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Abstract
This review highlights the potential of generating value-added products rich in phenolic compounds from date fruit
(Phoenix dactylifera L.) and its processing by-products. The review presents the phenolic contents in date fruits and
seeds and their potential applications as feedstocks in food, pharmaceutical, and cosmetic industries. It discusses
the extraction and characterization protocols for phenolic compounds and the research that is needed to fill the gaps in
knowledge and standardization methods. The safety and suitability of date seeds as a functional food ingredient were
discussed. The review aimed to serve as a guide towards innovative, scalable, and sustainable strategies for maximizing
the environmental and economic benefits of date fruits.
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1 Introduction

Date palm (Phoenix dactylifera L.) is a dioecious tree belonging to the Arecaceae (syn. Palmae) family [36]. Date palms
can adapt to a variety of climate conditions, and are common trees in the Middle East and North Africa, where the warm
and dry climate conditions suit cultivation of the trees. The global date fruit production reached approximately 9.75
million tonnes in 2022 [56]. Middle Eastern and North African countries cultivate nearly 85 million trees representing
about ~70% of the world’s date palm trees [108], contributing significantly to the economy, food security, cultural herit-
age, and environmental sustainability.

The date palm is highly appreciated for its edible sweet fruit, which is mostly consumed at the mature stage or fresh
at different ripening stages for some varieties. Table 1 presents the proximate composition, dietary fiber, and minerals
of date fruits, pomace, and seeds [95]. The soluble sugars in the pomace mainly include fructose and glucose in the soft
cultivars and sucrose in the dry and semi-dry cultivars [16]. Date fruit pomace is also rich in dietary fiber and mineral
content and is a good source of phenolic antioxidants [7, 51, 95].

2 Date fruit processing by-products

Over two million tons of date fruits are lost annually due to preharvest loss and improper postharvest handling and
processing [72]. Date fruit syrup processing yields 52-64% syrup, 17-24% date fruit pomace, and 8-15% date palm
seeds on dry fruit basis [18]. Date palm seeds constitute 10-15% of the fruit’s fresh weight and can easily be removed
as a single seed [61]. The date industry generates around one million tons of seeds annually as a by-product [43]. Date
seeds contain 4-13% oil, and approximately 127,000 metric tons of date seed oil is produced annually worldwide [76].

3 Valorization of date processing by-products

The escalating quantities of unutilized date processing by-products are considered serious economic and environ-
mental challenges facing the countries with high palm date production. The traditional methods of waste elimina-
tion, including landfill, burning, and land dispersal, may cause adverse environmental effects such as the production
of greenhouse gases, unpleasant odors, pollution of underground water, and proliferation of harmful insects and
microbes. Zero-waste and circular economy concepts are currently targeted to provide environmental mitigation

Table 1 Proximate

. . Parameters Fruit Pomace Seed

composition (%), dietary fiber

(%), and mineral content Proximate composition (%)

(mg/100 g) of date fruit, Moisture 94-215 6-13 8.6-12.3

pomace and seed
Protein 1.2-33 4-10 4.8-5.8
Fat 0.1-7.3 5-5.1 5.7-8.8
Total carbohydrates 66-88 66— 79 2-5
Total dietary fiber 2-17 11.7-12 68-74
Ash 1.4-6.2 2.8 0.8-1.1

Minerals (mg/100 g)
Mg 56-150 82.6-109.3 52-59
Ca 123-187 42-50 29-39
P 12-27 54-116 84-69
290-512 54-116 229-293

Fe 0.3-2.2 7.1-9.0 2.3-2.2

References: [18, 66, 95]

@ Discover



Discover Food (2025) 5:198 | https://doi.org/10.1007/544187-025-00496-2
Review

and economically profitable strategies [94]. Thus, the transformation of industrial date fruit by-products and waste
as additional revenue streams contributes to the adoption of these concepts and the valorization of date processing
industry [92, 94, 95, 106]. On the commercial scale, the large abundance and the good nutritional properties of low-
grade date fruits, pomace, and seeds make these residues of high potential to be valorized via several food, pharma-
ceutical and nutraceutical, cosmetics and personal care, agricultural and animal feed, and biofuels and biopolymers
industrial products. The low-grade date fruits and pomace can be used in several applications [90, 94], e.g.

e as functional food ingredients and nutritional-enhancing agents in bakery, meat, and snacks products due to
their high dietary fiber contents and antioxidant activity,

e as bioactive compounds in pharmaceutical and nutraceutical products due to their health-promoting and anti-
aging effects,

e as cosmetic and personal care products that rely on the anti-aging, moisturizing, and healing properties of the
phenolic compounds in date fruits and pomace,

e as additives in animal feed, e.g. cattle and poultry, to improve their nutritional value and stability,

e in the utilization of the lignin and associated polysaccharides in biomedical and other biological applications
such as tissue engineering and structuring, and

e the use of the low-value processing by-products in agricultural applications such as soil enhancement and anti-
microbial and insecticidal applications.

