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Research Highlights

e A novel approach to prepare date palm pit has been proposed.

e Various biological activities of date palm pit have been investigated.

e The prepared extract also showed antimicrobial activity against five different bacterial strains
and the yeast strain tested.

e A strong correlation existed between antioxidant activity and phenolic compound has been

determined.

Abstract

The date palm pit (Phoenix dactylifera L.) is a byproduct of the date business that contains a
number of bioactive compounds with potential health benefits. This study investigated the
preparation of aqueous extract of date palm pit (DPP) and its biological activities, including
antioxidant, anti-amylase, and antimicrobial activities.The total phenolic content of the DPP
aqueous extract was 128.02 + 0.35 ug GAE/mg gallic acid equivalent (GAE)/g extract. The total
flavonoid content was 82.12 + 0.89 ug QE/ mg /g extract.The DPP aqueous extract showed
significant antioxidant activity in the DPPH free radical scavenging assay (IC50 = 492 + 0.4 ug/mL),
and the FRAP assay (RC50 = 408 + 1.87 ug/mL).The DPP aqueous extract showed moderate anti-
amylase activity (IC50 = 4.089 + 0.78 pug/mL). The DPP aqueous extract also showed antimicrobial
activity against all five bacterial strains and the yeast strain tested. The highest inhibitory zone
diameter was observed against Klebsiellapneumoniae (20 mm).
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Introduction

The date palm (Phoenix dactylifera L.) is a dioecious tree from the Middle East and North

Africa. It is one of

the world's oldest cultivated crops, and its fruit is a staple diet for many people in these
arcas.Date palm pits are a byproduct of the date business and were cither utilized as animal feed
or dumped as rubbish. Recent study, however, has revealed that date palm pits contain a number

of bioactive chemicals with potential health advantages.

Date palm pits are a good source of dietary fiber, protein, and fatty acids. They also contain a
variety of vitamins and minerals, including calcium, magnesium, iron, and potassium([1,2]. In
addition, date palm pits contain a variety of bioactive compounds, including flavonoids, phenolic

acids, tannins and sterols are abundant in date palm pits[3].

These compounds have been shown to have a variety of biological activities, including
antioxidant, antimicrobial, anti-inflammatory, and anticancer activities. In addition, the presence
of these secondary metabolites in date palm pits makes them a valuable source of bioactive
compounds with potential health benefits. More research is needed to fully characterize the
biological activities of date palm pits and to develop effective ways to incorporate them into food

and pharmaceutical products.

The potential for date palm pits to be employed in the treatment of different illnesses and
disorders has been looked at in a number of research. For instance, studies have demonstrated the
effectiveness of date palm pit extract against a range of bacteria and fungi, such as Staphylococcus
aureus, Escherichia coli, and Fusariumoxysporum[4]. Additionally demonstrated to have anti-

inflammatory and anticancer properties is date palm pit extract [5,6].

Date palm pits can be utilized as a functional food component in addition to their potential
application in the treatment of illnesses and ailments. Date palm pit flour, for example, may be
used to create bread, spaghetti, and other baked products. Date palm pit oil may be used as a

cooking oil as well as a salad dressing[7].

The objective of this work is to investigate the potential of date palm pit (DPP) extract as a
natural source of bioactive compounds with various biological activities. The total polyphenols

and flavonoids content of the extract is then determined using the Folin-Ciocalteu and
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aluminum trichloride methods, respectively. LC-MS analysis is used to identify the specific

chemical compounds present in the extract.

