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Multidrug-resistant (MDR) pathogens such as MRSA, Escherichia coli, 
Pseudomonas aeruginosa, and Acinetobacter baumannii remain a ma-
jor global health challenge, driving the search for alternative antimi-
crobial agents from natural sources. Ziziphus spina-christi (Sidr) is tra-
ditionally used for treating infectious diseases and is known to contain 
bioactive phenolic compounds and cyclopeptide alkaloids with poten-
tial antibacterial activity.
This study evaluated the antibacterial properties of phenolic and alka-
loid fractions extracted from the leaves and stem bark of Z. spina-chris-
ti against MDR clinical isolates. A total of 258 isolates were collected 
from multiple hospitals, of which 50 MDR strains (13 MRSA, 13 E. coli, 
12 P. aeruginosa, 12 A. baumannii) met the inclusion criteria. Extracts 
were prepared using Soxhlet extraction followed by acid-base frac-
tionation, and their chemical profiles were confirmed by HPLC. An-
tibacterial activity was assessed by agar well diffusion, and minimum 
inhibitory concentrations (MICs) were determined using micro-broth 
dilution.
Phenolic fractions demonstrated superior antibacterial activity com-
pared with alkaloid fractions. The leaves phenolic fraction showed 
the strongest effect, with MIC values of 6.25 mg/mL against MRSA, P. 
aeruginosa, and A. baumannii, and 3.125 mg/mL against E.coli. Stem 
phenolic showed comparable but slightly lower activity, while stem 
alkaloids exhibited minimal effects and no inhibition of MRSA.
These findings highlight Z. spina-christi, particularly its leaf pheno-
lics, as a promising natural source of antibacterial agents against MDR 
pathogens.

ABSTRACThttps://doi.org/10.60988/p.v38i2.301
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1.	  Introduction

1.1. Antimicrobial Resistance and its Causes 

The growing resistance of bacteria to antimi-
crobial agents represents a serious global public 
health threat, often limiting effective treatment 
options for infectious diseases1. Humans have long 
battled bacterial infections, and while penicillin 
initially proved effective, its overuse has driven 
widespread antibiotic resistance. Today, increas-
ing antibiotic use especially in developing coun-
tries has accelerated resistance, leading to higher 
morbidity, mortality, and clinical complications2-3. 
Antimicrobial resistance causes a major global 
health burden, with over one million deaths di-
rectly attributable to resistant infections annually. 
The highest impact is linked to pathogens such as 
E. coli, Staphylococcus aureus (MRSA), Klebsiella 
pneumoniae, Streptococcus pneumoniae, Acineto-
bacter baumannii, and Pseudomonas aeruginosa, 
with resistance to β-lactams and fluoroquinolones 
accounting for most AMR-related deaths 4-5.

Misuse and overuse of antimicrobials are ma-
jor drivers of resistance, especially in develop-
ing countries where over the counter access and 
weak regulatory systems facilitate inappropriate 
consumption. Even correct use can contribute to 
resistance, but unnecessary or excessive use accel-
erates the problem. Non-compliance often linked 
to poverty further exacerbates resistance, as some 
patients stop treatment once symptoms improve 
or miss doses unintentionally. Additionally, the 
circulation of poorly manufactured or low-poten-
cy antimicrobial products exposes pathogens to 
sub-therapeutic drug levels, creating ideal condi-
tions for resistance development6-7.

1.2.	 Ziziphus Spina Christi (ZSC)

Commonly known as Christ’s Thorn Jujube and 
locally as “Sidr” or “Nabuk,” is a deciduous tree na-
tive to tropical and subtropical regions and widely 

distributed across North Africa, Southern Europe, 
the Mediterranean, Australia, sub-tropical Amer-
ica, and parts of Asia including the Middle East. 
Christ’s Thorn Jujube belongs to the Rhamnaceae 
family of Rosales order that contains about 60 ge-
nus and more than 850 species. this plant has long 
been used in traditional medicine for its demul-
cent, depurative, anodyne, and emollient proper-
ties. It has been employed to manage various ail-
ments such as stomach and liver disorders, urinary 
problems, obesity, diarrhea, diabetes, insomnia, 
and various skin infections8. Traditionally, ZSC has 
been widely employed in Saudi folk medicine to 
treat various ailments such as palpitations, hyper-
tension, insomnia, irritability, diabetes, wounds, 
skin disorders, ulcers, and a range of infectious 
diseases including ringworm, gonorrhea, and oth-
er sexually transmitted infections. Phytochemical 
studies show that ZSC leaves are rich in polyphe-
nolic compounds, including phenolics, flavonoids, 
and tannins, which contribute to their wide range 
of biological activities. These leaves exhibit mul-
tiple pharmacological effects, such as antioxidant, 
antidiabetic, anticancer, anti-inflammatory, and 
antimicrobial activities 9-10.

1.3.	  Selected Microbial Strains

1.3.1.	   Methicillin-Resistant  Staphylococ-
cus Aureus  : (MRSA) is a Gram-positive coccus 
forming grape-like clusters and a major cause of 
hospital- and community-acquired infections, in-
cluding pneumonia, surgical site, cardiovascular 
infections, and bacteremia. It shows high mortality 
worldwide, with widespread resistance to penicil-
lin. The emergence of methicillin-resistant S. au-
reus (MRSA), mediated by the mecA gene encod-
ing PBP2a, has led to multidrug resistance, making 
MRSA a serious global health challenge11-12.

