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ABSTRACT 

Ethanolic and aqueous (hot and cold) extracts of dried seeds of Monodora myristica were tested 

for antibacterial and antifungal activities. Six clinical bacterial isolates (Escherichia coli, 

Staphylococcus aureus, Enterococcus faecalis, Klebsiella pneumoniae, Pseudomonas 

aeruginosa, Citrobacter freudii) and two fungal isolates (Candida albicans, Aspergillus flavus) 

were used. Bacterial isolates were cultured and examined microscopically to confirm their 

identities through Gram reactions and biochemical tests, while fungal isolates were examined on 

Sabouraud dextrose agar to confirm their characteristics. Results were analyzed using a three-

way ANOVA factorial experiment. The susceptibility of the test organisms to the extracts showed 

significant differences (P < 0.05). Ethanolic extract had the highest activity, followed by hot water 

extract, and then cold-water extract. Ethanolic extract was most effective against Enterococcus 

faecalis (24.7 ± 1.5 mm) and least effective against Escherichia coli (7.7 ± 1.0 mm). Hot water 

extract showed highest activity against Candida albicans (18.0 ± 1.5 mm) and lowest against 

Enterococcus faecalis (7.7 ± 1.0 mm). Cold water extract was most effective against Pseudomonas 

aeruginosa (14.3 ± 1.2 mm) and least effective against Citrobacter freudii and Enterococcus 

faecalis (both 9.7 ± 1.0 mm). Minimum inhibitory concentrations (MIC) ranged from ≤62.5 to 

1000mg/ml for ethanolic and hot water extracts, and from ≥62.5 to 1000mg/ml for cold water 

extract. Minimum bactericidal/fungicidal concentrations (MBC/MFC) ranged from 125 to 

>2000mg/ml for ethanolic extract, ≤250 to >2000mg/ml for hot water extract, and ≤125 to 

>2000mg/ml for cold water extract. These findings suggest that Monodora myristica seeds exhibit 

broad-spectrum activity against bacterial and yeast pathogens. 
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INTRODUCTION 

According to Jawetz et al. (2010), an antimicrobial is a chemical that either destroys or stops the 

growth of microorganisms like bacteria, fungi, or protozoans. The indiscriminate use of antibiotics 

is now a worldwide concern (Luc, 2004). The past years have seen a rise in the prevalence of 

various resistances in human pathogenic organisms, primarily because of improper use of 

commercial antimicrobial medications that are typically used in the treatment of illnesses. This 

clarified why researchers look for novel antimicrobial compounds in a variety of places, including 

medicinal plants (Irivine, 2000). Numerous medications can be found in plants (Pam   plona- 

Roger, 2004). It is estimated that about 25% of medications or their active components come from 

plant materials. Since the beginning of time, nature has provided medicinal agents (Agbo & Mboto, 

2012). 

Monodora myristica is one of the medicinal plants found in African countries, including 

Nigeria (Ekeanyanwu & Etienajirheywe, 2012). Documented biological and pharmacological 

activities include, neuromuscular, anti-diarrhoeal, anti-sickle cell, anti-inflammatory properties, as 

well as treatments for headache, cough, fever, and skin diseases (Kigigh & Charlie, 2012). 

Additionally, it has germicidal or antiseptic properties (Irvine, 2000), can control passive uterine 

haemorrhage in women immediately after childbirth (Barba et al., 2007; Kigigh & Charlie, 2012), 

and can be used as an insect repellent and snuff (Ekeanyanwu et al., 2010). The seeds, when ground 

into powder, can relieve constipation (Kigigh & Charlie, 2012), and the plant is also used to treat 

pneumonia, tuberculosis, and upper respiratory tract infections (Cimanga et al., 2002). 

Since the introduction of antibiotics, there has been a significant increase in the resistance 

of various bacterial pathogens (Kaushik & Goyal, 2008). Many antibiotics currently in use are 

either too expensive, have undesirable side effects, or have lost their potency due to bacterial 

resistance (Alper, 1998). Consequently, scientists are focused on discovering natural compounds 

from medicinal plants to introduce new, more effective drugs (Kandiah et al., 2010, Abiodun et 

al., 2017). Several species of plants have been used for centuries as remedies for human diseases 

(Kaushik, 2000, Adeshina et al., 2010). Plants contain bioactive components that make them 

important in both traditional and modern healthcare systems, prompting scientists to identify native 

medicinal plants in indigenous pharmacopeia (Adehola & Oladimeji, 2005, Pereira et al., 2023). 
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Therefore, this study is aimed at determining the antibacterial and antifungal activities of the dried 

seeds of African Nutmeg (Monodora myristica) on some bacterial and fungal species. 

MATERIALS AND METHODS 

Sample Preparation and Extraction 

The sample was prepared based on the method described by (Abii & Eligalam 2007, Aqueel et al., 

2023). The dry seeds of Monodora myristica were cracked and dried at 25°C for three days. The 

dried sample was then pounded and reduced to a fine paste using a sterilized mortar and pestle. 

