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ABSTRACT

Nanotechnology is widely used in various sectors, and the increased interest in using nanoparticles in food technology is very
clear. In this article, the history of dates and date production in Egypt was described. The anatomy of date fruit, classification
of dates according to the moisture content, maturity stages, quality indices, and chemical composition, bioactive components
and nutrients of dates, and the glycemic index and glycemic load of different varieties of dates worldwide were reviewed. The
most recent date fruit nanoparticles (DFNPs) products and their applications for human health, such as anticancer, antimi-
crobial, and anti-fibrotic activities, were presented. The nutritional value of date kernels and their uses is of great interest
in producing functional foods. Therefore, special emphasis has also been given to the novel date seed nanoparticles (DSNPs)
products and their utilization. The role of these nanoparticles in nonfood sectors, such as yielding biodiesel, good thermal in-
sulation in buildings, nanofillers as reinforcement materials in plastic, and as bio-adsorbent of pigments, was also considered.
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HAHOTEXHOJIOTUA HA OCHOBE IIJIOZJOB
N CEMSH ®UHUKA (PHOENIX DACTYLIFERA L.): MUHU-OB30P
Ammap A. C. M.

@akyIbTET MUIIEBOI HAYKM U TEXHOJOTUM, CeJIbCKOX03SIICTBEHHBII haKkynbTeT, Kaupckuii yauepcuter, ['u3a, Eruner

KJ/IFOYEBDBIE CJIOBA: AHHOTALLUA

HaHouacmuypl, HaHOTeXHOIOTUY HMIMPOKO MCIIOIb3YIOTCSI B Pa3IMUHbBIX 00J1aCTSX, ¥ OUEBUAEH BO3POCIINIT MHTEPEC K MUCIIONb30BAHMIO Ha-

Xumuueckuti cocmas, HOYACTUI] B MUILEBBIX TEXHOJIOTUSX. B 9TOM cTaThe OnMuchIBaeTCss UCTOPUsS GUHUKOB U MPOMU3BOACTBO (puHMKOB B Ermmre.

2nuxkemuueckuil uHoekc, PaccMOTpeHO cTpoeHe GuHUKA 1 KiaaccuduKaLms Mo ComepsKaHMIo BJaru, CTaiisiM 3PeJIoCTH, TOKa3aTeIsIM KauecTBa 1 Xu-

(uHuKu, cemeHa MUYECKOMY COCTaBY, 0M0aKTUBHBIM KOMIIOHEHTAM ¥ IIUTATEIbHBIM BEI[ECTBAM, a TAKKE INIMKEMUUYECKUIT MHIEKC U TTTUKEMU-

(Kocmouku) puHuka yecKast Harpy3Ka pasInMyHbIX COPTOB (GMHMKOB 110 BceMy Mupy. [IpeicTaBieHsl HOBeiIIMe IIPOLYKThI HA OCHOBE HAHOYACTUI]
unmkoB (DFNP), 1 ommcaHbl X [M0JIe3HbIE [JIS 30POBbsI UeJIOBEKA CBOCTBA, TaKMe KaK IMPOTUBOPAKOBas, MPOTUBOMUKPOG-
Hast 1 aHTU(HUOPO3HAST aKTUBHOCTb. [1MIeBast IEHHOCTh GUMHUKOBBIX KOCTOUEK M UX MIPUMEHEeHe TPeACTaBIsIOT 60IbIIoi
MHTEepeC /IS TPOU3BOACTBA PYHKIMOHATbHBIX IIPOAYKTOB MUTaHMs. [I03TOMY 0c060€ BHUMAaHME Y/1eI€HO HOBBIM ITPOAYKTAM
Ha OCHOBe HaHOUYacTUI] GMHUKOBbIX KocToueK (DSNP) u ux mcrnonb3oBaHuwo. Takke pacCMOTpeHa POJb 3TUX HAHOYACTUI]
B HEIMUIIEBbIX OTPACIISIX, TAKUX KaK IOJyYeHMe GMO3ers, TeTUIOM30/ISIIMST IS 3TaHWi, HAHOHATIONIHUTENM B KauecTBe ap-
MUPYOLIMX 406aBOK [JIsSI IJIACTUKA U 61M0afCcOPOEHThI TUTMEHTOB.

