Antistaphylococcal activity of crude extracts from Monodora myristica (Annonaceae) and Dacryodes edulis (Burseraceae)



Abstract 
Staphylococcal infections are a major health problem worldwide due to bacterial resistance to antibiotics. Medicinal plants contain bioactive compounds that possess anti-staphylococcal properties and could be used as an alternative to conventional medicines. Monodora myristica and Dacryodes edulis are two examples of medicinal plants used traditionally in Cameroon to treat microbial infections, including Staphylococcus aureus-causing diseases. This study aims to evaluate the in vitro antibacterial activity of extracts from Monodora myristica and Dacryodes edulis against Staphylococcus aureus NR-46003 and Staphylococcus aureus HM-468. The plant extracts were obtained by successive maceration of the seeds and envelope of M. myristica, and from D. edulis leaves using solvents of increasing polarity (hexane, dichloromethane, ethyl acetate, methanol and water). A total of twenty (20) extracts were obtained and evaluated for their inhibitory effects on S. aureus NR-46003 and S. aureus HM-468 using the microdilution method. The mode of action of the bioactive extracts was explored through their effects on bacterial mortality kinetics. As a result, the yields of extraction ranged from 1.04 to 11.69%. From the 20 extracts tested, methanol extract of D. edulis bark (MeOHDeEc extract) was the most active extract (MICs : 62.5 and 125 µg/mL on S. aureus NR-46003 and S. aureus HM-468, respectively), followed by methanol extract of D. edulis leaves (MeOHDeF ; MIC : 125 µg/mL on S. aureus HM-468). The time-kill kinetics of MeOHDeEc showed a concentration-dependent bactericidal effect after 2 h and 4 h of incubation with S. aureus HM-468 at 4MIC and 2MIC, respectively.
These results suggest that Monodora myristica and Dacryodes edulis extracts possess anti-staphylococcal activity and could be used as starting points for the discovery of drugs against Staphylococcus aureus infections.
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1. Introduction
Staphylococcus aureus is a Gram-positive, facultative anaerobic bacterium found in about 30% of healthy humans, thus colonizing various parts of the body (Touaitia et al., 2025). Staphylococcus aureus is a versatile bacterium causing infections from mild skin issues to severe pneumonia, sepsis, bone and urinary tract infections, thriving in both hospitals and communities (Rasheed and Hussein, 2021 ; Cheung et al., 2021 ; Taylor and Unakal, 2023). According to the World Health Organization (WHO), Staphylococcus aureus was ranked second only to Enterococcus faecium within the Gram-positive category in the 2024’s list of priority pathogens for which effective antibiotics should be developed through research campaigns (Sati et al., 2025). In fact, S. aureus is responsible for more than 20,000 and 157,000 deaths annually in the United States and Europe, respectively (Kourtis et al., 2019). In Africa, the prevalence of S. aureus infections varies from one country to another. In Togo and Nigeria, the prevalence of S. aureus is about 35.7% and 47%, respectively (Ouedraogo et al., 2017).
In Cameroon, the prevalence of S. aureus infection has shown an alarming increase from 20-30% in 2003 to 34.6% in 2013 and 78.6% from 2017 to 2019 (Mohamadou et al., 2022). Treatment of S. aureus infections relies primarily on the use of antibiotics. Cloxacillin, clindamycin, ciprofloxacin, cotrimoxazole, vancomycin, daptomycin and chloramphenicol are some recommended antibiotics for the treatment of staphylococcal infections (Lee and Anjum, 2023). The reliance on antibiotics as the primary control strategy for bacterial infections faces significant challenges, including the selection for bacterial resistance (Brown et al., 2021), concerning side effects (Mohsen et al., 2020) and high treatment costs (Chinemerem Nwobodo et al., 2022 ; Ahmed et al., 2024). These issues necessitate a multi-faceted approach to infection control and the exploration of alternative therapies. 
Medicinal plants are crucial for developing anti-infective drugs, providing bioactive compounds like alkaloids, polyphenols, and flavonoids and others that inhibit the growth of bacteria, fungi and other microbes, with many modern medicines like aspirin and quinine originating from them (Vaou et al., 2021 ; El-Saadony et al., 2025). In Cameroon, several medicinal plants have long been used in ethnomedicine to treat various diseases, including S. aureus-causing infections (Voukeng et al., 2016). Some examples include Monodora myristica and Dacryodes edulis, which are traditionally used to treat various ailments, including bacterial infections. In Cameroon, Monodora myristica is used to treat fever, headaches, stomach aches, and intestinal parasites (Agiriga and Siwela, 2017 ; Tamfu et al., 2020), whereas Dacryodes edulis is primarily known as a food, but its leaves and fruit oil are used to treat sore throats, wounds, and skin and other infectious conditions (Poligui et al., 2012; Eyog Matig et al., 2025). Therefore, the scientific validation of the use of these two plants in treating is of outstanding importance. This study aims to evaluate the anti-staphylococcal activity of extracts of Monodora myristica and Dacryodes edulis against Staphylococcus aureus NR-46003 and Staphylococcus aureus HM-468. The bacterial kinetics of the most promising extracts will also be measured.
2. Material and methods
2.1. Materials
2.1.1. Plant Material
Monodora myristica and Dacryodes edulis, which were selected based on their traditional use, were collected and identified at the National Herbarium of Cameroon, where each specimen was deposited under a specific voucher number (41411/NHC and 31913/NHC for Monodora myristica and Dacryodes edulis, respectively). Next, different organs (leaves, bark, and seeds, etc.) of the selected plants were reduced into pieces, dried at room temperature, and then ground to obtain a fine powder.
2.1.2. Microbiological material
Antibacterial activity was evaluated on two reference bacterial strains (Staphylococcus aureus NR-46003 and Staphylococcus aureus HM-468) generously provided by the BEI Resources (Biodefense and Emerging Infections Research Resources Repository, https://www.beiresources.org/). These bacterial strains were stored at the Laboratory for Phytobiochemistry and Medicinal Plant Studies (Department of Biochemistry, University of Yaounde 1) in tubes containing sloping Mueller-Hinton agar at 4°C.
2.2. Methods
2.2.1. Preparation of crude extracts
The extracts were prepared by successive maceration in hexane, dichloromethane ethyl acetate, and methanol. To this end, 20 g of each plant sample were macerated in 120 mL of each solvent for 24 hours. The mixtures were stirred twice daily (morning and evening), and the resulting macerates were filtered using a Whatman paper number 1, and then ventilated at room temperature. The as-prepared crude extracts were weighed and stored in a refrigerator at 4°C for the evaluation of antibacterial activity. Prior to that, the yields of extraction were calculated using the following formula :