Aqueous Extraction 

Aqueous extraction of the plant materials was carried out using both cold and hot water. Exactly 

100 g of the paste sample was weighed and soaked in 500 ml of distilled water in a 1L capacity 

beaker for 24 hours at room temperature, with occasional stirring (Adeyeye & Otokit, 1999, 

Bitwell et al., 2023). The extract was then filtered using Whatman No.1 filter paper to obtain a 

solution free from solids. Another 100 g of the paste sample was soaked in 500 ml of hot water in 

a 1L capacity beaker and filtered in the same manner. Both filtrates were evaporated to dryness in 

a water bath at 100°C (Adehola & Oladimeji, 2005, Abha et al., 2015) to obtain a solid mass, 

which was weighed and stored properly in a tightly closed bottle in the refrigerator. 

Ethanolic Extraction 

For ethanolic extraction, 100 g of the paste sample was weighed and soaked in 500 ml of 95% 

ethanol in a 1L capacity flask for 24 hours. The mixture was then filtered using Whatman No.1 

filter paper and evaporated to dryness in a water bath at 100°C (Adehola & Oladimeji, 2005, 

Bartnik & Facey, 2024) to remove the ethanol. The dried extract was weighed and stored in a 

tightly closed bottle in the refrigerator. 

 Determination of extract yield 
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The percentage yield of each extraction was determined gravimetrically (Brglez-moizer et al., 

2016), using the formula below. 

 Extract yield (%) = 
𝑊2−𝑊1

𝑊𝑠
 X

100

1
   

Where: 

W1 = Weight of empty beaker 

W2 = Weight of beaker + extract after evaporation of the filtrate 

Ws = Weight of the sample 

Collection of Test Bacteria  

Test bacterial pathogens were sourced from the University of Calabar Teaching Hospital (UCTH). 

The organisms were identified and confirmed using standard protocols for cultural and 

morphological identification, as well as biochemical characterization of isolates (Cheesbrough, 

2002). The selection of clinical organisms was based on the classes of organisms commonly 

encountered in microbiological laboratories in Calabar. 

Preparation and Confirmation Tests for Bacterial Isolates 

a) Macroscopic Examination  

Bacterial isolates from blood and urine clinical specimens were cultured on appropriate selective, 

enriched, and routine media such as Eosin Methylene Blue (EMB) agar, MacConkey agar (MCA), 

Mannitol Salt agar, Blood agar, Bile Esculin Agar (BEA), and Nutrient agar. They were incubated 

for 24 hours. After incubation, cultures were examined macroscopically for bacterial colonial 

characteristics such as pigmentation (diffusing or non-diffusing), nature of growth (pure or mixed), 

amount of growth [none, slight (+), moderate (++), heavy (+++)], opacity (transparent or 

translucent), shapes, form (pin or rhizoid), elevations (flat, raised, or convex), nature of colonies 

(dry, moist, or mucoid), and edges of colonies (entire or lobate) (Etok et al., 2004). 

Mixed cultures were sub-cultured on nutrient agar and incubated for 24 hours at 37°C to 

obtain pure cultures. Criteria were based on culture morphology and colour characteristics. Pure 
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cultures were preserved on nutrient agar slants in the refrigerator until required for microscopic 

and biochemical characterization (Etok et al., 2004). 

b) Microscopic Examination  

Pure cultures of bacterial isolates were examined microscopically by observing cultures under a 

microscope with a x100 objective using oil immersion after Gram staining for characteristics such 

as Gram reactions, cell arrangement, and shape of isolates (Etok et al., 2004). 

c) Biochemical Characterization  

Various biochemical tests, namely catalase, coagulase, citrate, indole, ornithine decarboxylase, 

methyl-red, oxidase, Voges-Proskauer,k and Triple Sugar Iron (TSI) tests, were carried out to 

further identify and confirm the isolates (Cheesbrough, 2002). 

Preparation and Confirmation of Test Fungal Isolates  

Fungal isolates were examined microscopically after sub-culturing onto Sabouraud dextrose agar 

for colonial characteristics such as colour, aerial hyphae, and odour (for yeast cells). Microscopic 

examination of pure fungal cultures was carried out by staining with lactophenol cotton blue and 

observing under the microscope with x10 and x40 objective lenses for characterization 

(Cheesbrough, 2002). 

Maintenance of Pure Cultures  

Pure cultures of the test organisms, both bacterial and fungal species, were preserved and 

maintained in the refrigerator on nutrient and Sabouraud dextrose agar slants, respectively. These 

were sub-cultured twice every month to check for viability and purity by plating onto appropriate 

media and Gram staining (El-Mahmood et al., 2008). 

Preparation of Sensitivity Discs  

Sensitivity discs were prepared according to the methods described by Agbo and Mboto (2012), 

and Ekwenge and Okorie (2010). Discs of 6mm diameter were made from Whatman No. 3 filter 
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paper. Batches of 100 discs were transferred into McCartney bottles, slightly sealed, and sterilized 

by autoclaving at 121°C for 15 minutes. 

Sterility Testing  

The sterility of the extracts was tested before use for antimicrobial evaluation by plating them on 

blood agar, Sabouraud dextrose agar, and Nutrient agar plates and incubating with CO2 (growth 

of anaerobic organisms), at 200C, 250C, 350C and 370C respectively for 14 days, then observed 

for visible colonies. Each plate was then subcultured to confirm the presence of microorganisms. 

This was done following the USP <71> Sterility Tests. 

 Preparation of Media  

All media used for the research, including nutrient agar, Sabouraud dextrose agar, Triple Sugar 

Iron agar, nutrient broth, blood agar, and Muller-Hinton agar, were prepared according to the 

manufacturer’s instructions. 

