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ABSTRACT 
 
Aims: Bacterial infections pose a significant public health challenge, necessitating the search for new 
antimicrobial agents. This study investigated the antibacterial potential of Annona muricata (Linn.) leaf 
ethyl acetate extract against some bacterial pathogens.  
Study design:  An experimental design was adopted for this study. 
Place and Duration of Study: Fresh leaves of Annona muricata (Linn.) were collected from Modakeke, 
Osun State, South-West, Nigeria. Proper identification and authentication of the leaves were carried out 
at the herbarium unit of the Department of Botany, Obafemi Awolowo University (OAU), Ile-Ife, Osun 
State, Nigeria. 
Methodology: The plant material was extracted using ethyl acetate, and concentration-dependent 
assays determined antibacterial activity, including minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC). The phytochemical analysis identified bioactive compounds. 
Results: The extract concentrations of 35.00 mg/ml, 17.50 mg/ml, 8.75 mg/ml, and 4.38 mg/ml 
demonstrated significant antibacterial activity against a total of ten bacterial strains out of the twenty-one 
(47.6%) tested. These strains include Klebsiella pneumoniae, Proteus vulgaris, Staphylococcus 
mariliensis, Salinicoccus roseus, Enterobacter asburiae, Streptococcus canis, Streptococcus pyogenes, 
Streptococcus equi, Limonorella grimontii, Proteus hauseri, Citrobacter werkmanii, Staphylococcus 
rosterii, Versinia enteroculitica, Macrococcus bruensis, Precoccus suis, Limorella richardii, 
Staphylococcus aureus, Macroccocus lavnae, Salmonella enterica, Streptococcus salviohxodontae, and 
Klebsiella ozanae. The range of obtained inhibition zone values varied from 70 mg/ml to 4.38 mg/ml. The 
minimum inhibitory concentration (MIC) values varied between 4.48 mg/ml and 35.00 mg/ml, while the 
minimum bactericidal concentration (MBC) values ranged from 2.19 mg/ml to 17.5 mg/ml. Susceptibility to 
the extract increased with higher concentrations. Comparative analysis with ampicillin indicated superior 
inhibitory properties. Phytochemical analysis of the extract revealed the presence of some phytochemical 
constituents.  
Conclusion: The ethyl acetate extract obtained from Annona muricata (Linn.) leaf demonstrated 
significant antibacterial activity against tested bacterial isolates. The extract exhibited concentration-
dependent inhibitory effects, indicating the presence of bioactive compounds with antibacterial properties. 
These findings highlight the potential of Annona muricata (Linn.) as a source for developing natural 
antibacterial agents. Further research is needed to isolate and identify the specific active compounds, 
understand their mechanisms of action, and assess the extract's therapeutic potential and safety profile. 
The study emphasizes the importance of exploring natural plant extracts for their antibacterial properties 
and opens avenues for future applications in medicine and pharmaceuticals. 
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1. INTRODUCTION  
 
Throughout history, disease has posed a significant challenge to human health. Medicinal plants have long been 
recognized for their therapeutic properties and have been used for centuries to combat the effects of disease [1]. The 
utilization of plant-based remedies in medical practice has evolved from traditional approaches to modern medicine, 
aiming to enhance the quality of life for patients worldwide. Nature-derived medicines derived from plants are often 
considered safer alternatives with reduced or no side effects [1]. Plants have played a crucial role in human existence 
since the dawn of life, and various plant species and parts have been employed to treat a wide range of diseases [2-4]. 

Numerous studies conducted worldwide have investigated the antibacterial properties of plants, leading to the 
identification of potential therapeutic alternatives [5-8]. These properties are attributed to various compounds found in 
plants, including quinine, tannins, alkaloids (such as anonaine and anoniine), acetogenins, flavonoids, and others. The 
exploration of these plant-derived products, either pure compounds or standardized extracts, offers many opportunities 
developing new drug leads due to the immense chemical diversity available in plants. Consequently, many medicinal 
plants used in traditional medicine have been scientifically evaluated and shown to possess bactericidal properties. 

Annona muricata (Linn)., belonging to the family Annonaceae and the genus Annona, is a well-known species primarily 
recognized for its edible fruits, commonly called ‘sour sop’. The name ’sour sop’ is derived from its slightly acidic flavor 
when fully ripe. In English, it is commonly known as ‘Graviola’ or ‘sour sop’; in some regions like India and Australia, it is 
also called custard apple (although this term also encompasses Annona reticulata, a closely related species). Spanish-
speaking countries call it guanabana or guanaba, while other regions use names such as sorsaka, zuurzak, corossol, and 
graviola.  