1.3.2.	  Pseudomonas Aeruginosa : is a motile, 
aerobic, Gram-negative bacillus with multiple vir-
ulence factors, including biofilm formation and 
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toxin production, enabling severe tissue damage 
and systemic infection. It is a common nosocomial 
pathogen causing pneumonia, catheter-associat-
ed urinary tract infections, and burn wound in-
fections. The emergence of multidrug-resistant P. 
aeruginosa, with high mortality rates, poses a seri-
ous global health threat due to its strong intrinsic 
and acquired antibiotic resistance 13-15.

1.3.3.	  Escherichia Coli: (E. coli) is a Gram-neg-
ative, anaerobic, rod-shaped bacterium common-
ly found as a commensal in the human intestine, 
where it contributes to gut homeostasis and vita-
min K synthesis. However, pathogenic strains can 
cause a wide range of intestinal and extra-intes-
tinal infections, including UTIs, gastrointestinal 
disease, bacteremia, meningitis, and endocarditis. 
E. coli is also a major food borne pathogen, often 
linked to contaminated meat, and its increasing 
antimicrobial resistance-driven by gene transfer, 
mutations, and efflux pumps-represents a signif-
icant public health concern 16-17.

1.3.4.	 Acinetobacter Baumannii:  (A. bauman-
nii  ) is an aerobic, Gram-negative, non-motile 
coccobacillus and a major nosocomial pathogen 
causing pneumonia, urinary tract infections, bac-
teremia, meningitis, and wound infections. It is a 
key member of the ESKAPE group (Enterococcus 
faecium, Staphylococcus aureus, Klebsiella pneumo-
niae, A.baumannii, Pseudomonas aeruginosa, and 
Enterobacter spp.) and is notable for its extreme 
multidrug resistance, including resistance to car-
bapenems and last-resort antibiotics. Its ability 
to form biofilms and persist in hospital environ-
ments makes A. baumannii a serious global health 
threat with limited treatment options18-20.

1.4.	 Aim of the study

The aim of the present focuses on the following 
issues:

•	 Evaluation the antimicrobial activity of 
phenolic and alkaloid fractions of Ziziphus spi-
na-christi.

•	 Comparing the antimicrobial activity of 

phenolic and alkaloid fractions between the leaves 
and bark of Ziziphus spina-christi.

•	 Comparing the antimicrobial activity be-
tween phenolic and alkaloid fractions of Ziziphus 
spina-christi

•	 Determine the minimum inhibitory con-
centration (MIC) of phenolic and alkaloid fractions 
of Ziziphus spina-christi against selected microbial 
strains.

2.	  Materials and Methods

2.1.	  Study Design

An Experimental / Laboratory-based Study.
In vitro evaluation of antimicrobial activity of 

plant extracts / fractions.
The Present Study Was Conducted At Tuz Gen-

eral Hospital In Tuz / Saladin And Ghazi Al-Hari-
ri Surgical Specialties Hospital, Specialized Burn 
Hospital, The National Center For Educational 
Laboratories In The Medical City Of Baghdad, 
Iraq. The samples were collected during period 
November 2024 to October 2025. The duration of 
the study was 14 months from  September 2024 to 
December 2025.

2.2.	  Plant  material 

Identification of Plant

The identification and authentication of Ziziphus 
spina-christi tree which belongs to the Rhamnace-
ae family, was conducted in ( University Of Bagh-
dad / Iraq Natural History Research Center And 
Museum Plant Environment Department ).

Collection of Plant Material

The leaves and stem bark of Ziziphus spina-chris-
ti were collected from Baghdad, Iraq (University of 
Baghdad, College of Medicine campus) in Novem-
ber 2024. The geographical coordinates of the col-
lection site were (33°20′46.4″ N and 44°22′40.7″ 
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E). The collected leaves were thoroughly washed 
with distilled water to remove surface contami-
nants and debris. Both the leaves and stem bark 
were then air-dried under shade at room tem-
perature for 10 days to prevent degradation of 
heat-sensitive compounds. After drying, the plant 
materials were separately ground into fine powder 
using an electric grinder. The powdered samples 
were then weighed, yielding 725 g of leaf powder 
and 625 g of stem bark powder, and stored in air-
tight containers until extraction.

2.3. Pilot Study 
Powdered material of both the stem bark and 

leaves was used separately to prepare crude ex-
tracts employing different solvents (distilled wa-
ter, ethanol, and methanol). The extraction was 
performed using a Soxhlet apparatus. Specifically, 
25 g of the powdered leaves were placed in an ex-
traction thimble and extracted with 80% metha-
nol in a round-bottom flask at 50 °C for 8 hours. 
The solvent was subsequently evaporated under 
reduced pressure using a rotary evaporator at 45 
°C, and the resulting concentrate was dried in an 
oven at 37 °C for 10 hours to obtain a dry powder, 
which was stored in a refrigerator until use. The 
same procedure was repeated for aqueous and 
ethanolic extractions and also applied to the stem 
bark to obtain three crude extracts from the leaves 
and three from the stem bark.

