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Abstract

Phoenix dactylifera L. and its wastes are known to be high in nutrients that are beneficial to human health.

The study aimed to evaluate the antimicrobial, antibiofilm, and antiviral properties of Phoenix dactylifera L. pits
extract (PDPE) in vitro. Gas chromatography-mass spectrometry (GC-MS) analysis indicated phenol, 2,5-bis(1,1-
dimethyl ethyl), tetradecanoic acid, octaethylene glycol monododecy! ether, 4-D-glucopyranosiduronic acid,

and heptaethylene glycol monododecy! ether existence. The PDPE influenced pathogenic microorganisms, with
inhibition zone diameters (1ZDs) ranging from 10.0 to 35.0 mm. Staphylococcus aureus ATCC 5638 had the highest
1ZD, while Salmonella typhi DSM 17058 and Shigella sonnei DSM 5570 had the lowest. The antifungal effect
observed only in spore failure or conidia formation. PDPE showed a 100% antibacterial spectrum against bacteria,
with MIC values between 250 and 1000 pg/ml. MIC was only indicated with S. aureus of 500 pg/ml. MBC values
ranged from 500 to 1000 g/ml, with MBC values of 500 g/ml for B. cereus, E. faecalis, S. typhi, and S. sonnei. The
activity was 66.7% at 500 ug/ml, further concentrations of 125-250 g/ml had no antibacterial effect. PDPE biofilm
inhibition % had the highest percentage of inhibition (98.59%) with S. aureus, B. cereus (94.12%), and E. coli (74.46%).
With 50% (CCsy) viral activity, the highest non-toxic PDPE dose was found to be at 123.0 pg/ml.

Key points
« Phoenix dactylifera L. pits extract (PDPE) has varied active compounds with different bioactivities.
- Phoenix dactylifera L. pits extract (PDPE) has a bactericidal mode of action for various pathogenic bacteria.
- Phoenix dactylifera L. pits extract (PDPE) has cytotoxicity 50% (CCs) value at 123.0 pg/ml with 50% viral activity.
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Introduction

In most nations, microbial infections are the primary
cause of disease and mortality, accounting for 1.8 mil-
lion cases of illness every year (Ahmad et al. 2022).
Plant-derived natural goods and herbal medications
are becoming increasingly popular as alternative rem-
edies for various health issues in developing nations like
Egypt. In this situation, the alternative medical approach
should incorporate the screening, selection, and assess-
ment of the pharmacological characteristics of naturally
occurring phytochemicals derived from plants. Several
fruits’ seeds, stones, and pits are utilized as supplemen-
tary medicine due to their phytochemical content, which
aids in illness prevention, disease treatment, and the
reduction of side effects and various forms of stress (El-
Far et al. 2021). P. dactylifera pits’ functional food quali-
ties in dietary treatment (Zihad et al. 2021), macro- and
micronutrients (Ahmad et al. 2022), phenolic acids, as an
ingredient in bread (Abdel-Shaheed et al. 2021), and pro-
tein solubility (Aljaloud et al. 2020) have all been docu-
mented in several studies. Egypt is recognized as one of
the nations that produces P. dactylifera. A meaty pericarp
and seed make up the P. dactylifera palm’s fruit (Mia et al.
2020). About 15% of the weight of the P. dactylifera fruits
is made up of pits. Complementary and alternative medi-
cine (CAM) uses the seeds of several fruits to prevent or
lessen illness side effects and stress (Mirza et al. 2018).

P, dactylifera seed contains a variety of chemical com-
ponents, including zinc (Zn), cadmium (Cd), calcium
(Ca), and potassium (K), as well as unsaturated fatty
acids like oleic and linoleic acids that may inhibit the 5-a
reeducates enzymes (Mia et al. 2020). Moreover, seeds
have substantial concentrations of dietary fiber (78—
80 g/100 g), antioxidants, and phenolics (3102—-4430 mg
equivalents/100 g gallic acid) (Al Alawi et al. 2020). The
possible health advantages of the seed extract for humans
have been studied and it is also utilized in several tradi-
tional treatments (Gregorova et al. 2020). P dactylifera
seeds have also been shown to contain a significant
amount of antioxidants (Saryono et al. 2019).

Furthermore, numerous studies show that P dacty-
lifera pits are a rich source of naturally occurring anti-
oxidants rather than a waste product, and they may even
be employed as antibacterial candidates to combat fun-
gus and both positive Gram-negative (G-ve) and positive
bacteria (G+ve) (Platat et al. 2019). Numerous patho-
gens, including Salmonella spp., Campylobacter spp.,
Escherichia coli, S. aureus, L. monocytogenes, E. faecalis,
S. agalactiae, and B. cereus, have been shown to exhibit
antimicrobial action (Daoud et al. 2019). Furthermore,
it has been demonstrated that the phenolic content is
highly dependent on the extraction solvent and is con-
sistently higher in aqueous extracts than in alcoholic
extracts (Daoud et al. 2019; Platat et al. 2019).

