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Abstract

Phoenix dactylifera, commonly called date palm, has great importance as a fruiting plant. The hot
methanolic extract of date seeds (HMEDSE), was further fractionated into three fractions (F1, F2, and F3)
through column chromatography. The three fractions were composed of various bioactive constituents which
was analysed through GC-MS and FT-IR analysis. The results revealed remarkable antibacterial properties of
crude HMEDSE against various pathogenic microorganisms affecting humans. The spectrum of activity of
HMEDSE against various human pathogenic bacteria showed the following sequence based on its efficacy,
Escherichia coli (17.6 + 2.5 mm), Klebsiella pneumoniae (16.3 + 2.5 mm), Staphylococcus aureuns (16.3 + 1.5
mm), Streptococcus pyogenes (15 + 2.6 mm), Pseudomonas aeruginosa (15 + 2 mm), and lastly, Bacillus subtilis
(14.3 + 2 mm). Furthermore, HMEDSE exhibited cytotoxicity, with an ICsp of 73.5 + 0.5 pg/mL against
MCEF-7 ATCC breast cancer cells, leading to gradual apoptosis.
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Introduction

In ancient times, herbs and plants used for medicinal purposes were the main sources of treatment for
various diseases. Therefore, natural products contribute significantly to the maintenance of good health (Moni
et al., 2021). Phoenix dactylifera, commonly known as date palm, is a flowering botanical species in the
Arecaceae family. This plant, scientifically named Phoenix dactylifera L., is cultivated throughout the Arabian
Peninsula in arid and semi-arid regions (Al-Alawi ez /., 2017; Mariod ez al., 2017; Mohamed ez al., 2021; Al
Arabiya, 2022). The date palm is an important fruiting plant revered in numerous regions of the world,
especially in the Middle East and North Africa, with cultivation spanning thousands of years. In Saudi Arabia,
the date fruit not only plays a crucial role in strengthening the local economy but is also a staple food for the
inhabitants of the areas where this esteemed plant thrives. More than 300 different varieties of dates have been
shipped out from the Kingdom of Saudi Arabia. In a report, the Saudi Arabian Ministry of Environment,
Water and Agriculture (EWA) stated that the country’s date exports amounted to $324 million. The Food
and Agriculture Organization (FAQO), which has declared 2027 the International Year of Dates, claims that the
ministry has succeeded in having dates included in the International Superfruit Index. Palms and the industries
derived from their processing are among the most important in the world (Al Arabiya, 2022).

Dates are considered ideal for their numerous nutritional and therapeutic benefits. They have been used
for centuries for medicinal purposes, and they contain various bioactive compounds that benefit human health.
Dates are an excellent source of sugar, fiber, minerals, vitamins, and protein. Extracts of pulp, seeds, pollen, and
ovaries of dates are used to treat and prevent various chronic diseases. Dates contain a variety of secondary
metabolites such as flavonoids, carotenoids, anthocyanins, procyanidins and sterols. In addition, dates contain
bioactive compounds that have a variety of therapeutic properties, such as anticancer, anti-inflammatory,
antioxidant, antibacterial, and hepatoprotective properties (Rahmani ez /., 2014; Sassi et al., 2020; Mohamed
et al,, 2021).

Materials and Methods

Fruit sample, processing, and extraction

A bundle of dates was obtained from a nearby market in Jazan, Saudi Arabia. The research plan is visually
depicted in Figure 1. The fruits were carefully packed in a sterile plastic bag and identified under expert
guidance of Dr. Remesh Moochikkal, the herbarium curator of Jazan College Herbarium. After identification,
the voucher specimen was officially marked with the identification code JAZUH 1226. The fruit skin was
removed, and the seeds were separated, washed in tap water, then washed in Millipore water, followed by two-
week drying in a shade. Thereafter, they were blended to a coarse powder in a mill. Subsequently, 200 grams of
the desiccated seed powder underwent a 4-hour Soxhlet extraction with methanol maintained at 60 °C. Once
the extraction concluded, the derivatives were segregated using a silica gel 60 column into three distinct
fractions, aptly labeled as F1, F2, and F3. Then, F1, F2 and F3 were clarified by spinning at 3000 x rpm for 15
minutes. The supernatants were transferred one by one into a new glass jar, and the lid was removed to allow
the solvent to evaporate during the air-drying phase of the process. After the seed extract was thoroughly air-
dried, the dried samples were removed from the beakers by scraping, and were combined, aggregated, and

weighed.
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Figure 1. Schematic representation on the processing of present study
This figure was Created with BioRender.com, Bio Render, Canada

GC-MS analysis

The Thermo Scientific TR Gas Chromatography-Mass Spectrometry (GC-MS) system, a sophisticated
analytical tool, was used to detect potentially useful compounds in samples F1, F2 and F3. It includes an AS
3000 autosampler for precise sample introduction, a Trace Ultra-GC for the separation of compounds via a
capillary column and an ISQ mass detector for the identification and quantification of compounds based on
their mass-to-charge ratio. This comprehensive setup, inspired by the methods developed by Sivakumar ez al.
(2021), ensures accurate and reliable analysis, allowing the chemical constituents of the samples to be accurately
recognized and evaluated.

Fourier transform infrared spectroscopy (FT-IR) studies

The functional groups in samples F1, F2, and F3 were determined by Fourier transform infrared
spectroscopy (FT-IR). The analysis was facilitated by a Nicolet iS10 FT-IR spectrophotometer, a product of
Thermo Fisher Scientific Inc. in the USA. Samples were prepared using the KBr pellet technique, and their
spectral analysis was performed in the resolution range of 400-4000 cm™ (Sivakumar ez a/., 2021).

