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Abstract
Purpose  Date palm (Phoenix dactylifera L.) cultivation has developed worldwide. Increased cultivation has a direct and 
profound impact on the development of low-quality dates and their waste.
Methods  This study compares the Kentichi and Mech-Degla flesh powder (KFP and MFP) and their seeds (KSP and MSP) 
in order to assess physicochemical and nutritional components and antioxidant activity.
Results  For fruit flesh, physicochemical compositions, phytochemical compositions, and antioxidant capacity are as follows: 
pH (6.3–5.6), ash (1.0–1.9%), total sugars (67.9–64.8%), proteins (3.8–2.8%), total phenolic (232.0–167.7 mg GAE/100 g 
DW), condensed tannins (10.3–15.8 mg CE/100 g DW), (DPPH IC50 = 3.6–5.2 mg/mL, ABTS IC50 = 0.6–3.2 mg/mL, 
FRAP = 16.9–10.6 μmol AAE/mL DW and, TAA = 22.0–19.1 μmol Fe(II)/mL DW) in KFP and MFP, respectively. Corre-
sponding values in seeds were as follows: pH (5.6–6.1), ash (2.6–2.8%), total sugars (10.6–5.6%), proteins (5.4–4.0%), total 
phenolic (8012.7–4095.0 mg GAE/100 g DW), condensed tannins (3246.4–665.6 mg CE/100 g DW), (DPPH IC50 = 0.04–
0.2 mg/mL, ABTS IC50 = 0.02–0.08 mg/mL, FRAP = 85.9–35.1 μmol AAE/mL DW and, TAA = 125.3–50.5 μmol Fe(II)/
mL DW) in KSP and MSP, respectively. Principal Component Analysis indicated that Kentichi cultivar has specific char-
acteristics compared Mech-Degla cultivar. The sugar profile of KFP and KSP after analysis by HPLC shows KFP contains 
58.8% sucrose, 23.3% glucose, and 18.0% fructose, while KSP had fructose 0.3%, glucose 0.2%, sucrose 3.8%.
Conclusion  The examined dates' flesh and seed were extremely valuable nutritionally and had high antioxidant activity, 
valorizing them as potential building ingredients for functional foods.

Keywords  Date flesh · Date seed · Nutritional composition · Polyphenolic content · Antioxidant activity · Principal 
component analysis

1  Introduction

One of the oldest and most well-known fruit trees in the 
world is the date palm (Phoenix dactylifera L.), a monocoty-
ledonous woody perennial of the Arecaceae family [1], that 
is especially prevalent in the arid and semiarid regions [2]. 
Iraq, Egypt, Saudi Arabia, Tunisia, Algeria, the United Arab 
Emirates, Oman, Libya, Pakistan, and Sudan are the world's 
leading date palm producers [3]. In recent years, Tunisian 

dates exports are at the top of the world ranking, Algeria is 
the world's third-largest producer of date palm fruits and the 
seventh-largest exporter [4]. It plays an essential part from 
economic, social, and ecological standpoints [5].

Date palm fruits are well-known for their numerous 
health benefits due to their high phenolic component and 
antioxidant potential [6]. Agronomically, the Tamar stage in 
date palm fruit growth lasts around 200 days from pollina-
tion to full maturity [5]. According to pomology, date palm 
fruit is composed of a fleshy pericarp around a seed [7]. The 
fleshy pericarp is consumed in a variety of processed forms, 
such as dough and jam, due to its high nutritional value [5]. 
Moreover, seeds are considered a waste product generated 
by date palm industries [8] and are mostly employed in 
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animal food [9]. Seeds can also be transformed into foods 
like decaffeinated coffee and cosmetics [10].

Several researchers on the composition of date palm vari-
eties (flesh and seed) have been published; according to Ibra-
him et al. [11] dates contain nutrients such as protein, fiber, 
fat, minerals, and vitamins. In addition, the most important 
components of date fruits are carbohydrates, which include 
soluble sugars (glucose, fructose, and sucrose) as well as 
dietary fiber (cellulose, hemicelluloses, pectin, and fructans) 
[12]. Dates are high in phenolic antioxidants, although their 
value varies according to the variety of dates, agronomic, 
and environmental conditions [13]. On the other hand, Date 
seeds contain a larger proportion of protein (essential amino 
acids) and fat than date pulp [14], and it’s also rich in die-
tary fibers [15]. Among secondary metabolites, polyphenols 
comprise one of the largest groups [10].

The date palm is one of the most essential fruits for 
human health due to dates (flesh and seed) antioxidants may 
protect the body from various degenerative conditions by 
lowering oxidative stress caused by phenolic components 
that inhibit oxidative damage of nucleic acids, proteins, and 
lipids and activating both enzymatic and non-enzymatic 
antioxidant mechanisms [16].

Compositional research on Tunisian and Algerian date 
palm varieties are few, particularly those devoted to describ-
ing both flesh and seeds to promote them as potential com-
ponents for functional food formulation, highlighting the 
work's novelty. The objectives of this study were to investi-
gate the nutritional composition of the two parts of the date 
fruit (flesh and seeds) (sugar content, lipids, proteins, phy-
tochemical compositions, and antioxidant activity), assess 
the interrelationships between parameters using Principal 
Component Analysis, and determine the free sugars com-
position of the Tunisian variety.