Different concentrations of these extracts (100, 
200, 400, and 500 mg/ml) were prepared using di-
methyl sulfoxide (DMSO) for alcoholic extracts and 
distilled water for aqueous extracts. The antibac-
terial activity of the extracts was evaluated against 
selected bacterial strains, namely Staphylococcus 
aureus (MRSA), Escherichia coli, Pseudomonas 
aeruginosa, and Acinetobacter baumannii, using 
the agar well diffusion method on Mueller–Hinton 
agar (MHA).

Fresh bacterial inoculum was prepared by 
sub-culturing the test organisms from their pres-
ervation medium onto blood agar plates (BA) 
using the streak plate method, followed by incu-

bation at 37 °C for 24 h. Isolated colonies were 
aseptically picked and suspended in sterile nor-
mal saline (0.85%), then adjusted to a turbidity 
equivalent to the 0.5 McFarland standard using 
a spectrophotometer. Each standardized suspen-
sion was uniformly swabbed onto MHA plates in 
three directions, rotating the plate by 60° after 
each streaking, and allowed to dry for 3 min at 
room temperature.

Five wells (6 mm in diameter) were made in 
each plate using a sterile cork borer. Each well was 
filled with one of the prepared concentrations of 
the extract solution (100, 200, 400, and 500 mg/
mL)100 µL, while the fifth well was filled with 
DMSO as a negative control. Plates were incubated 
at 37 °C for 24 h, after which the diameters of inhi-
bition zones were measured in millimeters for all 
extracts. A pilot study was conducted to determine 
which solvent produced extracts with the highest 
antibacterial activity.

2.4. Extraction of Plant Material

Extraction of ZSC stem bark (600 g) and leaves 
(700 g) was carried out separately. Initially, the 
powdered plant materials were defatted via mac-
eration in hexane for 24 hours with occasional stir-
ring to remove lipophilic impurities. The residues 
were then air-dried at 25 °C to eliminate residual 
solvent. Subsequently, the defatted materials were 
subjected to Soxhlet extraction using 80% meth-
anol as the solvent for 8 hours. The obtained ex-
tracts were filtered through Whatman No. 1 filter 
paper and concentrated under reduced pressure 
using a rotary evaporator at 45 °C to obtain dry 
methanolic extracts, which were stored in airtight 
containers at 4 °C until further use.

2.5. Phytochemical Analysis

The qualitative phytochemical analysis of the 
methanolic crude extracts of ZSC leaves and stem 
bark was performed using standard phytochemi-
cal screening procedures to identify the presence 
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of major bioactive constituents.

Phenols Test (Ferric chloride test)

The addition of two milliliters of distilled wa-
ter to the crude extract, followed by two to three 
drops of 10% ferric chloride solution. Formation 
of a bluish-black coloration indicated the presence 
of phenolic compounds21.

Alkaloids Test (Mayer’s test)

The crude extract was treated with dilute hydro-
chloric acid and filtered. A few drops of Mayer’s 
reagent (potassium mercuric iodide) were then 
added to the filtrate. The appearance of a brown-
ish or reddish precipitate indicated the presence 
of alkaloids21. 

Saponines Test (Foam test)

Twenty milliliters of distilled water were added 
to the crude extract in a graduated cylinder and 
shaken vigorously for 15 minutes. Formation of a 
stable foam layer indicated the presence of sapo-
nins21.

Glycosids Test (Benedict’s test)

Benedict’s reagent was added to the filtrate, 
which was then heated gently in a boiling water 
bath for 5 minutes. Formation of an orange-red 
precipitate indicated the presence of reducing 
sugars21. 

Tannins Test (Lead sub acetate test ) and 
(Braymer’s test)

a)  Three drops of lead subacetate solution were 
added to 1 mL of the crude extract; formation of 
a white gelatinous precipitate indicated the pres-
ence of tannins.

b)  One milliliter of the extract was boiled with 
3 mL of distilled water, filtered, and a few drops 

of 10% ferric chloride were added. Development 
of a blue-green color confirmed the presence of 
tannins22.

Resins Test (Turbidity test)

One milliliter of the plant extract was dissolved 
in acetone and heated in a water bath for 2 min-
utes, followed by filtration. Twenty milliliters of 
4% hydrochloric acid were added to the filtrate. 
The appearance of turbidity indicated the pres-
ence of resins22. 

Coumarins (NaOH paper test)

Approximately 0.5 g of crude extract was placed 
in a test tube, and the mouth of the tube was cov-
ered with filter paper moistened with 1 N NaOH. 
The tube was heated in a water bath for a few min-
utes. The appearance of yellow fluorescence on 
the paper under UV light confirmed the presence 
of coumarins22. 

Flavonoids (Alkaline reagent test)

One milliliter of crude extract was mixed with 
2 mL of 2% NaOH solution. The formation of an 
intense yellow color that became colorless upon 
addition of a few drops of dilute hydrochloric acid 
indicated the presence of flavonoids22. 

Terpenes

Two milliliters of crude extract were mixed with 
5 mL of chloroform and evaporated on a water 
bath. A few drops of concentrated sulfuric acid 
were then added, and the mixture was heated on a 
water bath. Development of a grey coloration indi-
cated the presence of terpenes22. 