Page 2 of 11

The main aim of this study is to determine the active
compounds present in Egyptian P dactylifera L.
pits extract (PDPE). In addition, examine the impact of
PDPE on viruses, fungi, and Gram-positive and Gram-
negative bacterial pathogens. The significant findings
could be utilized in future research to develop products
that can use P. dactylifera pit extract in wound healing
and as a food additive to get rid of biofilm and contami-
nation issues.

Materials and methods

Chemicals, media, and reagents

Ethyl acetate, Nutrient Agar (CMO0003B), Malt agar
(CM0059), and Mueller Hinton agar (PO1191) were
purchased from OXOID, UK. Standard antibiotics of
Ampicillin, Streptomycin, and Fluconazole (1000 pg/ml)
were purchased from Amoun Pharmaceutical Company,
Cairo, Egypt. All chemicals are analytical grades.

Collection of Phoenix dactylifera L. pits samples

Pits of P. dactylifera L. from Tamr El Wadi variety were
obtained from New Valley, Egypt in November 2022 at
the Tamr stage.

Preparation of P. dactyliferapits ethanolic extract (PDPE)
The P. dactylifera pits (PDP) were extracted, washed,
dried, and ground into a fine powder using a Cutting
Mill (SM 400, RETSCH, Germany). The PDP ethanolic
extract were prepared according to Bouhlali et al. (2015)
by weighting 100 g of P. dactylifera pits powder dissolved
in 500 ml absolute ethanol and mixed well, then left for
24 h at ambient room temperature. Next, the mixture
was filtered by filter paper (Whatman No.1) and concen-
trated by rotary vacuum evaporator at 40 °C then left to
dry. Then collected and stored in dark-dry place for fur-
ther investigations.

Microbial strains collection source

Nine different strains of pathogens were tested in this
study, comprising six types of bacteria and three types
of fungi. These strains included Bacillus cereus ATCC
11778, Staphylococcus aureus ATCC 5638, Enterococcus
faecalis ATCC 7080, Salmonella typhi DSM 17058, E. coli
ATCC 8379, Shigella sonnei DSM 5570, Aspergillus flavus
ATCC 9643, Penicillium chrysogenum ATCC 10106, and
Aspergillus niger DSM 1957. All the strains were obtained
from the Microbiology Department at the Faculty of
Agriculture, Ain Shams University, Egypt. The pathogens
were stored and maintained in nutrient and malt agar
medium at 4 °C and were cultured overnight at 37 °C and
28 °C in nutrient and malt broth medium for the antimi-
crobial activity tests (Galal et al. 2021).
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Standard inoculum preparation of microbial pathogen
strains

The standard inoculum of the pathogens was made by
following the protocol outlined in Abd-Elhalim et al
(2019). To prepare the inoculum, a loop of bacteria cul-
ture was taken from a newly prepared culture and placed
into a 50 ml nutrient broth medium. The mixture was
then shaken in a shaker incubator (Shin Saeng, South
Korea) for 24 h at 37 °C, with the speed set at 150 rpm.
For fungi, the spore suspension was inoculated onto malt
broth media and incubated for 72 h at 28 °C, with the
speed set at 150 rpm.

Gas Chromatography-Mass Spectrometry (GC-Mass)
analysis of PDPE active compounds

GC-MS analysis was performed at The Regional Center of
Mycology and Biotechnology in Cairo, Egypt. Fifty grams
of PDPE was soaked in 500 ml of Ethyl acetate - HLPC
crude - C,;HgO2 - absolute for 24 h. The extract was then
concentrated under reduced pressure until it was dry, at a
temperature no higher than 60 °C. According to Franchi
et al. (1985), 0.2 g of PDPE was dissolved in 1 ml of HPLC
grade ethyl acetate and then injected into a GC mass
spectrometer (Thermo Scientific, USA). The temperature
was first adjusted at 35 °C then increased gradually to
reach 200 °C after 180 s. Then the temperature increased
again to reach the final temperature at 280 °C. The injec-
tor temperature was adjusted at 250 °C and the transfer
line temperatures kept at 260 °C, the carrier gas (helium)
flow rate was at 1 ml/min. The solvent fellow was fixed
for 3 min, then diluted samples (1 L) was injected with
Autosampler (AS1300) in split mode. At 70 eV ionization
voltages of m/z 40 to 1000 in full scan mode, the EI mass
spectra were recorded, as the temperature of ion source
was kept at 200 °C. The active compounds were identified
through comparing the mass spectra and retention times
to databases of WILEY 09 and NIST 11.

