16 mg/100 g DW), citric acid (19.71-86.44 mg/100 g 
DW) and maleic acid (0.40 mg/100 g DW). Tartaric acid 
ranged from 115.70 to 484.16 mg/100 g DW in BZG and 
KBN respectively, malic acid value ranked from 69.48 to 
495.58 mg/100 g DW in ECT and BRR respectively, while, 
oxalic acid varied from 18.47 to 233.35 mg/100 g DW in 
EMS and LHD respectively.

EMS clone contained high amount of tartaric acid 
(392.78 mg/100 g DW) and malic acid (316.27 mg/100 g DW), 
whereas, LHD contained a similar amount of oxalic acid 
(233.35 mg/100 g DW), tartaric acid (302.32 mg/100 g DW) 
and malic acid (253.60 mg/100 g DW). The levels of acetic 
acid and fumaric acid were also considerable in the 
studied varieties and clones; they ranked from (13.81-

Table 2. Physico-chemical parameters of date varieties and clones.

% Ash °Brix % Acidity °Brix / acidity

BRR 2.12 ± 0.32 abc 36.00 ± 4.50 a 0.70 ± 0.08 abc 51.42 ± 0.26 a

BST 1.59 ± 0.34 abc 49.50 ± 1.50 abcd 0.29 ± 0.13 a 170.69 ± 94.64 a

BZG 2.02 ± 0.12 abc 48.75 ± 2.25 abcd 0.35 ± 0.13 ab 139.28 ± 50.22 a

ECT 1.69 ± 0.15 abc 45.00 ± 1.50 abc 0.36 ± 0.06 ab 125.00 ± 15.25 a

EED 2.42 ± 0.12 abc 52.50 ± 3.00 bcde 0.47 ± 0.06 abc 111.70 ± 06.76 a

EMS 2.72 ± 0.37 bc 45.75 ± 0.75 abc 0.51 ± 0.07 abc 89.70 ± 10.68 a

HFL 1.84 ± 0.09 abc 39.00 ± 1.50 ab 0.92 ± 0.17 abcd 42.39 ± 06.25 a

IAH 2.02 ± 0.02 abc 54.00 ± 1.50 cde 0.33 ± 0.14 a 163.63 ± 75.63 a

IAS 1.70 ± 0.35 abc 63.75 ± 3.75 e 0.91 ± 0.10 abcd 70.05 ± 03.46 a

IKL 1.40 ± 0.20 ab 51.75 ± 0.75 bcde 0.89 ± 0.11 abcd 58.14 ± 08.18 a

KBN 2.62 ± 0.37 bc 36.75 ± 2.25 a 1.40 ± 0.14 d 26.25 ± 01.02 a

KHL 2.09 ± 0.05 abc 54.00 ± 3.00 cde 0.58 ± 0.08 abc 93.10 ± 08.18 a

KKL 2.15 ± 0.20 abc 44.25 ± 0.75 abc 1.12 ± 0.19 cd 39.50 ± 07.82 a

LHD 1.85 ± 0.10 abc 62.25 ± 2.25 de 0.35 ± 0.10 ab 177.85 ± 47.06 a

MEL 3.00 ± 0.35 c 48.00 ± 4.50 abc 1.02 ± 0.15 bcd 47.05 ± 02.73 a

MTN 1.17 ± 0.17 a 47.25 ± 2.25 abc 0.54 ± 0.13 abc 87.50 ± 16.74 a

ZIE 1.54 ± 0.34 ab 53.25 ± 0.75 cde 0.70 ± 0.08 abc 76.07 ± 08.17 a

Values are presented as means ± standard deviation (SD) of three replications. Data in the same column followed by different letters are 
significantly different from each other (P < 0.05) according to LSD test. Means followed by the same letter in the same column do no differ 
statistically among themselves by LSD test (P<0.05).
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9.54 mg/100 g DW) for acetic acid and fumaric acid in ECT 
and HFL respectively to (176.64-101.16 mg/100 g DW) in 
BRR and IAH respectively, while low levels of citric acid 
was detected in seven dates fruit ranging from 19.71 to 
93.06 mg/100 g DW. Maleic acid was found only in one 
clone (MEL) which is the lowest concentrations recorded 
(0.40 mg/100 g DW).