Steroids (Liebermann Burchard test)

The crude extract was dissolved in chloroform 
and filtered. The filtrate was mixed with a few 
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drops of acetic anhydride solution, boiled, and 
cooled. Concentrated sulfuric acid was then care-
fully added. Formation of a brown ring at the in-
terface indicated the presence of steroids21.

2.6.	 Isolation of Phenolic Fraction From 
Crude Methanolic Extract

Approximately 40 g of the crude methanol-
ic extract of ZSC leaves was placed in a 1000 mL 
round-bottom flask, to which 800 mL of 2% acetic 
acid solution was added. The mixture was subject-
ed to extraction using a reflux condenser in a wa-
ter bath at 100 °C for 1 hour and then was allowed 
to cool to room temperature. The cooled mixture 
was first filtered through muslin cloth and then 
through Whatman No. 1 filter paper. An equal vol-
ume of n-propanol was subsequently added to the 
filtrate, followed by the gradual addition of sodium 
chloride until saturation was achieved, resulting 
in the formation of two distinct layers. The upper 
organic layer, containing the phenolic compounds, 
was carefully separated using a separatory funnel. 
This layer was then concentrated under reduced 
pressure using a rotary evaporator and the result-
ing residue was dried. The dried phenolic fraction 
was stored in sealed glass tubes at 4 °C until fur-
ther use.

The same procedure was repeated to isolate of 
phenolic compounds from 40 g of the crude meth-
anolic extract of the stem bark23-24.

2.7.	 Isolation of Alkaloid Fraction From 
Crude Methanolic Extract

Approximately 20 g of the crude methanolic 
extract of ZSC leaves was acidified with 2% sulfu-
ric acid ( H₂SO₄ ) dropwise until the pH reached 
1-2. The acidified solution was then basified by 
the gradual addition of 10% ammonium hydrox-
ide (NH₄OH) until the pH reached 9. The result-
ing basic solution was transferred to a separatory 
funnel, and 30 mL of chloroform was added. The 

mixture was shaken several times and allowed to 
stand until two distinct layers formed. The lower 
chloroform layer, containing the alkaloid fraction, 
was collected. This extraction step was repeated 
three times, and the chloroform layers were com-
bined. The pooled chloroform extract was then 
concentrated and stored in tightly sealed glass 
tubes at 4 °C until further use.

The same procedure was followed to isolate the 
alkaloid fraction from 20 g of the crude methanolic 
extract of the stem bark25-26.

2.8.	 Analysis of Phenolic And Alkaloid Frac-
tions Obtained From Leaves And Steam Bark of 
Ziziphus Spina Christi Methanolic Extract Using 
HPLC

The phytochemical constituents of phenolic and 
alkaloid fractions were identified and quantified 
by using high-performance liquid chromatography 
(HPLC)27.

The separation occurred on Shimadzu 10AV-LC 
liquid chromatography equipped with binary de-
livery pump model LC-10A Shimadzu, the eluted 
peaks were monitored using UV –Vis  10 A-SPD 
spectrophotometer.

Determination of Alkaloids In Ziziphus 
Leaves And Stem Bark Extract 

The alkaloid fractions that were isolated from 
leaves and stem bark were dissolved in 1 ml HPLC 
grade CH3OH for further analysis by HPLC accord-
ing to the optimum separation of the authentic 
standard, then the concentrations were deter-
mined by comparison the area of standard with 
that of sample under the same separation condi-
tions.

The extract of alkaloids according to the en-
closed procedure was separated on FLC (Fast Liq-
uid Chromatography) column,

Column : 3μm particle size, Phenomenex C-18 
(50 x 4.6 mm I.D) column, 

Mobile phase : were 0.01M phosphate buffer 
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pH 6.2: acetonitrile (75:25, V/V)
Injection volume : 20 µl
Detection : UV set at 310 nm  
Flow rate : 1.4 ml/min.
 
Determination of Phenols And Flavonoids

The phenolic fractions that were isolated from 
leaves and stem bark were resuspended in 1.0 ml 
HPLC grade methanol by vortexing, the mixture 
was passed through 2.5 µm disposable filter, and 
stored at 4°C for further analysis, then 20 µl of the 
sample injected into HPLC system according to the 
optimum conditions. The concentration of each 
phenolic compound was calculated by comparing 
the peak area of the standard with that of the sam-
ple under the same separation conditions.

The main phenolic and flavonoid compounds 
were separated on FLC (Fast Liquid Chromatogra-
phy) column under the optimum conditions:

Column : Phenomenex C-18 ,3μm particle size 
(50 x 2.0 mm I.D) column, 

Mobile phase : linear gradient of, solvent A 
0.1% phosphoric acid: solvent B was of acetoni-
trile added 0.1% phosphoric acid, linear gradient 
program from 0%B to 100%B for 15 minutes

Injection volume : 20 µl
Flow rate : 1.0 ml/min.
Detection : UV at 280 nm.

2.9.	 Determination of Alkaloids

Different swabs including (urine, sputum, 
wound, foley catheter, burn and ear swab ) were 
taken ( using sterile cotton swab ) from 258 pa-
tients of both sexes aged between 16-80 years old 
in Tuz General Hospital in Tuz / Saladin, Ghazi 
Al-Hariri Hospital For Specialized Surgery, Spe-
cialized Burn Hospital and The National Center 
For Educational Laboratories In The Medical City 
Of Baghdad, Iraq, during the period November 
2024 to October 2025. These swabs were cultured 
on MacConkey Agar and blood agar then incubated 

for 24 hour at 37°C.

