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ABSTRACT 
Background: Microorganisms associated with oral health, including Escherichia coli, Staphylococcus 
aureus, and Streptococcus mutans, can cause local and systemic infections in humans. The increasing 
prevalence of antibiotic-resistant strains necessitates the search for alternative antimicrobial agents 
from natural sources. Cardamom and nutmeg are medicinal plants known for their therapeutic 
properties and rich phytochemical composition. 
Methods: Seed extracts of cardamom and nutmeg were subjected to qualitative phytochemical 
screening to identify major secondary metabolites. Antibacterial activity was evaluated against E. 
coli, S. aureus, and S. mutans using extract concentrations of 100, 75, 50, and 25 mg. The 
antimicrobial potential of the extracts was determined by measuring the zone of inhibition, and the 
minimum inhibitory concentration (MIC) against the test organisms was assessed. 
Results: Phytochemical analysis confirmed the presence of flavonoids, alkaloids, tannins, terpenes, 
saponins, and phenolic compounds in both cardamom and nutmeg seed extracts. The antimicrobial 
assays demonstrated inhibitory activity of the extracts against all tested microorganisms, with varying 
degrees of effectiveness depending on the extract concentration and bacterial species. MIC findings 
further supported the antibacterial efficacy of both seed extracts. 
Conclusion: The phytochemical constituents and antibacterial activity exhibited by cardamom and 
nutmeg seed extracts indicate their potential as natural antimicrobial agents against oral pathogens. 
These findings suggest that the extracts may serve as promising alternatives to synthetic drugs 
associated with adverse side effects. Further investigations are required to isolate the active 
compounds and validate their therapeutic applications. 
 
Keywords: Oral Infections, Escherichia Coli, Staphylococcus Aureus, Streptococcus Mutans, 
Antimicrobial Activity. 
 

INTRODUCTION 

Infection of the oral cavity with microbes may 

lead to the development of bad breath, dental 

cavities, and inflammation of gums, and even 
digestive disorders that could further lead to 

systemic infections in humans [1]. 
Experimental reports have demonstrated that 

Escherichia coli, Staphylococcus aureus, and 

Streptococcus mutans reside in the oral cavity 
of humans and may also spread in terms of 

cross-infection in humans [2]. Colonization of 
bacteria in the human oral cavity and their 

causative role in inducing disorders of the oral 
cavity, along with the spread of infection to 

other viscera, indicates a critical impact of 

Staphylococcus aureus on human gut health 
[3]. Staphylococcus aureus can cause acute 

and chronic systemic infections in humans, 
ranging from sepsis affecting skin and muscles 

to cardiac complications due to the damaging 

effect of bacteria on the endocardium layer [4]. 
It is known to be among the most ubiquitous 

and dangerous pathogens, being a causative 
organism for bone, joint, and urinary tract 

infections, pneumonia, empyema, inflammation 
of the stomach, intestine, and meninges in 

humans [5]. Another oral pathogen, 

Streptococcus mutans, freely resides on the 
tooth surfaces and initiates tooth caries, 

thereby affecting oral health in humans. It is 
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one of the causative organisms responsible for 

infective endocarditis and is also associated 
with extraoral pathologies in humans 

[6].  Besides these bacterial pathogens, 
Escherichia coli is also known as the causative 

organism of diarrhoea, dysentery, cystitis, 

pneumonia, bacteremia, and severe abdominal 
infections in human beings [7]. Considering the 

serious consequences, researchers have raised 
the alarm globally related to the spread of drug-

resistant microbial pathogens, as one of the 
most serious threats to public health in the 21st 

century [8]. On a serious note, microbes can 

transit from the oral cavity to the 
gastrointestinal tract through direct 

translocation, which can adversely affect the 
human gut and induce microbe-related 

pathologies in humans [9]. To conquer such 

microbial wars, investigations related to plant-
based secondary metabolites are carried out 

worldwide for evaluation of their antimicrobial 
effect against disease-causing pathogens [10]. 