Determination of antibacterial effect
The study aimed to examine the antibacterial properties against specific human pathogenic bacteria,
namely Bacillus subtilis, Staphylococcus aureus, Streptococcus pyogenes, Escherichia coli, Pseudomonas aeruginosa,

and Klebsiella pneumoniae.

Bacterial strains

The study employed bacterial strains: Bacillus subtilis ATCC 6633, Staphylococcus anreus ATCC 25923,
Streptococcus pyogenes ATCC 196185, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, and
Klebsiella pneumoniae ATCC 700603. All bacterial cultures utilized in this research were consistently preserved
in the microbiology laboratory at the College of Pharmacy through routine subculturing at specified intervals.



Moni SS ez al. (2024). Not Bot Horti Agrobo 52(2):13600

Standardization of bacterial culture

A 24-hour culture of each bacterium was prepared in nutrient broth, a growth medium providing
essential nutrients for bacterial growth, and subsequently diluted in nutrient broth using a series of dilutions,
with concentrations ranging from 10 to 107. The viability of the bacterial cultures was tested by determining
the number of colony-forming units (CFU) in 1 mL. To determine CFU/mL, aliquots of the diluted culture
are plated on agar plates and incubated. After incubation, the number of colonies is counted. The standardized
bacterial cultures enable the quantification of antibacterial activity.

Determination of antibacterial susceptibility

The antibacterial susceptibility test was conducted following the protocol outlined by Moni et al., 2018
and Sivakumar et al,, 2021. In summary, Muller Hinton agar plates were produced to conduct antibacterial
investigation. Bacterial subcultures were derived from the original culture, and after incubating for 24 hours,
the culture was examined for antibacterial activity. The Agar well diffusion technique was used to analyze the
HMEDSE and standard ciprofloxacin disc with a 50 meg/mL concentration. The inoculation was performed
by immersing a sterile cotton swab into the standardized (CFU/mL) culture of different organisms and
spreading it equally on the MH agar plate by rotating the petri dish. The plates were dried for approximately
10 minutes before the delivery of sample analytes. The agar well diffusion approach was executed by creating
perforations on the inoculated MH agar plates using a conventional sterile stainless-steel borer. The plates were
placed in an incubator at 37 °C for 24 hours. The antibacterial spectrum was evaluated by observing the
formation of zones that block bacterial growth after 24 hours of incubation.

Cytotoxic effect and morphological analysis

MCF-7 ATCC human breast cancer cells were cultivated in RPMI-1640 media, buffered with 2.0 g/L
sodium bicarbonate, and adjusted to a pH of 7.4. These cells were housed in a CO; incubator (Heracus,
Germany), under conditions of 37 °C, 90% relative humidity, and an atmosphere of 5% CO,. The media was
further supplemented with 10% v/v fetal bovine serum (FBS), 100 U/mL of penicillin, and 100 pg/mL of
streptomycin. Studies detailing the cytotoxic characteristics of HMEDSE and associated morphological
examinations have been documented in prior work (Sultan ez al., 2022; Suvitha et al., 2022).

Statistical analysis

Each experiment was repeated three times (n = 3), and data were analyzed using one-way ANOVA. The
Prism 9 GraphPad Instat software, USA was used to analyse statistical significance. Tukey-Kramer test as post-
hoc analysis was performed to compare the values of test samples with those of standard drugs. The statistical
significance was assumed at p < 0.05.

Results

The biochemical compounds in fractions F1, F2, and F3 from HMEDSE, as confirmed using GC-MS
spectrum shown in Figure 2. As shown in Tables 1-3, several bioactive components were detected in fractions
F1, F2, and F3 in the current study. The structures of the compounds are shown in Figures 3, 4, and 5.
Dasycarpidan-1-methanol, acetate, an alkaloid was found in all three methanolic fractions, with retention time
(RT) of 67.23, 67.29, and 60.28 min in F1, F2, and F3, respectively. 1-Monolinoleoylglycerol was determined
in F1 and F2. 1-Monolinoleoylglycerol, with a retention time of 61.29 min, was found in F1 and F2. Ethyliso-
allocholate have been determined significantly in F2. A steroidal molecule, ethyl isoallocholate, was found in
F2 but not in F1 and F3. Ethyliso-allocholate eluted with a probability index of 25.58% and occupied 10.73%
of the chromatogram, with a RT of 53.12 min (Figure 2B).
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Table 1. GC-MS detection of possible bioactive compounds of fraction 1 (F1) of the hot methanolic
extract from the seeds of Phoenix dactylifera (Dates)

Percen
Compound name Molecular Molecular Retention time Probability tarea
formula weight (Min) Index of
curve
Dasycarpidan-1- CaHagN,O, 326 67.23 33.79 0.29
methanol, acetate (ester)
1-Monolinoleoylglycerol C»Hs404Si, 498 61.29 52.3 0.89
Oleic acid, eicosyl ester C33H-40, 562 53.95 28.78 2.60
Cyclodecasiloxan, CaoHeO10Siro 7415 48.46 59.72 2.87
cicosamethyl-
17-Pentatriacontene CssHyo 490 39.06 38.66 0.33
Heptadecane, 9-hexyl- Cy3Hys 324 35.77 36.80 0.29
n-Hexadecanoic acid CiH3 0> 256 32.44 17.74 1.72
Tetratetracontane CuHy 618 43.88 11.76 1.85
1-Tricosanol C3Hs0 340 40.55 38.76 6.68
82?:;;;2;’5_'“*‘”'5' CacHss 366 37.15 14.39 170
Cholestan-3-one, eyclic 12-1 - 1y 430 31.37 31.42 2.06
cthanediyl actal, (54)-
2-Phenylpropenal CyH;O 132 12.97 57.62 0.20