Sterilization of Materials  

All materials, including glassware and canisters, were properly washed with detergent and rinsed 

with water, wrapped in aluminium foil, and sterilized in a hot air oven at 170°C for 1 hour. Media 

were sterilized by autoclaving at 121°C for 15 minutes. 

Preparation of Stock Concentration of Extracts  

A stock solution of 500mg/ml of the extracts was prepared by dissolving 1g of each extract in 2ml 

of sterile distilled water in different test tubes and labelled appropriately (Bukar et al., 2010). The 

stock solutions of the extracts were reconstituted to varying working concentrations prior to 

impregnation into discs. A double-fold serial dilution of each extract was carried out from the stock 

solution (Gafer et al., 2010). Exactly 2ml of distilled water was transferred into four test tubes and 

sterilized by autoclaving at 121°C for 15 minutes. These test tubes, including the stock 

concentrations, were placed in test tube racks. Exactly 1ml of the extract solution (stock solution) 

was transferred into the first tube next to the stock concentration. This continued serially (serial 
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dilution) up to the four tubes for each extract, yielding varying working concentrations of 

500mg/ml, 250mg/ml, 125mg/ml, and 62.25mg/ml, respectively, from each extract (Agbo and 

Mboto, 2012). The sterile discs were then counted into the mixture; 10 discs to 1ml of extract 

solutions. More discs were added until the extract solution was absorbed. The approximate 

concentration of the extract absorbed by each disc was calculated using the formula described by 

Ekwenge and Okorie (2010). 

Concentration per discs = CE 

                                           N 

Where: 

CE = Concentration of reconstituted extract 

N = Number of discs used 

Preparation and standardization of Inocula 

Colonies of the test bacterial and fungal isolates from their respective stock cultures were 

transferred into prepared nutrient broth and Sabouraud dextrose broth. These cultures were 

incubated at 37°C for 24 hours and 48 hours, respectively (Agbo and Mboto, 2012). The 

standardization of inocula was carried out as described by Cheesbrough (2002). The overnight 

cultures were appropriately diluted by gradually adding freshly prepared nutrient and Sabouraud 

dextrose broth. The turbidity of the inocula was standardized by comparing it with a 0.5% Barium 

chloride solution (McFarland standard) as described by Cheesbrough (2002). 

Antimicrobial Sensitivity Screening of Extracts 

Disc Sensitivity Screening 

The antimicrobial sensitivity testing of the extracts was performed using the disc diffusion method 

on Mueller-Hinton agar (Doughari, 2006) for bacteria and Sabouraud dextrose agar for fungi 

(Awofisayo et al., 2010). The media were prepared, sterilized, and 15 ml of the media were poured 

into Petri dishes and allowed to set. The agar plates were then seeded with 0.1 ml aliquots of each 



[NIJOSTAM Vol. 3(1) November, 2024, pp. 22-40. www.nijostam.org] 

 
29 

 

standardized test organism in triplicates and spread carefully using a sterile L-shaped glass rod to 

ensure even distribution. The plates were allowed to dry for 15 minutes at room temperature. 

Discs impregnated with varying working concentrations of extracts were placed on each 

agar plate seeded with the different test organisms, maintaining a distance of 5cm between each 

disc. Standard antibiotic discs and distilled water were similarly used as positive and negative 

controls. The plates were left on the bench for 20 minutes for proper diffusion before incubation 

at 37°C for 24 hours (Bukars et al., 2010). The zones of inhibition formed on the media after 

incubation were measured with a transparent ruler and expressed in millimetres (Duru & Mbata, 

2010) to determine the antimicrobial effectiveness of the different concentrations of the extracts 

(Doughari, 2006). 

Minimum Inhibitory Concentrations 

The broth dilution method, as described by Awofisayo et al. (2010), was used to determine the 

minimum inhibitory concentration (MIC) of the extracts against test organisms. A twofold serial 

dilution of the extracts at 250 mg/ml in nutrient broth and Sabouraud dextrose broth was carried 

out to obtain varying concentrations of the extracts: 250 mg/ml, 125 mg/ml, 62.25ml, 31.1 mg/ml, 

and 15.6 mg/ml. Exactly 0.2 ml aliquots of the standardized suspension of the test organisms were 

inoculated into each test tube and incubated at 37°C for 24 hours. After incubation, the MIC was 

read as the lowest concentration of the extracts that inhibited the growth of the test organisms, 

using turbidity as the criterion. 

Minimum Bactericidal/Fungicidal Concentrations (MBC/MFC) 

MBC/MFC was determined by first selecting the tubes that showed no growth during the MIC 

determination. A loopful from each tube was then sub-cultured onto extract-free agar plates and 

incubated at 37°C for 24 hours (Duru and Mbata, 2010). The lowest concentration in the MIC test 

tube at which no visible growth was observed on the sub-cultured plates was noted as the Minimum 

Bactericidal/Fungicidal Concentration (MBC/MFC). 
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RESULTS 

Table 1 Morphological and biochemical characteristics of bacteria isolates employed in the study 

Isolates 

codes 

Gram´s 

reaction 

Shape Cat Coa Cit Mot Ind Ori MR VP Oxi Glu Lac Suc Gas H2S Probable 

organisms 

1 - Short 

rod 

ND ND - + + + + - - + + + + + Escherichia coli 

2 + Cocci in 

cluster 

+ + + - - + + - - + + + - - Staphylococcus 

aureus 

3 + Cocci in 

chain 

- - + - - + + - - + - - + - Enterococcus 

faecalis 

4 - Short 

rods  

ND ND + - - - - + - + + + + - Klebsiella 

pneumonia 

5 - Short 

rods 

ND ND + + + - - + + + - - + - Pseudomonas 

aeruginosa 

6 - Short 

rods 

ND ND + + - + - - + + + + + + Citrobacter 

freudii 

Key: Cat = Catalase, Coa = Coagulase, Cit = Citrate, Mot = Motility, Ind = Indole, Ori = Orinthine, 

MR = Methyl red, VP = Voges Proskauer, Oxi = Oxidase, Glu = Glucose, Lac = Lactose, Suc = 

Sucrose, ND = Not determined, + = positive test, - = negative test. 