2 � Material and Methods

2.1 � Plant Material

Two varieties of date palm fruits were used in this work, a 
Tunisian variety (Kentichi) and an Algerian variety (Mech-
Degla) in Tamar stage (fully mature). Flesh and seeds of 
dates were cleaned, dried at 50 °C for 15 min, and ground 
using a mortar for the seeds and using a coffee grinder for 
the flesh into a fine powder (500 µm of diameter). Kentichi 
flesh and seed powders (KFP and KSP) and Mech-Degla 
flesh and seed powders (MFP and MSP) were kept in airtight 
bottles in the refrigerator at 4 °C until they were needed [17].

2.2 � Analytical Methods

The water, dry matter, ash, organic matter, pH, titrable acid-
ity, and fat contents of KFP, KSP, MFP, and MSP) were 
analyzed according to the standard analytical method [18]. 
The sulfuric acid and phenol method was used to determine 
the total sugar content [19]. Using the DNS method to deter-
mine the content of reducing sugars [20], with glucose as a 
standard for total and reducing sugars. The sucrose content 
was calculated using the formula established by Chafi et al. 
[21] using the following Eq. 1:

The protein assay is performed using the method of 
Lowry [22], using bovine serum albumin as a standard. All 
experiments were performed in triplicate.

2.3 � Free Sugars Analysis

The contents of fructose, glucose, sucrose, maltose, and 
lactose were determined using the HPLC technique. A 
0.45 µm filter was used to filter KFP and KSP. The analytical 
standards and samples were injected individually in equal 
quantities (5 µL). HPLC analysis was performed out using 
liquid chromatography and a diode-array detector (DAD). 
Shimadzu SHIMPACK VP-ODS 4.6 150 mm, 5 µm RP col-
umn was used for separation. A combination of methanol 
and distilled water (10:90 v/v) was utilized as the mobile 
phase for the chromatographic analysis. A 5 µL volume was 
injected at a rate of 1.2 mL/min for 20 min, throughout the 
experiment the temperature of the column was kept constant 
at 30 °C [23].

2.4 � Phytochemical Composition

Secondary metabolites demonstrated alkaloids, saponins, 
and terpenoids using the method of Bidie et al. [24].

The presence of alkaloids was determined by combining 
2 mL of each aqueous extract with a few drops of iodized 
potassium iodide, which produced a brown-black precipitate 
and indicated a positive reaction. To test for saponins, 1 mL 
of each aqueous extract was mixed with 3 mL of distilled 
water in a test tube. For 2 min, the tube is stirred. Saponins 
are present when the persistent foam height exceeds 1 cm. 
2.5 mL of each aqueous extract was mixed with 1 mL of 
chloroform to test for terpenoids. After homogenization, 
1.5 mL of sulfuric acid was added. A positive reaction is 
indicated by the formation of a reddish-brown color.

(1)
Sucrose (%) = (total sugars (%) − reducing sugars (%))
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2.5 � Fat‑Soluble Pigment Content

The determination of the content of fat-soluble pigments 
is based on the method of Barros et al. [25]. For 1 min, a 
fine dried powder (150 mg) was rapidly agitated with 10 mL 
of acetone-hexane combination (4:6) and filtered through 
Whatman No. 4 filter paper. At 453, 505, 645, and 663 nm, 
the absorbance of the filtrate was measured.

It is calculated as follows Eqs: 2, 3, 4, and 5.

2.6 � Extracts Preparation

The active molecule amount was determined using a modi-
fied Bigrali et al. [26] methodology. A part of the samples 
(100 g) were steeped in 300 mL of methanol for 24 h with 
the aid of a magnetic stirrer before being filtered through 
filter paper. The supernatant was concentrated employing a 
rotary evaporator at 40 °C and kept in dark glass bottles at 
4 °C until it was utilized.

2.7 � Total Phenolic Content

The total phenolic content (TP) was determined using the 
colorimetric technique and the Folin-Ciocalteu reagent [27]. 
100 µL of each extract is combined with 500 µL of diluted 
Folin reagent and 1 mL of distilled water. 1.5 mL of Na2 
CO3 (20%) is added and properly mixed after one minute of 
incubation. After 2 h in the dark, absorbance at 760 nm was 
measured. The findings are presented in milligrams of gallic 
acid equivalents per 100 g of dry weight.