Annona muricata (Linn)., has a significant history of traditional use in herbal medicine. Various parts of the plant, including 
the bark, leaves, roots, fruit, and seeds, are used in tropical region’s natural medicine [9,10]. These different plant parts 
possess distinct medicinal properties and are attributed to various therapeutic uses. Annona muricata exhibits a wide 
range of pharmacological activities, such as antifungal, antitumor, analgesic, hypotensive, anti-inflammatory, and immune-
enhancing effects [6,9,11]. Additionally, it has been recognized for its sedative, ulcer treatment, hypotensive, nervine, and 
oxytocic properties [10,12]. Phytochemical analysis of Annona muricata has identified alkaloids, flavonoids, 
carbohydrates, cardiac glycosides, saponins, tannins, phytosterols, terpenoids, and proteins [13]. These findings 
underscore the potential therapeutic value of Annona muricata (Linn) in traditional medicine. 

Therefore, the aim of this study was to investigate the antibacterial activities of the ethyl acetate extract of Annona 
muricata (Linn.), determine the minimum inhibitory concentration and minimum bactericidal concentration of the leaf 
extract, and analyze the phytochemical constituents of Annona muricata (Linn), thus providing baseline data for Annona 
muricata (Linn.) to be used as candidate in drug development to treat bacterial infections. 

  

2. METHODOLOGY  
 
2.1 Collection and Authentication of Plant Materials 
Annona muricata (Linn.) fresh leaves were obtained from Modakeke, Osun State, South-West, Nigeria. The leaves were 
carefully identified and authenticated at the herbarium unit of the Department of Botany, Obafemi Awolowo University 
(OAU), Ile-Ife, Osun State, Nigeria. Subsequently, the leaves were air dried at room temperature, ground to a fine powder 
[14] in the drug research and production unit at the Faculty of Pharmacy, Obafemi Awolowo University, Ile-Ife, and 
appropriately stored until further use. 
 

2.2 Source of Test Isolates 
The bacterial strains used in this study were sourced from the Department of Microbiology research laboratory, OAU, Ile-
Ife, Nigeria. Well isolated colonies from the test isolate cultures were sub-cultured on nutrient agar (Merck, Germany) and 
incubated at 37ºC for 24 hours. Colonies from the cultures were aseptically transferred to 5ml of nutrient broth in test 
tubes and incubated at 37ºC for 18 hours. 
 

2.3 Serial Dilution and Colony Counting 
The serial dilution was performed using standard procedures. Initially, a 1 ml sample of the test organism was added to a 
sterile test tube containing 9 ml of sterile broth (Becton, Dickinson and Company, USA). The test tube was thoroughly 
mixed to ensure proper dispersion of the organism. 
From this initial dilution, 1 ml was transferred to a second sterile test tube containing 9 ml of diluent, resulting in a 1:10 
dilution. This process was repeated multiple times, with 1 ml of the previous dilution being added to 9 ml of diluent each 



 

 

time, to achieve subsequent dilutions. After preparing the serial dilutions, 0.4 ml of each dilution was aseptically 
transferred onto separate Petri dishes using a sterile pipette. The dilution was evenly spread on the agar surface using a 
sterile glass rod. The Petri dishes were then incubated at 37

o
C under appropriate conditions for the growth of the test 

organism. Following incubation, the resulting colonies on each plate were counted and recorded using an electronic 
colony counter. This allowed for the quantification of the test organism in the original sample and determination of the 
appropriate dilution for subsequent analysis or experimentation. 
 
2.3.1 Culture and Maintenance of Test Isolates 
Pure cultures of the experimental bacteria were maintained on a nutrient agar medium. Each bacterial strain was regularly 
subcultured on the same medium and stored at 4ºC before use in the experiments. 

 
2.4 Preparation of Plant Powder 
The leaves of Annona muricata (Linn.) were dried under shade for 2-3 weeks and subsequently ground into fine powder 
using a clean mortar and pestle. 
 

2.5 Preparation of Plant Extracts 
A volume of 2.5 L of ethyl acetate was used to soak 1 kg of powdered leaves in a glass jar for five days to prepare the 
plant extracts. The suspension was thoroughly agitated every 12 hours. On the fifth day, the suspension was filtered using 
filter paper, and the solvent was evaporated to dryness at 40ºC using a rotary evaporator [15] at the Central Science 
Laboratory, OAU, Ile-Ife, Osun State, Nigeria. The resulting crude extract was stored in glass Petri dishes. 
 

2.6 Reconstitution of the Plant Extract 
The crude extract was reconstituted to a concentration of 35 mg/ml. Serial dilutions were then performed to obtain 
subsequent concentrations of 17.50 mg/ml, 8.75 mg/ml, 4.38 mg/ml, and 2.19 mg/ml, which were utilized for determining 
the minimum inhibitory concentration (MIC). 
A total of 1.4 g of the crude extract was dissolved in a mixture of water and dimethyl sulfoxide (DMSO) in a ratio of 6:4. 
Two-fold serial dilutions were carried out using 5 ml of the diluted extract (stock) and 5 ml of water to obtain five dilutions. 
Each dilution was added to McCartney bottles containing 15 ml of sterilized nutrient agar, thoroughly mixed, and then 
poured into labeled Petri dishes. The Petri dishes were divided based on the number of test organisms used, and each 
dilution was appropriately labeled on the dishes [16]. 
 

