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Abstract

This study investigated two different concentration of methanol extracts of the leaves of Avicennia marina against five 
human pathogenic bacteria, to determine their efficacy against multidrug resistant microbes. Powdered leaves of the tree 
were treated with two different concentration of methanol (10% w/v and 20% w/v) using hot extraction method. Crude 
methanol extracts of the leaves of Avicennia marina was investigated for their antibacterial activity against a wide range of 
bacteria (both gram-positive and gram-negative) by disc diffusion method. Multidrug resistant (MDR) strains of Bacillus 
subtilis (ATCC 6633), E. coli (ATCC 8739), Salmonella enterica (ATCC 14028), Staphylococcus aureus (ATCC 6538), 
Pseudomonas aeruginosa (ATCC 27853) were used in the study. Ciprofloxacin was used as standard. The antimicrobial 
activities of the crude extracts were increased with increasing the concentration. The methanolic leaves extracts of A. marina 
showed a remarkable inhibition of the microorganisms. The potency shown by these extracts recommends their use against 
multidrug resistant microorganisms. It is clear that n-hexane extract was the most effective extract. Additionally, Multidrug 
resistant (MDR) strains of E. coli, Bacillus subtilis and Staphylococcus aureus was strongly inhibited by both concentration 
of methanol extracts of A. marina leaves while MDR strains of Salmonella enterica, Pseudomonas aeruginosa also inhibited 
by methanolic extracts of leaves of A. marina but comparatively less.

The present study suggests that the methanol extract of the leaves of A. marina exhibited a potential antibacterial activity 
against the tested microorganisms and could be a potential source of new antimicrobial agents.
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Introduction

Infectious disease account for the highest proportion of health problem especially in developing countries and amongst them, 
bacterial infections are a major threat [1]. It is the leading cause of death in world-wide. The only solution to this problem is use of 
antibiotics or chemicals. The emerging trends of multidrug resistance among several groups of microorganisms against different 
classes of antibiotics led different researchers to develop efficient drugs from plant sources to counter multidrug resistant strains. 
Nowadays, medicinal plants play a major role in treatment of infectious diseases and they are easily available and more affordable 
as compared to synthetic compounds [2]. Scientists have put great attention to the plant extracts and the isolated compounds 
because of their less side effects and the strong resistance towards various microorganisms. Antimicrobial from plant sources 
represent a vast untapped source for medicines and further exploration of plant antimicrobials is needed as antimicrobials of plant 
origin have enormous therapeutic potential [3]. 

Botany and Uses

Avicennia marina (Forssk.) Vierh. of the family Avicenniaceae is a mangrove tree that can grow more than 10 m in height [4,5,6] 
that is extraordinarily adaptable with a wide latitudinal range closely associated with its flexible growth pattern. In traditional med-
icine, the leaves, fruits and bark of A. marina are used to treat skin diseases [7] while the stems are used to treat rheumatism, small 
pox and ulcers [8]. Seeds and seedlings are cooked and eaten as vegetable [6,9,10]. The species produces numerous erect pencil-like 
pneumatophores with lenticels. The bark is greenish-grey, mottled and peeling in patches. Leaves are elliptic-oblong, pale green on 
the lower surface with acute to round apex (Figure 1).

Although the chemical constituents of most mangrove plants still have not been studied extensively, investigations have led so far to 
the discovery of several novel compounds with prospective medicinal value for the discovery of new chemotherapeutic agents. In 
general, mangroves are trees and shrubs, which grow in saline coastal habitats in the tropics and subtropics. The mangrove dwellers 
get food and wide variety of traditional products and artifacts from mangroves. Extracts and chemicals from mangroves are used 
mainly in folkloric medicine (e.g. bush medicine), as insecticides and pesticides and these practices continue to this day  [11].

