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The date seed is an important by-product for date fruit manufacturers. Its use as source of different added-value

compounds could be of great interest. Oil accounts for around 5-13% of the seed weight and its composition in

phytochemicals makes it valuable for the food, cosmetic, pharmaceutical, and chemical industries.
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1. Introduction 

The date palm has long been one of the most important fruit crops for southern Mediterranean countries, where dates are

the main income source and staple food for some local populations. In addition, this crop is not only a source of income

from an economic point of view, but also a key for fixing populations and creating or maintaining centers of life. The

cultivation of date fruit has been increasing in recent decades, from 1.05 million hectares of cultivated area and 6.44

million tons of production in 2000 to 1.09 Mha and 8.53 MT in 2018 . These data also suggest an important increase in

the crop yield since with a similar cultivated area, production has been raised by 25%. Egypt, Saudi Arabia, and Iran were

the top three producers in 2018, with nearly half the global production. However, Tunisia is the biggest exporter, and is

responsible for 17.6% of the worldwide trade (more than $300 million in 2018).

Date fruit production is not only devoted to its consumption as dried fruit (plain, pitted, or stuffed), but also to an increasing

manufacturing industrial sector (puddings, bread, jellies, jams, syrups, etc.). Co-products from the date fruit industry (date

flesh and seeds) have become an environmental problem for the growing and processing areas. In fact, tons of date

seeds (around 10–15% of date fruit fresh weight) are daily discarded  as unwanted material or used mainly as animal

feed for cattle, sheep, and camels . The literature has reported several works devoted to searching for solutions to this

problem.

The date seed is mainly composed of dietary fiber, protein, carbohydrates, phenols , and minerals (potassium,

magnesium, calcium, phosphorus, sodium, and iron). Such substances perform several functions from a biological point of

view, such as antioxidant, antibacterial, and antiviral activities .

Date seeds are also a good source of oil (5 to 13%), which is rich in phenolic compounds, tocopherols, and phytosterols

. Date seed oil has been studied by other authors, and its composition in vitamins, minerals, and fatty acids

makes it valuable for food formulations . The literature data confirm that date seed oil is an interesting source of

important nutrients that have a very positive effect on human health.

2. Chemical Composition of Date Seed Oil

2.1. Fatty Acid Composition

As shown in Table 1, the fatty acid profiles of several date seed oils are characterized by the presence of five major fatty

acids, but in different amounts (oleic acid (C18:1), linoleic acid (C18:2), palmitic acid (C16:0), myristic acid (C14:0), and

lauric acid (C12:0)),which together compose more than 90% of the total fatty acid contents . Generally, oils with

high oleic acid contents are of great interest due to their high stability and their nutritional importance. Oleic acid is

recognized as one of the most important unsaturated fatty acids in human food because of its preventive effects on

distinct heart vascular diseases, its low saturation level, and its potential for reducing cholesterol in the blood, as well as

its high oxidative stability . It is widely accepted that dietary oil which is rich in unsaturated fatty acids prevents

cardiovascular and inflammatory diseases . Moreover, various studies point out the preventive effect of lauric acid on

prostatic hyperplasia development , its healthier characteristics compared to trans-fatty acids , and its antimicrobial

properties, which inhibit the growth of microbes and their production of toxins .

Table 1. Fatty acid profiles of date seed oil expressed as percentage of total fatty acid quantified.
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Saturated  

Capric acid

(10:0)
0.80 0.25 0.2–0.5 0.71 0.48–0.55 nd 0.47–0.50 nd

Lauric acid

(12:0)
17.8 35.31 14–15.8 10.36 25.7–30.8 6.6–25.4 25.6–30.8 16.7–20.3

Myristic acid

(14:0)
9.84 0.04 10.6–10.9 10.44 6.9–16.7 9.3–19.3 13.3–16.9 10.2–12.3

Palmitic acid

(16:0)
10.9 12.58 10.8–11.8 12.83 11.9–13.1 9.6–17.6 11.9–13.1 9.8–10–9

Stearic acid

(18:0)
5.67 3.3 3–3.4 5.56 1.8–2.3 0.8–3.4 1.8–2.3 2.9–3.7

Monounsaturated  

Palmitoleic

acid (16:1)
0.11 nd 0.2–0.4 nd nd 0.09–1.66 nd 0.05–0.09

Oleic acid

(18:1)
41.3 39.5 48.1–50.5 51.45 31.5–37.6 37.8–52.5 31.5–37.6 44.9–48.4

Gadoleic acid

(20:1)
nd nd 0.2–0.4 0.37–0.52 nd 0.16–0.65 nd 0.26–0.40

Polyunsaturated  

Linoleic acid

(18.2)
12.2 8.2 7.7–8.2 7.2 4.4–6.9 5.7–10.4 4.4–7.0 8.30–9.02

Linolenic acid

(18:3)
1.68 0.81 0.4–0.7 nd nd 0.10–0.59 nd 0.09–0.21

nd   not detected

2.2. Tocopherol and Tocotrienol Compositions

Tocols (tocopherols and tocotrienols) (Table 2) are present in the unsaponifiable fraction of vegetable oils . Tocopherols