2.8 � Total Flavonoid Content

The total flavonoid content (TF) was assessed using the col-
orimetric method with aluminum chloride as the reagent and 
quercetin as the standard, as described by Biglari et al. [26]. 
Each extract was combined with 1.5 mL of a 2% (AlCl3, 

(2)

β − carotene
(mg
100

mL
)

= 0.216 × A663 − 1.220 × A645

− 0.304 × A505 + 0.452 × A453

(3)

Lycopene
(mg
100

mL
)

= −0.0458 × A663 + 0.204 × A645

− 0.304 × A505 + 0.452 × A453

(4)

Chlorophyll a
(mg

100
mL

)

= 0.999 × A
663

− 0.0989 × A
645

(5)

Chlorophyll b
(mg

100
mL

)

= −0.328 × A
663

+ 1.77 × A
645

6H2O) solution. The absorbance was measured at 367 nm 
after 10 min incubation at room temperature. The findings 
are expressed in milligrams of quercetin equivalents (QE) 
per 100 g of dry weight.

2.9 � Flavonol Content

Flavonol content (F) is carried out by the colorimetric 
method Jimoh et al. [28]. Using rutin as a standard. 500 mL 
of extracts were mixed with an equal volume of aluminum 
chloride (2%) and sodium acetate solutions (5%). After incu-
bation for 2.5 h at room temperature, the absorbance was 
measured at 440 nm. The results are expressed in milligrams 
of rutin equivalents (RE) per 100 g of dry weight.

2.10 � Condensed Tannins Content

The technique of Laouini et al. [29] is used to evaluate the 
condensed tannins content (CT), with catechin as a stand-
ard. A volume of 0.5 mL extract was mixed with 3 mL of 
vanillin and methanol (4%), and 1.5 mL of hydrochloric acid 
was added and thoroughly mixed. The resulting mixture was 
allowed to stand at 20 °C for 15 min. Each absorbance was 
measured at 500 nm. The findings are expressed in milli-
grams of catechin equivalents (CE) per 100 g of dry weight.

2.11 � Hydrolyzable Tannins Content

Hydrolyzable tannins content (HT) is determined by the 
method of Willis and Allen [30], using tannic acid as a 
standard. 0.5 mL of extracts is added to a volume of 2.5 mL 
of the 2.5% potassium iodate solution. After incubation for 
4 min at room temperature in the dark, the absorbance was 
measured at 550 nm. The results are expressed in milligrams 
of tannic acid equivalents (TAE) per 100 g of dry weight.

2.12 � Antioxidant Activity

Antioxidant activity was determined by the phosphomolyb-
date method (TAA), reducing power (FRAP), and scaveng-
ing different radicals (DPPH and ABTS).

2.13 � Antioxidant Activity 
by the Phosphomolybdate Method

The total antioxidant activity (TAA) of a sample in the 
phosphomolybdenum method was determined by the 
reduction of molybdenum Mo (VI) to molybdenum Mo 
(V) in the presence of antioxidant compounds, resulting 
in the formation of a green phosphate/complex Mo (V) at 
acidic pH [31], with ascorbic acid as a standard. 0.3 mL 
of extracts was combined with 3 mL of reagent solution 
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(0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM 
ammonium molybdate). This combination is incubated 
in a 95 °C water bath for 90 min before being cooled at 
room temperature for 6 min. At 695 nm, absorbance was 
observed. Results are expressed as micromole of ascorbic 
acid equivalents per milliliter.

2.14 � Antioxidant Activity by the FRAP Method 
(Ferric Reducing Antioxidant Power)

The FRAP method described by Oyaizu [32] was used to 
reduce power. The objective of this technique is to assess 
the ability of ferric iron (Fe3+) in the ferrous iron complex 
(Fe2+) to be reduced. As a standard, iron sulfate (FeSO4) is 
used. 1 mL of the extracts was mixed with 2.5 mL of a 1% 
potassium ferrocyanide [(K3Fe (CN6)] solution and 2.5 mL 
of phosphate buffer (0.2 M; pH 6.6). Then the mixture is 
incubated at 50 °C for 20 min. To stop the reaction 2.5 mL 
of 10% trichloroacetic acid are added. After centrifugation 
at 6504 rpm/10 min, 2.5 mL of supernatant are added to 
2.5 mL of distilled water and 0.5 mL of 0.1% iron chloride 
(FeCl3). At 700 nm, the absorbance of the reaction media is 
measured. The results are expressed as micromoles of fer-
rous iron (Fe II) equivalents per milliliter.

2.15 � DPPH Radical Scavenging Activity

The ability of (KFP, KSP, MFP, and MSP) to scavenge 
2,2-diphenyl-2-picrylhydrazyl free radicals (DPPH) was 
determined by the Jan et al. [33] method. The results are 
expressed as a percentage of inhibition; radical scavenging 
activity (%) was calculated using the following Eq. 6:

where Abscontrol is the absorbance of DPPH· in methanol 
instead of samples. The antioxidant capacity of the various 
extracts was determined from the IC50, which corresponds 
to a concentration necessary to reduce 50% of the DPPH· 
radical, it was calculated graphically from the percentage of 
inhibition relative to the concentration of the extracts.