Antimicrobial influence of PDPE

Antimicrobial activity was tested using the well-diffu-
sion method, as described by Abd-Elhalim et al. (2019)
and Galal et al. (2021). This involved creating wells in the
Muller Hinton agar layer using a sterilized cork borer
with a diameter of 9.0 mm. After planting 50 pl of stan-
dard microbial inoculum cultures (10° CFU/ml) and
evenly dispersing the medium in the petri dish, each ster-
ile petri dish was filled with sterile Muller Hinton and
malt agar for bacteria and fungi, respectively. Control
PDPE (1000 pg/ml) and standard antibiotic were added
to each well, and the wells were incubated for 24 h at
37 °C for bacteria and 72 h at 28 °C for fungi. The inhibi-
tory zones were measured in millimeters and compared
to the diameter of the standard reference antibiotic.
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The activity index (AI) was calculated using the formula
described by Galal et al. (2021).

B Diameter of the inhibition zoneby PDPE
"~ Diameter of the inhibition zone by the standard antibiotic

Al

(1)

Evaluation of PDPE minimal inhibitory concentration (MIC)
The lowest concentration of an antimicrobial chemical
or natural agent that stops a microorganism’s observable
development is known as the minimum inhibitory con-
centration, or MIC. To verify microbial resistance to an
antimicrobial agent and track the efficacy of novel anti-
microbial agents, minimum inhibitory concentrations
(MICs) are crucial in diagnostic laboratories. To calculate
the MICs, the recommendations of the National Com-
mittee for Clinical Laboratory Standards (CLS) were
used, as mentioned by Humphries et al. (2018). Two-fold
serial dilutions (1/2, 1/4, and 1/8) of PDPE were made
in sterilized water to achieve final concentrations of
1000 pg/ml (control), 500 pg/ml, 250 pg/ml, and 125 pg/
ml. These dilutions were then transferred into wells
made in inoculated plates, which were previously pre-
pared. Using a calibrated micropipette, bacteria inocula,
and fungi spore suspensions were prepared and added
to MHA and malt agar welled plates. Then incubated at
37 °C and 28 °C for 24 and 72 h for bacteria and fungi, at
the same arrangement.

Estimation of PDPE minimal lethal centration (MLC)

The minimal lethal concentration (MLC) for bacte-
ria (MBC) or fungi (MFC) is the lowest amount of an
antimicrobial agent that can stop the visible growth
of microorganisms. To determine this concentration,
the microorganisms are first exposed to varying con-
centrations of the agent, and then the growth from the
minimal inhibitory concentration (MIC) stage is trans-
ferred to agar plates. These plates are then incubated
at 37 °C for 24 h for bacteria and at 28 °C for 72 h for
fungi. Any growth or lack thereof is then observed and
recorded (Abd-Elhalim et al. 2019).

Effluence of PDPE

After obtaining the MIC and MLC, the MLC/MIC ratio
was calculated. If the ratio is equal to or greater than 4,
it indicates that the PDPE has a bactericidal effect. How-
ever, ratio values equal to 2 or less indicate a static action
(Abd-Elhalim et al. 2019).

PDPE antimicrobial action
B Minimum lethal centration (MLC') 2)
© Minimum inhibition concentration (MIC)
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Antibiofilm activity of PDPE

After performing a test tube assay against selected patho-
genic microbes, the results were compared with control
non-treated samples, followed by a semi-qualitative assay
to determine microbial biofilm hindrance (Elakraa et al.
2022). Prior to the antibiofilm assay, the pathogens inoc-
ulated in the tested bacteria were incubated overnight at
37 °C. For the antibiofilm test, 0.5 ml of liquid nutrient
broth was mixed with the fixed microbes in designed test
tubes and incubated overnight at 37 °C. Following incu-
bation, all treated and untreated tubes were discarded,
and all tubes were cleaned with phosphate buffer saline
(PBS; pH 7.0) and washed several times with deionized
water. The adhered microbial cells in the tubes were then
fixed with 3.5% sodium acetate (5 ml) for about 15 min
and finally cleaned several times with deionized water.
The tubes with the fixed microbial biofilm were stained
with 5 ml of 0.15% crystal violet (CV) for about 15 min
to estimate the semi-qualitative antibiofilm activity of
the samples. To determine the semi-quantitative antib-
iofilm potential of the samples, the CV-stained microbial
cells were dissolved by the action of ethanol solution (5
mL), and the optical density (O.D.) of the dissolved CV
was measured using the UV-visible spectrophotometry
method at 570 nm. The microbial biofilm inhibition per-
centage was then estimated using the following equation
(Ansari et al. 2014):

(0.D. Control sample — O.D. treated sample)
O.D. Control sample

x 100 (3)

