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Article 

Comparative Study of Phytochemical Analysis and 

Anti-Microbial Activity of Ziziphus spina-christi L. 

Leaves Extracts From Different Areas in Sudan 

Mohammed Ibrahim Saied Sabir * and Ayat Ahmed Alrasheid 
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* Correspondence: Corresponding author: E-mail: muhammed.sabbir93@gmail.com 

Abstract: We conducted a study exploring the potential of the medicinal plant Ziziphus spina-christi as a 

source of antimicrobial compounds. With the growing threat of antibiotic resistance, we were particularly 

interested in evaluating plant-derived natural products for their ability to fight infections. We collected Z. 

spina-christi leaves from four different regions in Sudan and extracted them with ethanol. Our phytochemical 

screening revealed the presence of several secondary metabolites, including flavonoids, triterpenes, sterols, 

tannins, saponins, cardiac glycosides, and reducing sugars. Alkaloids and anthraquinones were not detected. 

We then tested the ethanolic extracts for antimicrobial activity against a range of bacterial and fungal pathogens 

using the agar well diffusion method. Interestingly, we observed significant differences between the extracts 

from different locations. The extract from Khartoum city exhibited the highest antimicrobial potency, followed 

by the extracts from Al-Rahad, Al-Hidiba, and finally Al Damazin. Based on these findings, we concluded that 

Z. spina-christi leaves contain a diverse array of phytochemicals with potential medicinal applications. The 

variation in antimicrobial effects between the extracts may be attributed to environmental factors influencing 

the plant’s chemical composition. Further research is warranted to identify the specific bioactive compounds 

responsible for the observed antimicrobial activities. This could pave the way for the development of plant-

based antimicrobial agents to combat drug-resistant pathogens and alleviate the global public health crisis 

posed by the rise of antibiotic resistance. 

Keywords: Ziziphus spina-christi; medicinal plants; phytochemical analysis; leaves extracts; zone of 

inhibition 

 

1. Introduction 

According to the World Health Organization (WHO), over 80% of the world’s population relies 

on traditional medicine, including natural plant-based products, to meet their primary healthcare 

needs [1]. This highlights the immense potential of plant-derived extracts as a rich source for the 

discovery of new drug candidates [2]. 

Natural plant-based products, whether in their pure form or as standardized extracts, offer more 

than a thousand opportunities for the development of novel therapeutic agents [3]. The widespread 

use of traditional medicine systems across the globe underscores the importance of further 

investigating the medicinal properties of these natural resources [2]. 

Tapping into the vast repository of plant-derived compounds holds promise for addressing the 

pressing healthcare challenges faced worldwide. The increasing demand for alternative and 

complementary therapies, coupled with the growing threat of antimicrobial resistance, emphasizes 

the urgent need to explore the untapped potential of natural plant products for new drug discoveries. 

[2]. 

For generations, the Ziziphus spina-christi, or Sidr tree as it is commonly referred to, has played 

a significant role in traditional healthcare systems in many parts of the world. Its use in traditional 

medicine has been well-documented, with the plant being recognized for its wide range of medicinal 

applications [4]. As an evergreen species, the Ziziphus spina-christi is indigenous to the Saharo-
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Arabian and Irano-Turanian regions, where it has been deeply rooted in the cultural and traditional 

practices of the local communitie. The tree’s diverse array of therapeutic properties and its potential 

to contribute to human health have long been acknowledged and valued in these regions. [5]. 

The antimicrobial properties of Ziziphus spina-christi have been a significant area of focus for 

researchers, as they seek to harness the plant’s natural capabilities to combat infectious diseases [6]. 

The plant’s capacity to inhibit the growth and spread of various pathogenic microbes has generated 

significant interest within the scientific community, prompting further investigations into its 

mechanisms of action and potential therapeutic applications [7]. 