2.7 Antibacterial Susceptibility Test 
2.7.1 Agar Well Diffusion Method 
The inocula used for the test organisms were standardized using a 0.5 McFarland standard to ensure consistent cell 
density. This standard is a turbidity standard that corresponds to a specific optical density at a wavelength of 625 nm. By 
comparing the turbidity of the inoculum suspension to the 0.5 McFarland standard, the density of the inoculum was 
adjusted to achieve a desired cell concentration. The isolates were inoculated into nutrient broth (Becton, Dickinson and 
Company, USA) and incubated at 37

o
C for 4-18 hours. The cultures were then spread on Mueller Hilton agar (EO labs, 

Scotland) plates. Wells were made on the plates, and varying concentrations of the leaf extract (35 mg/ml, 17.5 mg/ml, 
8.75 mg/ml) were introduced separately into three wells. Ampicillin and dimethyl sulfoxide (DMSO) were introduced into 
wells 4 and 5, respectively, serving as positive and negative controls. The plates were incubated at 37ºC for 24 hours, and 
the diameters of the zones of inhibition were measured to the nearest millimeter using a transparent ruler. 
 
2.7.2 Measurement of Antibacterial Activity of Annona muricata (Linn.) Leaf Extract Using Agar Well Diffusion 
The antibacterial activity of the Annona muricata (Linn.) leaf extract was assessed by measuring the zones of inhibition 
using a meter rule and comparing with the standard Kirby Bauer table against the tested organisms. The results were 
compared to the activity of the standard antibiotic, ampicillin. 
 
2.7.3 Determination of Minimum Inhibitory Concentration (MIC) 
The minimum inhibitory concentration was determined using a simple serial dilution method to obtain various 
concentrations of the leaf extract. Nutrient agar plates containing different concentrations of the leaf extract were 
inoculated with the test organisms. The plates were then incubated at 28ºC for 72 hours. The lowest concentration of the 
extract that showed no visible growth of the organisms was defined as the MIC. 
 
2.7.4 Determination of Minimum Bactericidal Concentration (MBC) 
The minimum bactericidal concentration was determined using a simple serial dilution technique to obtain different 
concentrations of the Annona muricata (Linn.) leaf extract. Nutrient agar plates containing varying concentrations of the 
leaf extract were inoculated with the test organisms. After incubation at 28ºC for 72 hours, the MBC was determined as 
the lowest concentration of the extract at which no growth of the organisms was observed. 
 



 

 

2.8 Phytochemical Analysis 
Phytochemical analysis was conducted to determine the presence or absence of secondary metabolites, including 
phenols, saponins, flavonoids, alkaloids, tannins, etc., in the Annona muricata (Linn.) leaf extract. These compounds 
contribute to the antibacterial properties exhibited by the leaf. 
 
2.8.1 Test for Alkaloids (Dragendorff's Test) 
A solution of 0.5 g of the plant extract in 5 ml of 1% hydrochloric acid was prepared and subjected to Dragendorff's 
reagent. The appearance of turbidity or precipitation indicates the presence of alkaloids [17]. 
 
2.8.2 Test for Terpenoids (Salkowski Test) 
A mixture of 0.2 g of the extract, 2 ml of chloroform, and 3 ml of concentrated sulfuric acid was prepared. The formation of 
a reddish-brown interface indicates the presence of terpenoids [17]. 
 
2.8.3 Test for Sterols 
A solution of 0.5 g of the extract in 3 ml of chloroform was prepared and filtered. To the filtrate, 2 ml of concentrated 
sulfuric acid was added to form a lower layer. The chloroform layer appears red, while the acid layer exhibits a greenish-
yellow fluorescence, confirming the presence of sterols [18]. 
 
2.8.4 Test for Flavonoids (Shinoda Test) 
A solution of 0.2g of the extract in 2 ml of methanol was prepared and heated. Magnesium metal chips were added to the 
mixture, followed by a few drops of concentrated hydrochloric acid. The appearance of a red or orange coloration 
indicates the presence of flavonoids [16]. 
 
2.8.5 Test for Saponins (Hemolysis Test) 
Freshly prepared 7% blood agar medium was used, and wells were dug using sterile cork borer. Methanol extracts were 
dispensed, with distilled water and methanol serving as negative controls, while a commercial saponins solution was used 
as a positive control. The plates were incubated at 35ºC for 6 hours, and complete hemolysis of the blood around the 
extract indicates the presence of saponins [16]. 
 
2.8.6 Test for Phenols (Ferric Chloride Test) 
Exactly 2 mg of the extract was dissolved in 4 ml of distilled water. A few drops of 10% ferric chloride solution were added 
to the solution. The observation of a blue or green coloration indicates the presence of phenols [17,18]. 
 