2.16 � ABTS Radical Scavenging Activity

The ability of (KFP, KSP, MFP, and MSP) to scavenge free 
radicals (2,2'-Zinobis- (3 ethylbenzothiazoline)-6-sulfonic 
acid ammonium salt) radical ABTS. The preparation of 
the ABTS + radical is carried out according to the method 
described by Jan et al. [33]. The results are expressed as a 
percentage of inhibition; radical scavenging activity (%) was 
calculated using the following Eq. 7:

(6)

DPPH scavenging activity(%) =

(

Acontrol − Asample

Acontrol

)

× 100

where Abscontrol is the absorbance of ABTS· in ethanol 
instead of samples. The antioxidant capacity of the various 
extracts was determined from the IC50, which corresponds 
to a concentration necessary to reduce 50% of the ABTS· 
radical, it was calculated graphically from the percentage of 
inhibition relative to the concentration of the extracts.

2.17 � Statistical Analysis

Principal component analysis (PCA) was performed in IBM 
SPSS version 22 software on a data set (Physico-chemical 
compositions, DPPH., ABTS.+, FRAP, and TAA) obtained 
for samples. PCA is a very powerful chemometric approach 
that allows for sample grouping. The original variables are 
decreased, and the new ones acquired after various math-
ematical transformations provide us with a better under-
standing of groupings and correlations between investigated 
samples.

3 � Results and Discussion

3.1 � Physico‑Chemical Composition and Nutrient 
Analysis

The pH of KFP and MFP was 6.3 and 5.6, respectively, 
while KSP and MSP showed values of 5.6 and 6.1, respec-
tively (Table 1). These results show a significant difference 
between the flesh and between the seeds (P ≤ 0.05). These 
results are consistent with the findings of other research-
ers; Khali et al. [34] found values pH between 5.8 and 6.1. 
On the other hand, our study's pH values are lower than 
those previously discovered by Pasha et al. [35], for com-
mercially available dates mucilage (6.7). The pH variance 
could be attributed to climate change. According to Barnuud 
et al. [36], despite differences in various factors potentially 
impacting berry pH, the climate is the primary determinant. 
KFP and MFP were analyzed for titrable acidity, which was 
found to be 1.9 and 3.4%, respectively, with a significant dif-
ference between the two varieties (P ≤ 0.05). While KSP and 
MSP had values of 0.2 and 0.1%, respectively (Table 1), the 
analysis found no significant difference between these two 
varieties (P ≥ 0.05). These acidity values were comparable 
to those reported by Di Cagno et al. [37], who obtained a 
value of 0.3% for date variety grown in Egypt.

In fact, the water content in MFP and KFP is 12.3 
and 13.3% compared to 8.9 and 9.0% in MSP and KSP, 

(7)

ABTS scavenging activity(%) =

(

Acontrol − Asample

Acontrol

)

× 100
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respectively (Table 1). The flesh results are nearly higher 
than those of Yefsah-Idres et al. [17] (12.1%), while the seed 
results are similar to Herchi et al. [38], who worked on the 
same Kentichi variety, they discovered 9.2%. It is also worth 
noting that date fruit moisture has been known to decline 
dramatically throughout ripening, reaching a low value at the 
Tamar stage [39]. However, this study showed that the dry 
matter of KFP and MFP is about 86.7 and 87.7%, whereas 
KSP and MSP are approximately 91.0 and 91.2%, respec-
tively (Table 1). The analysis shows no significant differ-
ence between the two varieties (P ≥ 0.05). These results were 
similar of Noui et al. [40], who reported values between 88.0 
and 88.4% for Algerian varieties.

The organic matter and ash levels were respectively 99.0 
and 1.0% in KFP and 98.1 and 1.9% in MFP (Table 1), the 
results indicate a significant difference between the two 
dates (P ≤ 0.05). On the other hand, the organic matter and 
ash levels were respectively 97.4 and 2.6% in KSP and 97.3 
and 2.8% in MSP (Table 1), the results indicate no sig-
nificant difference between the two seeds (P ≥ 0.05). The 

findings of ash are situated in the range of those reported 
by Benmeziane Derradji [41] who obtained values ranging 
between 1.5 to 6.2% for date cultivars grown in UAE, Saudi 
Arabia, and Tunisia.

The C* values of KFP and MFP was 30.4 and 28.5, 
respectively, while KSP and MSP demonstrated values of 
30.1 and 26.5, respectively (Table 1). These results show 
that KFP and KSP have a more intense and significantly 
darker color than MFP and MSP. Abdul-Hamid et al. [42] 
measured the color of nine varieties of Saudi dates and 
obtained values that differed from our results. Dates fruit 
color is a great quality indication; it is related to secondary 
metabolite formation and accumulation, such as phenolic 
and terpenoid components [43].