2.9.1.	Identification of Bacteria

Morphological and Cultural Characteristics

Gram staining was used to identify the bacterial 
isolates, which allowed for the initial distinction 
between Gram-positive and Gram-negative organ-
isms.  In order to examine each isolate’s cultural 
characteristics, it was also cultivated on adequate 
selective and differential media.  Reliable confir-
mation of the bacterial species under investigation 
was made possible by the combination of Gram 
stain results and cultural characteristics.

Identification Using (Identification
And Susceptibility Testing, IST Kits)

Confirmation of bacterial isolates identity was 
performed using IST card (DL biochemical iden-
tification system), which utilizes multiple colori-
metric and turbidimetric biochemical reactions to 
determine species identity.

For identification of Gram-negative bacilli, in-
cluding P. aeruginosa and A. baumannii, non-fer-
ment. IST card (DL-120NE) was used.

For identification of Enterobacteriaceae, includ-
ing E. coli, Enterobact. IST card (DL-120E) card 
was used.

For identification of Gram-positive cocci, includ-
ing MRSA, Staph. IST card (DL-120STAPH) was 
used.

The susceptibility test was conducted also by 
IST card from DL biotech to determine whether 
the bacterial isolates were MDR or not.

Molecular Identification by Real Time-Poly-
merase Chain Reaction (RT-PCR)

Due to their high precision and specificity, mo-
lecular methods are increasingly used28. After DNA 
extraction by using QIAamp DNA Mini Kit (Cat. No. 
51304), RT-PCR was performed as follows
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1.	  Materials Required for RT-PCR :
•	 One-step RT-PCR kit, Species-specific 

primers and TaqMan Master Mix.
•	 Internal control (RNase).
•	 Thermal cycler (Quant Studio™ 5).
2.	  Prepare the reaction mix (20 µL total vol-

ume): 
•	 10 µL TaqMan Master Mix.
•	 0.5 µL Forward Primer (10 µM).
•	 0.5 µL Reverse Primer (10 µM).
•	 0.5 µL of mecA-specific probe-VIC.
•	 2 µL Template DNA.
•	 6.5 µL Nuclease-free water to complete 

the final volume (20µL).
Note: The mecA-specific probe-VIC was applied 

to detect the mecA gene in MRSA isolates. Each 
bacterial isolate was identified using a specific 
target gene: oprL gene for P. aeruginosa, blaOXA-
51-like gene for A. baumannii, and blaSHV gene for 
E. coli.

3.	  RT-PCR : The RT-PCR tubes containing the 
reaction mixtures were transferred to a thermal 
cycle and the process was started as shown in Ta-
ble 1.

2.10.	  Antibacterial Activity Of Ziziphus Spi-
na-Christi 

Phenolic And Alkaloid Fractions of Methanol-
ic Extract Of Leaves

A different concentrations of the phenolic frac-
tion from the leaves were prepared (10, 40, 70, 
and 100 mg/mL) using DMSO to evaluate their 
antibacterial activity. For all bacterial strains, sus-
pensions equivalent to a 0.5 McFarland standard 
were prepared and inoculated onto Mueller-Hin-
ton agar (MHA) plates.

Five wells (6 mm in diameter) were made using 
a sterile cork borer; each of the first four wells 
was filled with one of the prepared concentrations 
(10, 40, 70 and 100 mg/mL), while the fifth well 
contained DMSO as a negative control. The plates 
were then incubated at 37°C for 24 hours. After 
incubation, the diameters of the inhibition zones 

were measured.
The same procedure was repeated for the alka-

loid fraction of the leaves, and the inhibition zones 
were similarly recorded for comparison.

Phenolic And Alkaloid Fractions of Methanol-
ic Extract Of Stem Bark

A different concentrations of the phenolic frac-
tion from the leaves were prepared (10, 40, 70, 
and 100 mg/mL) using DMSO to evaluate their 
antibacterial activity. For all bacterial strains, sus-
pensions equivalent to a 0.5 McFarland standard 
were prepared and inoculated onto Mueller-Hin-
ton agar (MHA) plates.

Five wells (6 mm in diameter) were made using 
a sterile cork borer; each of the first four wells 
was filled with one of the prepared concentrations 
(10, 40, 70, and 100 mg/mL), while the fifth well 
contained DMSO as a negative control. The plates 
were then incubated at 37°C for 24 hours. After 
incubation, the diameters of the inhibition zones 
were measured. The same procedure was repeat-
ed for the alkaloid fraction of the leaves, and the 
inhibition zones were similarly recorded for com-
parison.

Determination of Minimum Inhibitory Con-
centration (MIC)

The minimum inhibitory concentration (MIC) 
defined as the lowest concentration of an antimi-
crobial agent that inhibits the growth of a micro-
organism. the MIC values for phenolic and alkaloid 
fractions were measured using the micro-broth 
dilution method in a 96-well sterile microplate, 
This method involves adding bacterial broth to a 
96-well plate, where they are exposed to various 
concentrations of fractions 29.