The remarkable antimicrobial potential of Ziziphus spina-christi is believed to be rooted in its 

rich phytochemical composition, which encompasses a diverse array of bioactive compounds, 

including flavonoids, saponins, tannins, and triterpenes. These secondary metabolites have been 

extensively studied for their potent antimicrobial, antioxidant, and anti-inflammatory properties, 

rendering the plant a highly promising candidate for the development of natural, plant-derived 

antimicrobial agents [7]. 

The phytochemical profile of Ziziphus spina-christi is a key factor in its antimicrobial efficacy. 

The presence of these diverse bioactive compounds, each with their unique mechanisms of action, 

contributes to the plant’s ability to inhibit the growth and proliferation of a wide range of pathogenic 

microorganisms, including bacteria, fungi, and viruses [7]. These secondary metabolites have been 

found to exhibit potent antimicrobial, antioxidant, and anti-inflammatory properties, making the 

plant a promising candidate for the development of natural, plant-based antimicrobial agents [8]. 

The rich tapestry of traditional knowledge surrounding the medicinal applications of Ziziphus 

spina-christi has provided important insights into the plant’s diverse therapeutic potential. The fact 

that it has been employed in traditional healthcare systems to address a variety of health concerns, 

such as skin infections, digestive issues, and respiratory conditions, suggests that the plant’s 

phytochemical constituents may possess a broad spectrum of biological activities [9]. The escalating 

issue of antibiotic resistance, where microorganisms develop the ability to withstand the effects of 

commonly used antimicrobial drugs, has become a significant concern worldwide. This public health 

crisis underscores the pressing need to explore and develop new antimicrobial strategies that can 

effectively combat infectious diseases [10]. 

The scientific exploration of medicinal plants, such as Ziziphus spina-christi, has evolved to 

encompass a comprehensive and interdisciplinary methodology. Researchers have recognized the 

need to combine various analytical tools and perspectives to gain a deeper understanding of the 

plant’s therapeutic properties and to unlock its full potential for drug development [11]. In this 

context, the present study focuses on the biochemical properties and antimicrobial potential of 

Ziziphus spina-christi. 

The primary objective of this study is to evaluate the antimicrobial activity of the leaf extracts of 

Ziziphus spina-christi and to compare the biological activity of this plant. By adopting a 

comprehensive approach that integrates multiple analytical techniques, this research aims to provide 

a more in-depth understanding of the biochemical characteristics and antimicrobial potential of 

Ziziphus spina-christi. 

2. Materials and Methods 

2.1. Materials 

2.1.1. Ziziphus spina-christi Leaves 

The plant materials used in this study were collected directly from the field in various 

geographical locations within Sudan, including Khartoum state (Khartoum city, Nile Street, Al 

Mogran area), Blue Nile state (Al Damazin city), North Kordofan (Al Rahad city), and River Nile 

State (Al Hidiba city). The collected plant parts, specifically the leaves, were identified and 

authenticated by experts at the Medicinal and Aromatic Plant and Traditional Medicine Research 

Institute (MAPTMRI). Voucher specimens were deposited in the herbarium of the Department of 
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Pharmacognosy, Faculty of Pharmacy, University of Medical Sciences and Technology, for future 

reference and verification. 

2.2. Method 

The procedure was carried out according to method described by Sukhdev et. al. [12]. 

2.2.1. Extraction of the Plant 

Z. spina-christi leaves were cleaned and dried at room temperature (about 30°C) for 

approximately 5 days for each area separately. After it had been dried completely, the leaves were 

ground to a course powder using mortar and pestle until fine coarse particle were form then ground 

again using a grounding mill. 34 grams of leaves powder were macerated by ethanol 96% in a conical 

flask separately for 3 days at room temperature. Extracts were first filtered through Whatman No. 4 

filter paper. After filtration, the extracts were evaporated using rotatory evaporator and concentrated 

and allowed to dry for 2 days. 

2.2.2. Preparation of Media 

About 28 grams of Nutrient agar powder weighed, dissolved in 1 liter of distilled water and 

allowed to soak for 10 minutes. The medium was placed in water bath to dissolve, swirled to mix and 

sterilized by autoclaving for 15 minutes at 121°C. It was then cooled to 47°C, mixed well then poured 

into sterile Petri dishes. 