The identification system used to confirm the organisms were Biochemical test, Microscopy, and 

Cultivation while the identification manual used were the Cowan & Steel Manual for the 

identification of medical bacteria and the Bergey’s Manual of determinative bacteriology (Cowan 

& Steel, 1974, Bergey et. al., 1923). 

Table 2 Morphological characteristics of fungal isolates employed in the study 

IsolateCodes Color of 

colonie 

Odor Germ 

tube 

Color 

of 

aerial 

hypha 

Color of 

substrate 

hyphae 

 Nature 

of 

hyphae 

Shape 

and kind 

of spore 

Presence 

of special 

structure 

Appearance 

of sporangio-

phore 

Xtics of 

head 

Orgs 

1 Creamy 

white 

Yeasty + NA NA NA NA NA NA NA Candida 

albicans 

2 Brown ND ND Dark 

brown 

Dirty 

brown 

Septate Circular 

condia 

Foot cell 

present 

Long erect Multinucl-

ate 

Aspergillus   

flavus  

Key: NA = Not Applicable 

        ND = Not Determined 

The identification system used to confirm the organisms was biochemical test, microscopy, and 

cultivation, while the identification manual used was the Cowan and Steel Manual for the 
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identification of medical bacteria and the Bergey’s Manual of Determinative Bacteriology (Cowan 

& Steel, 1974; Bergey et al., 1923). 

Antimicrobial Activity of Extracts 

Antibacterial activity 

The results of the antibacterial screening revealed that the ethanolic and aqueous (hot and cold 

water) extracts possessed antibacterial activity and inhibited test bacteria to varying degrees. The 

ethanolic extract inhibited the Gram-negative bacteria; Escherichia coli, Klebsiella pneumonia, 

Pseudomonas aeruginosa, and Citrobacter freudii with a maximum diameter of the zones of 

inhibition of 7.7mm, 15.7mm, 12.3mm, and 10.0mm respectively at a concentration of 500mg/ml 

(Table 3) while that of Gram-positive bacteria; Staphylococcus aureus and Enterococcus faecalis 

showed a maximum zone of inhibition of 12.0mm and 24.7mm respectively at a concentration of 

500mg/ml (Table 3). The hot water extract inhibited the Gram-negative bacteria Escherichia coli, 

Klebsiella pneumonia, Pseudomonas aeruginosa, and Cirobacter freudii with a maximum 

diameter of the zones of inhibition of 9.3mm, 8.3mm, 10.3mm, and 11.0mm respectively at 

concentrations of 500mg/ml (Table 4). Similarly, for Gram-positive, Staphylococcus aureus, and 

Enterococcus faecalis, the maximum inhibition zones obtained were 8.3mm and 7.7mm, 

respectively, at concentrations of 500mg/ml (Table 4). The cold-water extract showed a maximum 

diameter of the zones of inhibition of 9.8mm, 14.3mm, and 9.7mm, respectively for Gram negative 

bacteria: Escherichia coli, Pseudomonas aeruginosa, and Citrobacter freudii at a concentration of 

500mg/ml (Table 5) and a maximum inhibition zone of 9.7mm for Enterococcus faecalis (Table 

5). 

 Antifungal activity 

The results of the of the susceptibility screening showed that the hot water and ethanolic extracts 

exhibited varying antifungal activity against Candida albicans but showed no activity against 

Aspergillus flavus. The cold-water extract showed no activity (ineffective) against both Candida 

albicans and Aspergillus flavus. The ethanolic and hot water extracts showed a maximum 

inhibition zone of 8.2mm and 18.0mm respectively at concentrations of 500mg/ml (Table 3 and 

4). 
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Effects of extract concentration on antimicrobial activity of test plant (Monodora myristica) 

There was a significant difference (P <0.05) in the various extracts used for the study. The extracts 

formed factor B for the statistical analysis (ANOVA factorial experiment). Four varying 

concentrations of the test plant extracts, 500mg/ml, 250mg/ml, 125mg/ml and 62.5mg/ml formed 

factor A for the statistical analysis. Out of the four varying concentrations of the extract, 500mg/ml 

concentration gave the best results of all the test organisms. 

The concentration effect of the ethanolic extract of the test plant on Escherichia coli gave 

a zone of inhibition ranging from 7.7 to 5.3 mm while that of Staphylococcus aureus from 12.0 to 

3.3 mm. Enterococcus faecalis from 24.7 to 3.6 mm, Klebsiella pneumonia from 15.7 to 6.5 mm, 

Pseudomonas aeruginosa from 12.3 to 5.0 mm, Citrobacter freudii from 10.0 to 6.3 mm and 

Candida albicans from 8.2 to 0.0 mm. For Aspergillus flavus, there was no significant difference 

between the effect of ethanolic extract concentrations for 500mg/ml, 125mg/ml, 125mg/ml and 

62.5mg/ml. 