Antiviral effect of PDPE

Antiviral activity against Herpes simplex virus (HSV1)
obtained from Vacsera company Agouza, Giza, was
evaluated using the Petricevich and Mendonga (2003)
method. The method involves comparing the virus titers
in the presence and absence of test inactivates, and the
difference between the two refers to the antiviral activity
of the test inactivates. Vero cells were pretreated with the
test inactivates for 24 h before being inoculated with the
virus. The Vero cells were cultured in 96-well cell culture
plates and counted at 10° cells/ml. Once the cells reached
confluency, the Eagle’s minimal essential growth medium
(EMEM) was discarded. The plates were then incubated
at 37 °C for 24 h with non-toxic concentrations (100 pl/
well). Control plates were kept untreated during this time
to facilitate viral control titration. The HSV 1 was then
serially diluted ten times in the E-MEM medium. Each
virus dilution was injected as 0.1 ml/well into each well
after the growth medium was disposed of. Regardless of
whether the Vero cell culture plates had been exposed to
test inactivates or not, each virus dilution was injected.
Untreated and uninfected wells were maintained as a
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negative control for cell culture. The plates were incu-
bated at 37 °C and subjected to daily examinations using
an inverted microscope. The endpoint of cytopathic
effect (CPE) assay Reed (1999) was used to measure the
viral titers in test material treated and untreated cells
after 72 h. This endpoint is determined by counting the
number of wells per dilution that demonstrated CPE. It
is also referred to as the 50% cell culture infectious dose
(CCIDyg). The 50% endpoint was calculated according to
Reed and Muench (1938).

50% end point (CCID50)

B (Percentile of CPE > 50% — 50) 4
 (Percentaile of CPE > 50% — Percentile of CPE < 50%) (4)
X Log dilution

All titrations were performed three times. The difference
in mean viral titers between treated and untreated plates
indicates antiviral activity.

Statistical analysis

All collected data were analyzed using IBM* SPSS® Statis-
tics software (2017) and a Duncan test with a P-value of
0.05 was conducted according to Duncan (1955).

Results

Gas Chromatography-Mass Spectrometry (GC-Mass)
analysis of PDPE

Based on Table 1; Fig. 1, the GC-mass analysis deter-
mined the phytochemical composition of PDPE. It con-
firmed that the PDPE contains essential and effective
components that exhibit numerous bioactive activities.
These components as phenol, 2,5-bis(1,1-dimethyl ethyl),
heptaethylene glycol monododecyl ether, tetradecanoic
acid, octaethylene glycol monododecyl ether.

Antimicrobial activity of PDPE

Table 2 indicates that PDPE was effective against all the
tested pathogenic microorganisms, including fungi and
bacteria. The inhibition zone diameters (IZDs) ranged
from 10.0 to 35.0 mm on well-agar diffusion plates. The
control standard antibiotics had IZDs ranging from 30.0
to 40.0 mm. Among all the microorganisms tested, S.
aureus ATCC 5638 showed the most significant IZD of
35.0 mm and Al of 0.88, which is 0.14-fold lower than the
standard antibiotic. However, both S. typhi DSM17058
and S. sonnei DSM 5570 had the lowest PDPE influence,
with IZDs of 26.0 mm and Als of 0.65 and 0.82, respec-
tively. The fungal strains A. flavus ATCC9643, P. chrys-
ogenum ATCC10106, and A. niger DSM 1957 did not
show a zone of inhibition. Instead, there was a failure of
spores and conidia formation for all the tested strains, as
shown in Table 3.
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Table 1 GC-MS analysis of the chemical composition (%) of P
dactylifera L. pits ethanolic extract (PDPE)
RT  Compound Name

Area MW

%
4941 C,H,,0
5059 C,,Hy505
5059 CyoHOso

27.78 Phenol, 2,5-bis(1,1-dimethyl ethyl)

552  Tetradecanoic acid, 2-hydroxy-

552 (25,2'5)-2,2-Bis[1,4,7,10,13-pentaoxacy-
clopen
tadecane]

552  Octaethylene glycol, mono-dodecyl
ether

552 15,15-Bi-1,4,7,10,13-pentaoxacyclohexa-
decane

27.78 &-D-Glucopyranosiduronic acid

27.78 24-Imidazolidinedione,
5-[3,4-bis[(trimethylsilyl)oxy]
phenyl]-3-methyl-
5-phenyl-1-(trimethylsilyl)-

5059 CygHss00
5059 CyHg050

4941
4941

CorHsaN; 040513
CasHagN2 0,513

27.78 Cyclopenta[d]anthracene-8,11-dione, 4941
1,2,3,334,56,63,7,8,11,12-dodecahydro-
3-(1-m
ethyl ethyl)-12-hydroxy-
552 Heptaethylene glycol mono-dodecyl
ether
12,13-Dioxatricyclo[7.3.1.0(1,6)]tridecane, 49.41
10-methoxycarbonyl-5-(4-methylphe-
nylsulfony
loxy)-6-methyl-