1. Introduction

The ancient Egyptians used the fruits to make date wine, and ate
them at the harvesting. Dried dates either pitted or unpitted, can be
consumed directly as a complete healthy, and tasty meal rich in nutri-
ents and they are very suitable for a variety of recipes in food processing
and bakeries.

Egypt is the largest date-producing country in the world, and the
world annual production in 2023 was estimated at 9.661.174 tons [1].
The production of dates (Phoenix dactylifera L.) in Egypt was estimated
at 1.867.064 tons in 2023 [1] and nearly all of the produced dates are
consumed by Egyptians. Egypt is famous for planting dry dates and has
various types of most preferred dates. According to the moisture con-
tent in fruits there are three types of dates: dry dates (€18 % moisture),
semi-dry dates (more than 18 to less than 30 % moisture) and soft dates
(rutab) (>30% moisture). There are more than 200 varieties of dates
with different shapes and flavors, however, all of them are the same in
composition. Date fruits are composed of epicarp (skin), fleshy meso-
carp (pulp), endocarp and a seed called a kernel or pit or pyrene (Fig-
ure 1). Date seeds are non-edible parts (wastes) of date fruit processing
which are normally being disposed [2]. Based on the nutritional value
of date kernels, various publications have proposed their use as an an-
tioxidant and dietary fiber ingredient in noodles [3], as a fat replacer
in meat balls [4], as a caffeine-free coffee alternative and animal feed
component [5].
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Alghazal et al. [6] produced fortified date paste with free and calci-
um alginate microencapsulated Bifidobacterium lactis Bb-12. Date paste
showed a protective effect for encapsulated bacteria. Also, E1-Kholy [7]
produced yoghurt fortified with date seed powder as a natural prebiotic
stabilizer.
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Mesocarp

(Flesh)

Figure 1. The different fruiting components of the date palm fruit
PucyHOK 1. Pa3inyHble KOMIIOHEHTHI IU101a (MHUKOBOI MaaIbMbI

This article reviews using nanotechnology to produce various
nanoparticles of date fruits and seeds and its utilization as well as quality
indices, nutritional value and chemical composition of fruits.
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2. Objects and methods

The sources of information were the following scientific databases:
Scopus, PubMed, Research Gate, Science Direct, and Google Scholar.
The search strategy included the following keywords: nanoparticles,
chemical composition, glycemic index, date fruits, date seeds. The fol-
lowing acceptance criteria for research characterization were consid-
ered: classification of dates according to the moisture content, maturity
stages, quality indices, chemical composition, bioactive components
and nutrients of dates, and the glycemic index and glycemic load of dif-
ferent varieties of dates worldwide. The most recent date fruit nanopar-
ticles (DFNPs) and date seed nanoparticles (DSNPs) products and their
applications.

The parameters of the publications were as follows: publications from
1982 until 2024 (40 references were selected for this review); language:
English. Exclusion criteria: no access to the full-text articles. Based on
the review, the author compiled information on the discussion of date
(Phoenix dactylifera L.) fruits and seeds nanotechnology.

3. Nutritional value and chemical composition of dates

Dates have a high nutritional value. Dates contain minerals (i. e., K,
Na, Mg, Ca and P). Fruits are a very good source of potassium. Further-
more, dates have trace elements including boron, cobalt, copper, fluorine,
iron, manganese, selenium, and zinc. Also, fruits have vitamins B1, B2,
B6, folic acid and ascorbic acid, proteins, fats, sugars. The sugar content
of ripe dates represents about 80 % mainly in the form of sucrose, glucose
and fructose [8]. Also, date fruits are rich in natural fibers. Always, dried
dates contain double the level of nutrients especially carbohydrates, have
lower water activity and consequently more shelf life in comparison to
fresh dates. Also, bioactive ingredients are naturally present in dates es-
pecially phenolic acids, carotenoids, flavonoids, polyphenols, phytoster-
ols, and a-tocopherols. Quality (degree of excellence of fresh date fruits)
indicators include fruit size, chewiness, color, shape, cleanness and de-
fects (i. e., sunburns, discoloration, insect infestation, skin separation,
sugar crystallization, unpollinated fruits, fermented and spoiled dates).
Growth stages and high-quality characteristics of date fruits are tabu-
lated in Table 1.