The antioxidant, anti-amylase, and antimicrobial activities of the DPP extract are then evaluated
using a variety of methods. For example, the DPPH assay is used to measure the antioxidant
activity of the extract, while the carrageenan-induced paw edema model is used to measure its
anti-inflammatory activity. The anti-amylase activity of the extract is measured using a starch
hydrolysis assay, and its antimicrobial activity is measured using an agar diffusion assay, the steps
of the experiment are showing in thegraphical abstract. The Steps of Preparing the Aqueous

Extracts Metabolites and Biological activities of DPP (Figurel).
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Figure 1. The Steps of Preparing the Aqueous Extracts Metabolites and Biological activities
of DPP

Ripe date palm (Pheenix dactylifera L.) fruits of the Deghla Baidha variety were harvested in the
Touggourt oases, Algeria, during 2022.The pits samples were removed and washed with tap
water, then rinsed with deionized water to remove dust and impurities. The dry pits were crushed

and ground into fine powder using a grinder (Figure.1).
2.2. Preparation the aqueous extract of date palm pit

The aqueous extract of date palm pit (DPP) was prepared by adding 25 g of DPP powder to 100
ml of distilled water. The mixture was stirred for 30 minutes at 150 rpm, then left to cool at
room temperature overnight. Then filtered through Whatman No.1 paper to obtain the aqueous
PLR extract. The filtered aqueous extract was collected and stored in a refrigerator at 4°C for

future use(Figure.1).
2.3. Determination of total Polyphenols and Flavonoids Content

Following Singleton's technique[8], the total phenolic contents were measured using the Folin-

Ciocalteu reagent and gallic acid as a reference. First, 20 pL. of DPP aqueous extract or various
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quantities of gallic acid (standard) were combined with 900 pL of Folin-Ciocalteu reagent (1:10).
Next, 600 pL of sodium carbonate (7.5%) was added to the mixture. The sample was kept in the
dark for two hours at room temperature. Later, using a spectrophotometer, the absorbance was
measured at 765 nm, and the findings were represented as mg of gallic acid equivalent (GAE) per

100 g of material.

According to Kim et al. [9], a technique based on the creation of a complex flavonoid-aluminum,
with the greatest absorbance at 430 nm, was used to estimate the total flavonoid levels in the

DPP extract.

One milliliter of the diluted sample was combined with one milliliter of a 2% solution of
aluminum trichloride (AICI3) in methanol. Following a 15-minute incubation period at room
temperature, the reaction mixture's absorbance was measured at 430 nm with a
spectrophotometer, and the amount of total flavonoids was expressed as mg of quercetin
equivalent (QE) per g of extract (mg QE/ g). Quercetin was used to create a calibration curve,

and the findings were represented as mg quercetin equivalents (CEQ)/100 g sample.
2.4.Liquid Chromatography-Mass Spectrometry Analysis

Shimadzu 8040 Ultra-High sensitivity with UFMS technology was used, along with a binary
bump Nexera XR LC-20AD. We employed direct injection without a column to optimize

polyphone standards.

CID gas, 230 KPs; conversion dynode, 6.00 Kv; interface temperature, 350 C; DL temperature,
250 C; nebulizinggas flow, 3.00 L/min; heat block, 400 C; drying gas flow, 15.00 L/min were

the ESI conditions.

All standards were produced in methanol at a concentration of 500 g/L. In both negative and
positive ions, the ion trap mass spectrometer was employed in MRM mode (multiple reaction
monitoring). Water, 0.1% formic acid, and 70% methanol made up the mobile phase. The

injection volume was 6 L and the flow ratewas 0.3 mL/min.

The samples were separated using an Ultra-force C18 column (I.D. 2.5 mm 100 mm, particle
size 1.8 m; Restek), and the oven temperature was set at 25 degrees Celsius. 0.1% formic acid
and methanol (30:70, v/v) were used for isocratic elution. The injection volume was 10 mL, and
the flow rate was 0.30 mL/min[10].

2.5.Biological activities
2.5.1.Antioxidant activities

2.5.1.1.DPPH test
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The efficacy of aqueous DPP extracts in suppressing the DPPH free radical using the 2,2-
diphenyl-1-picrylhydrazyl free radical was examined using Gali and Bedjou [11] technique with

some modifications.

Five milliliters of a methanol solution of 1.1-diphenyl-2-picrylhydrazyl (DPPH) (0.024 mg/mL)
were added to fifty microliters of varying concentrations of DPP extract in distilled water. After
30 minutes of room temperature incubation, the absorbance was measured at 517 nm in
comparison to a blank. The synthetic antioxidants BHA and ascorbic acid were used as controls.
The following formula was used to calculate the percentage (%) of DPPH free radical scavenging

activity.