2.2.3. Preparation of the Microorganisms 

The bacterial strains used for screening of antimicrobial activity were two gram-positive (S. 

aureus and bacillus. sp) and two gram-negative (E. coli and pseudomonas. AR) and one fungus 

(candida albicans). All these microorganisms are standard microorganisms obtain from microbiology 

lab at the Aromatic and Medicinal Plant Institute- Research Center. [12]. 

The percentage yield was calculated as follows: 

%yield= (weight of extract obtained / weight of plant sample) x 100 

3.1.1. Phytochemical Screening 

Phytochemical screening is the process of tracing a plant’s secondary metabolites. The dry 

extract was dissolved in suitable solvents and subjected to various chemical tests to detect the 

presence of the main secondary metabolites. 

3.2.2.1. Detection of Alkaloids 

About 2 grams of the dried powdered drug were extracted with 20 ml of 1% HCl for 30minutes 

in boiling water bath, the suspension formed was filtrated then the acidic filter divided into 3 test 

tubes equally and test for alkaloids with the following tests. 

3.2.2.1.1. Mayer’s Test 

To a few ml of extract, two drops of Mayer’s reagent were added, and color change was 

observed. A white creamy color indicates a positive test. 

3.2.2.1.1. Wagner’s Test 

Wagner’s reagent was added in test tube containing few ml of extract. A precipitate with reddish 

brown color indicates the presence of alkaloids. 

3.2.2.1.1. Dragendorff’s Test 
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Dragendroff’s reagent was added in test tube containing a few ml of extract. A precipitate with 

orange color indicates a positive test. 

3.2.2.1. Detection of Flavonoids 

Few drops of sodium hydroxide 20% solution were added to little quantity of the alcoholic 

extract, formation of yellow precipitate color indicates a positive result. 

3.2.2.1. Detection of Sterols and Triterpenes 

3.2.2.1.1. Salkowski Test 

Two ml of the extract was mixed with two ml chloroform, followed by three ml of concentrated 

sulphuric acid were added carefully to the wall of the test tubes, and allowed to stand, appearance 

of reddish brown color interface indicate sterol presence, while golden yellow color is for triterpenes. 

3.2.2.1.1. Liebermann-Burchard Test 

Two ml of chloroform solution were added to the extract followed by Few drops of acetic 

anhydride were added and mixed well, 1 ml of concentrated sulphuric acid was added from the side 

of the test tube, and a deep red colour indicates presence of triterpenes and sterol’s. 

3.2.2.1. Detection of Tannins 

One gram of the powdered drug was extracted by boiling with 20 ml of distilled water for 10 

minutes and it was filtrated. 

3.2.2.1.1. Ferric Chloride Test 

Few drops of 1% FeCl3 were added to 2 ml of the extract solution in test tube. Characteristic 

bluish, or greenish black color and a precipitate indicate a positive test. 

3.2.2.1.1. Gelatin Test 

About 5 ml of the extract were treated with few drops of the Gelatin-salt reagents. Formation of 

an immediate precipitate is taken as evidence for the presence of tannins. 

3.2.2.1. Detection of Saponins 

3.2.2.1.1. Frothing Test 

About 1g of the dried powdered plant material was extracted by boiling with 10 ml distilled 

water for 10 minutes and it was filtered. After cooling, the extract was placed in a clean test tube. The 

tube was stoppered and vigorously shaken for about 30 seconds, then allowed to stand for 30 seconds, 

formation of honeycomb forth persisting for more than 30 minutes indicate the presence of saponins 

and classified for saponins content as follows: no froth=negative; froth less than 1 cm = weakly 

positive; froth 1cm = medium; froth 1.2 cm = high positive; and froth greater than 2 cm = strongly 

positive. 