4 Prospective applications based on the bioactivities of date’s phenolic compounds
4.1 Low-grade date fruits and pomace

Low-grade date fruits refer to the small and not-properly grown fruits and pomace is the fibrous by-product of the
industrial extraction of date syrup. The presence of high concentrations of phenolic compounds in date fruits enriches
them with antioxidants that protect against numerous diseases (Table 2). The polyphenols in date fruit contribute
positively to human health through its diverse biological activities which include antimicrobial, antioxidant, anti-
inflammatory, and anti-carcinogenic [29-31, 55, 70, 71, 116]. The antioxidant properties of date fruits help neutralize
harmful free radicals in the body, reduce oxidative stress, and protect cells from damage [30]. These activities may
contribute to the inhibition of a variety of chronic diseases, including cardiovascular disease, diabetes, and several
cancer types [20, 29, 78, 100]. High levels of phenolic and flavonoid content in the extracts from four Saudi varieties of
date palm fruits were associated with strong antioxidant activities and a significant protective effect against induced
in vivo myocardial infarction [20]. The phenolic compounds in dates may also act as prebiotics, promoting the growth
of beneficial gut bacteria and supporting a healthy gut microbiome [7]. Antihyperlipidemic and hepatoprotective
properties [4] of the antioxidants suggest date fruits as a potent ingredient in functional foods.

Consumption of 60 g of date fruits did not increase postprandial glucose levels and was safe for individuals with type-2
diabetes [46]. A systematic literature review found that consumption of date fruits have lowered plasma glucose levels
despite their high sugar content [85]. Another systematic review of 26 randomized and non-randomized clinical trials
was not able to detect an impact of consumption of date fruit on clinical outputs due to risk of bias [32]. Thus, extensive
long-term clinical trials are recommended to understand the impact of dates on blood sugar and insulin levels in patients
with type 2 diabetes mellitus.

Knowledge regarding the characteristics of date fruit pomace and its potential for conversion to valuable products is
limited and information on products with direct relevance to the phenolic content of date pomace is scarce [95]. Date
fruit pomace can be used as a low-cost value-added material in the food industry due to its high levels of sugars, miner-
als, dietary fiber, pectin, phenolic compounds, and antioxidants [95]. Mufioz-Tebar et al. [92] reviewed the incorpora-
tion of date fruit and by-products in several food products. Desugared date fruit pomace has been added to bread [28]
and meat analogues [99] to increase their fiber and antioxidant contents. Al-Hamdani [21] reported that pomace fiber
increased blood hemoglobin and decreased blood glucose serum and urine levels in women, highlighting the beneficial
effects of pomace fiber. Natural constituents are increasingly used in cosmetics, paving the way for introducing new
phytoconstituents to the beauty market. The significant levels of synthesized chemical substances in cosmetics can
be replaced with natural substances. Phenolic compounds are used in the cosmetic industry as skin peels, sunscreens,
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skin-lightening creams, and hair care products. The addition of date fruit syrup waste in soap confers beneficial anti-
bactericidal and antioxidant activities [98].

4.2 Date seeds

Date seeds have abundant phenolic compounds that are useful for multiple therapeutic applications including nutraceu-
ticals, pharmaceuticals and cosmetics formulations [27]. The phenolic compounds in date seeds were reported beneficial
to human and recognized with significant potentials for numerous utilizations in nutraceuticals and pharmaceuticals [25,
27,44], folk medicine [41], and cosmetics formulations [22]. Recent studies have emphasized the use of date seed powder
in food products to boost their antioxidant and dietary fiber content. For example, several studies described the addition
of date seed powder to bread items [17] and cookies [87]. Date seeds contain edible oil rich in phenolic compounds that
are useful food components such as in mayonnaise [89]. The principal phenolic acids in date seeds that may function
as pharmacological agents include gallic acid, syringic acid, and caffeic acid [5]. The phenolic components in date seed
oils exhibit antimutagenic, anticarcinogenic, and anti-inflammatory properties [27]. Date seed oil has a slower oxidation
rate than vegetable oils and can be preserved longer,thus, date seed oil can be used as a preservative in cosmetics [49].
In addition, date seed oil is used in various cosmetic and beauty products [22].