and tocotrienols (commonly known as vitamin E) are important for human health due to their lipoperoxyl radical

scavenging activities . They are known to be very efficient natural antioxidants, which protect biological membrane

components. Watson and Preedy  showed that the benefits of tocotrienols are significantly greater than α-tocopherol. In

addition, tocols also protect oil from free radical damage, thus contributing to their stability. They are more effective than

the synthetic antioxidant butylated hydroxytoluene (BHT) . Tocopherols exhibit biological functions such as neuro-

protective, anticancer, anti-inflammatory, cardioprotective, immunostimulatory, antidiabetic, hepatoprotective, and

nephroprotective activities .
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Table 2. Unsaponifiable components of date seed oil.

  Content Composition References

Tocols

(mg/100g)

32–74
α-tocopherol (74%), (β+γ)-tocopherol (40.56%), δ-tocopherol

(28.41%)

Laghouiter et

al. (2018)

54.65

α-tocotrienol (63.28%), γ-tocopherol (17.72%), γ-tocotrienol

(11.84%), δ-tocotrienol (3.60%), α-tocopherol (1.85%), β-

tocopherol (1.7%)

Al-Juhaimi et

al. (2017)

0.053–

0.143

α-tocopherol (51.02%), (β+γ)-tocopherol (30.61%), δ-tocopherol

(12.24%)

Boukouada

et al. (2014)

1.01–1.86
α-tocopherol (52.54%), α-tocopheryl acetate (27.68%), γ-

tocopherol (19.76%)

Habib et al.

(2013)

24.97–

42.08
α-tocopherol (38.8%), γ-tocopherol (5.4%), δ-tocopherol (2.4%)

Besbes et al.

(2004)

51.54
α-tocotrienol (66%), γ-tocopherol (10.3%), γ-tocotrienol (4.6%), δ-

tocopherol (1%), β-tocopherol (0.9%), α-tocopherol (0.6%)

Nehdi et al.

(2010)

70.75

α-tocotrienol (30.19%), γ-tocopherol (23.61%), γ-tocotrienol

(19.07%), α-tocopherol (17.52%), δ-tocotrienol (5.89%), β-

tocopherol (2.42%), δ-tocopherol (0.9%)

Nehdi et al.

(2018)

Sterols

(mg/100g)

300–350

β-sitosterol (80%), campesterol (10%), Δ5-avenasterol (4.5%),

stigmasterol (2.42%), cholesterol (0.96%), Δ5,24-stigmastadienol

(0.41%)

Besbes et al.

(2004)

470–845 ND 
Laghouiter et

al. (2018)

336

β-sitosterol (76%), campesterol (8.89%), Δ5-avenesterol (8.79%),

Δ5,24-stigmastadienol (2.73%), Δ7-avenasterol (1.18%),

stigmasterol (1.09%), Δ7-stigmastenol (0.79%), cholesterol

(0.42%)

Nehdi et al.

(2010)

Phenols

(mg/kg)

220.3–

520.8

Hydroxytyrosol (10.21%), protocatechuic acid (9.62%), tyrosol

(8.10%), caffeic acid (4.95%), gallic acid (4.11%), p-coumaric acid

(0.26%), oleuropein (0.18%)

Besbes et al.

(2004)

640–1270 ND
Boukouada

et al. (2014)

ND  not determined
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2.3. Sterol Composition

The level of phytosterols in vegetable oils is used for the determination of the oil quality and for detecting alterations 

. In general, phytosterols are present in oils in their esterified forms. Sterols, along with tocols, have been shown to be

major components of the unsaponifiable fraction. The literature reported that the major components of date seed oil

sterols were β-sitosterol, campesterol, and Δ5-avenasterol . Other minor sterols were cholesterol, stigmasterol, Δ5,24-

stigmastadienol, Δ7-avenasterol, and Δ7-stigmastenol  (Table 2).

2.4. Phenolic Compounds

The antioxidant activity may be partly due to some compounds other than tocopherols and sterols, e.g., phenolics .