Percentage of Inhibition % = 100 x [(blank absorbance - extract absorbance) / blank

absorbance]. All experiments were done in triplicate, and the findings were represented as IC50

(g/mL).
2.5.1.2.Antioxidant assay using the Bcarotene bleaching.

The technique described by Assagaf et al. [12]was used to test the ability of DPP aqueous extract

to inhibit Bcarotene via the model system (Bcarotene/linoleic acid).

In 25 pl of linoleic acid and 200 pl of Tween-80 in 1 ml of chloroform, 0.5 mg of Bcarotene was
dissolved. In a rotary evaporator set to 40 °C, the mixed solution was entirely evaporated under

vacuum.

100 ml of distilled water should be added after vigorously shaking. After adding 0.2 ml of the
test substance (1 mg/ml) to 5 ml of the aforementioned solution, absorbance was measured at
470 nm right away. The absorbance of the solutions was once more measured at the same
wavelength after 120 minutes of incubation at 50 °C. The identical process was carried out once
more using BHA and ascorbic acid as standards and a blank. The following equation was used to

compute the antioxidant activity in the b -carotene bleaching model reported as a percentage:

Antioxidant activity (%) = (Absorbance of sample at T 0- Absorbance of sample at T120 min) /
Absorbance of control at T' 0- Absorbance of control at T 120 min) *100

2.5.1.3.FRAP test.

According to Said et all’s approach[13], the produced nanocomposite films' capacity to decrease

iron (ITI) was assessed with minor modifications.

1 mL of aqueous DPP extract at various concentrations was combined with the same volume of
phosphate buffer and 1% potassium ferrocyanide (K3Fe(CN)G). The resulting mixture was
incubated for 20 minutes at 50 °C. After the mixture had been incubated, 1 mL of 10%

trichloroacetic acid (TCA) was added. The mixture was then centrifuged for 10 minutes at 3000
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rpm. A total of 1.25 ml of distilled water, 0.25 ml of ferric chloride (0.1%: w/v), and 1.25 ml of
the supernatant solution from each combination were added in the end. After 10 minutes, the
solution's absorbance at 700 nm was measured. The reductive capacity (RCO0.5) is defined as the
substrate concentration that yields an absorbance of 0.5 at 700 nm. To obtain it, a linear

regression curve is employed
2.5.2.Antidiabetic assay Determination of Gamylase inhibition.

The a-amylase inhibition activity was conducted using the technique of Armando et al.[14] with

minor modification.

First, 25 pL of the aqueous extract was combined with 50pL of buffer solution containing 1
U/mL of -amylase and 0.02 mol/L sodium phosphate buffer (pH 6.9). This mixture was then
pre-incubated at 37 °C for 10 minutes. Aqueous starch solution (0.1%) and 50pL of the mixture
were then added, and the mixture was incubated at 37 °C for 60 min.A 50 pL solution of the
dinitrosalicylic acid reagent was used to halt the reaction. Samples were quickly chilled in an ice
bath after five minutes of incubation in a 90°C water bath. Acarabose was used as a reference
sample and underwent the same testing procedures, with the result presented as a percentage of

inhibition.
2.5.3.Antimicrobial activity.

The inhibitory effect of the date palm pit was tested on five human pathogenic bacterial strains:
two are a Gram-negative strain (Escherichia coli ATCC 8737 andKlebsiella pneumoniae
CIP8291), and three strains are Gram-positive (Bacillus subtilisATCC 6633, Staphylococcus
aureus ATCCN 6538, Listeria innocuaCLIP 7491); and one yeast Candida albicans
ATCC10237. Microbial strains were kept at 80 °C in brain—heart agar broths containing glycerol
until they were used. The strains were grown afterward in agar broths for 24 h at 37 °C in an
incubator before being tested for antibacterial activity.In brain-heart agar broths with glycerol,
bacterial strains were stored at 80 °C until they were needed. After that, the strains were cultured
in agar broths for 24 hours at 37 degrees Celsius in an incubator before being evaluated for their

ability to combat germs.

