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Abstract:  
Objective: To investigate the antimicrobial activities of Pistacia atlantica, Lawsonia inermis, Camellia 
sinensis, and Cinnamomum zeylanicum leaf extracts against various bacterial strains at different 
concentrations. 
Methods: The study involved testing the leaf extracts of the mentioned plant species at concentrations 
of 100%, 75%, 50%, and 25% against Pseudomonas aeruginosa, Staphylococcus aureus, Salmonella 
typhi, and Escherichia coli. The diameter of the zones of inhibition measured the inhibitory effects. 
Results: At 100% concentration, Camellia sinensis, Cinnamomum zeylanicum, Lawsonia inermis, and 
Pistacia atlantica exhibited varying degrees of effectiveness against the tested bacterial strains. The 
efficacy decreased as the concentration reduced: 75% > 50% > 25%. The lowest concentration of 25% 
showed the least impact on the bacterial isolates. 
Conclusion: The results demonstrate that higher concentrations of the plant extracts showed greater 
antimicrobial efficacy against the bacterial strains studied. This suggests that these natural extracts 
could be potential alternatives in combating infections caused by multidrug-resistant bacteria. Further 
research is warranted to explore the full potential of these plant-derived compounds in addressing the 
challenges posed by antibiotic-resistant microorganisms. 
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% ضد  25% و50%،75%،100طريقة العمل: تضمنت الدراسة اختبار المستخلصات الورقية للأنواع النباتية المذكورة بتراكيز  
 تم قياس التأثيرات المثبطة بقطر مناطق التثبيط. ، سالمونيلا تايفي والاشريكية القولونية. الذهبيةبكتيريا الزائفة الزنجارية، العنقودية 

%، أظهرت النباتات درجات متفاوتة من الفعالية ضد السلالات البكتيرية التي تم اختبارها. انخفضت الفعالية  100النتائج: عند التركيز  
 % اقل تأثير على العزلات البكتيرية. 25%. واظهر اقل تركيز 25 < % 50 <  %75التركيز:مع انخفاض 

ه  دالى ان ههدا  ضد السلالات البكتيرية ويشير    أكبرالخلاصة: أظهرت النتائج ان التراكيز الأعلى من المستخلصات النباتية لها فعالية  
  ر . هناك ما يبربدائل لمكافحة الالتهابات التي تسببها البكتيريا المقامة للأدوية المتعددة  ةالمستخلصات الطبيعية يمكن ان تكون بمثاب 

إجراء مزيد من البحوث لاستكشاف الإمكانات الكاملة لهده المركبات المشتقة من النباتات في مواجهة التحديات التي تشكلها الكائنات  
 الحية الدقيقة المقاومة للمضادات الحيوية. 

 
 . مناطق التثبيط، المستخلصات النباتية ،البكتيريا المقاومة للأدوية المتعددة، للميكروباتالمضادة  لفعالية ا المفتاحية:الكلمات 

Introduction 
The utilization of traditional plant medicine as a foundation for modern pharmaceuticals has been well-

documented [1]. Traditional herbal medicine practitioners have long recognized the therapeutic 

potential of indigenous plants in treating various ailments [2]. Natural products continue to play a crucial 

role in both synthetic and traditional medicine, serving as a cornerstone of primary healthcare systems 

globally [3]. The escalating challenge of bacterial resistance to multiple antimicrobial drugs poses a 

significant threat to public health, particularly in combating hospital-acquired infections that are 

increasingly difficult to treat effectively [4]. 

Antibiotics have historically been pivotal in managing microbial infections; however, the emergence of 

antibiotic-resistant strains over the past five decades has become a pressing concern within the 

pharmaceutical industry [5]. The misuse and overuse of antibiotics have led to the development of 

multidrug-resistant microorganisms, necessitating the exploration of novel antimicrobial agents. 

Addressing the rising tide of antibiotic resistance requires ongoing research into new, safe, and 

efficacious antimicrobials to replace fewer effective treatments. Consequently, investigations into the 

ethnobotanical uses of plants among indigenous populations have gained momentum. The global surge 

in herbal medicine usage reflects a growing trend towards natural remedies for combating various 

infections [6]. 