The glycemic index (GI) is a scale that ranks food or drink by how
much it increases blood sugar levels after it is consumed in comparison
with pure glucose. Glycemic load (GL) = GI X dietary carbohydrate con-
tent (in grams) /100 [9,10]. Table 2 shows the glycemic index and glycemic
load of different varieties of dates worldwide. Data in Table 2 exhibited
that Sellaj date fruits had the highest GI value (74.6) followed by Mak-
toomi date fruits (71). While Zaghloul date fruits contained the lowest
GI (30.3) followed by Boma’an date fruits (30.5).

4. Nanoparticles of date fruits and seeds

Nano-sized components are particles ranging from 1 to 100 nm in
diameter with a high surface-to-volume ratio, which makes them more
active and dispersed than larger one [16]. Food is considered nanofood
if cultivated, produced, processed or packaged using nano techniques as
well as with added nanoparticles [17,18].

Abdel Baky et al. [19] extended the date fruit shelf life and improved
fruit quality using edible nanofilms for 2 months at 0 °C.

Ghani and Hussain [20] used the resultant extract either from date
fruits or seeds as reducing and stabilizing agents for green synthesis
of metal nanoparticles. Also, Khatami and Pourseyedi [21] performed
green synthesis of silver nanoparticles (AgNPs) using date palm ker-
nel aqueous extract. The synthesized silver nanoparticles (AgNPs)
showed an antimicrobial effect. Khalil et al. [22] formulated date palm
extract nanoemulsion. The nanoemulsion exhibited an anticancer ef-
fect. Likewise, Abdel-Alim et al. [23] biosynthesized AgNPs using the
aqueous extracts of Egyptian date palm kernels. The AgNPs exhibited
an antimicrobial effect. Also, Ma’abreh et al. [24] produced gel from
nanoparticles of date palm syrup. Charti et al. [25] green synthesized
zinc oxide nanoparticles using aqueous date palm wood extract. Has-
son et al. [26] produced date palm silver nanoparticles that exhibited
high antibacterial activity against gram-negative bacteria. Ali et al. [27]
prepared a nanocatalyst consisting of CaO and Fe;0, accompanied by
CaFe,0,4 which was used for catalytic transesterification of palm seed oil
for yielding biodiesel. Nasabi et al. [28] used titanium dioxide nanopar-
ticles as a decolorant for decolorizing date syrup. Tables 3 and 4 pres-
ent a summary of novel date fruit nanoparticles (DFNPs) and date seed
nanoparticles (DSNPs) and their utilization, respectively. Also, Figure 2
shows various functional foods and nonfood products generated from
date seed nanoparticles (DSNPs).
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Table 1. Maturity stages and high-quality properties
of date fruits [11]
Ta6muua 1. Craguy 3pesIocTH U MOKa3aTeIu BBICOKOTO KauyecTBa
¢unukos [11]

Maturity stages Quality criteria Description

Flesh Thick

Hababouk, Seed Small

Kimri, .

Khalal, Size Adequate

Rutab, Brightness Glossy

and -

Tamr Skin Smooth

Foreign materials Free

Table 2. The glycemic index and glycemic load of different
varieties of dates worldwide

Tabmua 2. [NMMKeMUYecKuii MHAEKC U INIMKeMUYecKass Harpy3ka
Pas3IMYHBIX COPTOB (HMHMKOB IO BCEMY MUPY

Dates variety GI GL References
Khalas 35.5 n/a
Barhi 49.7 n/a [12]
Boma’an 30.5 n/a
Fara’d 54.0 n/a
Lulu 53.5 n/a
Boma’an 46.3 n/a [13]
Dabbas 49.1 n/a
Khalas 55.1 n/a
Sellaj 74.6 24.0
Maktoomi 71.0 16.1
Shagra 42.8 9.2
Sukkary 43.4 11.7
Sag’ai 44.6 15.6
Ajwah 55.9 8.5 [14]
Ruthana 52.5 11.7
Khudri 61.7 14.2
Nabtat-ali 59.9 16.3
Medjool 55.3 17.2
Rashodia 50.9 12.4
Partamoda 65.9 32.9
Malakabi 69.0 34.5
Saadi 67.4 33.7 [15]
Zaghloul 30.3 15.1
Samani 34.6 17.3

Producing functional
foods (i.e. antioxidant,
antimicrobial, anti-
fibrotic, anticancer
activities....etc. )

Producing functional
nonfood products (i.e.
biodiesel, thermal
insulation, nanofiller,
bio-adsorbent....etc.)