2.11.	  Statistical Analysis

Data were analyzed by the Statistical Package for 
Social Sciences (SPSS) ver.23. and ANOVA test was 
applied. The means  were compared using Dun-
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can’s multiple range test under the level of signif-
icantly 0.05. 

3.	  Results and Discussion 

The source of the samples collected and their 
percentages are listed in Table 2.

The pilot study results showed that the metha-
nolic extract exhibited the highest activity com-
pared to the other extracts; therefore, methanol 
was used as the extraction solvent.

3.1.	 Methanolic Extract of Ziziphus Spina 
Christi 

Extraction of 600 grams of stem bark  using 80% 
methanol as a solvent using soxhlet, yielded ap-
proximately 68 grams of methanolic extract and 
Extraction of 700 grams of leaves, produced ap-
proximately 63 grams of methanolic extract.

Results of  preliminary qualitative phytochem-
ical analysis of methanolic extracts of leaves and 

stem bark of Ziziphus spina Christi are listed in 
Table 3.

Identification of the constituents of phenolic 
and alkaloid compounds was conducted by com-
paring the retention times of the analyzed samples 
with reference standards under identical chroma-
tographic conditions. 

On the other hand the quantity of each com-
pound was determined using equation 1. 

𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 (𝝁𝝁𝒈𝒈
𝒎𝒎𝒎𝒎) = 𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 𝒐𝒐𝒐𝒐 𝒕𝒕𝒕𝒕𝒕𝒕 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔

𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 𝒐𝒐𝒐𝒐 𝒕𝒕𝒕𝒕𝒕𝒕 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔  𝒙𝒙 𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄. 𝒐𝒐𝒐𝒐 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 𝒙𝒙 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 

Analysis of the Phenolic Fraction in Leaves 
and Stem Bark By HPLC 

The results of the HPLC analysis of standards 
and phenolic fraction in the leaves and stem bark 
are presented in Tables 4-6 and Figure S1 in sup-
plementary material.

The results of the HPLC analysis of the standards 
and the alkaloid fraction of the leaves and stem 
bark are presented in Tables 7-9, and Figure S2 in 
supplementary material.10 

 

• 
• 
• ™
 Prepare the reaction mix (20 µL total volume):  
• 10 µL TaqMan Master Mix. 
• 0.5 µL Forward Primer (10 µM). 
• 0.5 µL Reverse Primer (10 µM).
• 0.5 µL of mecA  

• 2 µL Template DNA. 
• 6.5 µL Nuclease  to complete the final volume (20µL).

MRSA
P. aeruginosa

A. baumannii E. coli
 

 

2.3.2.   Antibacterial Activity Of Ziziphus Spina-Christi  
 

2.3.2.1.  (Phenolic And Alkaloid) Fractions of Methanolic Extract Of Leaves 

 

contained DMSO as a negative control. The plates were then incubated at 37°C for 24 hours. After 
 

Table 1. Thermal Cycling Conditions (Standard protocol was used)
 
RT-PCR steps Temperature Time Cycle 

95°C
95°C
60°C

12 
 

3.  Results and Discussion  
 

3.1.  Samples of the study   

 

 

3.2.  Results of Pilot Study  

3.3. Methanolic Extract of Ziziphus Spina Christi  

3.4. Phytochemical Analysis 

Table 2.  Source of samples 
 

No  
1.  89
2.  67
3.  36
4.  18
5.   15
6.  18
7.  5
8.  6
9.  4

Total  258 
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3.2.	 Identification of Bacteria

3.2.1.	 Morphological And Cultural Charac-
teristics

Methicillin-Resistant Staphylococcus Aureus: 
From the total cultured samples, only41 isolates 
showed feature resemble to S. aureus.  In Manni-
tol Salt Agar, where S. aureus fermented mannitol 
and rendered the medium yellow, the isolates dis-
played a color change.  The colonies looked yellow, 
round, and smooth.  Under a 100X objective, Gram-
stained cells appeared spherical and grouped in 
clusters resembling grapes.

Pseudomonas Aeruginosa: Out of the total cul-
tured samples, 34 isolates exhibited character-
istics consistent with Pseudomonas aeruginosa.. 
The isolates produced diffusible pigments on Mu-
eller-Hinton agar that gave the medium a sweet, 
grape-like smell and a blue-green or yellow-green 
color typical of pyocyanin and pyoverdine.  The 
colonies were huge, flat, smooth, metallic, and oc-
casionally had a mucoid appearance.  Gram stain-
ing revealed rod-shaped, Gram-negative bacteria. 

Escherichia Coli: Out of the total cultured sam-
ples, 57 isolates exhibited features consistent with 
E. coli The isolates produced smooth, spherical, 
pink-red lactose-fermenting colonies on MacCon-
key agar, occasionally accompanied by a bile salt 
precipitate.  Gram staining revealed rod-shaped, 
Gram-negative bacteria grouped either alone or in 
pairs. 

Acinetobacter Baumannii: Out of the total 
cultured samples, 28) isolates exhibited features 
consistent with Acinetobacter baumannii. The iso-
lates produced smooth, convex, opaque colonies 
on MacConkey agar that were pale pink in color 
and consistent with non-lactose fermentation.  
Gram-negative coccobacilli appeared as short, 
plump rods organized singly, in pairs, or some-
times in tiny clusters when stained with Gram. 