2.2.2. Antibacterial activity
2.2.2.1. Preparation of stock solutions of extracts and reference antibiotic
Stock solutions of extracts were prepared at 100 mg/mL by dissolving 100 mg of crude extracts in 1 mL of 100% dimethyl sulfoxide and then stored at 4°C for further use. Ciprofloxacin, which was used as the reference antimicrobial agent, was prepared under the same conditions at 100 µg/mL in acidified (0.5 N HCl) distilled water.
2.2.2.2. Preparation of bacterial inocula
Bacterial inocula were prepared according to the 0.5 McF standard (McFarland, 1907). To this end, a few colonies from 24-hour cultures on Mueller-Hinton (MH) agar were collected using a platinum loop and placed in a test tube containing 10 mL of NaCl. The NaCl solution was then calibrated to 0.5 McFarland by comparing the turbidity to obtain a bacterial load inoculum of 1.5 x 10⁸ CFU/mL. 
2.2.2.3. Preliminary screening of antibacterial action
The inhibitory effect of plant extracts against S. aureus was determined by microdilution method according to protocol M07-A09 as described by the Clinical and Laboratory Standards Institute (CLSI, 2012) guidelines. A preliminary screening of the extracts was performed at a single concentration (1000 µg/mL). To this end, 98 µL of MHB culture medium was introduced into each well of a 96-well microplate, followed by an addition of 2 µL of stock solution of extract (100 mg/mL). After that, 100 µL of a bacterial suspension at 10⁶ CFU/mL (obtained from the 0.5 McFarland standard) was distributed into all wells except those of the sterility control, where only the culture medium MHB was introduced. The microplates were sealed and then incubated at 37 °C for 24 hours. At the end of the incubation period, 20 µL of a freshly prepared resazurin solution (0.15 mg/mL) was added to all wells, and the plates were incubated again under the same conditions for 30 minutes. The positive control consisted of the culture medium, inoculum, and ciprofloxacin, whereas the negative control comprised only the culture medium and inoculum. The inhibition was revealed by the persistence of a blue color in the wells.
Upon preliminary screening, extracts that inhibited at least one bacterial strain tested were selected for the determination of antibacterial activity parameters, including minimum inhibitory (MICs) and minimum bactericidal concentrations (MBCs).
2.2.2.4. Determination of minimum inhibitory (MICs) and bactericidal concentrations (MBCs)
a. Determination of minimum inhibitory concentrations (MICs)
The inhibitory effect of plant extracts against S. aureus was determined by microdilution method according to protocol M07-A09 as described by the Clinical and Laboratory Standards Institute (CLSI, 2012) guidelines. Briefly, 196 µL of MHB culture medium (Appendix 2) were introduced into the first wells of column A and 100 µL into the remaining wells of the plate. Next, 4 µL of each extract solution (100 mg/mL) was introduced into the corresponding wells, followed by 5 serial dilutions of geometric order 2. Thereafter, 100 µL of a bacterial suspension, obtained from the 0.5 McFarland standard (10⁶ CFU/mL) was distributed into all wells except those used for the sterility control. The concentrations of extracts and ciprofloxacin ranged from 1000 to 31.25 µg/mL and from 0.25 to 0.0078 µg/mL, respectively. The final bacterial load in each well was 5 x 10⁵ CFU/mL for a volume of 200 µL. The sterility control consisted solely of the culture medium. The positive control consisted of the culture medium, inoculum, and ciprofloxacin, and the negative control consisted of the culture medium and the bacterial suspension. The microplates were sealed and then incubated at 37 °C for 24 hours. At the end of the incubation period, the plates were processed as described in subsection 2.2.2.3. The tests were performed in triplicate in sterile 96-well microplates.