The hot water extract gave the zones of inhibition against Escherichia coli ranging from 

9.3 to 5.0 mm, Staphylococcus aureus from 8.3 to 0.0 mm, Enterococcus faecalis from 7.7 to 4.0 

mm, Klebsiella pneumonia from 8.3 to 0.0 mm and Candida albicans from 18.0 to 4.3 mm for 

500mg/ml, 250mg/ml, 125mg/ml and 62.5mg/ml. As for Aspergillus flavus, there was no 

significant difference between the effects of hot water extract concentrations because there was no 

zone of inhibition for the varying concentrations. 

The cold-water extract gave a mean ± standard deviation zones of inhibition against 

Escherichia coli from 9.8 to 6.3 mm, Enterococcus faecalis from 9.7 to 0.0 mm, Pseudomonas 

aeruginosa from 14.3 to 6.7 mm and Citrobacter freudii from 9.7 to 0.0mm for 500mg/ml, 

250mg/ml, 125mg/ml, and 62.5mg/ml. For Staphylococcus aureus, Klebsiella pneumoniae, 

Candida albicans and Aspergillus flavus, there was no significant difference between the effects 

of cold-water extract concentrations because there was no zone of inhibition for the varying 

concentrations (Table 3-5). 
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 Minimum inhibitory concentration (MIC) and minimum bactericidal/fungicidal 

concentration (MBC/MFC) 

The MIC and MBC/MFC results showed another antimicrobial activity of the extracts (Table 6). 

The organisms' MIC and MBC/MFC data are also variable concentrations and extract-dependent. 

The minimum inhibitory concentration (MIC) of ethanolic extract for the different test 

organisms ranges between <62.5 - > 1000mg/ml that of hot water extract was also between <62.5 

- > 1000mg/ml. At the same time, that of water was between 62.5 - > 1000mg/ml (Table 6). 

The minimum bactericidal and fungicidal concentration (MBC/MFC) activity of the 

different extracts against the different organisms range between 12.5 - > 2000mg/ml for hot water 

extract and 125 - > 2000mg/ml for cold water (Table 6). 

Table 3 Effects of ethanolic extract concentration on antimicrobial activity of the test plant 

(Monodora myristica)  

S/N Organisms Concentration (mg/ml) 

62.5 125 250 500 

1 Escherichia coli 5.3 ± 0.6 6.0 ± 0.2 6.1 ± 1.0 7.7 ± 1.0 

2 Staphylococcus aureus 3.3 ± 0.2 4.7 ± 0.6 6.7 ± 0.0 12.0 ± 0.0 

3 Enterococcus faecalis 3.6 ± 1.0 6.7 ± 1.5 8.3 ± 0.6 24.7 ± 1.5 

4 Klebsiella pneumonia 6.5 ± 0.3 9.3 ± 0.1 11.0 ± 0.0 15.7 ± 1.2 

5 Pseudomonas aeruginosa 5.0 ± 0.3 5.3 ± 1.5 7.0 ± 1.2 12.3 ± 0.6 

6 Citrobacter freudii 6.3 ± 0.3 7.0 ± 1.0 8.3 ± 1.5 10.0 ± 0.0 

7 Candidas albicans NA 3.5 ± 1.2 6.0 ± 0.5 8.2 ± 1.6 

8 Aspergillus flavus NA NA NA NA 

Key: Values (results) were presented in mean ± standard deviation. The values were presented 

(measured in millimetres)                                                                                                                                                         

      .    NA = No activity  
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Table 4 Effects of hot water extract concentration on antibacterial activity of test plant 

(Monodora myristica) 

S/N Organisms Concentration (mg/ml) 

62.5 125 250 500 

1 Escherichia coli 5.0 ± 0.0 6.1 ± 1.2 6.7 ± 0.5 9.3 ± 1.8 

2 Staphylococcus aureus NA 3.6 ± 1.5 6.0 ± 0.0 8.3 ± 2.2 

3 Enterococcus faecalis 4.0 ± 1.5 6.3 ± 0.5 6.7 ± 1.2 7.7 ± 1.0 

4 Klebsiella pneumonia NA 3.6 ± 1.5 5.7 ± 1.0 8.3 ± 1.0 

5 Pseudomonas aeruginosa 4.0 ± 1.5 5.1 ± 0.5 7.7 ± 1.5 10.3 ± 1.2 

6 Citrobacter freudii NA 5.3 ± 1.2 6.7 ± 1.5 11.0 ± 0.0 

7 Candidas albicans 4.3 ± 0.1 5.7 ± 1.2 6.7 ± 0.6 18.0 ± 1.5 

8 Candidas albicans NA NA NA NA 

Key: Values (results) were presented in mean ± standard deviation; the values were presented 

(measured in millimetres). NA- No Activity 

 

Table 5 Effects of cold-water extract concentration on antimicrobial activity of the test plant 

(Monodora myristica) 

S/N Organisms Concentration (mg/ml) 

62.5 125 250 500 

1 Escherichia coli 6.3 ± 1.5 7.3 ± 0.6 9.0 ± 0.0 9.8 ± 1.8 

2 Staphylococcus aureus NA NA NA NA 

3 Enterococcus faecalis NA 5.0 ± 1.3 9.0 ± 0.0 9.7 ± 1.5 

4 Klebsiella pneumonia NA NA NA NA 

5 Pseudomonas aeruginosa 6.7 ± 1.2 8.7 ± 1.5 9.7 ± 1.0 14.3 ± 1.2 

6 Citrobacter freudii NA 5.0 ± 0.0 8.0 ± 0.0 9.7 ± 1.0 

7 Candidas albicans NA NA NA NA 

8 Candidas albicans NA NA NA NA 

Key: Values (results) were presented in mean ± standard deviation; the values were presented 

(measured in millimetres). NA- No Activity 
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Table 6: Summary of the MIC and MBC of extracts to test organisms. 