The organic acids data showed that tartaric acid, 
malic acid and oxalic acid were identified as the most 
predominant organic acids in all studied varieties and 
clones followed by acetic, fumaric, citric and maleic acids 
(Table 4). Similar findings were reported by Rastegar et al. 
(2012). In addition, our results were in good agreement 
with Ghnimi et al. (2018) who found that malic acid was 
the most predominant organic acid in date fruit.

Many studies have shown the importance of the organic 
acids for balanced fruit taste by contributing to sourness 
and modulating the sweetness of the fruit (Muñoz-
Robredo et al., 2011). Organic acids content allows this 
balance as a function of pH (-log [H +]), as well as several 
factors associated with other acids such as concentration 
and quantity of undissociated acid and any lack of acid 
influences the organoleptic quality of fruit (Batista-
Silva et al., 2018). In addition, organic acids importance for 
fruit quality is shown by their effects as preservatives and 
antimicrobial agents, enhancers of appetite and facilitators 
of digestion, stabilization of the water-soluble vitamins B 

and C, and improvement of potassium, copper, zinc, and 
calcium absorption (Lückstädt and Mellor, 2011).

The analysis of minerals (Table 3) showed that our 
results are higher than those of Bouhlali et al. (2015) and 
Kchaou et al. (2013). Selenium and nickel which are known 
to play a very important biochemical roles are found in low 
amounts (<40 µg/100 g DW). Selenium is effective in low 
traces. It can contribute to the antioxidant effect because 
it may play an important role in activating many enzymes 
related to Reactive Oxygen Species (ROS)-detoxification 
(Zoidis et al., 2018). The studied dates contain a very weak 
level of sodium and a high content of potassium which 
make a date fruit a preferable food for patients suffering 
from hypertension and cardiovascular disease (Aaron and 
Sanders, 2013). The observed differences in mineral content 
between different studied dates may mainly be due to a 
various factors such as the soil type, amount of fertilizer, 
and agro-climatic changes (Nehdi  et  al.,  2018). Copper 
(0.46-1.05 mg/100 g DW), manganese (0.47-1.46 mg/100 g 
DW) and zinc (0.32-0.74 mg/100 g DW) which are very 
beneficial minerals for people suffering from metabolic 
pathways and processes are found in moderate levels.

3.2. Biochemical characteristics

The concentration of total crude protein of the studied 
date varieties and clones is shown in Table 5. Analysis of 
variance revealed significant differences between the 
studied varieties and clones. The highest amount of total 

Table 5. Biochemical characters of date varieties and clones.

%Total sugars %Proteins %Lipids
Energetic value 

(Kcal/100g)