Plants harbour pharmacologically active compounds such as flavonoids, alkaloids, phenolic 

compounds, and tannins that exert specific physiological effects on the human body [7]. Among these 

plants, Lawsonia inermis (henna) stands out for its healing properties and is currently under intense 

scientific scrutiny [8]. Similarly, Pistacia atlantica (Betoum) has been traditionally employed for treating 

peptic ulcers and as a mouth freshener [9]. The therapeutic potential of Camellia sinensis (green tea) 

has garnered attention worldwide due to its health benefits. Notably, cinnamon has demonstrated 

antimicrobial activity against various microorganisms and shows promise when used in conjunction with 

antibiotics [10].  

Recent studies have highlighted the antimicrobial efficacy of plant extracts against multidrug-resistant 

bacteria such as Pseudomonas aeruginosa, Staphylococcus aureus, Escherichia coli, and Salmonella 

typhi. Phenolic compounds present in these extracts are believed to underpin their antimicrobial effects 

by altering bacterial cell membrane permeability and integrity [11].  

This study aims to evaluate the antibacterial activity of leaf extracts against multidrug-resistant strains 

of Pseudomonas aeruginosa, Staphylococcus aureus, Salmonella typhi and Escherichia coli. 

Material and methods 
Plant materials 
The dry leave materials of Cinnamomum zeylanicum, Camellia sinensis, Lawsonia inermis and Pistacia 

atgantica were obtained from the market. The leaves were ground with an electric grinder to a fine 

powder, then sieved to a fine powder and preserved in bottles. 

Preparation of ethanolic alcohol extract of plants 
The ethanol alcohol extract was prepared by dissolving 50 grams of the powdered plant material in 500 

ml of ethanol alcohol in clean glass bottles for each plant separately. The bottles were then sealed with 

opaque paper to protect the solution from light and left for 72 hours. The solution was filtered using 

medical cloth, poured into tubes, and centrifuged at 3000 revolutions per minute. The clear solution was 

filtered with filter paper and dried in an air incubator at a temperature not exceeding 40 degrees Celsius 
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to remove the organic solvent. The resulting extracts were stored at 20 degrees Celsius until use. For 

each plant, 2 grams of the dry extract were mixed with 10 mg/ml of DMSO solution at a concentration 

of 5%. The mixture was sterilized by filtration, and the resulting solution was used to prepare 

concentrations of 100, 75, 50, and 25 mg to test the effectiveness of the alcoholic extract. 

Test organism 
Four bacterial strains were obtained from Burn and Plastic Surgery Hospital: They were: Pseudomonas 

aeruginosa, Staphylococcus aureus, Salmonella typhi and Escherichia coli. 

Culturing of Samples 

The samples obtained not exceeding two hours are grown on Petri dishes containing blood agar and 

MacConkey agar nutritional media and incubated aerobically at 37 degrees for 24 hours to ensure their 

purity to obtain individual colonies. 

Antimicrobial activity 

The antimicrobial activity was carried out using the agar diffusion technique. In this method, the 

diameters of the zones where bacterial growth was inhibited by the plant extract were measured. The 

isolates were grown for 18 hours in 105 ml of nutritional medium, were spread evenly on agar plates 

and allowed to dry. Three replicates were performed for each isolate. Filter paper discs soaked in 

different plant extracts were placed on the plates and incubated at 37 degrees Celsius for 24 hours. 

The diameter of the inhibition zones was then measured in millimeters using a ruler. 

Results and discussion 

The antimicrobial activities of Pistacia atlantica, Lawsonia inermis, Camellia sinensis, and 

Cinnamomum zeylanicum leaf extracts were assessed against various bacterial strains across diverse 

concentrations. Generally, higher efficacies were observed at higher concentrations (100%) > moderate 

efficacies at 75% > mild efficacies at 50% > minimal efficacies at 25%. At 100% concentration, Camella 

sinensis had an effect on Pseudomonas aeruginosa (7.3 mm), Staphylococcus aureus (8.3 mm), 

Salmonella typhi (11.8 mm) and Escherichia coli (9.7 mm); Cinnamomum zeylanicum had an effect on 

Pseudomonas aeruginosa (10.2 mm), Staphylococcus aureus (12.1 mm), Salmonella typhi (8.2 mm) 

and Escherichia coli (10.1 mm);  Lawsonia inermis had an effect on Pseudomonas aeruginosa (7.2 

mm), Staphylococcus aureus (6.8 mm), Salmonella typhi (7.1 mm) and Escherichia coli (4.8 mm).  

Pistacia atgantica affected Pseudomonas aeruginosa (9.8 mm), Staphylococcus aureus (10.7 mm), 

Salmonella typhi (8.2 mm) and Escherichia coli (11.3 mm).   