Figure 2. Various functional foods and nonfood products
generated from date seed nanoparticles (DSNPs)
PucyHOK 2. PasnuuHble GyHKIIMOHAIbHbIE IPOAYKTHI IUTAHVS
¥ HenuueBbl€ IIPOAYKTHI, ITIOJIYY€HHbIE€ V13 HAHOYAaCTUL] d)MH]/lKOB]:IX
KocTouek (DSNP)



Date palm parts
Date fruit syrup

Date palm parts

Ajwa date fruit

Date fruits or
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Table 3. Novel date fruit nanoparticles (DFNPs) products and their applications
Ta6nuua 3. HoBble IPpoayKThI HA OCHOBe HaHOoYacTuI, ¢puHuKoB (DFNP) 1 unx npumMeHeHue

DFNPs products
Producing gel from nanoparticles.

Ajwa nanopreparation

extracts of date fruits or seeds
Date palm extract nanoemulsion.

seeds

Green synthesis of silver nanoparticles (AgNPs) using the

Novel nano-extract of fresh fruit of “Hayany” [Egyptian date]

was synthesized using a ball-milling technique.

Using the powder form of date palm extract of Khalas cultivar
and incorporating it into a nanolipid formulation such as a
nanostructured lipid carrier prepared with palm oil.

Using nano date press cake particles (waste generated from date

Date fruits

juice extraction)

A date fruit extract loaded onto chitosan nanoparticles

Table 4. Novel date seed nanoparticles (DSNPs) products and their utilization
Ta6mmua 4. HoBble MPOAYKTHI HA OCHOBe HaHoYacTul, GMHMUKOBBIX KocToueK (DSNP) u ux npuMeHeHue

DSNPs products

Synthesis of carbon nanotubes from Iraqi date palm seeds

Preparing a nanocatalyst consisting of CaO and FezO,
accompanied by CaFe,0,

Nanoemulsion of methanolic extract of date seeds

Date seeds Nanoparticles of date pits

Nano date seed

Synthesizing nanoparticles from date seeds
(water and methanol extracts)

Fe;0, nanoparticles in date seeds powder

5. Conclusion

Currently, nanotechnology plays an important role in food technol-

ogy. This study reviewed the most recent nanoparticles of date fruit prod-
ucts and their applications for human health, such as anticancer, antimi-
crobial, and anti-fibrotic activities. Likewise, the novel nanoparticles of
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Application References
Gel nanoparticles to be used in developing date industry. [24]
Ajwa nanopreparation protects from doxorubicin- 29]
associated cardiotoxicity.
Increasing the anti-inflammatory effect of piroxicam 21,26,30]

drug and high antibacterial activity. [

The nanoemulsion exhibited an anticancer effect. [22]

Exhibiting the highest antimicrobial activity [31]

Improving the antibacterial activity of the formulation 32]

(date palm extract + nanolipid)
Producing soft carbonated date biobeverage rich in 33]
nutrients
Anti-fibrotic properties and improved liver function [34]
enzymes and endogenous antioxidant enzymes
Application References

Producing carbon nanotubes [35]

Transesterification of palm seed oil for yielding biodiesel [27]
The methanolic extract of date seed-loaded nanoemulsion

has more antioxidants and high drug release compared with [36]

conventional methanolic extract
Nanoparticles of date pits and 50 % by-volume epoxy provided 37]
good thermal insulation in buildings
Organic date seed nanofillers as reinforcement materials 38]
with MDPE and PET
Enhancing their phenolic content and antioxidant activity 39]
to be used in food applications
Bio-adsorbent used to remove methylene blue from water [40]

date seed products and their utilization were reviewed. The role of these
nanoparticles, such as yielding biodiesel, good thermal insulation in
buildings, nanofillers as reinforcement materials in plastic, and bio-ad-
sorbent of pigments was mentioned. Therefore, date kernels are of great
interest in producing functional foods and very useful nonfood products.
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