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Abstract: Chemical composition, polyphenolic and flavonoid contents, and antioxidant activity were determined in date seeds 
derived from four Tunisian date palm (Phoenix dactylifera) cultivars namely: Goundi, Chekena, Mnekher and Remtha. Sodium and 
potassium contents in date seeds were determined by flame photometry, phenolic compounds by the Folin-Ciocalteu method, 
flavonoids by colorimetric quantification, and the antioxidant activity by the DPPH free radical scavenging method. Crude protein 
content varied widely (p < 0.001) between date seed varieties and ranged from 3.95 (Goundi) to 7.51 % DM (Chekena). No 
significant differences (p > 0.001) were detected between seed varieties for their dry matter (DM) and ash contents. However, sodium, 
potassium and phosphorus varied widely (p < 0.001) between varieties. The highest phenolic content (p < 0.001) was observed in 
Goundi (39.4 mg gallic acid equivalent (GAE)/g DM) and Remtha (36.6 mg GAE/g DM) seed varieties. Likewise, Goundi had the 
highest (p < 0.001) flavonoid content (16.4 mg quercetin equivalent (QE)/g DM) and antioxidant activity (1,807 µM Trolox 
equivalent antioxidant capacity (TEAC)/g DM); however the lowest values (p < 0.001) of phenolic (19.2 mg GAE/g DM), flavonoid 
(8.8 mg QE/g DM) and antioxidant activity (682 µM TEAC/g DM) were observed for Chekena seeds. Further studies are needed to 
verify the potential of date seeds as alternative for animal nutrition. 
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1. Introduction 

Date palm tree (Phoenix dactylifera L.) is an 

important plantation crop in many regions of the 

world. The fruit of this tree (date) is constituted by a 

fleshy pericarp and a seed (pit). Flesh (the edible part) 

contains mainly sugars (~81-88%, mostly fructose, 

glucose and sucrose), but also some dietary fibre 

(~5-8.5%) and smaller amounts of protein, fat, ash and 

polyphenols [1]. However, seeds (the byproduct), so 

called pits, are often used in animal nutrition. 

Vandepopuliere et al. [2] incorporated date pits in 

broiler diets up to 27%, attaining performance (weight 

gain) and feed conversion comparable to a 
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conventional diet. Beneficial effects of either date 

fruits [3] or date seeds [4] have been tested on animal 

reproductive performances. Date–pit extracts have a 

potential to recover the normal functional status in 

damaged liver, and to protect against hepatotoxicity in 

rats [5]. These results suggest that these by-products 

could be regarded as functional foods containing 

phytochemicals with potential biological activity such 

as tannins or resistant starch. Studies reported on the 

chemical composition of date seeds [6, 7, 8] revealed 

high fibre (75–80%) content, containing also fat 

(10-12%) and proteins (5-6%). Date pits could be 

considered a potential source of nutrients with some 

bioactive molecules [6, 7]. Soong and Borlow [9] 

have reported that the total phenolic contents of seeds 

of several fruits were higher than their edible flesh; 
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therefore, seeds can be a potential source of phenolics. 

Tunisia is considered to be one of the most date 

producing countries, with a mean annual yield of date 

fruits of 125,000 t. There are more than 250 varieties 

of date palms, mainly dominated by Deglet Nour. 

Approximately 10% of the fruit is the pit, representing 

a substantial amount of biomass that can be recycled 

as animal feedstuff because of its nutrient contents [6, 

8]. Despite the large number of varieties of dates 

grown in Tunisia and the importance of these fruits, to 

our best knowledge limited data are available on the 

compositional and antioxidant activity of the seeds 

derived from these tree byproducts. Thus, the main 

objective of the present study was to screen and 

compare the existing differences in chemical 

composition and antioxidant activity of seeds from 

four Tunisian palm date varieties.  