At 75% concentration, Camella sinensis had inhibitory effects on Pseudomonas aeruginosa (5.2 mm), 

Staphylococcus aureus (3.4 mm), Salmonella typhi (8.3 mm) and Escherichia coli (6.8 mm). ); 

Cinnamomum zeylanicum had an effect on Pseudomonas aeruginosa (7.3 mm), Staphylococcus 

aureus (9.8 mm), Salmonella typhi (5.6 mm) and Escherichia coli (8.3 mm); Lawsonia inermis had an 

effect on Pseudomonas aeruginosa (5.1 mm), Staphylococcus aureus (5.9 mm), Salmonella typhi (4.2 

mm) and Escherichia coli (2.8 mm).  Pistacia atgantica affected Pseudomonas aeruginosa (7.2 mm), 

Staphylococcus aureus (8.4 mm), Salmonella typhi (6.8 mm) and Escherichia coli (9.7 mm).   

At 50% concentration, a sharp drop in the inhibitory effect of plant extract was observed; Camella 

sinensis affected Pseudomonas aeruginosa (3.1 mm), Staphylococcus aureus (2.8 mm), Salmonella 

typhi (5.4 mm) and Escherichia coli (4.3 mm). ); Cinnamomum zeylanicum had on Pseudomonas 

aeruginosa (3.6 mm), Staphylococcus aureus (5.7 mm), Salmonella typhi (3.4 mm) and Escherichia coli 

(3.7 mm); Lawsonia inermis had on Pseudomonas aeruginosa (3.8 mm), Staphylococcus aureus (3.4 

mm), Salmonella typhi (2.2 mm) and Escherichia coli (1.2 mm).  Pistacia atgantica had on 

Pseudomonas aeruginosa (5.1 mm), Staphylococcus aureus (6.4 mm), Salmonella typhi (5.5 mm) and 

Escherichia coli (7.2 mm).  Furthermore, the lowest concentration at 25% revealed the least efficacy on 

bacterial isolates (Figures 1-4).  
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Figure 1. Antibacterial activity of leaf extract of Camella sinensis on bacterial isolates. 

 

 

 
Figure 2. Antibacterial activity of leaf extract of Cinnamomum zeylanicum on bacterial isolates. 
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Figure 3. Antibacterial activity of leaf extract of Lawsonia inermis on bacterial isolates. 

 

 
Figure 4. Antibacterial activity of leaf extract of Pistacia atlantica on bacterial isolates. 
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antimicrobial potential, Pistacia atlantica stood out for its effectiveness, which was consistent with 
previous research by Hosseini, et al. [13] who highlighted its efficacy against Streptococcus mutans 
biofilm. Furthermore, the tea leaves of Camellia sinensis and Cinnamomum zeylanicum demonstrated 
notable antimicrobial properties against the microorganisms studied, which was in line with previous 
findings of Senthamil, et al. [14]; Ahuokpeme, et al. [15], Malongane, et al. [16], Mayyas, et al. [17], 
Antolak, et al. [18]. Notably, the ethanol alcohol extract of green tea exhibited stronger inhibitory effects 
compared to black tea, supported by Mukhtar and Ghori [19], Shaaban [20], attributing this difference 
to the solubility of C. zeylanicum bark components in ethanol over water. Salma, et al. [21] investigation 
revealed ethanolic extract proved more potent against Staphylococcus aureus than Escherichia coli, 
showing zone of inhibition measurements of 17 mm starting from a 60% concentration versus 18 mm 
beginning at 80% concentration for E. coli. Green tea's polyphenols-epicatechin (EC), epicatechin 
gallate (ECG), epigallocatechin (EGC), and epigallocatechin gallate (EGCG) are primarily accountable 
for impeding bacterial proliferation according to Radji, et al. [22]. An earlier study conducted by Kumar, 
et al. [23] reported comparable zone of inhibition diameter values ranging between 8-12 mm when using 
ethanolic extract derived from green tea leaves against S. aureus. Additionally, henna (Lawsonia 
inermis) leaf extracts displayed inhibitory effects on microorganisms implicated in burn wound 
infections, corroborating Goris, et al. [24] findings and advocating for henna's potential role in managing 
such infections effectively. Furthermore, this study revealed a substantial decrease in the effectiveness 
of plant extracts at 50% concentration relative to the 100% concentration. This is in line with the findings 
of Yang and Lee [25], Roozegar, et al. [26], Gerchman [27]. The emergence of multidrug-resistant 
strains of pathogenic bacteria like Pseudomonas aeruginosa, Staphylococcus aureus, Salmonella typhi, 
and Escherichia coli presents a formidable challenge for clinicians worldwide in treating burn wound 
infections due to their resistance to multiple antibiotics. To address this growing concern, exploring 
novel antimicrobial compounds from herbal sources is imperative as an alternative therapeutic 
approach to combat the rise of multidrug-resistant bacteria and provide clinicians with additional 
treatment options in the near future [28].  