The lowest concentration at which no color change from blue to pink was observed corresponds to the minimum inhibitory concentration (MIC), expressed in µg/mL.
To evaluate the bactericidal or bacteriostatic activity of the extracts, minimum bactericidal concentrations were determined.
b. Determination of minimum bactericidal concentrations (MBCs) 
The minimum bactericidal concentration (MBC) was determined by subculturing in liquid medium preparations taken from the microplates used to determine the MICs. The tests were performed in triplicate. After the incubation time of the MIC determination plates, 25 µL aliquots of inhibitory wells (not containing resazurin) were aseptically taken and transferred to corresponding wells of another sterile microplate containing 175 µL of MHB. The extracts in these wells were then diluted 8-fold to eliminate their inhibitory effect. The sterility control consisted of the culture medium only, whereas the negative control comprised the bacterial inoculum and culture medium. The microplates were sealed and then incubated at 37 °C for 24 hours. At the end of the incubation period, the plates were processed as described in subsection 2.2.2.3. The lowest concentration of the extract that showed no marked bacterial growth by the persistence of the blue color was considered the minimum bactericidal concentration (MBC) of the extract. The bactericidal or bacteriostatic effect of the extracts was estimated by the MBC/MIC ratio. According to Traoré et al. (2012), when the MBC/MIC ratio of an antimicrobial substance is less than or equal to four (≤ 4), it is classified as a bactericidal substance, but if the ratio MBC/MIC is greater than four (> 4), the substance is bacteriostatic.
2.2.2.5. Time-kill kinetics assay
To confirm the bactericidal or bacteriostatic effect of the most promising extract, the bacterial suspension of S. aureus was incubated with sub-inhibitory, inhibitory and supra-inhibitory concentrations (MIC/4 to 4 MIC) of the most active extract and a follow up at different time interval (0, 2, 4, 6, 8, 10, 12 and 24 hours). The minimum time and concentration at which the antibacterial activity starts to be observed were recorded. In fact, the kinetics of bacterial mortality was studied according to the protocol described by Klepser et al. (1998) with some modifications, notably the measurement of the turbidity of cell suspension as a function of bacterial load rather than the colonies’ count on the agar medium.
The assays were performed in triplicate in sterile 96-well microplates. The promising extracts were diluted to obtain concentrations ranging from 4 MIC to MIC/4. Then, 100 µL of bacterial inoculum (10⁶ CFU/mL) was introduced into each well except for the sterility control well, resulting in a bacterial load of 5 × 10⁵ CFU/mL. Ciprofloxacin was used as a positive control. The plates were sealed and incubated at 37 °C for 24 hours. During the incubation period, the bacterial population was monitored by reading the optical densities at different time intervals (0, 2, 4, 6, 8, 10, 12 and 24 hours) using a TECAN Infinite M 200 microplate reader at 620 nm.
The values of optical densities ​obtained were used to plot the optical density curves as a function of incubation time. Further, the obtained curves were used to determine the minimum time at which the inhibitory effect of the extract starts to be observed, and the bactericidal or bacteriostatic effects.
2.2.3. Statistical analysis
Statistical analysis was performed using a one-way analysis of variance (ANOVA) test with GraphPad Prism 8.0.1 software, followed by Dunnett's test for comparing means with a 95% confidence level (p ≤ 0.05). Values ​​of p < 0.05 were considered statistically significant.
3. Results and discussion
3.1. Results
3.1.1. Extraction Yield
The yields obtained from the extraction of different organs of Monodora myristica and Dacryodes edulis are shown in Table 1 below :
Table 1: Plant extraction yields according to organ and solvent
	Plant species