3.2.2.	 Results of IST Card

The DL IST system demonstrated accurate bio-
chemical identification of all four bacterial species 
studied. The card system also provided reliable 
MIC profiles essential for determining antimicro-
bial susceptibility and categorizing isolates as 
sensitive, intermediate or resistant, as showed in 
Figure S3, Figure S4, Figure S5 and Figure S6 in 
supplementary material.

Out of the 41 isolates that exhibited phenotypic 
characteristics consistent with Staphylococcus au-
reus, only 13 were confirmed as MRSA and MDR.

Among the 34 isolates resembling Pseudomonas 
aeruginosa, only 25 were confirmed as P. aerugino-
sa, of which 12 were identified as MDR.

From 57 isolates that appeared similar to Es-
cherichia coli, 29 were confirmed as E. coli, and 13 
of these demonstrated multidrug resistance MDR.

Finally, of the 28 isolates that showed morpho-
logical similarity to Acinetobacter baumannii, 12 
were confirmed as A. baumannii and were also 
classified as MDR.  

3.3.	 Molecular Identification 

The real-time polymerase chain reaction (RT-
PCR) assay was performed to detect specific tar-
get genes in each bacterial isolate: OprL gene in 
P.aeruginosa, blaOXA-51-like gene in A.baumannii, 
blaSHV gene in E.coli and mecA gene in MRSA. Fig-
ure S7 in supplementary material illustrates the 
positive and negative control reactions. 

All the 13 E. coli  isolates yielded positive results 
for the blaSHV gene. (Figure S8)

All the 13 P. aeruginosa isolates yielded positive 
results for the OprL gene. (Figure S9)

All the 13 MRSA isolates yielded positive results 
for the mecA gene. (Figure S10)

All the A. baumannii isolates yielded positive re-
sults for the blaOXA-51 like gene. (Figure S11 in 
supplementary material).

3.4.	 Antibacterial Activity of Ziziphus Spi-
na-Christi Constituents 

Inhibition zones for all fractions against MRSA, 
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O.aeruginosa, E.coli and A. Baumannii are listed in 
the Tables 10-13 and depicted  Figures S12-S15 in 
supplementary material. 

Minimum inhibitory concentration (MIC)

Methicillin-Resistant Staphylococcus Aureus

The results of the (MIC) assay revealed that the 
phenolic fraction of the leaves, phenolic fraction 
of the stem, and alkaloid fraction of the leaves ex-
hibited inhibitory activity at a concentration of 
6.25 mg/mL. In contrast, the alkaloid fraction of 
the stem showed no inhibitory effect at any tested 
concentration, as illustrated in Figure S17 in sup-
plementary material.

Escherichia Coli 

The results of the (MIC) determination revealed 
that the phenolic fraction of the stem exhibited 
an MIC value of 6.25 mg/mL, whereas the phenol-
ic fraction of the leaves, alkaloid fraction of the 
leaves and alkaloid fraction of the stem showed an 
MIC values of 3.125 mg/mL, Figure S18 in supple-
mentary material.

Pseudomonas Aeruginosa

The results of the (MIC) assay showed that the 
phenolic fraction of the stem exhibited an MIC val-
ue of 3.125 mg/mL, whereas the phenolic fraction 
of the leaves, alkaloid fraction of the leaves, and 
alkaloid fraction of the stem demonstrated MIC 
values of 6.25 mg/mL, as shown in Figure S19 in 
supplementary material.

Acinetobacter Baumannii 

The results of the (MIC) determination indicated 
that the phenolic fraction of the stem had an MIC 
value of 3.125 mg/mL, whereas the phenolic frac-
tion of the leaves, alkaloid fraction of the leaves, 
and alkaloid fraction of the stem exhibited MIC 
values of 6.25 mg/mL, as shown in Figure S20 in 
supplementary material.

4. Conclusions

According to the present study HPLC analysis 
showed that the phenolic fraction of the leaves 
was rich in bioactive compounds such as rutin, 
tannins, and quinic acid, while the stem fraction 
also exhibited high levels of rutin along with no-
table amounts of quinic acid and luteolin. These 
polyphenolic constituents are well known for 
their strong antimicrobial activities. Likewise, 

13 
 

Table 3.  Results of phytochemical analysis 

N.O  
1. -- + + 
2. + + + + + 
3. + + + + + + 
4. + + 
5. + + + 
6. + + + + + + 
7. + + + + + + 
8. + + + -- 
9. -- + 
10. -- -- 
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14 
 

3.5. Analysis of the Phenolic and Alkaloid Compounds of Ziziphus Spina Christi in Leaves and 
Stem Bark by HPLC  
 

µg/ml ) = 

3.5.1.  Analysis By HPLC 
 

3.5.1.1.  Analysis of the Phenolic Fraction in Leaves and Stem Bark By HPLC  

 

Table  4. Analysis of standard by HPLC
 

Seq.  µg/ml)
 
 
 
 
 
 
 
 
 

 

Table 5.  Analysis of the phenolic fraction of leaves by HPLC
 
Seq.  µg/ml)

 
 
 
 
 
 
 
 
 

 

15 
 

 

3.5.1.2. Analysis The Alkaloid Fraction of Leaves And Stem Bark By HPLC  

 

 

 

 

 

 

 

Table 6.  Analysis of the phenolic fraction of steam bark by HPLC
 

Seq µg/ml)
 
 
 
 
 
 
 
 
 

 

Table  7.  Analysis of standard by HPLC, conc: 100. (µg/ml)
 
Seq.  
 