2.8.7 Test for Phlobatannins (Hydrochloric Acid Test) 
Approximately 2 mg of the extract was dissolved in 4 ml of distilled water and subjected to boiling with 1% aqueous 
hydrochloric acid. The formation of a red precipitate serves as evidence for the presence of phlobatannins [17,18]. 
 
 

3. RESULTS  
 
3.1 Antibacterial Activity of Ethyl Acetate Extract from Annona muricata (Linn.) 

Table 1 illustrates the antibacterial efficacy of ethyl acetate extract derived from Annona muricata against a panel of test 
bacteria. The extract concentrations of 35.00 mg/ml, 17.50 mg/ml, 8.75 mg/ml, and 4.38 mg/ml demonstrated 
considerable antibacterial efficacy, inhibiting the growth of ten out of the twenty-one (47.6%) tested bacterial strains. 
Notably, these strains encompass Klebsiella pneumoniae, Proteus vulgaris, Staphylococcus mariliensis, Salinicoccus 
roseus, Enterobacter asburiae, Streptococcus canis, Streptococcus pyogenes, Streptococcus equi, Limonorella grimontii, 
Proteus hauseri, Citrobacter werkmanii, Staphylococcus rosterii, Versinia enteroculitica, Macrococcus bruensis, 
Precoccus suis, Limorella richardii, Staphylococcus aureus, Macroccocus lavnae, Salmonella enterica, Streptococcus 
salviohxodontae, and Klebsiella ozanae. 
 

3.2 Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of Annona 
muricata (Linn.) Leaf Extract 
Tables 2 and 3 present the MIC and MBC values of the Annona muricata (Linn.) leaf extract against susceptible test 
organisms. The MIC values ranged from 4.48 mg/ml to 35.00 mg/ml, while the MBC values ranged from 2.19 mg/ml to 
17.5 mg/ml. 
 

  



 

 

3.3 Phytochemical Analysis of Annona muricata (Linn.) Leaf Extract 
Table 4 elucidates the findings of phytochemical analysis performed on the leaf extract of Annona muricata (Linn.). The 
analysis revealed the presence of diverse phytochemical constituents, including, but not limited to alkaloids, sterols, and 
saponins, in the leaf extract 
 
Table 1: Diameter of Zone of inhibition of Annona muricata (Linn.) extract on test bacteria 
 

Tests Organisms DMSO 

(mg/ml) 

70 

mg/ml 

35 mg/ml 17.5 mg/ml 8.75 mg/ml 4.38 mg/ml Ampicillin 

(mg/ml) 

Staphylococcus 

aureus 

0.00 22.00 13.00 11.00 19.00 0.00 0.00 

Aerococcus suis 0.00 7.00 0.00 0.00 0.00 0.00 0.00 

Limonella grimontii 0.00 12.00 0.00 0.00 0.00 0.00 0.00 

Limorella richardii 0.00 11.00 0.00 0.00 0.00 0.00 0.00 

Globicatella 

suifidifaciens 

0.00 15.00 0.00 0.00 0.00 0.00 0.00 

Salinincoccus 

roseus 

0.00 13.00 0.00 0.00 0.00 0.00 10.00 

Staphylococcus 

muscae 

0.00 6.00 0.00 0.00 0.00 0.00 0.00 

Proteus hauseri 0.00 12.00 6.00 0.00 0.00 0.00 0.00 

 
Key: 

 Ampicillin = positive control 

 DMSO = negative control 

 
 
 
 
 
 
  



 

 

Table 2: Minimum Inhibitory Concentration (MIC) of Annona muricata (Linn.) extract 
 

Test 
Organisms 

35 mg/ml 17.5 mg/ml 8.75 mg/ml 4.38 mg/ml 2.19 mg/ml 

Klebsiella 
pneumonia 

      -     -     +     +     + 

Proteus 
vulgaris 

      -     -     +     +     + 

Staphlococcus 
massiiliensis 

      -     -     +     -     + 

Streptococcus 
canis 

      -     -     +     +     + 

Streptococcus 
equi 

      -     -     +     +     + 

Proteus 
hauseri 

      -     -     -     +     + 

Proteus 
vulgaris 

      -     -     +     +     + 

Staphlococcus 
muscae 

      -     - 
 

    +     +     + 

Salinicoccus 
roseus 

      -     -     +     +     + 

Citrobacter 
werkmanii 

      -     -     +     -     - 

Globicatella 
sulfifaciens 

      -     -     +     +     + 

Yersinia 
enterocolitica 

      -     -     +     +     + 

Aerococcus 
suis 

      -     -     +     +     + 

Liminorella 
richardia 

      -     -     -     +     + 

 
Key: 
+   represents growth at that concentration         
-   represents no growth at that concentration 



 

 

Table 3: Minimum Bactericidal Concentrations of Annona muricata (Linn.) extract on test organisms  
 