	Plant organs
	 Solvent
	Yield (%)

	




Monodora myristica


	

Seeds

	Hexane
	11.69

	
	
	Dichloromethane
	4.812

	
	
	Ethyl acetate
	1.795

	
	
	Methanol
	4.347

	
	
	Water
	1.232

	
	

Outer envelope
	Hexane
	10.40

	
	
	Dichloromethane
	5.375

	
	
	Ethyl acetate
	1.065

	
	
	Methanol
	5.085

	
	
	Water
	3.270

	




Dacryodes edulis
	

Leaves

	Hexane
	2.450

	
	
	Dichloromethane
	0.497

	
	
	Ethyl acetate
	0.517

	
	
	Methanol
	1.0697

	
	
	Water
	2.770

	
	

Bark
	Hexane
	1.040

	
	
	Dichloromethane
	1.040

	
	
	Ethyl acetate
	0.490

	
	
	Methanol
	6.347

	
	
	Water
	1.822



The extraction was carried out by successive maceration of each plant powder in solvents of increasing polarity, including hexane, dichloromethane, ethyl acetate, methanol, and water.
The yields of extraction of D. edulis ranged from 0.49% (ethyl acetate bark extract) to 6.35% (methanol extract of the bark extract) (Table 1). Furthermore, the yields of extraction of M. myristica seeds varied from 1.23% (ethyl acetate extract) to 11.69% (hexane extract), whereas the yields of extraction of the outer envelope of M. myristica ranged from 1.06% (ethyl acetate extract) to 10.4% (hexane extract). For M. myristica extraction, hexane provided the highest yield of extraction, followed by dichloromethane and then methanol. In D. edulis leaves, the maceration using water resulted in the highest yield, whereas extraction with methanol showed the highest yield with the bark (Table 1). The as-prepared extracts were subsequently evaluated for their inhibitory effects on Staphylococcus aureus.
3.1.2. Antistaphylococcal activity
3.1.2.1. Preliminary Screening
Upon antibacterial preliminary screening at a single concentration (1000 µg/mL), six plant extracts inhibited the growth of at least one bacterial strain as presented in Table 2.
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Bacterial strains 
	PLANT EXTRACTS

	
	HexDeF
	HexDeEc
	HexMmG
	HexMmEp
	DCMDeF
	DCMDeEc
	DCMMmG
	DCMMmEp
	EtOAcDeF
	EtOAcDeEc
	EtOAcMmG
	EtOAcMmEp
	MeOH DeF
	MeOH DeEc
	MeOHMmG
	MeOH MmEp
	H20DeF
	H20 DeEc
	H20 MmG
	H20 MmE