3.2.2.1. Detection of Cardiac Glycosides 

3.2.2.1.1. Kedde’s test 

About 2ml of the extract were evaporated to dryness in a Petri dish; few drops of ethanol,3,5-

dinitrobenzoic acid ( kedd’s (A)) reagent was added and followed by few drops NaOH (kedd’s (B)) 

reagent was added. The presence of a red - pink color indicates positive result. 

3.2.2.1.1. Keller Killiani’s Test 
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The extract was evaporated to dryness and about 2 ml of 5% FeCl3, glacial acetic acid were added 

and concentrated H2SO4 to be poured to the wall of the test tube to 2 ml of the extract. Positive tests 

are confirmed by the presence of a reddish-brown color at the junction of the two liquid layers with 

a green upper layer indicate the presence of cardiac glycoside. 

3.2.2.1. Detection of Reducing Sugars 

3.2.2.1.1. Fehling’s Test 

Both Fehling’s reagents were mixed with equal volume, and a two ml of extract were added and 

heated for 2 minutes. A red – orange precipitate of cuprous oxide forms if reducing sugars are 

present. 

3.2.2.1. Detection of Anthraquinone Glycosides 

3.2.2.1.1. Ammonia Test 

About 0.5 g of extract was boiled with 10 ml of 50% ethyl alcohol for 5 minutes, filtered and 

adjusted with hot alcohol to 20 ml and concentrated to 10 ml. The concentrate was extracted three 

times with 5 ml chloroform in a Separatory funnel and shaken then combined with 5 ml 10% 

ammonia solution. The ammonia layer was separated in a test tube and the color was observed. 

3.2.3. Antimicrobial Activity 

The culture media was sterilized by autoclave, and then poured in the petri-dishes, bacteria and 

fungi were transferred in a clean tube filled with 2ml of normal saline. A swap was emerged in the 

tube and moved slowly on the sterilized culture media. 

3.2.4. Preparation of the Test Organisms 

3.2.4.1. Preparation of the Microbial Suspensions 

One ml aliquots of a 24 hours broth culture of the test organisms were aseptically distributed 

onto nutrient agar slopes and incubated at 37º C for 24 hours. The bacterial growth was harvested 

and washed off with 100 ml sterile normal saline, to produce a suspension containing about 108- 109 

C.F.U/ ml. The suspension was stored in the refrigerator at 4° C till used. 

The average number of viable organisms per ml of the stock suspension was determined by 

means of the surface viable counting technique [13]. Serial dilutions of the stock suspension were 

made in sterile normal saline solution and 0.02 ml volumes of the appropriate dilution were 

transferred by micro pipette onto the surface of dried nutrient agar plates. The plates were allowed 

to stand for two hours at room temperature for the drops to dry and then incubated at 37 °C for 24 

hours. After incubation, the number of developed colonies in each drop was counted. The average 

number of colonies per drop (0.02 ml) was multiplied by 50 and by the dilution factor to give the 

viable count of the stock suspension, expressed as the number of colonies forming units per ml 

suspension. 

Each time a fresh stock suspension was prepared. All the above experimental conditions were 

maintained constant so that suspensions with very close viable counts would be obtained. 

3.2.5. In Vitro Testing of Extracts for Antimicrobial Activity 

3.2.5.1. Antimicrobial Activity: 

The cup-plate agar diffusion method was adopted with some minor modifications to assess the 

antibacterial activity of the prepared extracts. 
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One ml of the standardized bacterial stock suspension 108 –109 C.F.U/ ml were thoroughly 

mixed with 100ml of molten sterile nutrient agar which was maintained at 45 ºC. 20ml aliquots of the 

inoculated nutrient agar were distributed into sterile Petri-dishes. 

The agars was left to set and in each of these plates 4 cups (10 mm in diameter) were cut using a 

sterile-cork borer (No. 4) and agar discs were removed. 

Alternate cups were filled with 0.1 ml sample of each of the oils dilutions in 10% DMSO using 

automatic microliter pipette, and allowed to diffuse at room temperature for two hours. The plates 

were then incubated in the upright position at 37 ºC for 18 hours. 