Test Organisms 35 mg/ml 17.5 mg/ml 8.75 mg/ml 4.38 mg/ml 2.19 mg/ml 

Klebsiella 
pneumonia 

    -     +     +     +     + 

Proteus vulgaris     -     +     +     +     + 

Staphlococcus 
mariliensis 

    -     +     +     +     + 

Streptococcus 
canis 

    -     -     +     +     + 

Streptococcus 
equi 

    -     -     +     +     + 

Proteus hauserii     -     -     +     +     + 

Klebsiella ozanae     -     +     +     +     + 

Staphlococcus 
muscae 

    -     + 
 

    +     +     + 

Salinicoccus 
roseus 

    -     +     +     +     + 

Citrobacter 
werkmanii 

    -     -     +     -     + 

Glabicatella 
sulfifaciens 

    -     +     +     +     + 

Yersinia 
enterocolitica 

    -     -     +     +     + 

Aerococcus suis     -     -     +     +     + 

Limonella 
richardii 

    -     -     +     -     + 

Staphylococcus 
muscae 

    -     -     +     +     + 

 
Key 
 +   represents Growth  

- represents Inhibition (no growth) 

  



 

 

Table 4: Phytochemical constituents of Annona muricata (Linn.) leaf extract 
 

Phytochemical constituents  Observation 

Alkaloids          - 

Sterols          - 

Terpenoids          + 

Tannins          - 

Flavonoids          - 

Saponins          - 

Phlobatannins         + 

Phenols         - 

 
Key: 
+ The constituent is present 

- The constituent is absent 

 

4. DISCUSSION 
The concept of the ‘magic bullet’, introduced by Paul Ehrlich, marked the beginning of the antimicrobial era. However, 
over time, the irrational use of antimicrobial therapies has led to the development of resistance in microorganisms [19]. 
While antibiotics aim to eliminate or inhibit the growth of pathogenic microorganisms, they can also have detrimental 
effects on the host. Generalized adverse events are commonly associated with antibiotic use, necessitating the 
exploration of alternative treatment options and therapies. 

Plants have been utilized as medicinal agents since ancient times. The use of plants as alternative medicine offers 
several advantages, including their diverse and flexible applications, regional availability, and affordability. One key 
advantage is the potential to reduce adverse reactions. In low- and middle-income countries, where plants enjoy 
widespread acceptance, their cost-effectiveness and relatively low technological requirements make them an ideal 
alternative to expensive therapies. Therefore, plant extracts have the potential to serve as superior and safer alternatives, 
provided they are supported by scientific evidence [20, 21]. The present study investigated the antibacterial effects of the 
ethyl acetate extract derived from Annona muricata (Linn.) leaf.  

The findings from this study indicate that the Annona muricata (Linn.) extract had varying degrees of antibacterial activity 
against the tested organisms. It was most effective against Staphylococcus aureus, showing a concentration-dependent 
zone of inhibition. This is consistent with similar studies [22,23]. However, no inhibitory effect was observed for certain 
organisms, such as Aerococcus suis and Limonella grimontii. This result is not consistent with any published study. The 
study observed that the lower concentrations of the Annona muricata (Linn.) extract (such as 4.38 mg/ml) exhibited higher 
zones of inhibition compared to the higher concentrations (e.g., 35 mg/ml). This phenomenon may be attributed to several 
factors like dose-dependent response, saturation effect, inhibitory threshold of tested isolates, and growth conditions. It is 
important to note that the specific mechanisms underlying the observed variations in the zone of inhibition would require 
further investigation, including the identification and characterization of active compounds present in the extract.  

Furthermore, this study observed varying responses of the test organisms to different concentrations of the Annona 
muricata (Linn.) extract, indicating differences in their susceptibility to the extract's inhibitory effects. Among the tested 
organisms, Klebsiella pneumoniae, Proteus vulgaris, Streptococcus canis, Streptococcus equi, Proteus vulgaris, 
Salinicoccus roseus, Globicatella sulfifaciens, Yersinia enterocolitica, and Aerococcus suis demonstrated susceptibility to 
the extract at concentrations of 8.75 mg/ml, 4.38 mg/ml, and 2.19 mg/ml, indicating inhibitory effects. Staphylococcus 
massiiliensis, Citrobacter werkmanii, and Liminorella richardia showed susceptibility at concentrations of 8.75 mg/ml and 
4.38 mg/ml, but not at 2.19 mg/ml. Staphylococcus muscae demonstrated susceptibility only at concentrations of 8.75 
mg/ml and 4.38 mg/ml. These findings are consistent similar research [24, 25]. It is important to note that at the 
concentration of 8.75 mg/ml, Citrobacter werkmanii exhibited susceptibility to the Annona muricata (Linn.) extract, as 
indicated by the presence of inhibition. This suggests that the extract at this concentration is effective in inhibiting the 
growth of Citrobacter werkmanii. 