	SA NR-46003
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	+
	-
	-
	-
	-
	-
	-

	[bookmark: _Toc205317735]SA HM-468
	-
	+
	-
	-
	-
	+
	-
	-
	-
	+
	-
	-
	+
	+
	-
	+
	-
	-
	-
	-


SA NR-46003: Staphylococcus aureus NR-46003; SA HM-468: Staphylococcus aureus HM-468; +: Active; -: Inactive; HEX DeF: Hexane extract of D. edulis leaves; HEX DeEc: Hexane extract of D. edulis bark; HEX MmG: Hexane extract of M. myristica seeds; HEX MmEp: Hexane extract of M. myristica outer covering; DCMDeF: Dichloromethane extract of D. edulis leaves; DCMDeEc: Dichloromethane extract of D. edulis bark; DCMMmG: Dichloromethane extract of M. myristica seeds; DCMMmEp: Dichloromethane extract of the outer layer of M. myristica; EtOAcDeF: Ethyl acetate extract of the leaves of D. edulis; EtOAcDeEc: Ethyl acetate extract of the bark of D. edulis; EtOAcMmG: Ethyl acetate extract of the seeds of M. myristica; EtOAcMmEp: Ethyl acetate extract of the outer layer of M. myristica; MeOHDeF: Methanol extract of the leaves of D. edulis; MeOHDeEc: Methanol extract of the bark of D. edulis; MeOHMmG: Methanol extract of the seeds of M. myristica; MeOHMmEp: Methanol extract of the outer layer of M. myristica; H20DeF: Water extract of D. edulis leaves; H20DeEc: Water extract of D. edulis bark; H20 MmG: Water extract of M. myristica seeds; H20 MmEp: Water extract of M. myristica outer covering.

Upon screening of the anti-staphylococcal activity of 20 extracts (10 extracts from the leaves and bark of D edulis and 10 extracts from the seeds and outer membrane of M. myristica) against two strains of S. aureus (Staphylococcus aureus NR-46003 ; Staphylococcus aureus HM-468), six (6) extracts (HexDeEc, DCMDeEc, EtOAcDeEc, MeOHDeF, MeOHDeEc et MeOHMmEp) inhibited at least one strain of S. aureus at the concentration of 1000 µg/mL. The methanol extract of D. edulis leaves showed the best antibacterial activity, thus inhibiting the growth of S. aureus NR-46003 and S. aureus HM-468. Five extracts (HexDeEc, DCMDeEc, EtOAcDeEc, MeOHDeEc, and MeOHMmEp) inhibited the growth of only one of the two bacterial strains. However, ciprofloxacin (the positive control) showed inhibitory activity at 100 µg/mL against S. aureus NR-46003 and S. aureus HM-468. The six (6) extracts that inhibited the growth of at least 50% of the tested bacterial strains, were selected for the determination of the minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations (MBCs).
3.2.2. Minimum inhibitory (MICs) and minimum bactericidal (MBCs) concentrations
Table 3 summarizes the minimum inhibitory and minimum bactericidal concentrations of the extracts that showed inhibition upon test at a single concentration of 1000 µg/mL.

Table 3: Minimum inhibitory and minimum bactericidal concentrations (µg/mL) of active extracts

	Extracts/
Bacterial strains
	SA NR-46003
	
	SA HM-468

	
	MIC
	MBC
	MBC/MIC
	
	MIC
	MBC
	MBC/MIC

	MeOHDeEc
	62.5
	250
	4
	
	125
	-
	-

	MeOHDeF
	-
	-
	-
	
	125
	-
	-

	MeOHMmEp
	-
	-
	-
	
	1000
	-
	-

	HexDeEc
	-
	-
	-
	
	1000
	-
	-

	DCMDeEc
	-
	-
	-
	
	1000
	-
	-

	EtOAcDeEc
	-
	-
	-
	
	1000
	-
	-

	Ciprofloxacin
	0.0625
	ND
	ND
	
	0.0625
	ND
	ND


The values ​​represent the average of triplicate determinations ; - : MIC or MBC >1000 µg/mL ; ND : not determined, MeOHDeEc : Methanol extract of D. edulis bark, MeOHDeF : Methanol extract of D. edulis leaves, MeOHMmEp: Methanol extract of M. mirystica outer memebrane, HexDeEc: Hexane extract of D. edulis bark, DCMDeEc: Dichloromethane extract of D. edulis bark, and EtOAcDeEc: Ethyl acetate extract of D. edulis bark.