The agar diffusion method was used to examine the efficacy of aqueous extract of date palm pit
against the strains tested[15] . This test was carried out using the disk diffusion method, which
involves dipping disks into each sample. To obtain bacterial suspensions with an optical density
of 0.5 Mc Ferland (EQ105UFC/mL), a pure, young culture was obtained after incubation at
37°C (18 to 24 hours). Inoculations of 1 mL of each bacterial strain were made into Petri plates,
which were then 4 mm thick with Muller-Hinton agar medium and allowed to dry for 3 to 5
minutes at room temperature. Next, disks (6 mm in diameter) impregnated with different

concentrations of DPP were placed on the surface of the culture medium to obtain complete
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contact with the agar. sterile distilled water was used as a negative control. After that, Petri plates
were incubated for 24 hours at 37°C. Using a caliper, the inhibitory zone's diameter was
measured in millimeters. The experiment was carried out three times for every bacterial

strain[10].
3.Results and discussions
3.1.Polyphenols and flavonoids contents

Polyphenols are secondary metabolites found in practically all aromatic and therapeutic plant

species. Because of their antioxidant capabilities, these metabolites are vital for human nutrition

and helpful to health[16].

A quantitative analysis reveals that aqueous extract of DPP has a high phenolic and flavonoid
content;with 128.02 + 0.35 pg GAE/mg extract and 82.12 + 0.89 pg QE/ mg extract,
respectively. These values are higher to those reported for date pit extracts from different cultivars
grown in the Qassim area which ranged from 29.5 to 30.2 pg GAE/mg for phenolic contents
and from 23.5 t0 29.2 pg QE/ mg [17].

The values obtained for TPC and TFC are significantly higher than those obtained for other date

palm pits varieties; Saudi Ajwa pits[18] , different Emirati date [19] and four different varieties
of Oman date [20].

Date pits contain high levels of total polyphenols compared to other organs such as fruits
[21]and pulp [18]. It is generally recognized that phenolic molecules, particularly flavonoids,

have a variety of biological functions, including antioxidant and antibacterial effects [22].

Due to their ability to delay the oxidative breakdown of lipids and consequently enhance food
quality and nutritional content, phenolics are becoming more and more popular in the food
business [23].Genotype and environmental factors have an impact on the polyphenol content of
plant organs.Additionally, factors like as soil nutrient availability, temperature, light, altitude,

and light intensity may affect phenylpropanoid metabolism [24].
3.2.Antioxidant activities

DPPH, FRAP, and B.carotene tests were used to assess the antioxidant capabilities of our extract,

and the findings are shown in Table 1.

The aqueous extract of DPP had the highest capability for DPPH radical scavenging, with an
IC50 of 320+ 0.65pg/mL, whereas ascorbic acid had an IC50 of 29+ 0.34pg/mL. Nevertheless,
the range of our results was lesser than those found byAbdul-Hamid et al. [18].

The spectrophotometric b-carotene bleaching test was also used to assess the antioxidant

properties of DPP. The findings of the current investigation demonstrated that the DPP extract
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had greater levels of antioxidant activity and that this antioxidant activity increased with extract
quantity. The IC50 of the aqueous extract (492 + 0.4 pg/mL) was lower than the standard BHA
(32.911 + 0.8 pg/mL) and ascorbic acid (82.92 + 2.98 pg/mlL).

As the content of DPP extract grew, the reducing power also did so. Surprisingly, the DPP

extract shown far more reducing power than the typical (BHT).

It has been claimed that a number of components are responsible for the antioxidant action of
DPP. Other ingredients, such as phenolic compounds, may have contributed to this action in
some measure in addition to fatty acids. Antioxidant chemicals found in the date palm, such
ascorbic acid, vitamin E, carotenoids, and selenium, are responsible for the plant's antioxidant

action , additionally some flavonoids and tannin’s constituents [21], [25].