S/N Organisms Ethanolic extract 

(mg/ml) 

Hot water extract 

(mg/ml) 

Cold water extract 

(mg/ml) 

MIC MBC MIC MBC MIC MBC 

1 Escherichia coli ≤62.5 >500 ≤62.5 ≤500 >62.5 ≤125 

2 Staphylococcus 

aureus 

62.5 500 ≤125 500 >500 >1000 

3 Enterococcus faecalis ≤62.5 ≥250 62.5 500 ≤125 ≥250 

4 Klebsiella pneumonia ≤62.5 125 ≤125 500 >500 >1000 

5 Pseudomonas 

aeruginosa 

≤62.5 ≤500 ≤62.5 ≤500 ≥62.5 ≥125 

6 Citrobacter freudii ≤62.5 ≥125 ≤125 250 125 ≤250 

7 Candidas albicans 125 ≥500 ≤62.5 ≤250 >500 >1000 

8 Aspergillus flavus >1000 >2000 >1000 >2000 >1000 >2000 

 

DISCUSSION 

In this study, extracts of Monodora myristica obtained using different solvents exhibited varying 

degrees of antimicrobial activity against both bacteria and fungi. The results confirmed that 

extracts obtained with a polar solvent (ethanol) showed larger inhibition zones resulting in better 

activity than those obtained with a non-polar solvent (water). The hot-water extracts showed better 

activity than the cold-water extracts. This can be explained by the fact that most of the secondary 

metabolites identified in the extracts, known to have antimicrobial properties, are also polar 

components and might have been extracted by the polar solvent (Ajaiyeoba, 2002; Aqueel et al., 

2023). The results also suggest the tested plant seeds have antibacterial and antifungal actions. 

The ethanolic extract (polar solvent) showed inhibition zones ranging from 3.3 to 24.7 mm, 

followed by hot water with inhibition zones ranging from 3.6 to 18.0 mm, and cold-water extracts 

ranging from 5.0 to 14.3 mm. Therefore, both ethanol and hot water effectively extracted the plant 

constituents. This supports the use of hot water and ethanol to extract plant materials in herbal 

medicinal preparations. There were no significant differences (P < 0.05) in the ethanolic, hot water, 

and cold-water extracts against Aspergillus flavus.  
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The hot water, cold water, and ethanolic extracts displayed reasonable activity against the 

organisms tested, thus exhibiting a broad spectrum of activity against bacteria and yeast. This 

finding aligns with earlier studies by Udoh et al. (2004) and Kigigh & Charlie (2012), who 

indicated that African nutmeg exerted antimicrobial and antifungal activities against 

Staphylococcus aureus, Escherichia coli, Candida albicans, and Bacillus subtilis. 

The promising results obtained against some Enterobacteriaceae bacteria with the extracts 

appear to justify the use of the seeds of this plant in herbal or traditional medicines. Furthermore, 

the results obtained against Staphylococcus aureus, Pseudomonas aeruginosa, and Enterococcus 

faecalis, which are implicated in wounds, burns, and sores, also justify its use by traditional 

medical practitioners in the treatment of such cases (Kigigh & Charlie, 2012). This suggests that 

its potency could be exploited in managing diseases caused by these human pathogens. 

The concentrations of the various extracts had a varying effect on the organisms tested, 

indicating that the concentration is directly proportional to the zones of inhibition, i.e., the higher 

the concentration, the larger the zone of inhibition. 

CONCLUSION 

The results of this study show that ethanolic, hot water and cold-water extracts of the dry seeds of 

Monodora myristica possess antibacterial and antifungal activities. The ethanolic solvent showed 

the most antimicrobial activity on the bacterial isolates. However, the demonstration of 

antimicrobial activity by hot and cold-water extracts provides a scientific basis for using plant 

seeds in straditional disease treatment. This may be beneficial to the pharmaceutical industry. It 

can, therefore, be concluded that Monodora myristica dry seeds can significantly contribute to the 

health management of humans. 

 

 

 

 

 



[NIJOSTAM Vol. 3(1) November, 2024, pp. 22-40. www.nijostam.org] 

 
37 

 

REFERENCES                             

Abha, S., Swati, V., & Shukla, R. K. (2015). Phytochemical screening, proximate analysis and 

antioxidant activity of Dracaena reflexa Lam. leaves. Indian Journal of Pharmaceutical 

Sciences, 77(5), 640-644. 

Abii, T. A., & Eligalam, A. (2007). Investigation into the chemical composition of the dry fruit of 

Tetrapleura tetraplera (Ugukirihu). Journal of Food Technology, 5, 229-232. 