Table 2. GC-MS detection of possible bioactive compounds of fraction 2 (F2) of the hot methanolic
extract from the seeds of Phoenix dactylifera (Dates)

Molecular Molecular Retcfnuo Probability Percent
Compound name ) n time area of
formula weight . Index

(Min) curve
Ethyl iso-allocholate Cy6H440s5 436 53.12 25.58 10.73
Dasycarpidan-1-methanol, CaoHaN0, 326 67.29 49.55 8.46
acetate (ester)
Hexadecanoic acid, C17H3,0, 270 31.51 71.18 7.43
methyl ester
3,12-Oleandione C30H40: 440 28.25 16.77 6.77
Stigmasterol CH4»0 412 59.14 41.18 6.43
Oleic acid, eicosyl ester C33H70, 562 61.90 21.07 3.05
Lycoxanthin C4HssO 552 68.03 34.89 1.92
1-Monolinoleoylglycerol Cy7H54048Si, 498 61.29 52.3 0.96
Heptadecane, 9-hexyl- CpHyg 324 19.77 40.06 0.29
17-Pentatriacontene CssHyo 490 41.6 38.66 0.25
Octadecanoic acid, C1yH30, 298 36.47 63.96 446
methyl ester
Octadecane, 3-ethyl-5-
(Z-Cthylbutyl)- CysHss 366 37.15 14.39 1.70
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Table 3. GC-MS detection of possible bioactive compounds of fraction 3 (F3) of the hot methanolic
extract from the seeds of Phoenix dactylifera (Dates)

Molecular Molecular Rct?nnon Probability Percent
Compound name . time area of
formula weight . Index

(Min) curve
Dasycarpidan-1-methanol, CarHaNLO,s 326 60.28 3823 0.26
acetate (ester)
Oleic acid, eicosyl ester CyH-40, 562 60.28 18.49 0.20
Hexadecanoic acid, 2-
hydroxy-1-
(dsomymeshyl)eshyl CioH304 330 46.15 61.60 221
ester
cis-13-Eicosenoic acid CyH350, 310 43.88 20.13 3.97
Octadecanoic acid, 4- CisH30s 314 40.53 25.58 7.78
hydroxy-, methyl ester
Heptacosane Cy7Hss 380 37.06 15.8 0.97
n-Hexadecanoic acid CiH3,0, 256 32.12 18.96 327
Oleic Acid C3H340, 282 32.10 17.49 3.27
17-Pentatriacontene CssHyo 490 31.6 18.66 0.27
9-Octadecenamide C1;sH3sNO 281 50.34 18.93 1.37
a-N-Normethadol CyH»NO 297 20.32 15.35 0.12
Benzoic acid, methyl ester CsH;z0, 136 10.91 70.28 1.18

Oleic acid icosyl ester, was present in all three fractions, with F1 being the component with a retention
time of 61.90 min, occupying a chromatogram area of 3.05% (Figure 2B), followed by fraction 3 at 60.28 min,
occupying only an area of 0.20% (Figure 2A). At retention time of 53.95 min, oleic acid, eicosyl ester was
identified in F1 and occupied 2.60% of the peak area (Figure 2A). As a result, oleic acid eicosyl ester was the
most abundant compound in F2 and F1. In the chromatogram of GC-MS, oleic acid was found only in fraction
3 at 32.10 min, with a probability index of 17.49% and a concentration of 3.27%.

Cyclodecasiloxane eicosamethyl- is, otherwise called eicosamethyl-cyclodecasiloxane was detected only
in F1 at 48.46 min, with a probability index of 59.72% and a concentration of 2.87% in the GC-MS
chromatogram. 1- Cholestan-3-one cyclic 1,2-ethanediyl acetal (5a)- is a steroidal compound detected in F1 at
RT of 31.37 min, with a probability index of 31.42%, and it occupied 2.06% of the area of the GC-MS
chromatogram curve. Tetratetracontane, a long-chain alkane, was detected only Tricosanol, a plant metabolite,
and along-chain primary fatty alcohol, was detected in F1 at 40.55 min and maximum peak occupancy of 6.68%
in GC-MS chromatogram. in F1 at RT of 43.88 min, and it accounted for 1.87 percent of the GC-MS
chromatogram curve. The alkane derivative octadecane, 3-ethyl-5-(2-ethylbutyl), was also found in all three
HMEDSE fractions. Compared to the other fractions, F3 had a maximum RT of 40.53 min and occupied
7.78% of the area in the GS-MS chromatogram.

In samples F1 and F3, the presence of n-Hexadecanoic acid was conclusively established. This
compound exhibited a retention time (RT) of 32.44 minutes in F1, accompanied by a probability index of
17.74%. Within the GC-MS chromatogram, n-Hexadecanoic acid constituted 1.72% of the total area.
Similarly, n-Hexadecanoic acid was also detected in F3 at an RT of 32.12 minutes, with a probability index of
18.96%. In this case, the compound occupied a greater portion, specifically 3.27%, of the GC-MS
chromatogram. Additionally, a steroidal compound known as Cholestan-3-one cyclic 1,2-ethanediyl acetal,
(5¢)-, emerged in F1 at an RT of 31.37 minutes. This compound’s presence was supported by a probability
index of 31.42%, and it encompassed 2.06% of the entire GC-MS chromatogram curve. Furthermore, the
analysis revealed the presence of Tetratetracontane in F1, observed at an RT of 43.88 minutes. The probability
index associated with this identification was 11.76%. Tetratetracontane contributed to 1.85% of the area
within the GC-MS chromatogram.
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Figure 2. GC-MS chromatogram of fractions of hot methanolic extract from the seeds of Phoenix
dactylifera (Dates)