The incubation of the six promising extracts [MeOH DeEc, MeOH DeF, MeOHMmEp, HexDeEc, DCMDeEc, and EtOAcDeEc] from different organs of D. edulis and M. myristica yielded MIC values ​​ranging from 62.5 to 1000 µg/mL (Table 3). The methanol extract of D. edulis bark (MeOHDeEc) was found to be the most active extract, with MIC values of 62.5 and 125 µg/mL on S. aureus NR-46003 and S. aureus HM-468, respectively ; followed by the methanol extract of D. edulis leaves (MeOHDeF ; MIC : 125 µg/mL against S. aureus HM-468). Overall, S. aureus HM-468 was found to be the most sensitive bacterial strain (MIC ≤1000 µg/mL) for M. myristica extracts, whereas S. aureus NR-46003 was the most sensitive for D. edulis extracts. According to Tamokou et al. (2017)’s criteria for the classification for antimicrobial substances, an extract is considered highly active if the MIC<100 µg/mL ; significantly active if 100 ≤ MIC ≤ 512 µg/mL ; moderately active if 512 ≤ MIC ≤ 2048 µg/mL ; weakly active if MIC >2048 µg/mL; and inactive if MIC > 10 mg/mL. Therefore, the methanol extract of D. edulis bark (MeOH DeEc) is found to be highly active against S. aureus NR-46003, whereas MeOHDeEc and MeOHDeF extracts are significantly active against S. aureus HM-468. The extracts MeOHMmEp, HexDeEc, DCMDeEc and EtOAcDeEc showed moderate activity against S. aureus HM-468 (Table 3). The bactericidal or bacteriostatic effect of the extracts was assessed by calculating the ratio MBC/MIC. The MeOHDeEc extract had a MBC/MIC ratio ≤ 4, whereas the MBC /MIC ratios of the remaining extracts were above 1000 µg/mL. According to Traoré et al. (2012), if the MBC/MIC ratio of an antimicrobial substance is less than or equal to four (≤ 4), it is classified as bactericidal. However, if this ratio is greater than four (>4), then the antimicrobial substance is considered bacteriostatic. Accordingly, the MeOHDeEc extract is considered bactericidal.
3.1.3. Time-kill kinetics
The bacterial mortality kinetics (Staphylococcus aureus HM-468) were studied in the presence of the most active extract (MeOHDeEc). Figure 1 illustrates the bacterial mortality kinetics as a function of incubation time.


Figure 1 : Effects of the bioactive extract MeOHDeEc on the mortality kinetics of Staphylococcus aureus HM-468.
MIC : Minimum inhibitory concentration ; Cipro : ciprofloxacin (0.125 µg/mL); NC: Negative control ; S. aureus HM-468 : Staphylococcus aureus HM-468; MeOHDeEc : Methanol extract of the residue obtained after extraction of D. edulis bark using dichloromethane. Curves with the same symbols * are not significantly different (P ≤ 0.05, Dunnett's test). **** (P < 0.0001).