2. Material and Methods 

2.1 Date Seeds 

Four varieties of date palm fruits namely Mnekher, 

Goundi, Chekena and Remtha were collected from the 

oasis of Tozeur (South-west Tunisia) at the “Tamr” 

stage (full ripeness). The geolocations of the date 

palm trees used in the study, as determined by a 

Global Positioning System (GPS, Magellan 

Professional Solutions, Inc), were: Mnekher (latitude 

33°58′41″ N; longitude 008°12′33″ E; altitude 49.5 m), 

Goundi (latitude 33°54′30 ″N; longitude 008°09′53″ E; 

altitude 16.5 m), Remtha (latitude 33°58′42 ″N; 

longitude 008°12′36″ E; altitude 55.6 m), and 

Chekena (latitude 33°54′21″ N; longitude 008°09′36″ 

E; altitude 21.2 m). Date seeds of the four cultivars 

were directly handpicked eliminating those from 

damaged fruits. The selected seeds were soaked in 

water, washed to remove any adhering flesh and 

finally oven-dried at 55 °C for 48 h. The dried seeds 

were then ground through a 1-mm screen and 

preserved in dark bottles for later analysis. 

2.2 Chemical Analysis 

Chemical composition, extraction of phenolic 

compounds, flavonoid and antioxidant activity 

analyses were carried out in triplicate. Dry matter 

(DM), Kjeldahl N and organic matter contents were 

determined according to the AOAC [10]. In the case 

of ash determination, a ground sample (1 g) of each 

cultivar was weighed out into sintered porcelain 

crucibles and mixed with 10 mL of nitric acid (HNO3). 

The mixture was then subjected to a prior 

mineralization in a sandbox followed by incineration 

in the muffle furnace at 150, 250 and 350 °C for one 

hour each temperature and then at 460 °C for 6 hours. 

Mineral contents were determined by carbon removal 

adding 2 mL distilled (demineralized) H2O to the 

ashed recovered in the crucibles and then evaporating 

in a sandbox. Then 7 mL of HCl was added followed 

by evaporation. The residue was dissolved in 7 mL of 

HCl 5% filtered through ashless paper and conserved 

at 4 °C until further analysis. An aliquot (3 ml) of 

each filtrate was mixed with 18 mL of lanthanum 

chloride, 2.1 mL of HCl and 6.9 mL of distilled water. 

Potassium and sodium contents were analyzed using a 

flame ionization spectrophotometer (Flame 

Photometer 410, SCHERWOOD, Germany). 

Phosphorus content was determined using the 

colorimetric method proposed by Didier de 

Saint-Amand and Cas [11]. 

2.3 Extraction of Polyphenolic Compounds and 

Flavoniods 

Extraction was carried out using the method 

described by Dhaouadi et al. [12], with some 

modifications. Seed samples (1 g) were mixed with 5 

mL of water, sonicated for 30 min and centrifugated at 

10,000 × g for 15 min. Cold acetone (-20 °C) was 

added to the supernatant (ratio 8:2 v:v) following a 

centrifugation at 12,000 × g for 10 min. Only      

the supernatant was collected and concentrated using  

a  rotary  evaporator  (60 °C).  The  extracts  were  then 

conserved at -20 °C. Total phenolic (TP) was 

quantified following the method described by Wolfe 
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et al. [13], mixing 50 µL of seed extracts (diluted 20 

times in water) with 50 µL of water and 400 μL of 

10% Folin–Ciocalteu reagent (Sigma Aldrich, 

Germany). The mix was incubated (30 min) at room 

temperature, and then 500 µL of 7.5% sodium 

bicarbonate were added to the mixture. Absorbance 

was measured against a blank at 765 nm using a 

UV/Vis Jenway 6300 spectrophotometer. Gallic acid 

(Sigma Aldrich) was used as a standard and the 

concentration of TP was expressed in mg standard 

equivalent g-1 DM. Total flavonoids content was 

determined using colorimetric method of Yi et al. [14], 

mixing 1 mL of diluted sample with 2% aluminum 

chloride (Sigma Aldrich) methanolic solution and 

incubating for 15 min at 25 °C. Absorbance was 

measured against a blank at 430 nm using quercetin as 

the standard. Results were expressed in mg standard 

equivalent g-1 DM. 