 



 

 

However, at the lower concentration of 4.38 mg/ml, Citrobacter werkmanii did not show inhibition, indicating potential 
resistance to the extract at this specific concentration. This suggests that the susceptibility of Citrobacter werkmanii to the 
extract may vary depending on the concentration used. These findings highlight the importance of concentration-
dependent effects when evaluating the antimicrobial activity of natural extracts. The observed lack of inhibition at 4.38 
mg/ml for Citrobacter werkmanii suggests the need for further investigation to identify the concentration range at which the 
extract can effectively inhibit this particular pathogen. This study also observed that the lower concentrations of the 
Annona muricata (Linn.) extract (such as 2.19 mg/ml) exhibit inhibitory effects on the tested pathogens, while higher 
concentrations (e.g., 35 mg/ml) do not. Several factors may contribute to this observation including optimal concentration 
range, sensitivity variation, bacterial resistance, toxicity or adverse effects. It is important to consider that the specific 
inhibitory mechanisms and reasons for the observed concentration-dependent effects would require further investigation. 
Additional studies, including the determination of the extract's chemical composition and targeted mechanisms of action, 
could provide more insights into the concentration-dependent inhibitory effects observed in the tested pathogens.  

Additionally, this study observed the bactericidal activity of the Annona muricata (Linn.) extract at different concentrations 
against a range of test organisms. At the highest concentration of 35 mg/ml, the extract exhibited bactericidal activity 
against Klebsiella pneumoniae, Proteus vulgaris, Staphylococcus mariliensis, Proteus hauserii, Klebsiella ozanae, 
Salinicoccus roseus, Glabicatella sulfifaciens, and Yersinia enterocolitica. This indicates that the extract at this 
concentration was able to not only inhibit the growth of these bacteria but also kill them. At the concentration of 17.5 
mg/ml, the extract showed bactericidal activity against Proteus vulgaris, Staphylococcus mariliensis, Streptococcus canis, 
Streptococcus equi, Klebsiella ozanae, Salinicoccus roseus, Glabicatella sulfifaciens, and Yersinia enterocolitica. This 
suggests that the extract at this concentration was able to inhibit the growth of these bacteria and effectively kill them. At 
8.75 mg/ml, the extract exhibited bactericidal activity against Staphylococcus mariliensis, Streptococcus canis, 
Streptococcus equi, Proteus hauserii, Klebsiella ozanae, Salinicoccus roseus, Glabicatella sulfifaciens, and Yersinia 
enterocolitica. This indicates that the extract at this concentration was able to inhibit the growth of these bacteria and exert 
bactericidal effects, a result in tandem with similar studies [21,23]. However, at the lower concentration of 4.38 mg/ml, the 
extract showed bactericidal activity against Staphylococcus mariliensis, Streptococcus canis, Streptococcus equi, 
Klebsiella ozanae, Salinicoccus roseus, Glabicatella sulfifaciens, and Yersinia enterocolitica. It did not exhibit bactericidal 
activity against Citrobacter werkmanii and Limonella richardii. At the concentration of 17.5 mg/ml, the Annona muricata 
(Linn.) extract did not exhibit bactericidal activity against Citrobacter werkmanii and Limonella richardii. This indicates that 
the extract at this concentration was not effective in completely killing these two bacterial strains. Similarly, at the 
concentration of 8.75 mg/ml, the extract did not show bactericidal activity against Citrobacter werkmanii and Limonella 
richardii. This suggests that the extract at this concentration was unable to fully inhibit the growth of these bacterial 
strains. At the lower concentration of 4.38 mg/ml, the extract also did not exhibit bactericidal activity against Citrobacter 
werkmanii and Limonella richardii. This implies that the extract at this concentration was insufficient to completely inhibit 
the growth or kill these bacteria. The results for Citrobacter werkmanii and Limonella richardii indicate that these bacterial 
strains may have a higher tolerance or resistance to the Annona muricata (Linn.) extract at the tested concentrations. 
Further studies may be required to explore the reasons behind the lack of effectiveness of the extract against these 
specific bacterial strains and to investigate alternative concentrations or treatment approaches that may yield better 
results. 

The phytochemical analysis of Annona muricata (Linn.) leaf extract revealed the presence and absence of certain 
phytochemical constituents. Alkaloids, tannins flavonoids, saponins, and sterols were not detected in the extract, 
indicating their absence in the tested sample, a result not consistent with similar studies [13,26]. However, terpenoids, 
phlobatannins, and phenols were observed in the extract, with is consistent with a similar study [13]. Terpenoids are a 
diverse group of compounds known for their various biological activities, including antimicrobial, antioxidant, and 
anticancer properties [27]. The presence of terpenoids in the leaf extract suggests its potential therapeutic value. 
Phlobatannins, another class of phytochemicals, were present in the extract. Phlobatannins are known for their 
antioxidant and antimicrobial properties [28]. Their presence indicates that the Annona muricata (Linn.) leaf extract may 
possess these beneficial properties.  