C20H26O3

5059 CogHssOg

27.78 CyH6075

*Rt=retention time, and M.W=Molecular Weight

Evaluation of MIC and MLC of PDPE

Table (4) results showed that PDPE had MIC values rang-
ing from 250 to 1000 pg/ml against the tested patho-
genic bacterial strains. Only PDPE with S. aureus ATCC
5638 was investigated at a MIC value of 500 pg/ml. All
strains of B. cereus ATCC 11778, E. faecalis ATCC 7080,
S. typhi DSM 17058, and S. sonnei DSM 5570 exhibited
an MIC value of 250 pg/ml PDPE. However, only the E.
coli ATCC 8379 strain showed an MIC value of 500 pg/
ml. The results clearly demonstrate that PDPE has 100%
antibacterial activity against the tested pathogenic strains
at concentrations ranging from 500 to 1000 pg/ml, while
at concentrations of 250 ug/ml, the activity was 83.3%.
Additionally, a concentration of 125 pg/ml did not dis-
play any antibacterial activity against the tested pathogen
strains. The MBC values of PDPE, as presented in Table,
ranged from 500 to 1000 pg/ml against the tested patho-
genic bacterial strains. Strains of B. cereus ATCC 11778,
E. faecalis ATCC 7080, and S. typhi DSM17058 showed
an MBC value of 500 pg/ml PDPE. Strains of S. aureus
ATCC 5638, S. sonnei DSM 5570, and E. coli ATCC 8379
revealed an MBC value of 1000 pg/ml. The results clearly
demonstrate that PDPE has 100% antibacterial activity
against the tested pathogenic strains at a concentration
of 1000 pg/ml, while at a concentration of 500 pg/ml,
the activity was 66.7%. Concentrations ranging from 125
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to 250 pg/ml did not exhibit any antibacterial influence
against any of the pathogenic strains.

Antibiofilm activity of PDPE

The percentage of biofilm inhibition was calculated and
is shown in Table 5; Fig. 2 for PDPE. The highest inhi-
bition percentage of PDPE (1000 pg/ml) was observed
against S. aureus ATCC 5638, with a rate of 98.59%. B.
cereus ATCC 11778 was the next most affected strain,
with an inhibition rate of 94.12%. However, E. coli ATCC
8379 showed the lowest antibiofilm activity with a rate of
74.46%.

Antiviral activation of PDPE

Table 6 presents the results of the viability and toxicity
responses of the Herpes simplex virus (HSV1). In the first
step, the maximum non-toxic concentrations of PDPE
were determined. Figure 3 shows that the concentration
of cytotoxicity 50% (CCy,) values was 123.0 pg/ml, with
50% viral activity.

Discussion

Phoenix dactylifera L. fruit is a staple food in most Ara-
bic-speaking countries. It's composed of a soft, sweet
pericarp covering a seed. Different parts of the P dacty-
lifera L palm tree can be used for medicinal purposes,
such as dried leaves, fruit, pollen, seed, and tree bark
extracts. A P. dactylifera L palm fruit consists of several
components, including skin, pulp, endocarp, and seed
(Shanableh and Radeef 2020). There are over 5000 dif-
ferent types of P. dactylifera L. worldwide, depending on
their kind and maturation stage. P. dactylifera L palms
contain various nutritive and cosmetic components, and
these bioactive substances are used in business and medi-
cine (EI-Far et al. 2021).

Studies have shown that palm P. dactylifera L. have the
potential to be antioxidants, antimutagenic, antibacte-
rial, anti-inflammatory, antihyperlipidemic, gastropro-
tective, hepatoprotective, nephroprotective, anticancer,
antifibrotic, antiproliferative, and immunostimulant.
Additionally, researchers found that different parts of
palm P. dactylifera L. have distinct beneficial chemicals.
Nutraceutical substances such as anthocyanins, pheno-
lics, sterols, carotenoids, and flavonoids have been shown
to have free radical scavenging properties and to shield
people from oxidative damage. Several studies have con-
firmed the presence of these substances in P. dactylifera
L. palms (El-Kholy et al. 2019).