Table 1.Antioxidant activities of DPP extract.

DPP extract BHA Ascorbic Acid
DPPH (IC50pg/mL) 320 £ 0.65 / 29 £ 0.34
Bcarotene bleaching (IC50pg/mL) 492 + 0.4 32911 + 82.92+298
0.8
Reducing power assay (A0.5 408 + 1.87 / 18.05 + 0.47

pg/mL)

3.3. Antidiabetic assay

To assess the anti-diabetic efficacy of DPP extracts, the capacity of the various extracts to inhibit
theGamylase enzyme was estimated.According to the results, the reaction of DPP extract
provided the best response, with a significantly lower IC50 value than acarbose(IC50 of DPP =
4.089+0.78pg/mL, IC50 of acarbose = 18.09 +1.78 pg/mL). This result fits well with the work
of Zahnit et al. [26].

18.1

IC 50 pg/mL

DPP extract acarbose

Figure 4.The anti-diabetic activity of DPP extract
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3.4. Antimicrobial activity .
(@)

Due to pathogenic bacteria's rising antibacterial resistance and a lack of therapeutic
options, new treatment strategies are necessary[27]. According to the findings of this
investigation, DPP extract has antimicrobial effects on both Gram-negative and Gram-positive

bacteria and yeast tested, however meuilleur inhibition was seen in Gram-negative bacteria and

yeast (Figure.5).
~ 257 . .
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Figure5. Antibacterial activity of DPP samples against the microbe strains
3.5. LCMS/MS analysis

The LCMS/MS in liquid chromatography tandem can be used to rapidly determine the
molecular weight of a of DPP extractWe employed direct injection without a column to optimize
polyphone standards of DPP extract. The upper part of the display in Figure 6 a show the mass
spectrum of the chromate graphic it’s the Quantitative Analysis of DPP extract by LC-MS/MS
with a Fast from 0 min to 240-minute Cycle. There is a regular pattern to the spectral peaks,
each one of which represents the molecule with a different number of charges. The lower part of
the display in Figure 6 bgraph it’s aanother enlarged image spectrummore clarifying of the
Quantitative Analysis of DPP extract by LC-MS/MS with a Fast from it is anotherbetween 6.5
min to 18.7-minutecycle,thefollowing (table2) explains and shown the Polyphenols and
flavonoids content of DPP extractfrom the LC-MS/MSspectroscopy from Figure 6 (a)and(b).

s e Y 2906 26E: -42.0
- UEAWRBH053 PAA00POIBE BB +) CE: -33.0
CE 190
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0500(+) CE: -45.0 Lamerycetin 336 2500>238 BB CE1 LLEND0>303 2000(+) CE:-19.0

id 223.0000>193.101
169.1000(-) CE: 8.0

125.1000(-) CE: 27.0

lL0:+Catechin Hydrate 306.9500>93 0500(-) CE: 43.0

Figure 6:.(a and b) &bMolecular weight determination of DPP extract by Quantitative
Analysis of DPP extract by LC-MS/MS with a Fast from 0 min to 240-minute Cycle.
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2 137.1000 [9.52 [ 316 (891 | 1.0
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Table 2. Polyphenols and flavonoids content of DPP extract
4. Conclusion

The aqueous extract of date palm pit (DPP) was found to be a rich source of bioactive
compounds, including total polyphenols and flavonoids. The LC-MS analysis of the extract
revealed the presence of a variety of polyphenols. The DPP extract also exhibited a number of
biological activities, including antioxidant , anti-amylase, and antimicrobial activities. In the
DPPH assay, the IC50 value of the extract was found to be 320pg/ml, indicating a moderate
antioxidant activity. The extract also showed a higher anti-amylase and antimicrobial activities.
Overall, the findings of this study suggest that DPP extract has the potential to be used as a
natural source of bioactive compounds with various biological activities. However, more research
is needed to investigate the long-term safety and efficacy of DPP extract for human

consumption.
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