Moreover, the total protein and fat levels were respec-
tively 3.8 g/100 g DW and 0.2% in KFP and 2.8 g/100 g DW 
and 0.6% in MFP (Table 1). Analysis indicated a significant 
difference between these two varieties. For seed, the results 
of the fat show no significant difference between the two 
varieties (P ≥ 0.05). In fact, the fat in KSP and MSP is 8.6 

Table 1   Physico-chemical 
composition of date powders 
Kentichi and Mech-Degla flesh 
and seed

The values given are the means of three repetitions ± standard deviation. Means with different letters (a,b) 
in a row are significantly different at P ≤ 0.05 according to the SNK test
DW Dry weight, MO Organic matter, AGE Gallic acid equivalents, QE Quercetin equivalents, RE Rutin 
equivalents, CE Catechin equivalents, ATE Tannic acid equivalents, + Positive, – Negative

Parameters Flesh Seed

KFP MFP KSP MSP

pH 6.3 ± 0.07a 5.6 ± 0.04b 5.6 ± 0.19b 6.1 ± 0.01a

Titrable acidity (%) 1.9 ± 0.15b 3.4 ± 0.31a 0.2 ± 0.03a 0.1 ± 0.02a

Water content (%) 13.3 ± 0.44a 12.3 ± 0.44a 9.0 ± 1.26a 8.9 ± 0.26a

Dry matter (%) 86.7 ± 0.44a 87.7 ± 0.44a 91.0 ± 1.26a 91.2 ± 0.26a

Ash (%) 1.0 ± 0.37b 1.9 ± 0.10a 2.6 ± 0.62a 2.8 ± 0.49a

OM (%) 99.0 ± 0.37a 98.1 ± 0.10b 97.4 ± 0.62a 97.3 ± 0.49a

C* 30.4 ± 0.004a 28.5 ± 0.004b 30.1 ± 0.004a 26.5 ± 0.04b

Fat (%) 0.2 ± 0.02b 0.6 ± 0.04a 8.6 ± 0.42a 8.5 ± 0.45a

Protein (g/100 g DW) 3.8 ± 0.02a 2.8 ± 0.008b 5.4 ± 0.02a 4.0 ± 0.04b

Total sugars (g/100 g DW) 67.9 ± 0.38a 64.8 ± 0.61b 10.6 ± 0.03a 5.6 ± 0.01b

Reducing sugars (g/100 g DW) 8.9 ± 0.03b 14.0 ± 0.03a 5.8 ± 0.06a 3.1 ± 0.01b

Sucrose (g/100 g DW) 51.8 ± 0.33b 53.6 ± 0.61a 4.6 ± 0.09a 2.5 ± 0.006b

Terpénoides  +   +   +   + 
Alcaloïdes  +   +   +   + 
Saponines – – – –
TP (mg GAE/100 g DW) 232.0 ± 6.44a 167.7 ± 1.58b 8012.7 ± 28.06a 4095.0 ± 29.70b

TF (mg QE/100 g DW) 122.5 ± 2.08a 114.5 ± 0.69b 373.8 ± 10.86a 78.8 ± 0.81b

F (mg RE/100 g DW) 7.8 ± 0.008a 6.2 ± 0.1b 371.8 ± 17.22a 25.0 ± 0.60b

CT (mg CE/100 g DW) 10.3 ± 1.28b 15.8 ± 0.64a 3246.4 ± 13.61a 665.6 ± 7.55b

HT (mg ATE/100 g DW) 0.01 ± 0.0015a 0.01 ± 0.0012a 14.7 ± 1.35a 4.1 ± 0.06b

β-Carotenes (mg/100 g DW) 0.4 ± 0.02a 0.3 ± 0.03a 0.3 ± 0.005a 0.04 ± 0.01b

Lycopenes (mg/100 g DW) 0.1 ± 0.003a 0.06 ± 0.0009b 0.1 ± 0.004a 0.2 ± 0.01a

Chlorophylls a (mg/100 g DW) 0.7 ± 0,011a 0.8 ± 0.011a 0.4 ± 0.006a 0.02 ± 0.0004b

Chlorophylls b (mg/100 g DW) 0.6 ± 0.03a 0.5 ± 0.04a 0.4 ± 0.01a 0.01 ± 0.002b
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and 8.5%, respectively (Table 1). On the other hand, the 
total protein was 5.4 and 4.0 g/100 g DW in KSP and MSP, 
respectively. The results indicate a significant difference 
(P ≤ 0.05). Ibourki et al. [5] state that the protein content of 
flesh ranges between 1.6 and 3.5%, whereas the protein con-
tent of seeds varies between 3.2 and 5.0% for cultivars grown 
in Morocco. Our results regarding fat of flesh were compa-
rable to those reported by Oladzad et al. [44] (0.1–3.3%). 
When compared to commercial cultivars, our findings are 
higher than those of Ahmed et al. [45], who found protein 
levels ranging from 1.9 to 3.0 g/100 g FW.

Messadi et al. [46] showed that Kentichi date powder 
extract contains the majority of the essential amino acids. 
As a result, Kumar et al. [47] revealed that the optimum 
digestion of proteins from different plant origins can deliver 
adequate amino acids to suit human health requirements.