Gc-mass analysis was used to determine the phyto-
chemical composition of ethanolic extract of P dacty-
lifera L. pits. The analysis revealed the presence of active
compounds such as phenols, pentaoxacyclopen, octaeth-
ylene glycol monododecyl ether, 15,15’-Bi-1,4,7,10,13-
pentaoxacyclohexadecane,a-D-Gluco  pyranosiduronic
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Fig. 1 Chromatographic analysis of bioactive compounds in P. dactylifera L. pits ethanolic extract (PDPE)

Table 2 Inhibition zone diameter (IZD) of pathogenic bacteria strains impacts PDPE compared with control antibiotics after

incubation at 37 °C for 24 h

Pathogenic strains (Bacteria)

Inhibition zone diameter (1ZD): mm

PDPE concentration B. cereus ATCC S. aureus ATCC E. faecalis ATCC S. typhi DSM 17058  E. coli ATCC 8379  S. sonnei
(ug/ml) 11778 5638 7080 DSM 5570
1000 (Control) 29.0de+04 35.0b+0.03 30.0d+0.30 19.0gh+0.078 27.0e+033 26.0e+040
500 10.0j£0.15 340b+0.16 30.0d+0.11 18.0h+0.098 27.0e£0.40 24.0ef+0.55
250 10.0j£0.30 32.0b,c+0.74 28.0de+043 13.0i£0.22 26.0e+£0.44 23.0f£0.62
125 0.00 26.0e +£0.040 26.0e£0.45 0.00 24.0ef+0.45 19.0gh+0.56
Ab 30094032 40.0°+0.22 35.0°+0.21 40.0a£0.25 33.0c+0.37 35.0b+0.29
(1000 pg/ml)

Al 0.97 0.88 0.88 0.65 0.90 0.82

*Ab=standard antibiotics were Streptomycin and Ampicillin for G*¥© bacteria and G~ "¢ bacteria, respectively. Al stands for activity index, mm stands for millimeter,
and SE stands for standard error. According to Duncan (1955), variables in the same column that are distinguished by the same letter do not differ significantly

acid, 5-[3,4-bis[(trimethylsilyl)oxy]phenyl]-3-methyl, and
tridecane. According to El-Far et al. (2021), P. dactylifera
L. palms have all the essential amino acids and contain
phenolic and flavonoid substances, including polyphenols

and flavonoids with antibacterial properties. Polyphenols
can be further classified as benzoic acid derivatives and
cinnamic acid derivatives. Some examples of benzoic
acid derivatives are p-hydroxybenzoic acid, vanillic acid,
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Table 3 Inhibition zone diameter (IZD) of pathogenic fungi
strains with PDPE compared with a control antifungal after

incubation at 28 °C for 72 h

Pathogenic strains (Fungi)

Inhibition zone diameter (IZD) mm

PDPE Aspergillus Penicillium Aspergil-

concentration flavus chrysogenum  lus niger

(ug/ml) ATCC 9643 ATCC 10106 DSM
1957

1000 (Control) - - -

500 + + +

250 + + +

125 ++ ++ +

Af 13.0+0.11 11.0+£0.27 11.0+0.07

(1000 pg/ml)

Af=Antifungal (Fluconazole 1000 pg/ml), +++= strong growth, ++= medium

growth, += poor growth, and - = no growth
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Table 5 Biofilm formation inhibition % for treated and non-
treated pathogenic bacteria with PDPE

pathogenic bacterial Crystal violet (CV) stain O.D. at In-
strains 570 nm hibi-
Control Treated with tion
1000 pg/ml PDPE %

B. cereus ATCC 11778 0854030  005+002 94.12
S. aureus ATCC 5638 0712+025  001¥+0.11 98.59
E. faecalis ATCC 7080 091°+080  0.10"+0.08 89.01
S. typhi DSM 17058 07594049  009"+0.08 88.00
E. coli ATCC 8379 094%+062  0249+0.12 7446
S. sonnei DSM 5570 0.65+0.46 0.08™1+0.44 87.69

Values are means+SD (n=3). Data within all groups are analyzed using ANOVA
by Duncan'’s test

protocatechuic acid, syringic acid, and gallic acid. On
the other hand, examples of cinnamic acid derivatives
are P-coumaric acid, o-coumaric acid, ferulic acid, and

Table 4 Minimal inhibitory concentration (MIC) and Minimal lethal concentration (MLC) and spectrum activity of PDPE against
pathogenic bacterial strains after incubation at 37 °C for 24 h

Pathogenic bacterial strains

Minimal inhibitory concentration (MIC)

PDPE B. cereus S.aureus ATCC  E. faecalis ATCC S. typhi E. coli ATCC S.sonneiDSM  Spectrum

(ng/ml) ATCC11778 5638 7080 DSM 17058 8379 5570 Activity
(%)

1000 (Control) - - - - - - 6/6 100

500 - - - - - - 6/6 100

250 - - - - + - 5/6 833

125 + + + + + + 0/6 0.00

MIC value (ug/ml) 250 250 250 250 500 250

Minimal bactericidal concentration (MBC)

1000 (Control) - - - - - - 6/6 100

500 - - + + 4/6 66.7

250 + + + + + + 0/6 0.00

125 + + + + + + 0/6 0.00

MBC value (pg/ml) 500 1000 500 500 1000 1000

MBC/MIC Ratio 2 2 2 2 2 4

Effect Bactericidal Bactericidal Bactericidal Bactericidal Bactericidal Bacteriostatic