2.4 Antioxidant Activity 

The antiradical activity of the phenolic extracts was 

evaluated as the scavenging of the free anionic DPPH 

radical. Sample solution (50 μL) or standard trolox 

solutions at different concentrations was added to 1 

mL of 40 μM DPPH in methanol. The mixture was 

shaken vigorously. After incubation (1 h), changes in 

colour (from deep violet to dark yellow) were 

measured at 517 nm. The Trolox equivalent 

antioxidant capacity (TEAC) was calculated from the 

linear equation resulting from regressing known 

solutions of Trolox (0.05 to 0.8 µM) against 

absorbance. 

2.5 Statistical Analysis  

Three replicates for each date palm cultivar were 

used. Statistical differences among varieties in the 

chemical composition, phenolic and flavonoid 

compounds and antioxidant activity were evaluated by 

one-way analysis of variance (ANOVA) followed by 

Student-Newman-Keuls post hoc test for differences 

among multiple means (GLM procedure). Values of 

different parameters were expressed as the mean ± 

standard deviation. 

3. Results and Discussion  

In this present study four Tunisian date palm 

varieties namely Mnekher, Goundi, Remtha and 

Chekena were screened for their chemical 

composition, phenolic and flavonoid contents and 

antioxidant activity. 

3.1 Chemical Composition 

To our best knowledge few works have been 

reported on date seeds, particularly on their chemical 

composition [8, 6, 15]. Dry matter and ash contents of 

the screened varieties varied in narrow ranges, 

67.8-73.7% and 1.79-2.16%, respectively, with no 

significant differences (p > 0.001) between date 

varieties (Table 1). Previous results revealed high DM 

contents (87-97%) in 23 date pits varieties [6, 7, 

16-19]. In the same varieties, ash contents 

(0.84-1.20%) were lower than those observed in our 

study (1.79-2.16%). Low ash contents were also 

recorded in seeds of Ruzeiz and Sifri date cultivars 

(1.1%) [20]. Ash contents reported herein varied (p < 

0.001) between varieties in agreement with those 

found by Herchi et al. [21] and Mohamed et al. [22]. 

These variations could be attributed to differences in 

plant cultivar, agronomical (harvest/postharvest 

practices) or environmental (climate, soil fertility, etc.) 

factors. Amongst the analyzed minerals, potassium 

presented the highest proportion (0.35-0.61%), 

followed by phosphorus (0.22-0.28%) and sodium 

(0.05-0.09%); in agreement with other authors [6, 15, 

20, 23] who concluded that K is the most predominant 

macromineral in pits of different date palm varieties. 

Significant differences (p < 0.001) between varieties 

were observed for all the minerals. Studies reported by 

Trabzuni et al. [23] revealed the occurrence of some 

essential trace elements (Fe, I, Se, Zn) in Saudi Arabian 
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Table 1  Chemical composition (% DM, unless otherwise stated) of date seeds of four Tunisian palm date varieties.  

 Variety 

Mnekher Chekena Gondi Remtha 

Dry matter (% fresh matter) 67.8a ± 0.95 69.2a ± 0.94 73.7a ± 1.05 69.9a ± 0.72 

Ash 1.85a ± 0.098 1.79a ± 0.098 2.16a ± 0.098 1.90a ± 0.092 

Crude protein 5.23b ± 0.167 7.51a ± 0.162 3.95c ± 0.052 7.01a ± 0.398 

Potassium 0.50b ± 0.012 0.58a ± 0.012 0.35c ± 0.006 0.61a ± 0.006 

Phosphorus 0.27a ± 0.0029 0.22c ± 0.0052 0.25b ± 0.0012 0.28a ± 0.0012 

Sodium 0.06c ± 0.002 0.09a ± 0.002 0.05d ± 0.003 0.07b ± 0.002 

Within the same row, values with different letters (a, b, c) are significantly different (p < 0.001). 
 

date pits. Heavy metals (Pb, Cd, Al, Sb) and rare 

metals (Rb, Cs, La, In) can be also detected in date 

pits. The characteristic mineral composition of date 

seeds may be due to the capacity of bioaccumulation 

by the plant, absorbing considerable amounts of 

mineral elements from the soil, which are stored in 

tissues and fruits [24]. 

The crud protein content (CP) in date seeds varied 

widely among the four cultivars (4-7.5%) 

corresponding the lowest value to Goundi seeds and 

the highest to Remtha. Similar results were reported 

earlier by Habib and Ibrahim [18] and Hossain et al. 