Although the chemical constituents of most mangrove plants still have not been studied, investigations have led so for to the 
discovery of several novel compounds with prospective medicinal value for the discovery of new chemotherapeutic agents [12]. 
Mangroves have been used in fisher folk medicine to treat diseases. In our previous study we investigated that ghaf is a potential 
desert nutraceutical and antimicrobial agent [2,12,13]. Furthermore, to continue our research to detect the potency of mangrove 
leaves as source of new antimicrobial agent and also to meet the increasing demand of antimicrobial agent, alternative strategies, 
this study have been considered recently. With this view, the present investigation was initiated to study the antimicrobial activity 
of methanolic extract of leaves of mangrove plant against Multi Drug Resistance (MDR) bacterial pathogens. This research was 
carried out as an awareness of medicinal value of mangrove plant in pharmaceutical. 

Figure 1: Leaves (left), and propagules and flower (right) of Avicennia marina.
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Material and Methods

Plant material collection

The leaves of A. marina (Three samples) were collected from Khuzam Road, Ras Al Khaimah, UAE in the month of March 2021. 
The leaves were sun dried for 5-7 days or more and then oven dried for better grinding. The dried leaves were then ground to a 
coarse powder using high capacity of grinding machine and then stored in airtight bottles.

Preparation of the extracts

About 5 g of the coarse powder was extracted with 25.0 ml of methanol followed by continuous hot extraction method. Stirred well 
and kept for incubation in closed container. Then we centrifuged the tubes at 4000 rpm for 30 min. After that we transferred the 
supernatant extract for drying for 10 min and finally got residue of leaves sample.  0.1 gm of leaves residue were weighed accurately 
and transferred in two different test tubes and then we added 0.5 mL of methanol in one test tube [20 % (w/v) solution (E1)] and 
1.0 mL of methanol [10 % (w/v) solution (E2)] in other test tube. These were two different final concentration of extracts for exper-
iment. All the extracts were then stored in refrigerator at -20°C till use [2].

Chemicals

The chemicals used in the present investigation were of analytical grade and of high purity from Merck. Standard used for analysis 
were purchased from Germany and USA.

Test organisms

In the present study, the bacterial strains we used were Bacillus subtilis (ATCC 6633), E. coli (ATCC 8739), Salmonella enterica 
(ATCC 14028), Staphylococcus aureus (ATCC 6538), Pseudomonas aeruginosa (ATCC 27853) obtained from the American Type 
Culture Collection (ATCC) to determine the antibacterial activity of A. marina. The bacterial strains were procured from LTA srl 
Italia. Pure culture of bacteria was maintained at 4 °C on nutrient agar slants. 

Methodology for detection of antibacterial activity

Inoculums preparation

The bacterial isolates were first grown in 5 ml of nutrient broth in to sterile test tubes for 18 h before use.  

Agar well diffusion assay

The antibacterial activity of methanolic extracts of A. marina leaves was tested against bacterial isolates by agar-well diffusion 
method. An aliquot of 100 μl inoculum for each bacterial isolate was evenly spread by a sterile glass spreader onto Muller Hinton 
Agar using sterilized cotton swab and was allowed at room temperature. With the use of Cork borer, we punched 6 mm diameter 
well in agar plates to cut uniform wells. Two wells were bored in agar plates for two different concentrations. The concentrations 
of the extract were 20% (w/v) and 10% (w/v), prepared using methanol as solvent. Subsequently, we poured 30 μl extracts of leaves 
into the wells. Ciprofloxacin 30 μg was used as positive control. Methanol was used as a negative control. Then the plates were kept 
at 37 °C for 24 h. The diameter of zone of inhibition was measured to the nearest millimeter [14,15]. The formation of clear inhibi-
tion zone of ≥7 mm diameters around the wells was regarded as significant susceptibility of the organisms to the extract (Okwori 
2007). The effect was compared to those of antibiotic discs. The tests were performed in triplicates and the mean was taken. The 
whole experiments were performed under strict aseptic conditions.
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Table 1: Diameters of the inhibition zone to leaves extracts in 
comparison with standard reference antibiotic Ciprofloxacin

S. No Microorganisms
Zone of Inhibition (mm)

E1 E2
1. Bacillus subtilis (ATCC 6633) 15± .000 18± .000
2. E.coli (ATCC 8739) 18± .000 22± .000
3. Salmonella enterica (ATCC 14028) 12± 0.05 15± 0.05
4. Staphylococcus aureus (ATCC 6538) 20± .000 25± .000
5. Pseudomonas aeruginosa (ATCC 27853) 7± .000 9± .000

Statistical analysis

The tests were performed in triplicates. Data are expressed as mean. Pair wise comparisons were performed. Experimental error 
was determined for triplicate and expressed as standard deviation (SD).