Abiodun, B. A., Adewale A., & Abiodun. O. O. (2017). Phytochemical and proximate analysis of 

some medicinal leaves. Journal of Science Publishing group, 6(6), 209-214.  

Adehola, T. T., & Oladimeji, S. A. (2005). Antimicrobial activity of leaf extracts of Ocimum 

gratissimum on selected diarrhoea-causing bacteria in South-West, Nigeria. African 

Journal of Biotechnology, 4(7), 682-684. 

Adeshina, G. O., Noma, S. T., Onadapo, J. A., & Ehinmidu, J. O. (2010). Preliminary in-vitro 

antibacterial activities of ethanolic and aqueous extracts of Rauwolfia caffra. International 

Journal of Pharmacological Research and Development, 2, 1-8. 

Adeyeye, E. I., & Otokit, M. K. (1999). Proximate composition and some nutritionally valuable 

minerals of two varieties of Capsicum annum (Bell cherry pepper). Discovery and 

Innovation, 11, 75-81. 

Agbo, B. E., & Mboto, C. I. (2012). Phytochemical and antimicrobial evaluation of selected locally 

produced herbal medicines sold in Calabar, Nigeria. Archives of Applied Science Research, 

4(5), 1974-1990. 

Ajaiyeoba, E.O. (2002). Phytochemical and antibacterial properties of Parkia biglobosa and 

Parkia bicolar leaf Extracts. African Journal Biomedicine Research, 5,125-129. 

Alpher. J. (1998). Effort to combat microbial resistance. American Society of Microbiology News 

64, 440-441. 

AOAC. (2005). Official methods of analysis. Association of Official Analytical Chemists, 

Washington D.C., 45–46. 

Aqeel, U., Aftab, T., Khan, M. M. A., & Naeem, M. (2023). Regulation of essential oil in aromatic                           

plants under changing environment. Journal of Applied Research on Medicinal and 

Aromatic Plants, 32, 100441. 

Awofisayo, S. O., Udoh, I. E., & Mbagwu, H. O. C. (2010). Antimicrobial effects of the aqueous 

and ethanolic extracts of Tetrapleura tetraptera pods on the pathogens in nosocomial wound 

infection. Journal of Biotechnology and Biotherapeutic, 1, 18-23. 

Bartnik, M., & Facey, P. (2024). Glycosides. In Pharmacognosy (pp. 103-165). Academic Press. 

Bergey, D. H., Harrison, F. C., Breed, R. S., Hammer, B. W., & Huntoon, F. M. (1923). Bergey’s 

manual of determinative bacteriology. Williams & Wilkins. 



[NIJOSTAM Vol. 3(1) November, 2024, pp. 22-40. www.nijostam.org] 

 
38 

 

Bitwell, C., Indra, S. S., Luke, C., & Kakoma, M. K. (2023). A review of modern and conventional 

extraction techniques and their applications for extracting phytochemicals from plants. 

Scientific African, 19, 01585. 

Brglez-Mojzer, E., Knez Hrnčič, M., Škerget, M., Knez, Ž., & Bren, U. (2016). Polyphenols: 

Extraction methods, antioxidative action, bioavailability and anticarcinogenic effects. 

Molecules, 21(7), 901. 

Bukar, A., Uba, A. & Oyeyi, T. I. (2010). Antimicrobial profile of Moringa oleifera lam rxtracts 

against some food-borne microorganisms. Bayero Journal of Pure and Applied Sciences, 

3, 43-48. 

Burubai, W., Akor, A. J., Igoni, A. H., & Puyate, Y. T. (2007). Some physical properties of African 

Nutmeg. International Journal of Society of Industrial Agrophysics, 21, 123-126. 

Cheng, H., Wang, J., & Xie, J. (2023). Progress on odor deterioration of aquatic products: 

Characteristic volatile compounds, analysis methods, and formation mechanisms. Food 

Bioscience, 102666. 

Cimanga, K., Kanbu, K., Toma, L., Apars, S., De Buryne, T., Homan, N., Totte, J., Pietre, L., & 

Vlietnick, A. J. (2002). Correlation between chemical composition and antimicrobial 

activity of essential oils of some aromatic medicinal plants growing in the Democratic 

Republic of Congo. Journal of Ethnopharmacology, 79, 213-220. 

Cowan, S.T., & Steel, K. J. (1974). Manuel for the Identification of Medical Bacteria (2nd ed.). 

Doughari, J. H. (2006). Antimicrobial activity of Tamarindus Indica Linnn. Tropical Journal of 

Pharmaceutical Research, 5(2), 597-603. 

Duru, C. M. & Mbata, T. C. (2010). The Antimicrobial Activities and Phytochemical Screening 

of Ethanolic leaf extracts of Hedranthera Barteri Hook and Tabernaemontana Pachysiphon 

Stapf. Journal of Developmental Biology and Tissue Engineering 2, 1-4. 

Duta-Cornescu, G., Constantin, N., Pojoga, D. M., Nicuta, D., & Simon-Gruita, A. (2023). 

Somaclonal variation—Advantage or disadvantage in micropropagation of the medicinal 

plants. International Journal of Molecular Sciences, 24(1), 838. 

Egwaikhide, P. A., & Gimba, C. E. (2007). Analysis of the phytochemical content and 

antimicrobial activities of Plectranthus glandulosus Whole Plant. Middle-East Journal of 

Scientific Research, 2(4), 135-138. 