[25], although lower CP contents were reported in 

date seeds from Saudi cultivars (1.8-2.6%) by 

Trabzuni et al. [23]. Such variations could be 

attributed to differences in date palm variety, ripening 

stage, agronomical management, soil fertility, climatic 

conditions and other environmental factors. Although, 

regardless of the cultivar, protein content in dates is 

relatively low (< 10%) and probably of limited 

digestibility. Fayadh and Al-Showiman [26] suggested 

that the biological value of this protein could be of 

value to animals considering its composition in 

essential amino acids. Date seeds are rich in 

carbohydrates, exceeding 51% in most date palm 

cultivars [21, 23, 25]. Date seeds can represent a 

source of fiber and carbohydrates in animal feeding, 

with levels of inclusion in ruminant diets of up to 

50-75% [27]. 

3.2 Phenolics and Flavonoids 

Plants secondary metabolites (e.g., polyphenols, 

flavonoids) may have valuable bioactive properties for 

farm animals [28]. Although different standards have 

been used for quantification of phenolics, date seeds 

are consistently characterised by a high content in 

phenolic compounds [17, 19, 20, 29]. Seeds contain 

more phenolics than other date by-products [17]. Our 

results (Table 2) were generally in agreement with 

those recorded for other three date tree varieties 

(Mabseeli, Um-sellah and Shahal) reported by 

Al-Farsi et al. [17], and in line with values determined 

for other date seeds and varieties, collected from 

different countries and under different conditions [1, 

23, 30-32].  

The differences among studies may be related to the 

cultivars, fruit moisture, maturity, environmental 

factors, and to extraction conditions for analytical 

determination [1, 32]. 

Solubility of polyphenols is affected by the type of 

solvents used and its polarity [33], and different types 

of polyphenols present in the date-seeds could exhibit 

different polarities. Aqueous acetone dissolves 

hydrophilic and high molecular weight compounds as 

compared with an only aqueous solvent [34]. Al-Farsi 

et al. [17] confirmed that flavonoids and phenolics 

have similar extraction patterns, lowest with 100% 

acetone and the highest with 50% aqueous acetone. 

Conversely, more phenolics can be extracted from 

blackcurrant leaves and buds using 50% aqueous 

acetone than with methanol, acetate or glycine buffer 

[35]. In our study 80% acetone was used as solvent, 

based on the conclusions drawn by Zhao et al. [36] 

who observed greater phenolic extraction with 80% 
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acetone compared with other solvents (80% ethanol, 

80% methanol or water). Acetone is also classified as 

a low-toxicity solvent, in comparison with methanol 

[37]. The amount of polyphenols extracted from date 

seeds is also increased as extraction temperature is 

increased [19], because temperature augments both 

the solubility of solute and the diffusion coefficient 

[29]. Heating may also weaken the date seed tissue 

matrices and loose some of the bonds of phenols with 

proteins or polysaccharides [38]. In our study, the 

temperature for extraction of phenolic/polyphenol 

compounds was 60 °C. The boiling point of acetone is 

56.2 °C [17], and as acetone is lost by volatilization 

the acetone to water ratio is decreased in the aqueous 

solution, affecting the solvent to solute ratio and 

increasing the oxidation of phenolics. There is also 

some discrepancy in relation to the extraction time. In 

our determinations, extraction was for 10 min, but 

other authors have suggested extending the extraction 

time up to one [17] or even three hours [39] depending 

on the vegetable matrix from which phenolics are to 

be extracted. 

The flavonoid content in date seeds varied 

significantly (p < 0.001) among cultivars, and 

varieties were ranked in the same order to that 

observed with phenolics: Gondi > Remtha > 

Chekena > Mnekher. Al-Farsi and Lee [29] have 

reported similar flavonoid contents in Oman date 

seeds after extraction with pure acetone and using 

catechin as standard. The values were consistently 

increased when a 50% acetone aqueous solution was 

used as the solvent for flavonoid extraction [29]. 

Other authors have reported lower concentrations of 

flavonoids in Iranian dry date fruits [31] or in date 

seeds from three Saudi Arabian cultivars [23]. Again, 

factors such as variety, geographic origin, growing 

conditions, fertilizer, soil type, season, maturity, 

sunlight during ripening or storage conditions could 

explain part of the observed variability among studies. 