Results 

According to the present research findings, we used the methanolic extracts of the leaves of A. marina (0.1 gm of leaves residue 
in two different test tubes and added 0.5 mL of methanol in one test tube [20 % (w/v) solution (E1)] and 1.0 mL of methanol [10 
% (w/v) solution (E2)] in other test tube) which exhibited antibacterial activity with all the tested strains of microorganisms on 
comparison with the standard 30 mcg ciprofloxacin by producing zone of Inhibition (Kirby Bauer’s zone of inhibition method 
which describes that - Place the metric ruler across the zone of inhibition, at the widest diameter, and measure from one edge of 
the zone to the other edge. Use millimetre measurements). Pseudomonas aeruginosa, E. coli, B. subtilis, S. enterica are resistant to 
chloramphenicol. Antibacterial activity of leaves extracts using agar well diffusion. The extract of both concentrations showed 
antibacterial activity as indicated by the zone of growth inhibition ranged from 7 ± .000 – 25 ± .000 mm (Figure 2). Similar work 
was reported by Sahoo et al 2012 [16]. According to present research finding S. aureus  strongly inhibited by methanol extract 
of leaves of mangrove plant showed significant difference with the positive control ciprofloxacin in both the concentrations and 
showed zone of inhibition 25mm and 20 mm at 20% and 10% (w/v) and S. enterica strain in a concentration dependent fashion 
and had the zone of inhibition (15.00 ± 0.05 mm) at concentration of 20% (w/v) and (12.00 ± 0.05 mm) at concentration of 10% 
(w/v) respectively followed by P. aeruginosa showed less activity as compared to other bacterial isolates and showed 9 mm of zone 
of inhibition at 20% (w/v) and 7 mm at 10% (w/v) and E.coli  showed 22 mm and 18 mm at a concentration of 20% (w/v) and 10% 
(w/v) respectively while B. subtilis showed the zone of inhibition (18 ± .000 mm) at a concentration of 20% (w/v) and 15 mm at 
10% (w/v). (Table 1). Similar results were reported by [17,18].

0.1 gm of leaves residue in two different test tubes and added 0.5 mL of methanol in one test tube [20 % (w/v) solution (E1)] and 
1.0 mL of methanol [10 % (w/v) solution (E2)] in other test tube
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Discussion 

Since ancient times, plants have been a veritable source of drugs. However, modern societies tend to ignore the importance of herbal 
medicine. Recently, much attention has been directed towards extracts and biologically active compounds of plants. Therefore, ba-
sics factors rationalize the study of antimicrobial properties in mangrove is that these plants can exist in a very stressful condition 
such as violent environment, high concentration of moisture, high and low tides of water and abundant living microorganism and 
insect. Due to that, they may develop some mechanisms to overcome these obstacles. Plants that are growing in harsh environments 
usually possess chemical mechanisms to protect themselves from the predators (Rojas et al 2003). This reason coupled with the ex-
tensive using of mangrove plants in folklore medicine are the main reason of choosing mangrove plant.

Mangroves and mangrove associated plants are remarkable source of therapeutic agents having broad medicinal value 
(Bandaranayake, 2002) [10]. This rich property of mangrove plant extracts is demonstrated to be due to the presence of 
phytochemicals such as alkaloids, steroids, tannins, flavonoids and sugars in the extracts of this green vegetation [19]. For instance, 
the antibacterial activity of flavonoids is attributed to the phenolic structure possessing one carbonyl group that complexes with 
extracellular and soluble protein and, moreover, with bacterial cell wall [20]. These complexes assist in exhibiting the antibacterial 
activity. Interestingly, the organic extracts from mangrove plant exhibited a varying degree of bactericidal activity as revealed by 
different size of zone of growth inhibition.

Multiple drug resistance has developed due to indiscriminate use of commercial antimicrobial drugs that are commonly used in 
the treatment of infectious diseases, making it a global growing problem. There is an urgent need to develop new antimicrobial 
drugs for the treatment of infectious diseases from medicinal plants, which may be less toxic to humans and possibly with a novel 
mechanism of action [21-35].