After incubation the diameters of the resultant growth inhibition zones were measured for each 

extract [14]. 

3. Results 

4.1. Phytochemitry 

4.1.1. Yield Percentage 

The highest percentage of extractive yield showed in Z. spina-christi leaves (Al Hidiba city - 8.288 

%) followed by (Al Rahad city - 8.023 %), followed by (Khartoum city - 7.34 %) and the lowest 

percentage yield showed in (Al Damazin city - 6.87 %). Results are presented in Table 1. 

Table 1. Yield percentage of samples extracts. 

Sample Dry weight 

(g) 

Extract weight 

(g) 

Yield % 

 Z. spina christi Leaves (Al Hidiba city) 
70 g 5.8016 g 8.288 % 

 Z. spina christi Leaves (Al Rahad city) 
70 g 5.6161 g 8.023 % 

 Z. spina christi Leaves (Khartoum city) 
70 g 5.1426 g 7.34 % 

 Z. spina christi Leaves (Al Damazin city) 
70 g 4.8114 g 6.87 % 

 

4.1.1. Qualitative Phytochemical Screening 

The phytochemical screening of Z. spina-christi Leaves ethanolic extracts from different areas of 

collection showed presence of flavomoids, triterpenes & steroles, tannins, saponins, cardiac 

glycosides and reducing sugar while alkaloids and anthraquinone were not detected. Results are 

presented in Table 2. 

The results proved that the four extracts were comparable in concentration of chemical 

composition, while saponin showed high foam formation in Al Hidiba city and Khartoum city. 

Saponins exhibit antimicrobial properties, guarding human body against fungi, bacteria and 

viruses. Flavonoids, a class of polyphenol secondary metabolites, are presented broadly in plants and 

diets. They are believed to have various bioactive effects including anti-viral, anti-inflammatory, 

cardioprotective, anti-diabetic, anti-cancer, anti-aging, etc. also; flavonoid rich plant extracts from 

different species have been reported to possess antibacterial activity. On the other hand, previous 

studies reported that Z. spina-christi leaf containing cardiac glycosides which are highly toxic 

compounds found in a number of plants and possess different therapeutic effects including 

antibacterial and antifungal activities. Z. spina-christi leaf considered as a one of richest source of 
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tannins, tannins occur in crude drugs either as major active constituent used in the treatment of 

varicose ulcers, haemorrhoids, minor burns, frostbite, as well as inflammation and posses 

antimicrobial effect. These results comply with previous reports on the chemical constituents of Z. 

spina-christi plant except the presence of alkaloids. 

Table 2. Phytochemical screening of Z. spina-christi leaves of different areas of collection:. 

 

Test 

 

Specific test 

Result 

Al 

Hidiba 

city 

Al-

Rahad 

city 

Khartoum  

city 

Al-

Damazin 

city 

Alkaloids 

Mayer’s test -ve -ve -ve -ve 

Wagner’s test -ve -ve -ve -ve 

Dragendroff’s 

test 
-ve -ve -ve -ve 

Flavonoids 

Sodium 

hydroxide 

test 

+ve +ve +ve +ve 

Sterols & 

Triterpenes 

Salkowski 

test 
+ve +ve +ve +ve 

Liebermann-

Burchard test 
+ve +ve +ve +ve 

Tannins 

Ferric 

Chloride test 
+ve +ve +ve +ve 

Gelatin test +ve +ve +ve +ve 

Saponins Foam test ++ve +ve ++ve +ve 

Glycosides 

Kedde’s test +ve +ve +ve +ve 

Keller-

Killiani’s test 
+ve +ve +ve +ve 

Reducing 

sugars 
Fehling’s test +ve +ve +ve +ve 

Anthraquinone 

Glycosides 

Ammonia 

test 
-ve -ve -ve -ve 

4.1. Antimicrobial Activity 
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Antimicrobial activity of the ethanolic extracts of Z. spina-christi leaves collected from different 

areas, Al Hidiba city, Al Rahad city, Khartoum city and Al Damazin city were tested against two 

gram-positive bacteria (S. aureus and Bacillus subtitles), two gram-negative bacteria (E. coli and 

Pseudomona aeruginosa) and one fungi (Candida albicans). 