5 Phenolic compounds in date by-processing products
5.1 Phenolic compounds in date fruit and pomace

Soluble, hydrolyzable, and insoluble phenolic compounds are found in date fruits [10]. The soluble phenolic compounds
can be directly extracted with aqueous organic solvents, and the hydrolyzable phenolic compounds can be extracted
using organic solvents after alkaline hydrolysis to break the ester bonds. The soluble and hydrolyzable phenolic com-
pounds include phenolic aglycones and glycosylated derivatives. The insoluble phenolic compounds include oligomeric
and polymeric forms of condensed tannins, melanin, and lignin.

The phytochemical constituents of date fruits and pomace include phenolic compounds such as phenolic acids,
flavonoids, proanthocyanidin aglycones, and their derivatives. Table 3 summarises studies identifying and quantifying
phenolic compounds in date fruits. Benzoic acid, p-hydroxybenzoic acid, protocatechuic acid, vanillic acid, gallic acid,
cinnamic acids (including o-coumaric acid, p-coumaric acid, caffeic acid, and ferulic acid, and syringic acid, sinapic acid,
5-o-caffeoyl shikimic acid), were identified in date varieties (Fard, Khasab, and Khalas) [19]., were also detected in these
dates. Soluble and hydrolyzable phenolic compounds were identified and quantified in 18 date Emirati fruit cultivars by
Alam et al. [10]; at concentrations of 27.5-54.0, and 24-78.5 mg/100 g fresh weight, respectively. Gallic acid and ferulic
acid were predominant in both the soluble and hydrolyzable fractions; quercetin and taxifolin were predominant in the
soluble fraction, and caffeic acid and chlorogenic acid were abundant in the hydrolyzable fraction. Analysis of Amari and
Hallawi date varieties at the Tamr stage revealed ferulic acid as the predominant phenolic component in both cultivars;
the Amari variety also contains caffeic acid derivatives and the most abundant phenolic acid in Hallawi is salicylic acid [42].

Phenolic compounds from date fruits contain flavonoids [74]. Flavonoids are a diverse group of polyphenolic com-
pounds widely distributed in fruits and vegetables. The flavonoid glycoside and procyanidin compositions of Deglet-
Noor date fruit, harvested at the Khalal stage, were examined using liquid chromatography-electrospray ionization/
tandem mass spectrometry [69],13 flavonoid glycosides of apigenin, luteolin, and quercetin, consisting of 19 isomeric
forms, and flavonoid sulfates were identified. Singh et al. [110] investigated the total flavonoid content in three major
date varieties (Fardh, Khasab, and Khalas) in Oman at two ripening stages (Rutab and Tamr). Hamad et al. [63] identified
apigenin, luteolin, quercetin, isoquercetrin, and rutin in 11 distinct Saudi date fruit varieties. Amari and Hallawi date
fruits contain kaempferol, a natural flavonol, and its derivatives. In addition, Amari contains five flavonols, and Hallawi
contains one major flavonol [42].

The sensory and chemical properties of date fruits undergo various changes during the ripening stages [8]. Phenolic
compounds determine sensory properties, such as the color, flavor, bitterness, and astringency of foods [102]. Date
browning is associated with enzymatic and nonenzymatic metabolic activities during fruit development and storage
[13]. Polyphenol oxidase and peroxidase enzymes are involved in postharvest browning in dates; these enzymes catalyze
the ortho-hydroxylation of monophenol to diphenol and the oxidation of diphenol to quinones. Quinones polymerize
into melanin and form brown pigments [13]. Condensed tannins (catechin monomers, proanthocyanidin oligomers, and
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polymers) are present at the mature stage of the Deglet-Noor cultivar; the degree of proanthocyanidin polymerization
ranges from 7 to 33 [69]. High oligomerization levels are associated with lower astringency; tetramic and lower proan-
thocyanidin oligomers are associated with more bitterness [82]. Anthocyanin levels were compared in fresh versus dried
date fruits by Al-Farsi et al. [19], anthocyanin was found only in fresh dates. The different anthocyanin levels between
fresh and dried fruit may be due to the destruction of anthocyanins in response to sunlight exposure.