(A). Chromatogram of Fraction 1 (F1) (B) Chromatogram of Fraction 2 (F2) (C) Chromatogram of
Fraction 3 (F3)
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Figure 3. The chemical structure of bioactive compounds of fraction 1 (F1) of hot methanolic extract from

the seeds of Phoenix dactylifera (Dates)

(1) Dasycarpidan-1- methanol, acetate (ester) (2) 1-Monolinoleoylglycerol (3) Olcic acid, ecicosyl ester (4)
Cyclodecasiloxane, eicosamethyl- (5) 17-Pentatriacontene (6) Heptadecane, 9-hexyl- (7) n-Hexadecanoic acid (8)
Tetratetracontane (9) 1-Tricosanol (10) Octadecane, 3-ethyl-5-(2-ethylbutyl)- (11) Cholestan-3-one, cyclic 1,2-
cthanediyl actal, (Se)- (12) 2-Phenylpropenal
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Figure 4. The chemical structure of bioactive compounds of fraction 2 (F2) of hot methanolic extract from

the seeds of Phoenix dactylifera (Dates)

(1) Ethyl iso-allocholate (2) Dasycarpidan-1-methanol, acetate (ester) (3) Hexadecanoic acid, methyl ester (4) 3,12
Oleandione (5) Stigmasterol (6) Oleic acid, eicosyl ester (7) Lycoxanthin (8) 1-Monolinoleoylglycerol (9)
Heptadecane, 9-hexyl- (10) 17-Pentatriacontene (11) Octadecanoic acid, methyl ester (12) Octadecane, 3-ethyl-5-(2-
ethylbutyl)-
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Figure 5. The chemical structure of bioactive compounds of fraction 3 (F3) of hot methanolic extract from
the seeds of Phoenix dactylifera (Dates)

(1) Dasycarpidan-1-methanol, acetate (ester) (2) Oleic acid, eicosyl ester (3) Hexadecanoic acid, 2-hydroxy-1-
(hydroxymethyl)ethyl ester (4) cis-13-Eicosenoic acid (5) Octadecanoic acid, 4-hydroxy-, methyl ester (6)
Heptacosane (7) n-Hexadecanoic acid (8) Oleic Acid (9) 17-Pentatriacontene (10) 9-Octadecenamide (11) a-N-
Normethadol (12) Benzoic acid, methyl ester

An unsaturated phytosterol called stigmasterol was found only in the F2, at RT of 59.14 min.
Heptadecane, was detected in F1 and F2. The presence of 17-pentatriacontene was detected in all three
fractions F1, F2, and F3. 17-Pentatriacontene is a hydrocarbon molecule that combines with electrophiles.
Hexadecanoic acid, methyl ester, is also known as hexadecanoic acid methyl ester and palmitic acid methyl
ester. It belongs to the class of organic compounds called fatty acid methyl esters. Hexadecanoic acid, methyl
ester was determined only in F2 at 31.51 min RT, with a probability index of 71.18% and a chromatogram of
7.43% GC-MS. Likewise, lycoxanthin is a metabolite of fucoxanthin, a carotenoid found mainly in brown algae
was detected in F2 at 68.03 min RT, with 34.89% of probability index and occupied an area of 1.92% in the
GC-MS chromatogram. The present study detected lycoxanthin only in F2 but not in the other fractions.

9-Octadecenamide, also known as oleamide, is a fatty acid amide naturally produced within the human
body, but it is also found in various plants and animals. It was detected only in fraction 3 of HMEDSE at a
retention time of 50.34 min. Benzoic acid methyl ester, a chemical compound known as methyl benzoate, was
detected at a retention time of 10.91 min. At various locations in the fingerprint, FT-IR spectroscopy revealed
multiple peaks of HMEDSE for F1, F2, and F3 (Figures 6, 7 and 8). Spectra analysis of HMEDSE, which
showed distinct peaks, indicated the existence of reactive moieties and the corresponding chemical entities
(Tables 4, 5 and 6). The FT-IR spectrum analysis found bell-shaped curves for HMEDSE F1, F2, and F3 at
3454, 3375, and 3346 cm’, respectively. As indicated in Table 4, the frequency peak showed the presence of
several polyphenol peaks corresponding to the stretching vibrations of hydroxyl groups and related substances.

The FTIR spectrum peaked at about 3340-3330 cm™, corresponding to the stretching vibration of
hydroxyl groups in tannins (Hayat ez a/., 2020). Flavonoids are another class of polyphenols that are abundant
in dates. These compounds exert several pharmacological effects, e.g., anti-cancer, anti-inflammatory, and
antioxidant properties. The frequency peaks at 2876, 1646, 1595, 1380,and 1159 cm™ of F1; 1689, 1620, 1215,
1132,735,and 661 cm™ of F2; and the frequency peaks at 1639, 1558, 1506, and 660 cm™ of F3 showed unique
compounds, which are shown in Table 5. As found in alkanes or alkyl groups, the 2876 cm™ frequency peak is
associated with C-H stretching vibrations of aliphatic (straight or branched chain) hydrocarbons (Nakamoto
et al., 2008). Frequency peaks at 1689, 1646, 1639, 1620 cm™ represent the presence of C=0 and C=C
stretching vibrations (Pavia ez a/., 2014). Other peaks at 1595, 1558 and 1506 cm™ are often attributed to the
stretching vibrations of the C=C double bond in the aromatic ring. The 1380 cm™ peak is probably due to
symmetric stretching of carboxylate anion which is commonly found in organic acids and their derivatives. The
peak at 1215 cm™ may correspond to the C-O stretching vibration of an ester group, a frequently occurring