 
 
 

Table 8. Analysis of the alkaloid fraction of leaves by HPLC
 
Seq µg/ml)

 
 
 
 

Table 9. Analysis of the alkaloid fraction of steam bark by HPLC
 
Seq.  µg/ml)
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3.5.1.2. Analysis The Alkaloid Fraction of Leaves And Stem Bark By HPLC  

 

 

 

 

 

 

 

Table 6.  Analysis of the phenolic fraction of steam bark by HPLC
 

Seq µg/ml)
 
 
 
 
 
 
 
 
 

 

Table  7.  Analysis of standard by HPLC, conc: 100. (µg/ml)
 
Seq.  
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3.6.3. Molecular Identification  
 

P.aeruginosa A.baumannii
E.coli MRSA

E. coli  

P. aeruginosa

MRSA

A. baumannii 

3.7. Antibacterial Activity of Ziziphus Spina-Christi Constituents  
 

3.7.1.  Effect of Fractions on The Bacteria   
 

3.7.1.1.  Methicillin-Resistant Staphylococcus Aureus 

MRSA

 

 

3.7.1.2. Pseudomonas Aeruginosa 

Table 10. Inhibition zone of four fraction in (mm) against MRSA 
 

P.value  Mean of 
extract 

Conc. (mg/ml) Extract 
100 70 40 10 

 
0.0008 

PS 
AS 
PL 
AL 

 Mean  Conc. 
  p.value  

AL     alkaloid of leave, AS     alkaloid of stem, PL     phenol of leaves, PS      phenol of stem
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HPLC profiling of the alkaloid fractions revealed 
the presence of four major cyclopeptide alkaloids: 
ziziphine, mauritine, jujubine, and nummularine, 
with ziziphine emerging as the predominant com-
pound in both plant parts. Together, these findings 
highlight the potential role of these chemical con-
stituents in driving the biological activity of the 
extracts.

Both phenolic and alkaloid fractions isolated 
from Ziziphus spina-christi leaves and stem bark 
exhibit significant antibacterial activity against 
multidrug-resistant (MDR) bacterial strains, in-
cluding MRSA, P. aeruginosa, E. coli and A. bauman-
nii. Among tested extracts, The phenolic extracts 
exhibited the strongest and most consistent anti-
bacterial effects than the alkaloid fractions, as ev-
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Table 11. Inhibition zone of four fraction in (mm) against P. aeruginosa 
 

p.value  Mean of 
extract 

Conc. (mg/ml) Extract 
100 70 40 10 

 
 
0.172 
 

PS 
AS 
PL 
AL 

 Mean of Conc. 
 p.value  

 
Letters indicate the results of post hoc multiple comparison tests performed after one-way ANOVA 
analysis . Values sharing the same letter within the same column or row are not significantly different 
from each other at the chosen significance level (p ≥ 0.05), whereas values with different letters indicate 
statistically significant differences (p < 0.05).  

AL     alkaloid of leave, AS      alkaloid of stem, PL     phenol of leaves, PS      phenol of stem

19 
 

3.7.1.3.  Escherichia Coli 

 

 
 
 

3.7.1.2.  Acinetobacter Baumannii  

A. Baumannii 

Table 12. Inhibition zone of four fraction in (mm) against E. coli 
 

p.value Mean of 
extract 

Conc. (mg/ml) Extract  
100 70 40 10 

 
 
0.308 

PS 

AS 
PL 

AL 

 Mean Conc. 
 p.value 

 
Letters indicate the results of post hoc multiple comparison tests performed after one-way ANOVA 
analysis . Values sharing the same letter within the same column or row are not significantly different 
from each other at the chosen significance level (p ≥ 0.05), whereas values with different letters indicate 
statistically significant differences (p < 0.05). 

Table 13.  inhibition zone of four fraction in (mm) against A. Baumannii 
 

p.value  Mean of 
extract 

Conc. (mg/ml) Extract 
100 70 40 10 

 
 
0.050 

PS 
AS 
PL 
AL 

 Mean Conc. 
 p.value  

 
Letters indicate the results of post hoc multiple comparison tests performed after one-way ANOVA 
analysis . Values sharing the same letter within the same column or row are not significantly different 
from each other at the chosen significance level (p ≥ 0.05), whereas values with different letters indicate 
statistically significant differences (p < 0.05). 

AL     alkaloid of leave, AS      alkaloid of stem, PL     phenol of leaves, PS      phenol of stem
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idenced by larger inhibition zones. The superior 
performance of the fraction is likely due to its 
rich composition of bioactive compounds.

The antibacterial assessment of Ziziphus spi-
na-christi extracts revealed that the leaves and 
stem bark fractions had largely comparable an-
tibacterial activity, with only slight differences 

observed between them. Although their inhibi-
tion zones, MIC values, and activity against mul-
tidrug-resistant (MDR) pathogens were closely 
aligned, the leaves regularly demonstrated a slight 
advantage. The minor variations may be attributed 
to small difference in the concentration and sub-
stantial compositional of bioactive compounds.

19 
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