5.1.1 Lignin and melanin

Date fruit pomace contains insoluble phenolic compounds, including lignin and melanin, which contribute to the antioxi-
dant activity of date fruits. Lignin is a high molecular weight phenolic polymer that is considered as a part of the insoluble
dietary fiber. Lignin exists in several forms in date fruits especially in the sclereid (or stone) sclerenchyma cells under the
fruit skin as well as in the xylem vessels (Fig. 1). The later forms are phytoliths of different shapes, i.e. spheroidal or echinate
phytoliths and spiral or tracheary phytoliths that are supported by silica co-deposition [59]. Lignin, which is the main
determinant of the total dietary fiber in date fruits [58], contributes hardness to the fruits and pomace and increases the
recalcitrance nature of the biomass [75]. Thus, understanding the contribution of lignin to the nutritional and industrial
value of date fruits and pomace and developing methods and strategies to utilize date fruits and by-products having
low and high lignin contents merits more detailed future studies.

Melanin is another type of phenolic polymers that exist at high levels in date fruits, ca 1-5% [11, 12]. This type of allo-
melanin was found to be concentrated in the tanniferous cells between the inner and outer mesocarp tissues of date
fruit. Like other melanin, the date fruit melanin is insoluble in water and most organic solvents but is soluble in high
concentrations of sodium hydroxide or sodium carbonate (pH 12) and dimethyl sulfoxide. The solubilization of melanin
by sodium hydroxide is attributed to its conversion to anionic forms while its solubilization by dimethyl sulfoxide (DMSO)
explained this solvent acts as a hydrogen bond acceptor that breaks the hydrogen bonds within the melanin polymer. The
color of melanin from different date cultivars was light to dark brown and it is characterized by a featureless broadband
UV spectrum due to m-m* transitions with significant Mie and Rayleigh scattering [11, 12]. Date fruit lignin has strong
radical-scavenging and antioxidant properties [11]. Using high-performance size-exclusion chromatography and nuclear
magnetic resonance spectroscopy, Alam et al. [11] demonstrated that date fruit melanin is composed by the primarily
of (—)-epicatechin oligomers. It is formed by the polymerization of proanthocyanidins during fruit ripening. Further
exploration into the building blocks of melanin oligomers and the extraction and characterization of melanin and lignin
from date pomace and seed may open up a new area of research, leading to the development of value-added products.

5.2 Phenolic compounds in date seeds

During harvesting and industrial processing of date palms, a significant amount of waste consisting of discarded seeds
and date pomace is produced. Simple phenolic compounds such as phenolic acids, polyphenols such as flavonoids,
and high-molecular-weight compact polymers have been identified in dates seeds [34]. Date seeds contain hydroxy-
lated benzoic acid derivatives such as protocatechuic acid, p-hydroxybenzoic acid, and vanillic acid, and cinnamic acid
derivatives such as caffeic acid, coumaric acid, and ferulic acid. In addition, flavonoids such as quercetin-3-O-glucoside,
catechin and procyanidin [79]. Table 4 summarizes studies showing very large variations in the quantification of phenolic
compounds in date seeds and powders. This can be attributed to the differences in efficiency of the extraction methods.

5.3 Extraction and characterization of phenolic compounds from date fruit waste

Extracting phenolic compounds from fruit waste is essential for their utilization in various industrial products, including
food, pharmaceuticals, and cosmetics. The extraction of phenolic compounds is affected by several factors such as the
sample preparation methods, and the extraction parameters, such as solvent type, time and temperature, agitation,
material particle size, and solvent-to-solid ratio [14, 47, 65, 80, 97]. Among the common extraction techniques is the
solvent extraction method which involve the use of aqueous mixtures of organic solvents, such as methanol, ethanol,
and acetone, to extract soluble phenolic compounds [3, 19, 77, 93]. The solvent extraction is a simple, cost-effective,
and widely used technique for phenolic compound extraction [96]. However, it may lead to the extraction of unwanted
compounds and may require additional purification process. Other methods for the extraction of soluble phenolic
compounds from fruit waste include ultrasound-assisted extraction, microwave-assisted extraction, supercritical fluid
extraction, and pressurized liquid extraction [60, 96, 105]. These methods offer faster extraction times, higher extraction
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Fig. 1 Different forms of existence of lignin in date fruit tissues including spiral forms in combination with silica (Source: [59])

yields, and reduced solvent consumption [105]. Elsayed et al. [54] emphasizes the need for eco-friendly extraction meth-
ods, such as bioreactors and enzyme-assisted extraction, to reduce the ecological impact of fruit waste management.
Overall, the choice of extraction technique depends on factors such as the targeted phenolic compounds, the scale of
extraction, and the desired efficiency.