Conclusion 
The plant leaf extracts investigated in this study have demonstrated promising potential as alternatives 

in combating infestations of multidrug-resistant bacteria. The findings suggest that these natural 

extracts, with their antimicrobial properties and inhibitory effects on various bacterial strains, could serve 

as valuable resources in the ongoing battle against multidrug-resistant pathogens. Further research 

and exploration of these plant-derived compounds may offer new avenues for developing effective 

strategies to address the challenges posed by multidrug-resistant bacterial infections. 

References  

[1] X. Sun et al., "Piper sarmentosum Roxb.: A review on its botany, traditional uses, 
phytochemistry, and pharmacological activities," Journal of ethnopharmacology, vol. 263, p. 
112897, 2020. 

[2] H. A. Asghar et al., "Therapeutic Potential of Azadirachta indica (Neem)-A Comprehensive 
Review," Sch. Int. J. Tradit. Complement. Med, vol. 5, pp. 47-64, 2022. 

[3] F. Sofyantoro, A. Frediansyah, W. A. Putri, W. Adipuri, F. N. Ramadaningrum, and R. Sharma, 
"10 Herbal Medicines," Nanoarchitectonics for Brain Drug Delivery, p. 210, 2024. 

[4] M. A. Salam et al., "Antimicrobial resistance: a growing serious threat for global public health," 
in Healthcare, 2023, vol. 11, no. 13: MDPI, p. 1946.  

[5] G. Muteeb, M. T. Rehman, M. Shahwan, and M. Aatif, "Origin of antibiotics and antibiotic 
resistance, and their impacts on drug development: A narrative review," Pharmaceuticals, vol. 
16, no. 11, p. 1615, 2023. 

[6] M. Gunjan, T. W. Naing, R. S. Saini, A. Ahmad, J. R. Naidu, and I. Kumar, "Marketing trends & 
future prospects of herbal medicine in the treatment of various disease," World Journal of 
Pharmaceutical Research, vol. 4, no. 9, pp. 132-155, 2015. 

[7] S. Pérez-Burillo et al., "An in vitro batch fermentation protocol for studying the contribution of 
food to gut microbiota composition and functionality," Nature protocols, vol. 16, no. 7, pp. 3186-
3209, 2021. 

[8] J. Kaur, R. Kaur, and A. K. Nagpal, "Traditional use of ethnomedicinal plants among people of 
Kapurthala District, Punjab, India," Pharmacognosy Magazine, vol. 16, no. 68, 2020. 

[9] N. Benhammou, F. A. Bekkara, and T. K. Panovska, "Antioxidant and antimicrobial activities of 
the Pistacia lentiscus and Pistacia atlantica extracts," African journal of pharmacy and 
pharmacology, vol. 2, no. 2, pp. 022-028, 2008. 



290 | Afro-Asian Journal of Scientific Research (AAJSR)  

 

[10] S. Li et al., "Natural antimicrobials from plants: Recent advances and future prospects," Food 
Chemistry, p. 137231, 2023. 

[11] G. Donadio et al., "Interactions with microbial proteins driving the antibacterial activity of 
flavonoids," Pharmaceutics, vol. 13, no. 5, p. 660, 2021. 

[12] A. Tarín-Pelló, B. Suay-García, and M.-T. Pérez-Gracia, "Antibiotic resistant bacteria: current 
situation and treatment options to accelerate the development of a new antimicrobial arsenal," 
Expert Review of Anti-infective Therapy, vol. 20, no. 8, pp. 1095-1108, 2022. 

[13] F. Hosseini, A. Adlgostar, and F. Sharifnia, "Antibacterial activity of Pistacia atlantica extracts 
on Streptococcus mutans biofilm," Int Res J Biological Sci, vol. 2, no. 2, pp. 1-7, 2013. 