BRR 77.12 ± 04.30 a 1.70 ± 0.02 d 0.36 ± 0.02 cde 331.41 ± 18.25 a

BST 62.01 ± 07.19 a 1.39 ± 0.01 abcd 0.32 ± 0.05 bcde 266.89 ± 30.74 a

BZG 69.73 ± 03.08 a 1.52 ± 0.07 cd 0.27 ± 0.01 abcd 299.12 ± 12.84 a

ECT 72.62 ± 15.48 a 1.30 ± 0.02 abc 0.31 ± 0.00 bcde 311.08 ± 65.08 a

EED 87.40 ± 10.47 a 1.45 ± 0.01 bcd 0.33 ± 0.02 cde 373.71 ± 44.18 a

EMS 87.98 ± 0.51 a 1.57 ± 0.01 cd 0.37 ± 0.01 de 376.79 ± 03.23 a

HFL 69.15 ± 19.72 a 2.80 ± 0.04 f 0.16 ± 0.01 a 299.21 ± 82.90 a

IAH 87.72 ± 03.08 a 2.18 ± 0.02 e 0.39 ± 0.00 e 377.58 ± 12.85 a

IAS 85.86 ± 06.36 a 1.27 ± 0.05 abc 0.29 ± 0.03 bcde 366.44 ± 26.36 a

IKL 51.80 ± 00.83 a 2.49 ± 0.16 ef 0.35 ± 0.00 cde 227.07 ± 03.11 a

KBN 82.32 ± 14.13 a 1.09 ± 0.02 a 0.25 ± 0.00 abc 350.80 ± 59.34 a

KHL 59.32 ± 06.68 a 1.56 ± 0.06 cd 0.31 ± 0.02 bcde 255.88 ± 28.03 a

KKL 61.37 ± 02.82 a 1.16 ± 0.01 ab 0.21 ± 0.00 ab 262.65 ± 11.95 a

LHD 58.87 ± 02.24 a 1.29 ± 0.07 abc 0.31 ± 0.02 bcde 253.31 ± 09.43 a

MEL 76.02 ± 05.14 a 1.39 ± 0.00 abcd 0.38 ± 0.01 e 326.16 ± 21.68 a

MTN 63.17 ± 19.40 a 1.49 ± 0.07 bcd 0.37 ± 0.02 de 272.39 ± 81.51 a

ZIE 86.63 ± 00.70 a 1.55 ± 0.07 cd 0.30 ± 0.01 bcde 370.61± 03.05 a

Values are presented as means ± standard deviation (SD) of three replications. Data in the same column followed by different letters are 
significantly different from each other (P < 0.05) according to LSD test. Means followed by the same letter in the same column do no differ 
statistically among themselves by LSD test (P<0.05).
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protein was noticed in HFL (2.80%) and the lowest one 
was observed in KBN (1.09%). Protein values resemble 
those reported by Habib and Ibrahim (2011) who found 
levels of protein between 2.0% and 2.5%. However, they 
were different than values found for some date cultivars 
tested in other Arab countries (Al-Harrasi  et  al.,  2014; 
Assirey, 2015).

The lower level of protein content found in this study 
compared to the studies stated above, may be explained 
by date cultivars and ripening stage. In fact, the decrease in 
protein concentration during ripening stages is attributed 
to nonenzymatic browning reactions (Maillard) and tannin 
precipitation (El Arem et al., 2012; Habib and Ibrahim 2011). 
After the kimri stage where the protein concentration 
is between 5.5 and 6.4%, the protein content begins to 
decrease gradually and reduces to 2.0-2.5% at the tamer 
stage (Tang et al., 2013; El Arem et al., 2012). This lead to 
the conclusion that the varieties and clones used in this 
study may be at an advanced ripening stage than those 
used in the mentioned studies. The content of total sugars 
of all varieties and clones was determined. Results showed 
that EMS had the highest level of total sugars (87.98%), 
while IKL exhibited the lowest content of sugar (51.80%). 
However, all the varieties and clones did not present 
significative differences; the means have the same letter. 
The total sugar values were in line with those reported by 
Kchaou et al. (2013) who found in six Tunisian cultivars 
that total sugar varied between 83.54 and 86.66 g / 100 g 
DW. However, El Arem et al. (2011) reported lower levels 
of total sugars (52.62%-63.16%). A very weak content of 
total sugar was detected by Harrak et al. (2005) in Bouskri 
variety (26.7%).

The main detected sugars in dates (mainly glucose 
and fructose) are produced by the hydrolysis of sucrose. 
These invert sugars are responsible for the sweetness of 
the fruits, and they contribute to fruit colour through 
Maillard and caramelisation reactions (Ghnimi et al., 2018).

The higher level content of sugar found in our results 
compared to other studies may be attributed to date 
cultivars, harvest and postharvest factors, and growth 
environment like growth temperature, humidity and 
the use of the fertilizer etc (Tiwari and Cummins, 2013). 
The results of energetic value (Table 5) are close to those 
reported by Bouhlali et al. (2015) which fluctuate within 
a range of (288 -358 kcal/100 g).