-=No growth, + = growth. Results are averages of 3 replicates, Bactericidal=<2 and Bacteriostatic effect=>2

S. sonnei DSM 5570

E. coli ATCC 8379

. typhi DSM17058

E. faecalis ATCC 7080

S. aureus ATCC 5638

B. cereus ATCC 11778

87.69 -

74.46 -
88.0 +
89.01 -
98.59 =+
94.12 +
2 40 60 80 100
% Inhibition

Fig. 2 Antibiofilm efficiency of PDPE against different pathogenic strains A) Results recorded as % of inhibition, B) Tube method of antibiofilm activity

pathogenic bacterial strains treated with PDPE
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Table 6 Determination of maximum nontoxic concentration
(MNTC) of PDPE on Vero cells; Herpes simplex virus 1 (HSV 1)

Concentration Viability % Toxicity % Concentration

(ng/ml) of cytotoxicity
50% (CCs,)
(ng/ml)

500 4061 59.39 123.0

250 47.27 52.73

125 4848 51.52

62.5 6242 37.58

313 63.33 36.67

15.6 66.06 33.94

7.81 73.94 26.06

391 74.24 25.76

1.95 8242 17.58

0.98 97.27 2.73

0.49 98.79 1.21

0.24 100.30 030

caffeic acid. Flavonoids, which are secondary metabo-
lites of polyphenolic plants, are divided into many sub-
groups, including fava-3-ols, anthocyanidins, isoflavones,
flavanones, flavanols, and flavones. Phenolic chemicals
have been studied as major microbial growth inhibitors
for spoilage and harmful microorganisms, particularly in
the food and clinical research sectors. Phenols also have
the potential to act as anti-quorum sensing agents and
as inhibitors of the microbes associated with food and
wound infections that form biofilms and produce toxins
(El-Kholy et al. 2019).

P dactylifera L. plum fruit is well-known for its anti-
microbial properties due to its antibacterial, antifungal,
and antiviral characteristics, as reported in studies by
Godugu et al. (2020). In recent study, PDPE was tested
against various pathogenic microorganisms, and all of
them were inhibited. The highest inhibition zone diam-
eter (IZD) of 35.0 mm was recorded for S. aureus ATCC
5638, while the lowest IZD was observed for S. typhi
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and S. sonnei with an IZD of 26.0 mm. As for the fungal
strains, A. flavus, P. chrysogenum, and A. niger, they didn’t
exhibit any zone of inhibition, but there was a failure of
spores and conidia formation for all the fungi.

P, dactylifera L. plum fruit has been found to have anti-
bacterial properties against a variety of bacteria such as
E. coli, P. aeruginosa, B. subtilis, B. cereus, and S. aureus
and S. abomny, as reported in many studies including
those by Samad et al. (2016). This antibacterial activity is
attributed to the high phenolic content of P. dactylifera L.
palms, which also possess antifungal properties. Previous
studies have shown that P dactylifera L. palm extracts
have antifungal properties against several types of A.
niger, E oxysporum, and C. albicans(El-Azim et al. 2015).

The MIC values of PDPE were tested using concentra-
tions of 250—-1000 pg/ml against the pathogenic bacteria.
S. aureus ATCC 5638 and E. coli ATCC 8379 exhibited an
MIC value of 500 pg/ml, whereas B. cereus ATCC 11778,
E. faecalis ATCC 7080, S. typhi DSM 17058, and S. sonnei
DSM 5570 exhibited an MIC value of 250 pg/ml PDPE.
As investigated previously, at PDPE concentrations rang-
ing from 500 to 1000 pg/ml the antibacterial spectrum
activity showed 100% activity, whereas it was 83.3%
at a concentration of 250 pg/ml. Whereas at 125 pg/
ml, there was no antibacterial activity. The MBC values
ranged between 500 and 1000 pg/ml of PDPE against the
tested bacterial strains. B. cereus ATCC 11778, E. faecalis
ATCC 7080, and S. typhi DSM 17058 exhibited 500 pg/
ml of PDPE MBC value. S. aureus ATCC 5638, S. sonnei
DSM 5570, and E. coli ATCC 8379 have an MBC value of
1000 pg/ml (Hussain et al. 2019). The antibacterial spec-
trum activity of PDPE at equal to 100% of 1000 pg/ml,
whereas it was 66.7% at a concentration of 500 pg/ml. At
125-250 pg/ml concentrations there was no antibacterial
activity against all pathogen strains. As mentioned in the
previous study MIC values of P. dactylifera L. pits ranged
from 7.80 to 4.65 mg in Ajwa and Mabroom, respectively.