Phenolic compounds are also present in the unsaponifiable matter, or "minor constituents" of oils (Table 2). On average,

the total phenolic content of date seed oil ranged from 0.64 to 1.27 mg/g. However, the phenolic content and antioxidant

activity differed according to the cultivar . A study was conducted by Besbes et al.  regarding the phenolic

compounds present in Tunisian date seed oil (Deglet Nour and Allig varieties). These results showed that the oils

extracted from the seeds of Deglet Nour and Allig contained eight phenolic compounds in different amounts

(hydroxytyrosol, protocatechuic acid, tyrosol, gallic acid, caffeic acid, p-coumaric, oleuropein, and 3,4-

dihyroxyphenylacetic acid). They also concluded that the higher stability of Deglet Nour oil was related to the high amount

of phenolics present in Deglet Nour oil . Date seed oil showed a significantly higher concentration of phenolic

compounds than olive oil and can be a good source of natural phenolic compounds . Phenolic compounds play an

important role in seed oils regarding flavor, shelf-life, and resistance to oxidation. Reduced oil stability could be caused by

a higher peroxide content following the extended duration and temperature of extraction, but better oxidative stability

could be related to an increase in phenolic compounds.

3. Potential Applications of Date Seed Oil

3.1. Culinary Uses

Date seed oil presents a valuable chemical composition and physicochemical characteristics for its use as edible oil. It is

rich in oleic acid, which confers nutritional importance. Its content of saturated fatty acids and the presence of many other

antioxidants (phenolic compounds, tocols, carotenoids, etc.) make it highly stable against oxidative rancidity  and

thermal treatments , making date seed oil suitable as a cooking, frying, or seasoning oil, or even as an alternative to

palm olein . Its content of carotenoids is adequate for margarine production since they provide a natural yellowish

butter-like color without the addition of synthetic colorants . Basuny et al.  replaced conventional corn oil with date

seed oil for producing mayonnaise, which had higher sensory characteristics than the control. However, any applications

for human consumption must be investigated for their complete safety.

3.2. Health Beneficial Effects

Date seed oil has the potential to be used in cosmetic and pharmaceutical practices as well. Date seed oil can protect

against UV-B and UV-A radiation due to its absorbance spectrum of UV radiation, which is responsible for most cellular

damage to skin , so date seed oil may be used in the formulation of UV protectors . Ines et al.  studied it as a

chemopreventive agent using a normal human epidermal keratinocyte model, concluding that this oil was able to prevent

oxidative damage caused by H O  exposure. Besides, it did not show any toxic effect on cells at a dose as high as 30

μg/mL. These same authors  irradiated human skin samples with UV-B and observed that skin cultures with date seed

oil had four times lower DNA damage than those without it for the same irradiation level. The authors related these effects

to the content of phenolics and tocols present in this photoprotective oil. In fact, Lecheb and Benamara  formulated a

cosmetic cream containing date seed oil and an aqueous seed extract. The optimized cream had similar spreadability,

viscosity, and rheological behavior to other commercial creams, with the advantage of the substitution of synthetic

components with natural ones. These bio-creams could have a great acceptance by consumers, who are more and more

concerned about the use of chemicals in cosmetics .

3.3. Feedstock for Industrial Processes

Date seed oil shows outstanding promise, not only in the production of some functional food products and

pharmaceuticals, but also as a renewable resource. Azeem et al.  concluded that this oil is also adequate for the

production of biodiesel because of its low content of free fatty acids. A study conducted by Al-Zuhair et al.  using

different catalysts (NaOH and Novozym®435), concluded that the yields were similar for both catalysts. However, the

selectivity of NaOH was high toward transesterifying trans-9-elaidic acids compared to other acids, whereas
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Novozym®435 equally transesterified most acids present in the oil sample. Another industrial application that has been

explored is as feedstock for the synthesis of poly(3-hydroxybutyrate) (PHB), a biodegradable polyester that could replace

contaminating plastics . The microorganism Cupriavidus necator can use date seed oil instead of edible vegetable oils

as a sole carbon source and produce PHB at a reasonably good concentration and accumulation. The PHB obtained from

date seed oil demonstrated physicochemical characteristics similar to standard PHB. The use of oils which are not

expensive and do not compete with food as feedstock for the production of biodiesel and other chemicals is highly

recommended. This is the case of the date pit, an abundant agro-food waste product with the appropriate chemical

composition for these purposes.

4. Conclusions

Date seed oil is remarkable for its content of monounsaturated fatty acids, especially oleic acid. It is an excellent source of

important lipid-soluble antioxidant compounds, such as phenols, tocopherols, and phytosterols, which play an important

role in reducing the risk of many diseases. With the increasing availability of date seeds, which constitutes a troublesome

waste product, their oil extraction may be economically beneficial and should be considered an opportunity for future

venture.  Based on its chemical and functional composition, date seed oil can be presented as a novel oil with interesting

and varied applications, from human food (cooking, frying, seasoning, or shortening oil) to pharmaceutical and cosmetic

applications, and even biodiesel or bio-plastic production. Date seeds would evolve from waste to feedstock for several

industrial activities, which would support the economic and social development of date fruit producing and manufacturing

areas.
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