As compared with date fruits, seeds usually contain 

more flavoniods [17, 22]. Plant flavonoids have been 

considered functional secondary metabolites with 

possible benefits, such antioxidant and radical 

scavenging activities or protection for some chronic, 

cardiovascular or oncogenic diseases [40]. Based on 

their composition, date seeds have a potential to be 

used to obtain extracts rich in phenolics and 

flavonoids to be used as functional compounds for 

humans and animals. 

3.3 Antioxidant Activity 

Phenolic and flavonoid compounds may have a 

natural antioxidant activity [41, 42]. Different 

techniques have been used to quantify the antioxidant 

capacity of plant products, and the extensively 

recognized DPPH procedure was used in our study. 

Among the four varieties studied, date seeds of Gondi 

had the highest (p < 0.001) antioxidant activity, 

followed by Remtha, Chekena and Mnekher (Table 2). 

The antioxidant activity of these by-products can be 

attributed to the presence of flavonoids, phenolics and 

other antioxidant compounds (ascorbic acid, vitamin E 

and carotenoids) [16]. Al-Farsi et al. [17] and Wu et al. 

[43] measured total antioxidant activity in two date 

varieties using a different method (lipophilic      

and hydrophilic ORACFL) and their values were lower 
 

Table 2  Total phenolic and flavonoid contents and antioxidant activity of date seeds of four Tunisian palm date varieties.  

 Variety 

 Mnekher Chekena Gondi Remtha 
Total phenolics (mg gallic acid equivalents/g dry 
matter) 

19.2c ± 0.68 24.3b ± 0.87 39.4a ± 0.73 36.6a ± 1.89 

Flavonoids (mg quercetin equivalents/g dry matter) 8.8c ± 0.11 10.4b ± 0.13 16.3a ± 0.06 16.3a ± 0.12 
Antioxidant activity (µmol Trolox equivalent 
antioxidant capacity/g dry matter) 

681d ± 25.4 829c ± 21.9 1807a ± 36.0 1147b ± 54.0 

Within the same row, values with different letters (a, b, c) are significantly different (p < 0.05). 
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than those observed in our study. The method used 

herein (DPPH) is highly sensitive to active ingredients 

present in low concentrations and can handle a large 

number of samples in a very short time. This 

procedure is commonly followed when measuring free 

radical scavenging activity of different plant extracts 

[44]. As there is no standard method for antioxidant 

analysis, such differences among studies are expected. 

It is suggested to use two or more assays to measure 

antioxidant properties in heterogeneous samples. 

Other factors such as date varieties and concentration 

of phenolic compounds, could be responsible for these 

differences. Mansouri et al. [30] confirmed that DPPH 

radical scavenging activity of date fruit was highly 

correlated with the phenolics content. Antioxidant 

activity in dates and pits would be greater than in 

other fleshy fruits such as figs, prunes or raisins [17, 

43]. Thus, the high antioxidant activity of date seeds 

could support their use as natural antioxidants with 

medicinal nutraceutical or pharmaceutical purposes 

[29].  

4. Conclusions 

The results of the present study may highlight the 

potential importance of date seeds as a good source of 

minerals, total phenolics and flavonoids that could 

potentially be considered as an inexpensive source of 

natural antioxidants. Given their low protein content 

(< 10%), date seeds can be used as an alternative 

substitution feed only in harsh conditions with scarcity 

of more conventional feeds. However, their contents 

in secondary compounds with biological activity open 

the question on whether they can have a promising 

potential as functional feedstuffs. There are significant 

differences among date palm tree varieties in the 

composition, concentration of secondary compounds 

and antioxidant acitivy of date pits. Based on the 

concentrations in phenolic and flavonoid componds 

and antioxidant activity in date seeds, varieties are 

ranked in the order: Gondi > Remtha > Chekena > 

Mnekher. Further research is warranted to identify and 

quantify the chemical components and fractions, and 

secondary metabolites in date seeds, and to explore 

other properties of these date by-products that could 

be of relevance for animal nutrition. 
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