Based on the curves of the bacterial mortality over time when incubated with the bioactive extract MeOHDeEc, it is clear that the inhibitory effect is concentration-dependent. The minimum time required for the extract to inhibit the bacterial growth was observed within an hour at 4 MIC, and 4 hours at MIC/2, MIC and 2 MIC. At concentrations of 4 MIC, 2 MIC, and MIC, a progressive decrease in the curves is observed until 24 hours of incubation, thus indicating a significant reduction in the bacterial population. The activity of MeOHDeEc is comparable to that of ciprofloxacin (positive control), which is well-known for its bactericidal effect (Cirz et al., 2007 ; Sandvik et al., 2015) ; therefore, the MeOHDeEc extract revealed a bactericidal inclination. After 12 hours of incubation of S. aureus HM-468 with MeOHDeEc (MIC/2, MIC, 2 MIC and 4 MIC), there was almost a complete elimination of the bacterial population as evidenced by the slope of the curve that intersects the X-axis (Figure 1). The lack of bacterial growth’s resumption between 12 and 24 hours of incubation time attests the absence of bacteria in the culture medium, thus validating the bactericidal effect of the MeOHDeEc as indicated by the MBC/MIC ratio (≤ 4).
3.2. Discussion
Multidrug-resistant strains of staphylococci, such as methicillin-resistant Staphylococcus aureus, are a significant global health concern due to their resistance to common antibiotics like fluoroquinolones (Colombo et al., 2023 ; WHO, 2025). Therefore, there is a crucial need to search for effective compounds that can contribute to the discovery of anti-staphylococcal drugs. Medicinal plants have been used for millennia across various communities as primary sources of medicine due to their availability, efficacy and low toxicity (Moiketsi et al., 2023 ; Mugale et al., 2024). Monodora myristica and Dacryodes edulis are some examples of plants that are used traditionally to treat numerous diseases. In Cameroon, M. myristica is commonly used to treat fever, headaches and stomach aches and intestinal parasitoses (Agiriga and Siwela, 2017 ; Tamfu et al., 2020).  Dacryodes edulis is well-known as a food, but its leaves and the oil from its fruit are used to treat fever, sore throats, wounds and skin conditions (Poligui et al., 2012 ; Eyog Matig et al., 2025). Thus, the scientific validation of the use of D. edulis and M. myristica in treating certain microbial infections is valuable.
This study aims to evaluate the anti-staphylococcal activity of extracts from M. myristica and D. edulis against S. aureus NR-46003 and S. aureus HM-468. A successive extraction of the leaves and bark of Dacryodes edulis using hexane, dichloromethane, ethyl acetate, methanol and water afforded 10 extracts. Seeds and envelope of Monodora myristica, which were also extracted successively using the same solvents yielded 10 extracts (Table 1). The as-prepared extracts were subjected to antibacterial preliminary screening of a single concentration (1000 µg/mL) against S. aureus NR-46003 and S. aureus HM-468. Among the 20 extracts tested, six (6) inhibited the growth of at least 50% of bacteria and were selected for the determination of the minimum inhibitory and minimum bactericidal concentrations. The active extracts showed MIC values ​​ranging from 62.5 to 1000 µg/mL, the most active being, the methanol extract of D. edulis bark (MeOHDeEc ; MIC = 62.5 µg/mL on S. aureus NR-46003), followed by the methanol extract of D. edulis leaves (MeOH DeF ; MIC = 125 µg/mL on S. aureus HM-468).
The observed antibacterial activity could be attributed to the presence of various secondary metabolites in the test plant extracts (Vallavan et al., 2020). Growing evidence has shown that M. myristica seeds contain different groups of secondary metabolites, including alkaloids, flavonoids, saponins, anthraquinones, phenolic compounds, tannins, terpenoids and steroids, and volatile substances (Erukainure et al., 2012; Feyisayo and Oluokun, 2013; Eze-Steven et al., 2013; Okechukwu et al., 2022; Okpoghono et al., 2025). On the other hand, a previous phytochemical analysis of D. edulis revealed the presence of alkaloids, flavonoids, steroids, saponins, and phenolic compounds (Wego Kamgaing et al., 2020). Thus, it is not unreasonable to speculate that these plant metabolites have significantly contributed to the observed antibacterial activity. Accumulated evidence has shown that these compounds inhibit bacterial growth by disrupting their membrane (Arip et al., 2022; Rowaiye et al., 2025), interfering with their DNA (Touati et al., 2025), or by suppressing biofilm formation (de Melo et al., 2022; Barbarossa et al., 2025). 
To understand the mode of action of the most active extract, MeOHDeEc (methanol extract of D. edulis bark), against S. aureus NR-46003 (MIC = 62.5 µg/mL), the evaluation of the bacterial mortality kinetics revealed a bactericidal orientation at 2MIC and 4MIC, which corroborated with the calculated values of the MBC/MIC ratio (≤ 4). It is well-known that plant extracts affect the kinetics of S. aureus through (i) destruction of the bacterial membrane, (ii) inhibition of the synthesis of essential components like the cell wall, and (iii) interference with metabolic pathways in bacteria (Zhang et al., 2018). 
Nevertheless, toxicity and pharmacokinetic studies, antibacterial mechanisms of action, and in vivo antibacterial experiments are warranted for the successful utilization of M. myristica and D. edulis extracts in antistaphylococcal drug discovery.
4. Conclusion
In this study, the antibacterial activity of crude extracts from Dacryodes edulis and Monodora myristica is evaluated against S. aureus NR-46003 and S. aureus HM-468. A total of 20 extracts, which were prepared from D. edulis (leaves and bark) and M. myristica (seeds and envelope) by successive maceration using hexane, dichloromethane, ethyl acetate, methanol and water, were evaluated on two staphylococci strains viz. S. aureus NR-46003 and S. aureus HM-468. Among these extracts, two (MeOHDeF and MeOHDeEc) exhibited significant anti-staphylococcal activity with MIC values ranging from 62.5 to 1000 µg/mL. The methanol extract of D. edulis bark (MeOHDeEc extract) was found to be the most active extract (MICs : 62.5 and 125 µg/mL on S. aureus NR-46003 and S. aureus HM-468, respectively), followed by the methanol extract of D. edulis leaves (MeOHDeF ; MIC : 125 µg/mL on S. aureus HM-468). The time-kill kinetics of the most promising extract (MeOHDeEc) revealed a concentration-dependent bactericidal effect after 2 h and 4 h of incubation with S. aureus HM-468 at 4MIC and 2MIC, respectively, thus confirming the bactericidal effect of this extract as indicated by the MBC/MIC ratio (≤ 4). These results suggest that Monodora myristica and Dacryodes edulis extracts possess anti-staphylococcal activity and could be used as starting points for the development of anti-staphylococcal drugs. Nevertheless, toxicity and pharmacokinetic studies, mechanisms of action and in vivo antibacterial experiments are required for the successful utilization of these plants in treating Staphylococcus aureus infections.
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Supplementary material