Phenolic compounds in fruit wastes are not generally analyzed by high performance liquid chromatography but rather
using total antioxidant activity methods (Tables 5 and 6). These assays are not always correlated and may detect different
types of antioxidant activities. For instance, the DPPH assay measures radical scavenging ability, while the FRAP assay
assesses reducing power. Also, the lack of standardization in terms of assay conditions (e.g., pH, temperature, reaction
time) can explain the variability in findings across different studies. In the lack of standardization, it is rather uneasy to
draw a comprehensive conclusion about the antioxidant capacity. The limitations of the antioxidant assays also include
the lack of methodological equivalency that allows conversion of one assay value to another [9, 81]. The absence of a
single in vitro‘antioxidant activity’ assay that can reflect the total antioxidant capacity is considered a crucial limitation fac-
tor [62]. Allaith [26] reported inconsistency in total phenolic content within the same cultivar and between 243 cultivars
of date fruits from 18 countries. In a detailed review, high inconsistency regarding the used analytical methods, citation
references for procedures, measurement units, extraction solvents, and data presentation methods, were reported for
date fruits total antioxidant assays [1]. Thus, the industrial utilization of dates phenolic extracts requires standardization
of the extraction and determination methods.

6 Safety concerns about date seed utilization in food products

Current research is promoting the inclusion of date seed powder in a number of food products in order to enhance their
quality and some functionalities [24]. Due to their very high phenolic antioxidant contents, date seeds possess anti-
inflammatory and oxidative stress modulating activities [86]. Date seed powders or their extracts have been used for the
supplementation of several food products including bakery, dairy, beverages, meat, desserts, and condiments to promote
their dietary fiber and antioxidant contents [24]. Since date seeds were not consumed as a common commodity in the
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human diet, the seeds and their extracts may fall under the classification of novel foods. Novel foods, i.e. whole foods,
food ingredients, and food products derived from non-commonly consumed foods should be subject to through toxico-
logical investigations before they can be allowed for human consumption [113]. According to EU regulation 2015/2283,
approval of novel foods requires inter alias complete chemical characterization, metabolic studies, history of use, dietary
exposure, and nutritional, toxicological, and allergy considerations [52]. The FDA (USA) evaluate food additive in terms
of GRAS (generally recognized as safe) status, which in principle require the same type of information demanded by the
European Food Safety Authority (EFSA).

Date seeds were reported to have hormonal effects in animals, raising concerns about their use in food products,
especially bakery products. In mature male rats, sperm counts, spermatogenesis, testosterone, follicle-stimulating hor-
mone, and luteinizing hormone increased in response to seed consumption [23]. Ingestion of date seeds increased
uterine weights and date seed extracts induced uterine contractions, indicating estrogenic activity [53]. Estrogen-like
compounds in date seeds [67] may be responsible for the lower estradiol levels in female rats after ingesting date seeds
[15]. Date seeds elicited negative feedback effects on endogenous gonadotropin-induced secretion of estradiol and
pituitary secretion of follicle-stimulating and luteinizing hormones in women [103]. Shehzad et al. [104] reviewed the
literature and concluded that date seeds have positive effects on male and female fertility.

Zakeri et al. [117] reported the first case of portal vein thrombosis and other complications after long-term oral
consumption of date seed powder. Support for the adverse side effects of date seeds is insufficient, and further human
studies are required. Due to the limited food applications and lack of safety studies, date seeds should be regarded as
novel ingredients with possible endocrine-disrupting effects, and their use in food products should require adequate
toxicological studies. Thus, there is a need to investigate whether the consumption of date sees as a food ingredient will
cause any negative health effects [111]. When the endocrine activity is associated with negative effects on health, the
activity is recognized as endocrine disrupting and the safety of the food or the chemical within is questioned. Extracts
of date seeds require testing of any negative interference, including binding to the hormonal receptors and/or to the
hormone transport proteins in the body [111, 115].

7 Conclusion

As the demand and supply of date fruits expands, innovative products generated from the huge accumulation of date
wastes, which can cause serious air, water, and soil pollution, should be developed. This dilemma can be resolved by
adding value to the date fruit processing industry through the adoption of good harvest and postharvest techniques,
efficient utilization of bioactive constituents, and their incorporation in safe products with environmental and economic
feasibility. The phenolic compounds in the date fruit processing waste offers several add-value possibilities especially
in food and nutraceutical products. Insufficient research on phenolic compound extraction and analytical methods
highlights the need for in-depth investigations to detect phenolic compounds in date fruits and wastes and standardize
their extraction methods. Applications of other agro-industrial wastes may be applied to the date industry to expand
the range of applications. Valorization of date by-products would contribute to global sustainable development goals,
especially those focus on responsible production, economic growth and climate actions.
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