The lipids content of the date varieties and clones 
showed significant variations between all date fruits. 
The highest level of total lipids was observed in IAH 
(0.39%), while the lowest amount was detected in HFL 
(0.16%). Among the analyzed date varieties and clones, we 
observed that the measured energy level is very high; this 
is attributed to the abundance of sugar. The energetic value 
ranked from 227.07 Kcal/100 g in IKL to 377.58 Kcal/100 g in 
IAH. The content of lipids is similar to those of El Arem et al. 
(2011), Assirey (2015), Bouhlali et al. (2015), Hasnaoui et al. 
(2011). However, our lipids content values were lower 
than those revealed in Tunisian dates varieties (0.97-
3.81 g/100 g DW) (Kchaou et al., 2013). Lipids concentration 
in date fruit is very low, usually ranging from 0.1 to 0.9% 
(El Arem et al., 2012; El Arem et al., 2011). Interestingly, 

the values of lipids content obtained in this study are 
within the range of 0.16-0.39%.

3.3. Correlations

The correlation matrix between the studied quality 
parameters is presented in Table 6. Significant correlations 
were noted between many variables. Total acidity was 
negatively correlated to °Brix/Acidity (-0.864), similar 
findings were reported by Abidi et al. (2011) and Ayour et al. 
(2017). A strong correlation was observed between total 
sugars and energetic value (1.000), fumaric acid was also 
correlated significantly to calcium (0.613). Furthermore, ash 
was positively correlated to maleic acid (0.530) and sodium 
(0.513), medium correlation was observed between citric 
acid, proteins and maleic acid (0.503-0.509) respectively. 
Same correlations were also found between the organic 
acids group (malic, quinic, ascorbic and citric acids) in a 
study conducted by Ayour et al. (2017).

High intercorrelation was found between potassium, 
°Brix, °Brix/Acidty and fumaric acid (0.683; 0.697 and 
0.693). However, potassium was negatively correlated 
with acidity (-0.589). In addition, a negative correlation 
was found between manganese and °Brix (-0.517).

Similar correlations were detected between magnesium, 
fumaric acid and iron (0.550; 0.551). Same correlations 
were found between magnesium and iron (0.878) 
in apricot fruit (Alexa  et  al.,  2018). Whereas, strong 
correlation was observed between magnesium and 
calcium (0.873). Moreover, zinc and copper were found 
to be correlated (0.496). Significant correlations were 
noted between phosphorus, copper and sulfur (0.623 and 
0.584) respectively.

3.4. Principal Component Analysis (PCA)

In this study, we used the principal component analysis 
(PCA) to evaluate the correlations between different 
varieties and clones of dates and chemical characters. 
The impact of varieties and clones on the quality characters 
analyzed in dates fruit was also evaluated.

Figure 2 summarizes the results of PCA. It presents 
a diagram of variables (a) and all varieties and clones 
labeled by their names (b). The chemical attributes allowed 
revealing a significant variation between the tested varieties 
and clones. More than 39.96% of variance was found and 
explained by two components (F1 and F2).

(Figure 2a) shows the characteristics distribution and 
the interactions between them, in the right side of the 
diagram, we found a positive intercorrelation between 
variables (°Brix, °Brix/Acidity and total sugars), and 
between some individual organic acids (fumaric acid, 
malic acid and acetic acid) and between all the minerals 
studied in this work.

In the left side of the diagram, a significant correlation 
was observed between some chemical attributes (lipids, 
proteins and total acidity) and four individual organic 
acids (oxalic acid, citric acid, tartaric acid and maleic acid). 
This shows that our dates acidity is best explained by all 
four acids, whereas, the symmetry of the variables on each 
side of the y-axis expressed the negative correlations. 
In (Figure 2b) the scattered distribution of varieties and 
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acids. It shows that significant differences are observed 
between the physico-chemical and biochemical criteria 
in the evaluated varieties and clones. BZG, ECT, BST, EED, 
LHD and IAH have good organoleptic quality based on 
their interesting quality index, while IAH, IKL and HFL 
are relatively rich in proteins. High levels of lipids were 
found in IAS, IAH and MEL. On the other hand, EMS, IAH, 
EED and ZIE are rich in total sugars.

This study showed a considerable diversity among the 
studied varieties and clones which it could be useful in 
the processing date fruit in the Drâa region.
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