Bacillus subtilis (ATCC 6633) Staphylococcus aureus (ATCC 6538) E.coli (ATCC 8739)

Figure 2: Extracts (E1 and E2) of leaves extract of A. marina showed antibacterial activity as 

indicated by the zone of inhibition against different microorganism’s strain

Salmonella enterica (ATCC 14028) Staphylococcus aureus (ATCC 6538) Pseudomonas aeruginosa (ATCC 27853)



           J Biomed Stud 6

                                                                               Volume 1 | Issue 1
 
ScholArena | www.scholarena.com

                    

Conflict of Interest

We declare that we have no conflict of interest. All procedures followed were in accordance with the ethical standards (institutional 
and national).

Availability of data and materials

The relevant data and materials are available in the present study.

Acknowledgements

Author would like to thank all individuals who provided their efforts for this research.

Author’s contributions

VB supervised the entire project. Supervision of the laboratory work was performed by VB. VB analysed the data and wrote the 
manuscript. VB did all experiment work.



J Biomed Stud                                7

                                                                               Volume 1 | Issue 1
 
ScholArena | www.scholarena.com

                    

References

1. Westh H, Zinn CS, Rosdahl VT (2004) An international multicenter study of antimicrobial consumption and resistance in 
Staphylococcus aureus isolates from 15 hospitals in 14 countries. Microb Drug Resist 10: 169‑76.

2. Al Ghais Saif, Bhardwaj Vibha, Kumbhar Pramod (2020c) Antimicrobial Properties of Prosopis cineraria stem bark. Am J Mi-
crobiol and Immunol 5: 7.

3. Rajeshwar Y, Ahmad R, Sunder AS, Devilal J, Gupta M, et al. (2008) In vitro peroxidation inhibitory and antimicrobial activity 
of Phylantusniruri (euphorbiaceae) extract.Iran. J. Pharm. & Therapeutics 7: 67-70.

4. Aksornkoae S, Maxwell GS, Havanond S & Panichsuko S (1992) Plants in Mangroves. Chalongrat Co. Ltd., Bangkok, Thailand.

5. Kitamura S, Anwar C, Chaniago A, Baba S (1997) Handbook of Mangroves in Indonesia: Bali and Lombok. Ministry of Forestry, 
Indonesia, and JICA and ISME, Japan.

6. Giesen W, Wulfraat S, Zieren M, Scholten L (2007) Mangrove Guidebook for Southeast Asia. FAO, Bangkok, Thailand and Wet-
lands International, Wageningen, Netherlands.

7. Fauvel MT, Taoubi K, Gleye J, Fouraste I (1993) Phenylpropanoid glycosides from Avicennia marina. Planta Medica 59: 387.

8. Bandaranayake, W M (1998) Traditional and medicinal uses of mangroves. Mangroves and Salt Marshes 2: 133-48.

9. Hong PN, San HT (1993) Mangroves of Vietnam. IUCN, Bangkok, Thailand.

10. Hu SY (2005) Food Plants of China. The Chinese University Press, Hong Kong, China.

11. Bandaranayake WM (2002) Bioactivities, bioactive compounds and chemical constituents of mangrove plants. Wetland Ecol 
Manage 10: 421-52.

12. Al Ghais S, Bhardwaj V, Kumbhar P (2020a) Prosopis cineraria (Ghaf): An Unconventional Desert protein rich supplement. 
Am J Agricul Res 5: 94. 

13. Al Ghais S, Bhardwaj V and Kumbhar P (2020b) Prosopis cineraria (Ghaf): A potential desert nutraceutical. Int  J Dev Res 10: 
34162-5.

14. Sohel A (2010) Antibacterial activity of the ethanol extracts of Hibiscus rosasinensis leaves and flowers against clinical isolates 
of bacteria. Bangladesh. J  Life Sci 22: 65–73.

15. Uddin B, Nahar T, Khalil MI, Hossain S (2007) In vitro antibacterial activity of the ethanol extracts of Paederia foetida L. (Ru-
biaceae) leaves. Bangladesh J Life Sci 19: 141–43.