The search for safe treatment for microbial-
induced medical conditions urges the need to 

develop novel antimicrobial agents that can 

overcome the challenges related to the growth 
of antibiotic-resistant microbial strains, thereby 

preventing systemic infections, along with 
maintaining oral health. Among the treasures of 

medicinal and aromatic plants, cardamom and 

nutmeg are well accepted in the food and 
pharmaceutical industries due to the presence 

of therapeutically active secondary metabolites 
in their cellular organelles [11,12]. Hence, in 

the present study, phytochemical analysis of 

cardamom and nutmeg seed extracts was 
carried out before conducting their 

antimicrobial assay. Cardamom seeds, 
scientifically known as Elettaria cardamomum, 

belonging to the Zingiberaceae family, are 
typically grown in tropical regions all over the 

globe, such as India, Thailand, Mexico, Zambia, 

and Tanzania. It is used as a food preservative 
in several edible dishes and is one of the 

therapeutically active ancient spices that have 
been used in native medicines for the 

prevention and control of several infections 

[13]. Flavour-rich terpenoids and other 
bioactives of cardamom seeds make it a well-

accepted medicinal plant for treating human 
disorders [14]. Numerous biological activities of 

cardamom, including antioxidant, 
antimutagenic, antibacterial, anti-

inflammatory, antidiabetic, cardioprotective, 

hepatoprotective, and chemoprotective effects 
[15]. In a similar experiment pace, nutmeg 

seeds, botanically known as Myristica fragrans, 

are popularly used as an aromatic in desserts, 

drinks, and in folk medicine for their 
antimicrobial, antioxidant, psychostimulant, 

and antithrombotic effects [16]. Internally, 
nutmeg seed possesses antidiarrheal, 

antidysenteric, and antiemetic effects, while on 

topical application, it gives relief from joint and 
dental pains in humans [17]. Therapeutic 

insights of nutmeg seeds highlight its novel 
drug potential as an aromatic, stimulant, 

antidysenteric, antimicrobial, and anti-
inflammatory agent [18]. Hence, for the 

development of safe antimicrobial agents in the 

post-antibiotic era, medicinal plant-based 
extracts, being a promising source of secondary 

metabolites and capable of exhibiting 
antimicrobial effects against antibiotic-resistant 

microbes, are being well explored scientifically 

in the current decade. Therefore, in the present 
study, an investigation related to the 

bacteriostatic and bactericidal effects of the 
extracts obtained from the seeds of cardamom 

and nutmeg was carried out by observing their 
zone of inhibition, minimum inhibitory 

concentration, and minimum bactericidal 

concentration against Escherichia coli, 
Staphylococcus aureus, and Streptococcus 

mutans. 
 
MATERIALS AND METHODS 
Plant Materials 

Seeds of cardamom and nutmeg were 
purchased from a seed store named Akuji 

Enterprises located in Lusaka, Zambia. Seed 
samples were authenticated in the department 

before extraction and antimicrobial study. 
Microorganisms  

Escherichia coli, Staphylococcus aureus, and 

Streptococcus mutans were obtained from the 

Laboratory of the Department of Microbiology 
at the University Teaching Hospital. 

Authentication of the microorganism was 
carried out by cultural characteristics and 

microscopic examination. All authenticated 
bacteria were subcultured on nutrient agar 

slants and stored at 4°C until used for 

antimicrobial assay.  
Extraction
  

Foreign organic matter was removed, and the 
seeds were cleaned carefully. Clean, air-dried 

cardamom and nutmeg seeds were pulverised 

separately and crushed into fine powders. Both 
of the weighed seed powders (100 g each) 

were subjected to Soxhlet extraction using 
methanol as solvent separately, and the extract 

was collected in a sealed glass container after 

an appropriate siphoning procedure [19,13]. 
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Further, for the preparation of aqueous extract, 

both of the weighed seed powders (50 g each) 
were subjected to maceration using double-

distilled water as a solvent separately. 
Maceration of both of the seed powders was 

collected, filtered, and stored in an airtight 

glass container at a temperature below 25°C 
[20,21]. After filtration through Whatman filter 

paper, the excess solvent was recovered by 
concentrating the methanolic and aqueous 

extracts in a rotary vacuum evaporator. 
Concentrated seed extracts were poured into 

respective test tubes and labelled for 

conducting phytochemical studies. Extract 
solutions were diluted with their appropriate 

solvents and used further for the preparation of 
discs to carry out an antimicrobial assay.  
Phytochemical Screening  