Ekeanyanwu, C., Okigilo, R., Gideon, B., & Nwachukwu, U. (2010). Biochemical characteristics 

of the African Nutmeg, Monodora myristica. Medwell Journal of Agriculture, 5(5), 303-

308. 

Ekeanyanwu, R. C., & Etienajirheywe, O. F. (2012). In-vitro antihelminthic potentials of Xylopia 

aethiopica and Monodora myristica from Nigeria. African Journal of Biochemistry 

Research, 6(9), 115-120. 

Ekwenge, N., & Okorie, F. (2010). Antimicrobial activities of Tetrapleura tetraptera TAUB., Pod 

Extracts. International Journal of Pharmacy and Bioscience, 1, 734-741. 



[NIJOSTAM Vol. 3(1) November, 2024, pp. 22-40. www.nijostam.org] 

 
39 

 

El-Mahmood, A. M., Doughari,J. H., &Chanji, F. J. (2008). In-vitro antibacterial activities of crude 

extracts of nauclea Latifolia and Daniella Oliver. Scientific Research and Essay, 3, 102-

105. 

Etok, C. A., Udo, S. M., & Eja, M. E. (2004). General microbiology practical manual. Abison 

Printing Press, 49-80. 

Gafar, M. K., Hassan, L. G., Dangoggo, S. M., & Hod, A. U. (2010). Amino acid estimation and 

phytochemical screening of Indigofera astragalin leaves. Journal of Chemical and 

Pharmaceutical Research, 2, 277-285. 

Hassanpour, S. H., & Doroudi, A. (2023). Review of the antioxidant potential of flavonoids as a 

subgroup of polyphenols and partial substitute for synthetic antioxidants. Avicenna Journal 

of Phytomedicine, 13(4), 354. 

Hussian, I., Saleem, M., Igbal, Y., & Khali, S. J. (2006). Comparison of vitamin C contents in 

commercial tea brands and fresh tea leaves. Journal of Chemical Society of Pakistan, 28(5), 

421-425. 

Imafiodon, K. E., Abu, O. D., Obayuwana, H. O., & Okuopu, E. D. (2018). Phytochemical, 

proximate, and metal content analysis of citrullus lanatus (watermelon) seed. FUDMA 

Journal of Sciences, 2(2). 

Irvine, F. R. (2000). Woody plants of Ghana with particular reference to their uses. Oxford 

University Press 13–23. 

Jawetz, M., & Adelberg, S. (2010). Medical Microbiology (25th Ed). McGraw Hill, 339-350. 

Kandiah, U., Kulanthivela, P., Jeyaratnam, P.J., & Emmanuel, C. J (2010). Antibacterial activity 

and Qualitative phytochemical analysis of Medicinal plant extracts obtained by sequential 

extraction method. International Journal of Integrative Biology, 9, 25-30. 

Kaushik, P. & Goyal, P. (2008). In-vitro evaluation of Datura Innoxia (Thorn- Apple) for potential 

antimicrobial activity. Indian Journal of Microbiology, 48(3), 353-357. 

Kaushik, P., Upadhyay, V., & Singh, P. (2000). Antibacterial potential of Bryophytes. The 

Botanica, 50, 132–136. 

Kigigh, L. T., & Charlie, E. J. (2012). Effects Monodora myristica of pepper-soup cooking on 

antibacterial activity of. Continental Journal of Food Science and Technology, 6(1), 8-11. 

Luc, R. H. (2004). Potential synergy of phytochemicals in cancer prevention: Mechanism of 

action. Journal of Nutrition, 134, 3479-3485. 

Ma, M., Li, X., Liang, H., Jiang, H., & Cui, H. (2023). Chemical constituent variation of seed oil 

of the Chinese tallow tree (Sapium sebiferum (L.) Roxb) at different harvesting time. 

Industrial Crops and Products, 202, 117061. 

Nwachujor, I. U., Ayanda, I. S., & Lawal, I. O. (2019). Phytochemical analysis, proximate 

composition and mineral contents of the seed of Annona muricata. Journal of Medical 

Pharmaceutical and Allied Sciences, 8(12), 2096-2103. 



[NIJOSTAM Vol. 3(1) November, 2024, pp. 22-40. www.nijostam.org] 

 
40 

 

Pamplona-Roger, G. D. (2004). Encyclopaedia of foods and their healing power. Review and 

Herald Publishing, 412. 

Pereira, A. G., Cassani, L., Garcia-Oliveira, P., Otero, P., Mansoor, S., Echave, J., ... & Prieto, M. 

A. (2023). Plant alkaloids: Production, extraction, and potential therapeutic properties. In 

Natural secondary metabolites: From nature, through science, to industry (pp. 157-200). 

Springer International Publishing. 

Timilsena, Y. P., Phosanam, A., & Stockmann, R. (2023). Perspectives on saponins: Food 

functionality and applications. International Journal of Molecular Sciences, 24(17), 

13538. 

Udoh, U. E., Ezugwu, C. O., & Agali, I. U. (2004). Antimicrobial activity of Monodora myristica 

seed oil. Journal of Pharmacy and Allied Science, 2(2). 

USP 71. (1970s).  14-days incubation period for sterility testing.  

Zhang, L., Guan, Q., Jiang, J., & Khan, M. S. (2023). Tannin complexation with metal ions and 

its implication on human health, environment and industry: An overview. International 

Journal of Biological Macromolecules, 253, 127485. 