[14] L. Senthamil, Y. C. VetriselviPM, and R. Kumaresan, "Study on antibacterial activity of some 
medicinally important plants," Journal of Chemical and Pharmaceutical Research, vol. 7, no. 3, 
pp. 2520-2524, 2015. 

[15] I. Ahuokpeme, O. Osuala, C. C. Ezemba, A. Ezemba, V. Etikudike, and I. Otolorin, 
"Antimicrobial Effect of Cinnamon Bark Extracts on Microbial Isolates," Journal of Advances in 
Microbiology Research, vol. 1, no. 2, pp. 42-50, 2020. 

[16] F. Malongane, L. J. McGAW, and F. N. Mudau, "The synergistic potential of various teas, herbs 
and therapeutic drugs in health improvement: a review," Journal of the Science of Food and 
Agriculture, vol. 97, no. 14, pp. 4679-4689, 2017. 

[17] A. Mayyas, H. Azzam, I. Tayseer, N. Al‐Karablieh, and T. Aburjai, "Evaluation of the synergistic 
antimicrobial effect of folk medicinal plants with clindamycin against methicillin‐resistant 
Staphylococcus aureus strains," Letters in Applied Microbiology, vol. 73, no. 6, pp. 735-740, 
2021. 

[18] H. Antolak, A. Czyzowska, and D. Kregiel, "Antibacterial and antiadhesive activities of extracts 
from edible plants against soft drink spoilage by Asaia spp," Journal of food protection, vol. 80, 
no. 1, pp. 25-34, 2017. 

[19] S. Mukhtar and I. Ghori, "Antibacterial activity of aqueous and ethanolic extracts of garlic, 
cinnamon and turmeric against Escherichia coli ATCC 25922 and Bacillus subtilis DSM 3256," 
International Journal of applied biology and pharmaceutical Technology, vol. 3, no. 2, pp. 131-
136, 2012. 

[20] H. A. Shaaban, "Essential oil as antimicrobial agents: Efficacy, stability, and safety issues for 
food application," Essential Oils-Bioactive Compounds, New Perspectives and Applications, pp. 
1-33, 2020. 

[21] U. Salma, S. Saha, S. Sultana, S. Ahmed, S. Haque, and S. Mostaqim, "The Antibacterial 
Activity of Ethanolic Extract of Cinnamon (Cinnamomum zeylanicum) against two Food Borne 
Pathogens: Staphylococcus aureus And Escherichia coli," Mymensingh medical journal: MMJ, 
vol. 28, no. 4, pp. 767-772, 2019. 

[22] M. Radji, R. A. Agustama, B. Elya, and C. R. Tjampakasari, "Antimicrobial activity of green tea 
extract against isolates of methicillin–resistant Staphylococcus aureus and multi–drug resistant 
Pseudomonas aeruginosa," Asian Pacific journal of tropical biomedicine, vol. 3, no. 8, pp. 663-
667, 2013. 

[23] A. Kumar et al., "Antibacterial activity of green tea (Camellia sinensis) extracts against various 
bacteria isolated from environmental sources," Recent Research in Science and Technology, 
vol. 4, no. 1, pp. 19-23, 2012. 

[24] B. M. T. Goris, K. G. Sabahalkheir, A. A. Ibrahim, A. A. Ibrahim, M. M. Ishaq, and L. O. Ibrahim, 
"Antimicrobial activity of leaves extracts against bacteria isolated from wound infections," 
Journal of Medical and Scientific Research, vol. 8, no. 3, pp. 114-120, 2020. 

[25] J.-Y. Yang and H.-S. Lee, "Antimicrobial activities of active component isolated from Lawsonia 
inermis leaves and structure-activity relationships of its analogues against food-borne bacteria," 
Journal of Food Science and Technology, vol. 52, pp. 2446-2451, 2015. 

[26] M. A. Roozegar, F. A. Jalilian, M. R. Havasian, J. Panahi, and I. Pakzad, "Antimicrobial effect of 
Pistacia atlantica leaf extract," Bioinformation, vol. 12, no. 1, p. 19, 2016. 

[27] Y. Gerchman, "Antimicrobial activities in Pistacia atlantica—aphids make a difference!," in 
Proceedings, 2020, vol. 66, no. 1: MDPI, p. 9.  

[28] T. Dilbato, F. Begna, and R. K. Joshi, "Reviews on challenges, opportunities and future 
prospects of antimicrobial activities of medicinal plants: Alternative solutions to combat 
antimicrobial resistance," Int. J. Herb. Med, vol. 7, pp. 10-18, 2019. 

 