All extracts showed activity against these microorganisms with some variation in activity 

ranging from 11 to 25 mm, results shown in Tables 3–6. 

Pseudomona aeruginosa and E. coli exhibited higher sensitivity against all extracts compared 

with S. aureus and Bacillus subtitles. All extracts showed high antifungal activity against C.albicans. In 

general, the extract of Khartoum city showed the highest antimicrobial activity, followed by the 

extract of Al Rahad city followed by the extract of Al Hidiba city and the least anti-microbial effect 

showed in the extract of Al Damazin city respectively. 

Table 3. Antimicrobial activity of Z. spina-christi leaves extract of Al Hidiba city:. 

 

Extract 

D.I.Z* 

(mm) 

Gram positive bacteria Gram negative bacteria Fungi 

Concentration 

(mg/ml) 
S. aureus B. subtitles E. coli Ps. aeruginosa C. albicans 

100 15 14 16 17 16 

50 13 14 14 15 14 

25 11 11 14 14 11 

12.5 11 - - 12 - 

Control 

Ciprofloxacin Clotrimazole 

31 34 33 32 26 

*DIZ (diameter of growth inhibition zone, mm). 

The highest activity reveled against pseudomonas aeruginosa was 17 mm at concentration of 

100mg/ml, Ciprofloxacin and Clotrimazole showed higher activity than extract (Figure 3). 
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Figure 3. Antimicrobial activity of Z. spina-christi leaves extract of Al Hidiba city. 

Table 4. Antimicrobial activity of Z. spina-christi leaves extract of Al Rahad city. 

 

Extract 

D.I.Z* (mm) 

Gram positive bacteria Gram negative bacteria fungi 

Concentration 

(mg/ml) 
S. aureus 

B. 

subtitles 

E. 

coli 

Ps. 

aeruginosa 
C. albicans 

100 16 16 17 16 16 

50 15 14 18 15 18 

25 14 12 19 13 18 

12.5 11 11 21 11 19 

Control 

Ciprofloxacin Clotrimazole 

31 34 33 32 26 

The highest activity showed against E. coli was found to be 21 mm at concentration of 12.5 

mg/ml, while the lowest activity reveled against S.aureus, Bacillus sp and pseudomonas sp. was found 

to be 11 mm at concentration of 12.5mg/ml (Figure 4). 
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Figure 4. Antimicrobial activity of Z. spina-christi leaves extract of Al Rahad city. 

Table 5. Antimicrobial activity of Z. spina-christi leaves extract of Khartoum city. 

 

Extract 

D.I.Z* 

(mm) 

Gram positive bacteria Gram negative bacteria fungi 

Concentration 

(mg/ml) 
S. aureus B. subtitles E. coli Ps. aeruginosa C. albicans 

100 15 14 24 17 15 

50 13 12 22 15 25 

25 13 12 21 13 25 

12.5 11 11 18 11 20 

Control 

Ciprofloxacin Clotrimazole 

31 34 33 32 26 

The highest activity reveled against Candida albicans and was found to be 25 mm at concentration 

of 50 mg/ml and concentration of 25mg/ml, while the lowest activity reveled against S. aureus, Bacillus 

sp and Ps. aeruginosa with inhibition zone of 11 mm at concentration of 12.5mg/ml (Figure 5). 
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Figure 5. Antimicrobial activity of Z. spina-christi leaves extract of Khartoum city. 

Table 6. Antimicrobial activity of Z. spina-christi leaves extract of Al Damazin city. 