9
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functional group in carboxylic acid derivatives such as esters and lactones. The peak at 1159 ¢m™ is likely due
to the C-N stretching of a amine (-NH2), a functional group commonly found in amino acids and their
derivatives.
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Figure 6. FT-IR analysis of fraction 1 (F1) of hot methanolic extract from the seeds of Phoenix dactylifera
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Figure 8. FT-IR analysis of fraction 3 (F3) of hot methanolic extract from the seeds of Phoenix dactylifera
(Dates)

Table 4. FT-IR detection of possible bioactive compounds of fraction 1 (F1) of the hot methanolic extract
from the seeds of Phoenix dactylifera (Dates)

Wave
number Intensity Functional Type of Possible Compounds
1 Estimation group vibration
(em™)
. 1-Tricosanol, Oleic acid, eicosyl ester, 1-
3454 Weak O-H Stretching Monolinoleoylglycerol
CH,. str. 1-Monolinoleoylglycerol, Oleic acid, eicosyl
2876 S S hi
7 trong (Symmetrical) tretching ester, Cholestan-3-one, Octadecane
Cc=0 Dasycarpidan-1-methanol, acetate (ester), 1-
1646 Seron C=0. N-H Stret_chin Monolinoleoylglycerol, Oleic acid, eicosyl ester,
ong o NH ben dir% n-Hexadecanoic acid, cyclic 1,2-ethanediyl
J aetal, 2-Phenylpropenal
Alkenes, Dasycarpidan-1-
methanol, acetate (ester), 1-
1 = hi
595 Strong c=C Stretching Monolinoleoylglycerol, Oleic acid, eicosyl ester,
17-Pentatriacontene,
Aliphatic compounds, Octadecane, 1-
1380 Strong C-H bending Tricosanol, Tetratetracontane, Heptadecane,
17-Pentatriacontene
. Esters, Dasycarpidan-1- methanol, acetate
11 ak - h
59 We c0 Seretching (ester), 1-Monolinoleoylglycerol
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Table 5. FT-IR detection of possible bioactive compounds of fraction 2 (F2) of the hot methanolic extract
from the seeds of Phoenix dactylifera (Dates)

Wave . .
number In'tcns1'ty Functional "Type'of Possible Compounds
1 Estimation group vibration
(em™)
Ethyl iso-allocholate, Hexadecanoic acid,
3375 Weak O-H Stretching methyl ester, Stigmasterol, Oleic acid, eicosyl ester,
Lycoxanthin, Octadecanoic acid, methyl ester
Ethyl iso-allocholate, Dasycarpidan-1-methanol,
C=0 acetate (ester), Hexadecanoic acid,
1689 Strong C=0,N-H Stretching methyl ester, 3,12-Oleandione, 1-
NH bending Monolinoleoylglycerol, Octadecanoic acid, methyl
ester
Alkenes, Dasycarpidan-1-methanol, acetate (ester),
1620 Strong c=C Stretching Stigmaster(?l, Oleic acid, eicosyl ester, L.ycoxanthin,
1-Monolinoleoylglycerol ,17-Pentatriacontene,
Octadecanoic acid, methyl ester
215 Strong C.N Stretching Aromatic amine, Dasycarpidan-1-methanol,
acetate (ester)
Esters, Ethyl iso-allocholate, Dasycarpidan-1-
methanol, acetate, Hexadecanoic acid,
1132 Strong C-0 Stretching methyl ester, Stigmasterol, Oleic acid, eicosyl ester,
Lycoxanthin, 1-Monolinoleoylglycerol,
Octadecanoic acid,methyl ester
735 Strong C-H (Ar) bending Dasycarpidan-1-methanol
C.H Stigmasterol, Oleic acid, eicosyl ester, Lycoxanthin,
661 Strong (Alkene) bending 1-Monolinoleoylglycerol, 17-Pentatriacontene,

Octadecanoic acid, methyl ester

Table 6. FT-IR detection of possible bioactive compounds of fraction 3 (F3) of the hot methanolic extract
from the seeds of Phoenix dactylifera (Dates)

Wave . .
number In.tcnm.ty Functional Typc.of Possible Compounds
1 Estimation group vibration
(em™)
Oleic acid, eicosyl ester, Hexadecanoic acid, 2-
. hydroxy-1-(hydroxymethyl)ethyl ester, cis-13-
3346 Strong O-H Stretchmg ! Ei:(})]scn(oi}c, acii,y Octa(}ilccan(})lic acid, N-
Normethadol
Dasycarpidan-1-methanol, acetate (ester), Oleic
C=0 acid, eicosyl ester, Hexadecanoic acid, 2-hydroxy-1-
1639 Strong C=0,N-H Stretching (hydroxymethyl)ethyl ester, cis-13-Eicosenoic acid,
NH bending Octadecanoic acid, 9-Octadecenamide, N-
Normethadol, Benzoic acid
Alkenes, Dasycarpidan-1-methanol, Oleic acid,
1558 Medium C=C Stretching eicosyl ester, cis-13-Eicosenoic acid, 17-
Pentatriacontene, N-Normethadol , Benzoic acid
1506 Medium C.H bending Aliphatic comf?ounds,' Dasycatlrpid'an—l—mcthanol,
cis-13-Eicosenoic acid
660 Medium C-H bending Oleic acid, eicosyl ester, Fis-l3-Eicosenoic acid, 17-
(Alkene) Pentatriacontene
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Table 7 shows the antibacterial spectrum of HMEDSE. According to the results, the antibacterial
activity of HMEDSE was comparable to that seen in other human pathogenic microorganisms studied. It was
not statistically significant at p < 0.05 (Figure 9). Moreover, the HDMSE spectrum was significantly smaller
than that of the reference drug ciprofloxacin (p < 0.05; Figure 10). Figure 11 shows the ICso of HMEDSE with
respect to growth of MCF -7 ATCC cells. The ICso value was 73.5 + 0.5 ug/mL, indicating that it inhibited
growth. The untreated cells displayed characteristic normal and complete appearance, suggesting confluent and
healthy status, with each well-differentiated cell havinga distinct nucleus. The morphological changes in MCEF-
7 reflected the cytotoxic action of HMEDSE. The extracts resulted in unattached, lifeless, and shrivelled cells
showing shattered nuclei due to apoptosis.