However, the level of total sugars in MFP and KFP is 64.8 
and 67.9 g/100 g DW, of which 14.0 and 8.9 g/100 g DW are 
reducing sugars, the major fraction of sugars is composed 
mainly of sucrose with a content of 53.6 and 51.8 g/100 g 
DW, respectively. While MSP and KSP contain 5.6 and 
10.6 g/100 g DW of total sugars, reducing sugars are 3.1 
and 5.8 g/100 g DW, of which 2.5 and 4.6 g/100 g DW are 
sucrose, respectively (Table 1). The total sugars, reducing 
sugars, and sucrose contents show a significant difference 
(P ≤ 0.05) between the two dates studied. In fact, the imme-
diate carbohydrate composition of the fleshes date powders 
was in the same ranges as those obtained by Djaoudene et al. 
[48]. But, the seeds' carbohydrate content is higher than that 
found by Metoui et al. [49], who examined the total sugar 
of 12 Tunisian cultivars and found values between 1.2 and 
3.8%. Our results are higher than those published by Ahmed 
et al. [45], who indicated that commercial cultivars had total 
sugar contents between 44.3 and 64.1 g/100 g FW.

Sugars provide a variety of purposes in the food industry, 
including conservation, fermentation, color, flavor, consist-
ency, solubility, hygroscopicity, crystallinity, and viscosity 
[50].

These differences in the physicochemical compositions 
can be explained by various factors such as the origin of the 
plants (species, cultivar), the growing conditions, the matu-
rity, the season, the geographical origin, the fertilization, the 
type of soil, storage conditions, drying, rate of sun exposure, 
and harvest period [51].

3.2 � Phytochemical Composition

Table 1 shows the phytochemical composition of KFP, MFP, 
KSP, and MSP. The search for saponins has been negative. 
On the other hand, terpenoids and alkaloids are present in 
considerable quantities. This is consistent with other works 
that have reported that dates are rich in phytochemicals [52].

In addition, the present study has shown that the phenolic 
levels are 167.7 and 232.0 mg EAG/100 g DW, respectively 
for MFP and KFP. While MSP and KSP have polyphenol 
content of 4095.0 and 8012.7 mg EAG/100 g DW, respec-
tively. For seed, our results are far higher than those found 
by Maqsood et al. [53] and Mani et al. [54], who reported 
values between 269.7 and 4430 mg AGE/100 g.

The total phenolic content could be a good indicator of 
antioxidant activity. Their redox characteristics are primar-
ily responsible for their action; they may scavenge reac-
tive oxygen species, neutralize free radicals, and degrade 
peroxides [55].

However, the flavonoid levels observed for MFP and 
KFP are 114.5 and 122.5 mg EQ/100 g DW, respectively, 
and 78.8 and 373.8 mg EQ/100 g DW for MSP and KSP, 
respectively. These results are higher than those found by 
other researchers [56, 57]. These compounds have a wide 
range of chemical and biological activity, including radical 
scavenging abilities [26].

On the other hand, the flavonol contents of MFP and 
KFP are 6.2 and 7.8 mg ER/100 g DW. Likewise, the fla-
vonol contents of MSP and KSP are 25.0 and 371.8 mg 
ER/100 g DW, respectively. These values fall within the 
range noted by Benmeddour et al. [58], which are between 
6.7 and 36.6 mg RE/100 g.

In fact, the results showed that MFP and KFP have 
condensed tannin contents of 15.8 and 10.3 mg EC/100 g 
DW, respectively, whereas MSP and KSP have 665.6 and 
3246.4 mg EC/100 g DW, respectively. MFP and KFP con-
tain the same amount of hydrolyzable tannins (0.01 mg 
EAT/100 g DW), the analysis found no significant differ-
ence between these two varieties (P ≥ 0.05), whereas MSP 
and KSP contain 4.1 and 14.7 mg EAT/100 g DW, respec-
tively. Condensed tannins' results are within the range 
discovered by Alahyane et al. [59], who worked on 17 
Moroccan date varieties, and determined values between 
5.3 and 152.2 mg CE/100 g DW.

The fat-soluble pigments of KFP and MFP are 0.4 
and 0.3 mg/100 g DW for β-Carotenes, of which 0.1 and 
0.06 mg/100 g DW are lycopene, 0.7 and 0.8 mg/100 g 
DW are chlorophylls a and 0.6 and 0.5 mg/100 g DW 
are chlorophylls b, whereas KSP and MSP contain 0.3 
and 0.04 mg/100 g DW β-Carotenes, lycopene is 0.1 and 
0.2 mg/100 g DW, of which 0.4 and 0.02 mg/100 g DW are 
chlorophylls a and 0.4 and 0.01 mg/100 g DW are chloro-
phylls b. The β-Carotene results are low when compared 
to the results estimated by Boudries et al. [60], which are 
between 2.5 and 6.4 µg/100 g. However, the lycopene 
results are comparable to those reported by Habib et al. 
[61] found lower values of lycopene (0.1 mg/100 g date 
seed) from a well-known commercial date in the UAE. 
Additionally, Herchi et al. [38] showed that the chlorophyll 
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value is 0.1 mg /100 g oil; our findings of chlorophyll a 
and b are high.

The phenolic components have a protective impact on 
human health [62]. Phenolic compounds are governed by 
several factors; including date variety, geographic origin, 
fruit storage time, extraction conditions such as solvent 
used, plant material/solvent ratio, and extraction time [63].