Appendix 1: Composition of Culture Media 
Composition of Culture Media
Quantity of the Media Components
(i) Mueller Hinton Agar (MHA)
Casein Peptone 17.5 g/L
Corn Starch 1.5 g/L
Agar 17.0 g/L
(ii) Mueller Hinton Broth (MHB) 
Casein Peptone 17.5 g/L
Corn Starch 1.5 g/L

Appendix 2 : Preparation of Culture Media Used
-Mueller Hinton Broth
MHB medium was prepared according to the manufacturer's instructions. 40 g of powdered medium were weighed and dissolved in 250 mL of solvent, then homogenized using an electric stirrer with a magnetic stir bar. The medium was then autoclaved at 121 °C for 30 min.
-Mueller-Hinton Agar
The MHA medium was prepared according to the manufacturer's instructions. 38 g of culture medium powder were weighed and dissolved in 1 L of distilled water, brought to a boil at 100 °C, and then autoclaved for 30 min at 121 °C.
Appendix 3: Preparation of Solutions
-Preparation of 0.5, 1, 2, and 3 McF
-Preparation of 1% BaCl2 per 10 mL: Weigh 0.1 g of BaCl2 and dissolve it in 10 mL of distilled water.
-Preparation of 1% H2SO4 per 10 mL : Dilute 100 µL of concentrated sulfuric acid in 9.9 mL of distilled water.
Take 50 µL of 1% BaCl2 and add it to 9,950 µL of 1% sulfuric acid, then homogenize. The OD at 600 nm is between 0.08 and 0.12.
Preparation of physiological saline : Weigh 0.9 g of NaCl and dissolve it in 100 mL of distilled water, then homogenize. Autoclave at 121 °C for 30 min.
Preparation of resazurin (0.15 g/L): Weigh 4.5 mg of resazurin powder and dissolve it in 30 mL of sterile distilled water, then homogenize.
Appendix 4 : Microplate used for antibacterial screening at a single concentration (1000 µg/mL)
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[bookmark: _Toc205318535]Appendix 5 : Microplate used for the determination of the minimum inhibitory concentrations (MIC)
-Test on Staphylococcus aureus HM-468
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- Test on Staphylococcus aureus NR-46003
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