Table 7. Anti-bacterial study of hot methanolic extract from the seeds of Phoenix dactylifera (Dates)

. Zone of inhibition (mm) |
Organisms (ST Ciprofloxacin
& CFU*/mL HMEDSE P
(50 pg/mL)
Bacillus subtilis ATCC 6633 2x10° 143 +2 293+ 15
Staphyl ATCC
aphytococcus aureiss 4x10° 163+ 15 27312
25923
St ATCC
reprococeus pyogenes 4x10° 15+2.6 27.6+1.1
19615
Escherichia coli ATCC 25922 3x10° 17.6 £2.5 333+23
PS@ﬂdomUﬂﬂS ﬂfrﬂginUSﬂ
2x10° 15+2 29.3+ 3.
ATCC 27853 ) > 2337
Klebsiella pneumoniae ATCC 5 % 10* 163425 32643
X . . .
700603 - -

# Each value is the mean of 3 batches (n=3) with standard deviation. All the values are compared to standard
ciprofloxacin disc by performing Tukey Kramer test (post hoc test). The standard values were more significant than

HMEDSE.
HMEDSE: Hot methanolic extract of dates seed

13



Moni SS ez al. (2024). Not Bot Horti Agrobo 52(2):13600

ns
s |
| =
ns I
I ns
| |
ns | ns
T 17
ns ns
=1 Il |
ns ns ns ns ns
17
_ 201 || | | |
g
& |
£ 15 [
=
=
=
— 104
<
3
=
>
N
5+
o T T
R ; N ¥
“‘\\é & o & o o
< 4 o N & o
S A o N
o ¥ ot & o o
o o & o o A
Q\é Q@c < e " O
O O AL
< o st\ *

Test organisms

Figure 9. Spectrum of antibacterial activity of hot methanolic extract from the seeds of Phoenix dactylifera
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Figure 11. The dose-response curve on the effect of hot methanolic extract from the seeds of Phoenix
dactylifera (Dates) against MCF-7 cells

In this current study, the extract showed a remarkable cytotoxic effect on cancer cells, this influence
being primarily due to the induction of apoptosis. A fluorescence microscope was used to evaluate the cell state
to quantify parameters such as viability, early apoptosis, late apoptosis, and necrosis, as shown in Figure 12. A
total of 200 cells were differentially and randomly counted, along with untreated negative control. Eatly
apoptosis was detected through staining of the DNA fragments with acridine orange. Moderate apoptosis
reflected in blebbing, and condensation of nuclear chromatin, were observed upon treatment with the extract
for 24 h. Moreover, in the late stages of apoptosis, after 48 and 72 h of treatment, changes were observed, e.g.,
a reddish-orange colour due to the binding of AO to denatured DNA. Thus, HMEDSE time-dependently
induced morphological features related to apoptosis. There was a significant difference in cell number when
treated cells (200 cells) were differentially evaluated (p < 0.05).
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Figure 12. Apoptosis study. Fluorescent photomicrograph of AO/PI double-stained MCF-7 cells. The
cells were treated with hot methanolic extract from the seeds of Phoenix dactylifera (Dates)at 73 ug/ml for
24,48 and 72 h

(A) Control (untreated) cells showed a normal structure with no remarkable features of apoptosis and necrosis. (B) At
24 h, AO was interconnected with fragmented DNA (bright green) (C) An orange colour, representing late apoptosis,
was noticed at 48 h. (D) At 72 h, the cells were orange with a blebbing membrane that indicated late apoptosis. At 72
h, secondary necrotic cells (bright red colour) were noticed. (E) the blebbing cells as an indicator of early apoptosis start
to be seen at higher magnification. (F) secondary necrotic cells (bright red colour) seen at 72 h at higher magnification.
(G) The percentages of viable carly and late apoptosis and secondary necrotic cells were increased after MCF-7 cells
were treated with extract in a time-dependent manner. Apoptosis increased significantly (*p < 0.05) in a time-
dependent manner. VI: viable cells, EA: carly apoptosis, LA: late apoptosis, NE: necrosis.