HSV1 Vero cell

100
X
z
)
x i — 1
T e ~N—a
c -
© ﬁ\ )
: =  ®
E. - . pay =
§ .
: Q . . . N g N 4 O '
S A R S PN N N

Concentration (pg/ml)

Fig. 3 Line chart showing the effect of PDPE on both viability and toxicity of the tested cell lines Herpes simplex virus 1 (HSV1)
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Hussain et al. (2019) results showed that the ethyl acetate
extract of Khalas and Khodari dates inhibited S. aureus
with an inhibition zone diameter of 20.0 mm and MIC
of 10 mg/ml, while the Abu Mann pit extract both inhib-
ited S. aureus and decreased the E. coli population. After
treatment with Ajwa extracts, the inhibitory zone’s diam-
eter was 15.0, 16.0, and 18.0 mm, and the MICs were
7.5 and 5.0 mg/ml. Different P. dactylifera L. pit extracts
had MICs ranging from 2.5 to 10.0 mg/ml when tested
against S. aureus ATCC 29213 and E. coli ATCC 25922.
In the same line, Ajwa methanolic extract had antibac-
terial activity for E. coli, B. cereus, S. aureus, and Serra-
tia marcescens(Samad et al. 2016). However, Shakiba et
al. (2011) stated that for the methanol extract of Maza-
fati dates, no inhibitory zone was seen with E. coli PTCC
1330, E. coli PTCC 1270, E. coli PTCC 1399, and Serratia
marcescens. Additionally, Khatami and Shahram (2015)
found that P. dactylifera L. pit aqueous extract dramati-
cally reduced Acinetobacter baumannii ATCC 19606 and
Klebsiella pneumonia PCI 602, while also decreasing the
Rhizoctonia solani AG2_2 population at 25 pg/ml.

In a different study of Al-Daihan and Bhat (2012) it was
found that P dactylifera L. pit extract has antibacterial
activity against various microbiological pathogens such
as P aeruginosa, B. subtilis, S. aureus, E. coli, S. pyogenes,
and S. flexeneri. However, the aqueous extract showed lit-
tle effect on P. aeruginosa and exhibited only a weak anti-
bacterial effect against all tested pathogens. The study of
Sadeq et al. (2021) indicated methanol and acetone pol-
len extracts of P. dactylifera pits were shown to moder-
ately reduce the growth of both G+ve and G-ve bacteria.
Another investigation carried out by Sarraf et al. (2021)
using four different P. dactylifera L. pits revealed that eth-
anolic and methanolic extracts from the pits exhibited an
inhibitory impact on S. aureus while showing no effect on
E. coli. The extracts’ minimal inhibitory and minimal bac-
tericidal concentrations for S. aureus were found to be
1.56-3.125 mg/ml and 3.125-12.5 mg/ml, respectively.
The presence of active compounds such as flavanols, fla-
vonoid glycosides, and cinnamic acids was found to be
the main factor causing P. dactylifera L. pit antimicrobial
effect (Zidan et al. 2023).

The PDPE biofilm inhibition showed that S. aureus
ATCC 5638 had the highest PDPE inhibition percent-
age (1000 pg/ml) at 98.59%, followed by B. cereus ATCC
11778 at 94.12%. The lowest antibiofilm influence was
observed with E. coli ATCC 8379 at 74.46%. In a previous
study, Ajwa dates caused a significant inhibition of 70.5%
and 54.19% against Staphylococcus sp. and Salmonella sp.
respectively, while Safawi date has an antibiofilm effect
against Staphylococcus sp. and Pseudomonas sp. with
65.78% and 45.5%, respectively. The study of Qasim et
al. (2020) indicated the effective role of Ajwa and Khalas
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dates in preventing biofilm formation in B. subtilis and
Pasteurella multocida.

Although there are limited studies on the antiviral
properties of P. dactylifera L. palm pits, a recent investi-
gation revealed that the highest non-toxic concentrations
(CCy) of PDPE against Herpes simplex virus (HSV1) was
123.0 pg/ml with a 50% reduction in viral activity. Simi-
larly, a recent study found that palm leaf extract had anti-
viral properties against the SARS-CoV-2 virus (Ahmad et
al. 2022).

To conclude, Phoenix dactylifera L. pits ethanolic
extract (PDPE) have significant antimicrobial, antibio-
film and antiviral activities. The study found that PDPE
significantly influenced pathogenic microorganisms, with
the most significant being S. aureus ATCC 5638. PDPE
showed a 100% antibacterial spectrum activity against
tested pathogenic bacteria, with MIC values ranging from
250 to 1000 pg/ml. S. aureus had the highest percentage
of inhibition followed by B. cereus and E. coli. The highest
non-toxic PDPE doses were found to be 123.0 pg/ml.
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