3.3 � Antioxidant Activity

The antioxidant activity of KFP, MFP, KSP, and MSP as 
determined by the TAA and FRAP methods is shown in 
Table 2. The two types of dates' flesh and seed differ signifi-
cantly (P ≤ 0.05). The results show that the TAA method has 
a concentration of 22.0 and 19.1 µmol AAE/mL DW, respec-
tively in KFP and MFP. However, KSP and MSP both have 
extremely high activity, registering 125.3 and 50.5 µmol 
AAE/mL DW, respectively. The results of Ali Haimoud et al. 
[64] for the flesh are higher than ours, but they are lower 
than the seed results (42.8–90.3 µmol AAE/mL of extract.

The FRAP test has an activity which is 16.9 and 
10.6 µmol Fe(II)E/mL DW, respectively in KFP and MFP. In 
addition, the FRAP of KSP and MSP is 85.9 and 35.1 µmol 
Fe(II)E/mL DW, respectively (Table 2). There was a signifi-
cant difference (P ≤ 0.05) between the two varieties of dates 
studied. The flesh findings are higher than those provided 
by Alam et al. [13], which range from 2.0 to 12.5 µmol TE/
mL sample. However, the seed results are higher than those 
obtained by Jabeen et al. [14], who discovered FRAP anti-
oxidant activity in the order of 41.3 µmol Fe(II)/g DW with 
250 µg/mL of date seed extract.

Table 2 depicts the anti-free radical activity (DPPH) and 
(ABTS) of KFP, MFP, KSP, and MSP in comparison with 
BHT as a positive control.

The antioxidant activity (DPPH) in KFP has an IC50 value 
of 3.6 mg/mL, whereas the concentration in MFP is 5.2 mg/
mL. There was a significant difference (P ≤ 0.05) between 
the two varieties of dates studied. None of the dates' flesh 
exceeded the positive control's (BHT) 0.2 mg/mL exhibiting 
value. The IC50 of KSP and MSP is 0.04 and 0.2 mg/mL, 
respectively. There was a significant difference (P ≤ 0.05) 
between the two seeds. MSP and BHT have comparable IC50 
values. However, the IC50 of KSP was 5 times lower than 
the control, showing that it has an extremely high DPPH 
radical scavenging ability. The DPPH test's IC50 results are 
significantly high than those provided by Djaoud et al. [65] 
found a concentration of DPPH of 24.3 mg/mL after extract-
ing pectin from an Algerian common variety.

The ABTS test results showed a significant difference 
between the two types of dates flesh and seed (P ≤ 0.05). The 
results show that KFP and MFP had IC50 concentrations of 
0.6 and 3.2 mg/mL, respectively. Nonetheless, the KFP and 
MFP have been less efficient than the control BHT (0.07 mg/
mL). On the other hand, the IC50 of KSP and MSP is 0.02 
and 0.08 mg/mL, respectively. The date seeds had high 
antioxidant activity, as evidenced by their low IC50 when 
compared to BHT. For the ABTS, KSP was more active 
than BHT. The ABTS test results are more active than those 
obtained by Ourradi et al. [66].

All antioxidant assays came to the same conclusion: date 
seeds, particularly KSP, have the highest antioxidant activity. 
According to Guo et al. [67] the date possesses the second-
highest antioxidant activity among 28 fruits usually con-
sumed in China. Since the antioxidant activities are directly 
proportional to the count of polyphenols contained in the 
extract, the present study finds a significant quantity of 

Table 2   Antioxidant activities 
from date powders Kentichi and 
Mech-Degla flesh and seed

The values given are the means of three repetitions ± standard deviation. Means with different letters (a-b) 
in a row are significantly different at P ≤ 0.05 according to the SNK test
TAA​ Total antioxidant activity, FRAP Ferric reducing antioxidant power, DPPH· 2,2-diphenyl-2-picrylhy-
drazyl radical, ABTS·+ 2,2'-zinobis- (3-ethylbenzothiazoline) -6 -sulfonic), IC50 Concentration necessary 
to reduce 50% of the DPPH· radical, AAE Ascorbic acid equivalents, Fe(II)E Sulphate of iron equivalents, 
BHT Butylated Hydroxytoluene, DW Dry weight

Variety TAA (µmol 
AAE/mL DW)

FRAP (µmol 
Fe(II)E/mL DW)

DPPH· (IC50 mg/mL) ABTS· + (IC50 mg/mL)

Fleshes
 KFP 22.0 ± 0.16a 16.9 ± 0.29a 3.6 ± 0.08b 0.6 ± 0.09b

 MFP 19.1 ± 0.43b 10.6 ± 0.22b 5.2 ± 0.05a 3.2 ± 0.07a

Seeds
 KSP 125.3 ± 0.07a 85.9 ± 0.18a 0.04 ± 0.67b 0.02 ± 0.66b

 MSP 50.5 ± 0.09b 35.1 ± 0.04b 0.2 ± 0.6a 0.08 ± 0.66a

BHT (positive 
control)

– – 0.2 ± 0.003 0.07 ± 0.001
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polyphenols in the dates flesh and seed extracts, and the 
difference in their quantities can be directly attributed to the 
observed activity [3].