Discussion

Phoenix dactylifera, the date palm, is a plant grown primarily for its delicious and nutritious fruits. While
the fruits of Phoenix dactylifera are often highlighted, few researchers worldwide have discovered that the seeds
have a variety of therapeutic properties. The seeds have shown promising medicinal properties in the present
study. Many bioactive substances have been identified in the fraction of HMEDSE. Dasycarpidan-1-methanol,
acetate (ester), ethyliso—allocholate, l—Monolinoleoylglycerol trimethylsilyl ether, Oleic acid icosyl ester, N-
Hexadecanoic acid, cyclononasiloxane-octadecamethyl, octadecane, 3-ethyl-5-(2-ethylbutyl), Cholestan-3-
one, cyclic 1,2-ethanediyl-etal, Stigmasterol, hepadecane, etc.
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Dasycarpidan-1-methanol has been previously shown to have antibacterial activity (Algahtani e 4,
2022). A previous study showed that ethyliso-allocholate may be a potent antibacterial agent (Malathi e 4/.,
2016). 1-Monolinoleoylglycerol trimethylsilyl ether has been shown to possess antibacterial, anti-
inflammatory, and antioxidant properties (Parthipan ez 4/., 2015; Simsek Sezer and Uysal, 2021). Oleic acid
icosyl ester (OIE), also known as icosyl oleate or 9-octadecenoic acid (Z)- eicosyl ester have significant
medicinal property. Gurunathan ez a/. (2016) discovered that OIE is an effective larvicidal agent against
mosquito larvae. In another study, OIE was found to have antifungal effects, especially against Candida (Yang
et al., 2022). According to Schwingshackl and Hoffmann (2014), oleic acid (OE) is a monounsaturated fatty
acid (MUFA) found in a variety of animal and vegetable fats and oils. It has been reported that OE provides
several health benefits, including a lower risk of cardiovascular disease and improvement of insulin sensitivity
(Viguiliouk ez 4l., 2015). In addition, PUFAs are better than saturated fats, as they decrease the levels of LDL
cholesterol and minimize the risk of heart disease. According to a previous study, oleic acid is one of the most
important fatty acids in date seeds, accounting for about 20-30% of the total fatty acid content (Boukouada e
al,2014).

In another study conducted in Iran, the fatty acid profiles of different parts of the date palm were
investigated, including the fruit, seed, and leaves. The researchers found that oleic acid was present in all parts
of the date palm, but its concentration was highest in the seed oil (Nehdi ez 4/., 2018). Oleic acid is the most
abundant fatty acid in olive oil. It is known for its health-promoting properties, including reducing
inflammation, improving blood sugar control, and reducing the risk of certain cancers (Jimenez-Lopez et 4l.,
2020). A previous report suggested that cyclononasiloxane-octadecamethyl, a related compound, possesses
potent antifungal properties (Ni, 2016).

Cholestan-3-one, cyclic 1,2-ethanediyl-etal, (5¢)- has been described as an antibacterial agent (National
Center for Biotechnology Information, 2023). According to Ertas ez al. (2015), the essential oils of Euphorbia
macroclada contain a significant amount of tetratetracontane as a major constituent. N-Hexadecanoic acid,
also known as palmitic acid (PA), has demonstrated anti-inflammatory properties. In addition, it showed
significant antibacterial activity against biofilm-forming microbes (Aparna e al., 2012; Bakar ez 4l., 2017).
Recent studies have shown that palmitic acid diminishes the proliferation of prostate cancer cells both in lab
cultures and animal models (Zhu ez /., 2021). Additionally, palmitic acid has been documented to restrict the
growth of a range of pathogens such as bacteria and fungi (Casillas-Vargas ez 4/., 2021). Nguyen ez al. (2018)
also reported on the antimicrobial properties of 3-ethyl-5-(2-ethylbutyl).

The potential of stigmasterol as a medical agent for treating various diseases, including cancer, has been
explored. It was observed that stigmasterol exerted anti-cancer effects by enhancing apoptosis and reducing
tumor growth (Bakrim ez a/., 2022). Breast cancer cells underwent stigmasterol-induced apoptosis in a dose-
dependent manner (Zhanger al., 2022). In a previous study, stigmasterol was shown to exert anti-cancer effects
in ovary carcinoma cells. According to the study, stigmasterol may be a new treatment strategy for ovarian
cancer. It has been reported that stigmasterol plays a crucial role in altering lipid metabolism due to its
cholesterol-lowering solid effect (Feng ez a/.,2018). Stigmasterol has demonstrated notable anti-osteoarthritic
effects by effectively inhibiting pro-inflammatory mediators (Feng ez 4/, 2018). Stigmasterol has been described
as an immunomodulatory compound, as it suppressed the release of tumor necrosis factor-, nitric oxide, and
proinflammatory cytokines, and inhibited cyclooxygenase-2 (Bakrim ez al., 2022).

Earlier research revealed the occurrence of stigmasterol in the pollen of Iraqi date palms (Taiseer, 2021).
Another study examining the antibacterial capabilities of stigmasterol found it to be notably effective in
inhibiting both Gram-positive and Gram-negative bacteria, such as Staphylococcus aureus, Escherichia coli, and
Pseudomonas aeruginosa (Bae et al., 2020). The compound is versatile, finding use across multiple industries.
Its solubility qualifies it as an effective solvent, and its emollient and conditioning features make it apt for
personal care products. Studies have indicated that 9-hexylheptadecane possesses antifungal capabilities
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(Maghdu and Palaniyappan, 2015). Its potential role as a surfactant in the realm of nanotechnology also holds
promise for future innovations. Similarly, heptadecane offers exciting possibilities in nanotechnological
applications. Serving as a surfactant, heptadecane can aid in the creation of nanoparticles from a variety of
materials including metals, metal oxides, and polymers. Its surfactant qualities assist in stabilizing these
nanoparticles, preventing them from clustering together. Numerous studies have illustrated heptadecane’s
effectiveness as a surfactant, particularly in crafting nanoparticles with specific dimensions and forms (Can ez
al., 2022). Furthermore, it has been attributed with anti-inflammatory, anti-cancer, antibacterial, and anti-
arthritic properties (Dinesh ez 4l., 2018). Methyl palmitate is an ester formed from methanol and palmitic acid.
The compound is known for its antioxidant and anti-inflammatory effects, as well as its potential to lower
blood cholesterol levels (Asghar ez al., 2011; Amir ez 4l., 2020). It is formed in the digestive system of mammals
by bacterial degradation of the fucoxanthin molecule (Kotake ¢z 4/, 2001). Research suggests that lycoxanthin
may have even stronger antioxidant capabilities than fucoxanthin (Kotake ez 4/., 2001). In a study by Ponder
et al. (2021), trace amounts of lycoxanthin were found in extracts of peppers, tomatoes, and carrots; these
amounts were significantly lower than other carotenoids such as lutein and beta-carotene. Methyl palmitate
exhibits a wide range of biological effects and shows promise for various therapeutic applications. In another
study, lipid analysis of date palm fruit showed that both the fruit and its pulp contain oleamide (Alkhoori ez
al., 2022)