16. Sahoo G, Mulla NSS, Ansari AZ, Mohandass C (2012) Antibacterial Activity of Mangrove Leaf Extracts against Human Patho-
gens. Indian J  Pharm Sci 74: 348-51.

17. Saad S, Taher M, Deny S, Qaralleh H, Afifah Binti N, et al. (2011) Antimicrobial activity of mangrove plant (Lumnitzera litto-
rea). Asian Pac J Trop Med 4: 523- 25.



           J Biomed Stud 8

                                                                               Volume 1 | Issue 1
 
ScholArena | www.scholarena.com

                    

18. Saravanan D, Radhakrishnan M (2016) Antimicrobial activity of mangrove leaves against drug resistant pathogens.  Interna-
tional Journal of PharmTech Research CODEN (USA): IJPRIF  9: 141-46.

19. Poompozhil S, Kumarasamy D (2014) Studies on phytochemical constituents of some selected mangroves. J Acad Indus Res 2: 
590-592.

20. Cowan  MM (1999) Plant products as antimicrobial agents. Clin Microbiol Rev 12: 564-82.

21. Akram M, Shahid M, Khan AU (2007) Etiology and Antibiotics Resistance Pattern of Community Acquired Urinary Infections 
in J N M C Hospital Aligarh India. Ann Clin Microbiol Antimicrob 6: 4.

22. Andrew LH, GR Bickerton, IM Carruthers, Stephen KB, Harvey R, et al. (2011) Rapid analysis of Pharmacology for infectious 
diseases. Curr Top Med Chem 11: 1292–300.

23. Begashaw B, Mishra B, Tsegaw A, Shewamene Z (2017) Methanol leaves extract Hibiscus micranthus Linn exhibited antibac-
terial and wound healing activities. BMC Complementary and Altern  Med 17: 337.

24. Duke C (1990) Phenological trends with latitude in the mangrove tree.  Avicennia marina. J of Ecol 78: 113-33.

25. Food, Medicine and Health Care Administration and Control Authority (FMHACA) (2009) Antimicrobial use, resistance and 
containment baseline survey, syntheses of findings, Addis Ababa, Ethiopia.

26. Gibbons S (2005) Plants as a source of bacterial resistance modulators and anti-infective agents. Phytochem Rev 4: 63-78.

27. Gottlieb OR, Borin MR, Brito NR (2002) Integration of ethnobotany and phytochemistry: dream or reality? Phytochem 60: 145-52.

28. Kapoor BBS, Bansal R (2013) Antimicrobial Screening of Some Medicinal Tree Species of Nagaur District of Rajasthan. Int  J 
Herbal Med 1: 10-11.

29. Krishnaiah D, Devi T, Bono A, Sarbatly R (2009) Studies on phytochemical constituents of six Malaysian medicinal plants.  J 
Med  Plants Res 3: 67–72.

30. Khan R, Islam B, Akram M, Shakil S, Ahmed A, et al. (2009) Antimicrobial activity of five herbal extracts against multi drug 
resistant (MDR) strains of bacteria and fungus of clinical origin. Molecules 14: 586-97.

31. Okwori AE (2007) Antibacterial activities of Ageratum conyzoides extracts on selected bacterial pathogens. Internet J Micro-
biol 4: 34–56.

32. Rojas R, Bustamante B, Bauer J, Fernandez I, Alban J, et al. (2003) Antimicrobial activity of selected Peruvian medicinal plants.  
J  Ethno Pharm 88: 199-204.

33. Singh B, Bhat TK (2003) Potential therapeutic applications of some antinutritional plant secondary metabolites. J Agric Food 
Chem 51: 5579–97.

34. Tomoko N, Takashi A, Hiromu T, Yuka I, Hiroko M, et al. (2002) Antibacterial activity of extracts preparated from tropical and 
subtropical plants on methicillin-resistant Staphylococcus aureus. J Health Sci 48: 273–76.

35. Velmurugan V, Arunachalam G, Ravichandran V (2010) Antibacterial activity of stem bark of Prosopis cineraria (Linn.) druce. 
Arch App Sci Res 2: 147-150.