 

Extract 

D.I.Z* 

(mm) 

Gram positive bacteria Gram negative bacteria fungi 

Concentration 

(mg/ml) 
S. aureus B. subtitles E. coli Ps. aeruginosa C. albicans 

100 15 15 14 17 16 

50 13 14 15 14 14 

25 12 12 11 13 13 

12.5 - - 17 12 17 

Control 
Ciprofloxacin Clotrimazole 

31 34 33 32 26 
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Figure 6. Antimicrobial activity of Z. spina-christi leaves extract of Al Damazin city. 
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Figure 7. Antimicrobial activity of Z. spina-christi leaves extract of Khartoum city on different 

concentrations. 
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Figure 9. Antimicrobial activity of Z. spina-christi leaves extract of Al Damazin city on different 

concentrations. 
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Figure 10. Antimicrobial activity of Z. spina-christi leaves extract of Al Hidiba city on different 

concentrations. 

4. Discussion 
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The results of this study indicate that the leaves of Ziziphus spina-christi are a promising source 

of antimicrobial natural products. The phytochemical screening revealed the presence of a diverse 

array of secondary metabolites, including several classes of compounds known for their antimicrobial 

properties. For instance, flavonoids, tannins, and saponins have all been extensively studied for their 

ability to inhibit the growth of a wide range of pathogenic microorganisms [15,16]. Similarly, 

triterpenes and cardiac glycosides have also demonstrated potent antimicrobial activities in previous 

investigations [17,18]. 

Notably, the antimicrobial potency of the Z. spina-christi leaf extracts varied considerably 

depending on the geographic origin of the plant material [19]. The extract from Khartoum city 

exhibited the strongest antimicrobial effects, suggesting that the chemical composition and 

concentration of bioactive compounds may be influenced by environmental factors such as soil 

characteristics, climate, and agricultural practices. This finding highlights the importance of 

exploring intraspecific variation when evaluating the medicinal potential of plant species [20]. 

Identifying the specific phytochemicals responsible for the observed antimicrobial activities, as well 

as the underlying factors driving the observed geographical differences [21], should be the focus of 

future research. 

Given the global crisis posed by the rise of antibiotic-resistant pathogens, the development of 

novel antimicrobial agents derived from natural sources is of paramount importance [22]. The results 

of this study provide a strong scientific foundation for further investigating Z. spina-christi as a 

promising candidate for the discovery of plant-based antimicrobial compounds. The isolation and 

characterization of the bioactive constituents, coupled with in-depth mechanistic studies and 

optimization of extraction and formulation methods, could ultimately lead to the creation of 

innovative antimicrobial therapies [23]. Such efforts may help alleviate the burden of drug-resistant 

infections and improve global public health outcomes [24]. 

5. Conclusions 

The findings of this study demonstrate the significant antimicrobial potential of Ziziphus spina-

christi leaves, which contain a diverse array of phytochemicals with known antimicrobial properties. 

The observed variation in antimicrobial potency between extracts from different geographic regions 

underscores the importance of exploring intraspecific chemical diversity when evaluating the 

medicinal applications of plant species. 

These results provide a strong scientific foundation for further research aimed at identifying the 

specific bioactive compounds responsible for the observed antimicrobial activities. Isolating and 

characterizing the active phytochemicals, coupled with in-depth mechanistic studies and 

optimization of extraction and formulation methods, could ultimately lead to the development of 

innovative plant-based antimicrobial agents. 

Given the global crisis posed by the rise of antibiotic-resistant pathogens, the successful 

translation of these findings into effective antimicrobial therapies could have profound implications 

for public health. Harnessing the antimicrobial potential of Z. spina-christi may help alleviate the 

burden of drug-resistant infections and contribute to the ongoing efforts to combat the growing threat 

of antimicrobial resistance. 

Overall, this study highlights the promise of Z. spina-christi as a valuable source of natural 

antimicrobial compounds and warrants further investigation to fully explore its medicinal 

applications. The continued exploration of medicinal plant species, such as Z. spina-christi, 

represents a vital strategy in the search for novel antimicrobial agents to address the global health 

crisis posed by drug-resistant pathogens. 

Data Availability: 

All data underlying the results are available as part of the article and no additional source data 

are required. 
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