5. CONCLUSION 
 
The findings of this study demonstrate the significant antibacterial activity of the ethyl acetate extract obtained from 
Annona muricata (Linn.) leaf. The extract exhibited promising inhibitory effects against a panel of tested bacterial isolates, 
highlighting its potential as an alternative therapeutic agent for combating bacterial infections. 

The results revealed that the susceptibility of the bacterial isolates to the Annona muricata (Linn.) leaf extract was 
concentration-dependent, with higher concentrations showing increased inhibitory effects. This suggests that the extract 
contains bioactive compounds that possess antibacterial properties. 



 

 

Furthermore, the study provides valuable insights into the potential application of Annona muricata (Linn.) leaf extract in 
the development of natural antibacterial agents. These findings support further research to isolate and identify the specific 
active compounds responsible for the observed antibacterial activity and to explore their mechanisms of action. 

This study highlights the importance of investigating natural plant extracts for their antibacterial properties and 
underscores the potential of Annona muricata (Linn.) as a source of bioactive compounds for the development of novel 
antimicrobial agents. Further studies are warranted to elucidate the therapeutic potential and safety profile of the extract, 
paving the way for its future application in the field of medicine and pharmaceuticals. 
 

 
REFERENCES 
 
1. Nasim N, Sandeep IS, Mohanty S. Plant-derived natural products for drug discovery: current approaches and 
prospects. Nucleus (Calcutta). 2022;65(3):399-411. doi: 10.1007/s13237-022-00405-3. 

2. Veeresham C. Natural products derived from plants as a source of drugs. J Adv Pharm Technol Res. 2012 
Oct;3(4):200-1. doi: 10.4103/2231-4040.104709. 

3. Oteng Mintah S, Asafo-Agyei T, Archer MA, Atta-Adjei Junior P, Boamah D, et al. Medicinal Plants for Treatment of 
Prevalent Diseases [Internet]. Pharmacognosy - Medicinal Plants. IntechOpen; 2019. doi: 10.5772/intechopen.82049 

4. Chassagne F, Samarakoon T, Porras G, Lyles JT, Dettweiler M, Marquez L, et al. A Systematic Review of Plants with 
Antibacterial Activities: A Taxonomic and Phylogenetic Perspective. Front Pharmacol. 2021;11:586548. doi: 
10.3389/fphar.2020.586548. 

5. Arulmozhi P, Vijayakumar S, Kumar T. Phytochemical analysis and antimicrobial activity of some medicinal plants 
against selected pathogenic microorganisms. Microb Pathog. 2018; 123:219-226. doi: 10.1016/j.micpath.2018.07.009. 

6. Chipinga JV, Kamanula JF, Moyo PBB. Efficacy of Pterocarpus angolensis crude extracts against Candida krusei, 
Staphylococcus aureus, Streptococcus agalactiae and Escherichia coli. Malawi Med J. 2018;30(4):219-224. doi: 
10.4314/mmj.v30i4.2. 

7. Gadisa E, Tadesse E. Antimicrobial activity of medicinal plants used for urinary tract infections in pastoralist community 
in Ethiopia. BMC Complement Med Ther. 2021;21(1):74. doi: 10.1186/s12906-021-03249-7. 

8. Kebede T, Gadisa E, Tufa A. Antimicrobial activities evaluation and phytochemical screening of some selected 
medicinal plants: A possible alternative in the treatment of multidrug-resistant microbes. PLoS One. 2021;16(3):e0249253. 
doi: 10.1371/journal.pone.0249253. 

9. Abdul Wahab SM, Jantan I, Haque MA, Arshad L. Exploring the Leaves of Annona muricata L. as a Source of Potential 
Anti-inflammatory and Anticancer Agents. Front Pharmacol. 2018 20;9:661. doi: 10.3389/fphar.2018.00661. 

10. Zubaidi SN, Mohd Nani H, Ahmad Kamal MS, Abdul Qayyum T, Maarof S, Afzan A, et al. Annona muricata: 
Comprehensive Review on the Ethnomedicinal, Phytochemistry, and Pharmacological Aspects Focusing on Antidiabetic 
Properties. Life (Basel). 2023;13(2):353. doi: 10.3390/life13020353. 

11. Rady I, Bloch MB, Chamcheu RN, Banang Mbeumi S, Anwar MR, Mohamed H, et al. Anticancer Properties of 
Graviola (Annona muricata): A Comprehensive Mechanistic Review. Oxid Med Cell Longev. 2018:1826170. doi: 
10.1155/2018/1826170. 

12. Mutakin M, Fauziati R, Fadhilah FN, Zuhrotun A, Amalia R, Hadisaputri YE. Pharmacological Activities of Soursop 
(Annona muricata Lin.). Molecules. 2022;27(4):1201. doi: 10.3390/molecules27041201. 

13. Agu KC, Okolie PN. Proximate composition, phytochemical analysis, and in vitro antioxidant potentials of extracts of 
Annona muricata (Soursop). Food Sci Nutr. 2017;5(5):1029-1036. doi: 10.1002/fsn3.498. 