3.4 � Principal Component Analysis (PCA)

PCA has been demonstrated to be a successful discrimina-
tive technique [68] based on the researched fruit's physical 
and chemical properties, utilized as a multivariate statistical 
approach to discriminate among date palm varieties on the 
one hand and between fruit fleshes and seeds on the other 
(dependent variables). The first two principal components 
(PCs) explained 82.58% of the total data variability (63.50 
and 19.08% for PC1 and PC2, respectively).

Points shown on the surface determined by axes 1 and 
2 (Fig. 1a) are correlated to fruit varieties (flesh) plotted 

against physicochemical and phytochemical composition, 
and antioxidant activity, which appear to be separated 
along with the first component (PC1). Figure 1b shows 
the distribution of fleshes versus the analyses performed 
on the surface determined by PC1 and PC2. From these 
results, KFP was distributed according to PC1. On the pos-
itive side of this component, KFP was correlated with the 
greatest phytochemical composition, FRAP, TAA, OM, 
water, protein, and total sugar. It seems that the ABTS, 
DPPH, and fat were associated, with the positive side of 
the second component (PC2). MFP was distributed accord-
ing to PC1, on the negative side of this component with 
higher values of sucrose, reducing sugars, CT, acidity, ash, 
dry matter, and chlorophyll a (Fig. 1a). Points on the sur-
face determined by axis 1 and 2 (Fig. 1c) are associated 
with fruit seeds. Figure 1d represents the distribution of 

Fig. 1   Principal component analysis (PCA) projections on PC1 and PC2. Plotted points are mean values of each studied parameter including 
physicochemical characteristics of fruit and antioxidant activity (a, c), and the distribution of fleshes and seeds (b, d)
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seeds in relation to the analyses done on the surface deter-
mined by PC1 and PC2.

KSP was distributed in accordance with PC1. On the 
positive side, KFP showed the highest correlations with 
both physicochemical and phytochemical composition 
as well as antioxidant activity. MSP was distributed 
according to PC1, on the negative side of this component 
(Fig. 1c). The variety Kentichi (flesh and seed) is plot-
ted following the first component PC1. This indicated that 
they have higher nutritional profiles than the Mech-Degla 
variety.

In the literature, as a method for discriminating between 
varieties and environments based on fruit attributes, PCA 
is commonly utilized [69]. Based on nutritional, chemical, 
and seed oil fatty acid profile combined with PCA, Ibourki 
et al. [5] successfully separated the seed and flesh of 8 date 
palm dates cultivated in Morocco.

3.5 � Free Sugars Composition

Table 3 illustrates the sugar profile of KFP and KSP after 
analysis by HPLC. As the data show, one of the most 
essential components of KFP is sucrose, which is found 
in greater levels than glucose and fructose. KFP contains 
58.8% sucrose, 23.3% glucose, and 18.0% fructose; however, 
maltose and lactose are no longer present. Furthermore, the 
date seeds had low sugar levels, while KSP had fructose 
0.3%, glucose 0.2%, sucrose 3.8%, and maltose and lactose 
were absent.

Djaoud et al. [70] obtained in the sugar content of date 
juices (50.8% sucrose, 20.7% glucose, and 28.6% fructose) 
from the flesh Algerian common date variety (Degla-Beida), 
which is commonly underutilized. The seed values are 
higher than those reported by Kamal et al. [71], who stud-
ied the free sugars in 18 date seed varieties from the UAE; 
the sugar profile is (0.03–0.5% sucrose, 0.09–0.8% glucose, 
and 0.08–0.8% fructose).

Reducing sugars are mostly composed of glucose and 
fructose, both of which contribute to the sweet taste and 
are rapidly absorbed by the human body to produce energy 
quickly [72]. Nonetheless, sugar contents may change 
between cultivars even at the same maturation stage due to 

known environmental influences impacting nutritional com-
ponents [73].

4 � Conclusion

Overall, our results shed light on the nutritional content and 
composition of two date cultivars (Mech-Degla and Ken-
tichi) grown in Algeria and Tunisia. Flesh date fruit is a 
high-nutritional-value source of total sugar, sucrose, and 
antioxidants. On the other hand, Date seed is commonly 
utilized as a substance in human health, cosmetics, and 
pharmaceuticals due to its high content of protein, fat, poly-
phenolic, and antioxidant activity extreme. Our findings 
show that the two date cultivars (flesh or seed) produce a 
necessary nutrient and valuable richness diet with significant 
potential health advantages. The principal component analy-
sis showed the correlations between different varieties based 
on physicochemical characteristics and antioxidant activity. 
The PCA plot revealed that the Kentichi cultivar has signifi-
cant characteristics that allow it to be distinguished from the 
Mech-Degla cultivar. Furthermore, the sugar profile of KFP 
and KSP following HPLC analysis demonstrates that the 
flesh is richer in sugar, particularly sucrose, than the seed. 
Due to their nutritional value and high antioxidant activity, 
date seed and flesh are matrices that could be used as fun-
damental ingredients in the formulation of functional foods.
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