The detection of oleamide in date palm raises the possibility that this compound contributes to the
plant’s biological functions and potential health advantages. Earlier research has indicated that oleamide serves
as a regulator of the endocannabinoid system, which plays a pivotal role in a range of physiological activities
such as pain management, appetite control, and immune response (Basu, 1999). Separate research has
demonstrated that oleamide can act as a sedative, enhancing both the duration and quality of sleep-in rodents
(Reyes Prieto ez al., 2012).

Additionally, oleamide has been investigated for its potential anti-inflammatory and anticancer benefits.
One study found it to hinder the proliferation of human breast cancer cells (Zibara ez 4l., 2015), while other
research noted its ability to decrease inflammation in the brain (Nam ez 4/., 2017; Kita ez al., 2019). Methyl
benzoate is widely used as flavoring agent and fragrance in various products such as perfumes, soaps, and
cosmetics (National Center for Biotechnology Information, 2023). Benzoic acid methyl ester has been
identified as one of the major volatile compounds in the fruits of Phoenix dactylifera, contributing to its
characteristic aroma (Al-Shahib and Marshall, 2003). The presence of this compound in the fruit could also
have association with its use as a natural preservative due to its antimicrobial properties.

Dates are a significant source of polyphenols which have anti-inflammatory and antioxidant activities.
In one study, the polyphenol content of three different date varieties was investigated, and the spectrum of FT-
IR showed a large peak between 3400 and 3200 cm™, corresponding to existence of OH groups in these
polyphenols (Wongsa ¢ al., 2022). Tannins are a class of polyphenols found in many plant foods, including
dates. These compounds have various pharmacological properties such as antioxidant, anticancer, and
antimicrobial effects. The FT-IR analysis of a methanolic extract of date showed a peak at about 3400-3200
cm’', which was consistent with OH groups in flavonoids (Al-Shahib and Marshall, 2003).

The peak at 1132 cm™ could correspond to the C-N stretching vibration of a secondary amine (-NH-),
a functional group commonly found in amides and amines (McNaught and Wilkinson, 1999). The peaks at
735,661, and 660 cm™ may be due to bending vibration of a substituted benzene ring, a functional group found
in many organic compounds (Coates, 2006). According to studies by Al-Farsi and Lee (2008), extracts from
the fruits, seeds, and leaves of date palm exerted antibacterial effect on a variety of bacteria such as Escherichia
coli, Pseudomonas aeruginosa and Staphylococcus aureus. In a study by Samad ez al. (2016), ethanolic extract of
date palm fruit showed potent antibacterial activity against Staphylococcus aureus, Escherichia coli, Pseudomonas

aeruginosa, and Klebsiella pneumoniae. In addition, in previous studies, Bacillus subtilis, Escherichia cols,
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Staphylococcus aureus, and Streptococcus pyogenes were significantly inhibited by the methanolic extract of date
palm kernels (Alsohaimi and Fouda, 2019; Bhaskaracharya and Bhaskaracharya, 2022).

The date palm, Phoenix dactylifera, is cytotoxic against numerous cancer cell lines. The potential of date
palm extracts and their bioactive components to induce apoptosis, suppress cell proliferation, and modify cell
cycle progression indicates their cytotoxic effect (Ghazzawy, 2022). A previous study revealed that Phoenix
dactylifera leaf extracts produced cytotoxic effect by decreasing the proliferation of human breast cancer cells
via apoptosis induction (Khan et 4/., 2022). Another study on date palm extract’s cytotoxic and antioxidant
properties discovered that it exerted considerable cytotoxicity against multiple cancer cell lines (Shahbaz ez 4l.,
2022). Al-Sayyed ez 4l. (2021) studied the cytotoxic effect of date palm seed extract on MCF-7 breast cancer
cells. The study results showed that the extract produced a dose-dependent cytotoxic effect on cancer cells (Al-
Sayyed et al., 2021). Alkhoori e 4. (2022) studied the cytotoxic effect of date palm seed extract on human
HepG2 and healthy hepatocytes (WRL-68). The study’s results revealed that the extract had a strong cytotoxic
effect on cancer cells but had little effect on normal cells. An earlier study looked at the cytotoxicity of a date
seed methanolic extract on human colon cancer cells (HT29). It was discovered that the extract had substantial
cytotoxic effect on cancer cells through a mechanism involving induction of apoptosis (Rezaei, 2015).
Furthermore, Khan ez al. (2022) reported the anti-cancer effect of Phoenix dactylifera L. seed extract on human
mammary carcinoma. Hence, it might be employed as an essential option for developing anti-cancer
medications.

Conclusions

This investigation has demonstrated the anti-cancer and antibacterial potential of Phoenix dactylifera
seeds. In addition, numerous useful bioactive phytochemicals of medical significance were identified in the seed
extract. The hot methanolic extract of Phoenix dactylifera seeds showed promising biological activity. Further
research is needed to fully understand the potential benefits and mechanisms of action of these seeds. However,
it is important to note that Phoenix dactylifera seeds should be consumed in moderation to combat numerous

health problems.
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