14. Ogbu PN, Ugota EO, Onwuka RU, Ogbu IM, Aloke C. Effect of acetogenin fraction of Annona muricata leaves on 
antioxidant status and some indices of benign prostatic hyperplasia in rats. Redox Rep. 2020;25(1):80-86. doi: 
10.1080/13510002.2020.1804711. 



 

 

15. Abubakar AR, Haque M. Preparation of Medicinal Plants: Basic Extraction and Fractionation Procedures for 
Experimental Purposes. J Pharm Bioallied Sci. 2020;12(1):1-10. doi: 10.4103/jpbs.JPBS_175_19. 

16. Farrell DJ, Mendes RE, Rhomberg PR, Jones RN. Revised reference broth microdilution method for testing 
telavancin: effect on MIC results and correlation with other testing methodologies. Antimicrob Agents Chemother. 
2014;58(9):5547-51. doi: 10.1128/AAC.03172-14.  

17. Auwal MS, Saka S, Mairiga IA, Sanda KA, Shuaibu A, Ibrahim A. Preliminary phytochemical and elemental analysis of 
aqueous and fractionated pod extracts of Acacia nilotica (Thorn mimosa). Vet Res Forum. 2014;5(2):95-100. PMID: 
25568701. 

18. Ortega-Medrano RJ, Ceja-Torres LF, Vázquez-Sánchez M, Martínez-Ávila GCG, Medina-Medrano JR. 
Characterization of Cosmos sulphureus Cav. (Asteraceae): Phytochemical Screening, Antioxidant Activity and 
Chromatography Analysis. Plants (Basel, Switzerland). 2023;12(4):896. doi: 10.3390/plants12040896. 

19. Aminov RI. A brief history of the antibiotic era: Lessons learned and challenges for the future. Front Microbiol. 
2010;1:134. doi: 10.3389/fmicb.2010.00134 

20. Badrie N, Schauss AG. Bioactive Foods in Promoting Health. Elsevier Inc; 2010. Soursop (Annona muricata L.): 
Composition, nutritional value, medicinal uses, and toxicology; pp. 621–43. 

21. Pai BM, Rajesh G, Shenoy R, Rao A. Anti-microbial Efficacy of Soursop Leaf Extract (Annona muricata) on Oral 
Pathogens: An In-vitro Study. J Clin Diagn Res. 2016;11:ZC01-ZC04. doi: 10.7860/JCDR/2016/18329.8762. 

22. Neglo D, Tettey CO, Essuman EK, Amenu JD, Mills-Robertson FC, Sedohia D, et al.. Evaluation of the Modulatory 
Effect of Annona muricata Extracts on the Activity of Some Selected Antibiotics against Biofilm-Forming MRSA. Evid 
Based Complement Alternat Med. 2021:9342110. doi: 10.1155/2021/9342110. 

23. Silva RMD, Silva IDMMD, Estevinho MM, Estevinho LM. Anti-bacterial activity of Annona muricata Linnaeus extracts: 
a systematic review. Food Sci Technol. 2022;42:e13021.  

24. Iyanda-Joel WO, Omonigbehin EA, Iweala EEJ, Chinedu SN. Antibacterial studies on fruit-skin and leaf extracts of 
Annona muricata in Ota, Nigeria. IOP Conf Ser: Earth Environ Sci. 2019;16;331:012029. 

25. Olugbuyiro JAO., Omotosho OE, Taiwo OS, Ononiwu FO, Banwo AS, Akintokun OA, et al. Antimicrobial activities and 
phytochemical properties of Annona muricata leaf. CJPL [Internet]. 2018 [cited 2023 Jul. 6];5(2). Available from: 
https://journals.covenantuniversity.edu.ng/index.php/cjpls/article/view/776 

26. Mutakin M, Fauziati R, Fadhilah FN, Zuhrotun A, Amalia R, Hadisaputri YE. Pharmacological Activities of Soursop 
(Annona muricata Lin.). Molecules. 2022; 27(4):1201. https://doi.org/10.3390/molecules27041201 

27. Masyita A, Mustika Sari R, Dwi Astuti A, Yasir B, Rahma Rumata N, Emran TB, et al. Terpenes and terpenoids as 
main bioactive compounds of essential oils, their roles in human health and potential application as natural food 
preservatives. Food Chem X. 2022;13:100217. doi: 10.1016/j.fochx.2022.100217. 

28. Wintola OA, Afolayan AJ. The antibacterial, phytochemicals and antioxidants evaluation of the root extracts of 
Hydnora africanaThunb. used as antidysenteric in Eastern Cape Province, South Africa. BMC Complement Altern Med. 
2015;15:307. doi: 10.1186/s12906-015-0835-9.  

 

https://journals.covenantuniversity.edu.ng/index.php/cjpls/article/view/776