Methanolic and aqueous extracts of cardamom 
and nutmeg seeds were chemically screened 

for the detection of the secondary metabolites, 

viz., alkaloids, flavonoids, saponins, glycosides, 
tannins, terpenes, phenols, and sterols by using 

a standard procedure [22,23]. 
Microbiological Investigations 

The experimental study was conducted at the 

Food and Drug Laboratory at the University 
Teaching Hospital in Lusaka, Zambia. 
Preparation of Mueller-Hinton Agar Plates  

Mueller-Hinton agar (MHA) plates were 
prepared according to the instructions of the 

manufacturer for susceptibility testing studies. 
Firstly, 39 grams of the powder were weighed 

on an electric balance and then transferred into 

a conical flask containing 1 L of distilled water.  
The contents were then mixed by gently 

swirling the conical flask over the heat for a 
minute. Afterwards, it was sterilised in an 

autoclave at 121°C for 15 minutes and then left 

to cool at room temperature. The solution was 
then carefully poured into Petri dishes for the 

solidification process and stored at 8°C in the 
refrigerator.  
Disc Diffusion Method  

Antimicrobial susceptibility studies were done 
using the disk diffusion technique as described 

by Kirby-Bauer. Whatman filter paper was used 
to prepare circular discs using a hole punch, 

and discs were placed in various test tubes of 

the different concentrations (100%, 75, 50%, 
and 25%) of the cardamom and nutmeg seed 

extracts. The discs were allowed to soak in seed 
extracts for 24 hours, after which antimicrobial 

susceptibility tests were performed [24,25]. 

Test tubes in discs soaked in distilled water and 
ampicillin (30 µg) served as a standard and a 

control, respectively.   
Preparation of Inoculum 

The inoculum preparation was performed 

according to the American Society of 
Microbiology [26] (2016). Individual samples of 

the four colonies of microbes of interest, S. 
aureus, E. coli, and S. mutans, were touched 

with the help of sterile individual inoculating 

loops. The organisms were subsequently put in 
test tubes, respectively, using sterile saline (2-

3ml). The test tubes were swirled gently to 
have a stable and homogeneous suspension. 

The turbidity of each suspension was equated 
to a 0.5 McFarland standard before inoculating 

the MHA plates [25]. 
Inoculation of Mueller-Hinton Agar Plate 

The general procedure reported by the 

American Society for Microbiology was used to 

inoculate the Mueller-Hinton Agar plate [26]. A 
sterilised swab was used to swab the inoculum 

tube and whip against the inner part of the test 
tube to stick microorganisms onto the swab. In 

addition, to conduct inoculation of the MHA 

plate, the swab was streaked thrice on the 
entire surface of the agar. This was done by 

turning the plate 60 ° precisely every time to 
ensure that the inoculum was distributed 

evenly. The excess liquid was picked up with 
the swab to ensure that the MHA plate was kept 

in a dry state. This was repeated until all three 

bacteria had been inoculated on their 
respective MHA plates, and the swab was then 

discarded in a special container to avoid 
contamination. The agar plates were allowed to 

dry partially (lids) and allowed to be left 

undisturbed for 3 minutes at room temperature 
until the discs containing seed extracts were 

placed on them [25,27]. 
Placement of the Susceptibility Discs 

The discs of susceptibility had been inoculated 

as per the American Society of Microbiology 
[26]. Clean forceps were sterilized by heating 

them over a flame and left to cool. The 

respective test tubes were then emptied 
carefully using the forceps, and one disc was 

removed. The discs were put down carefully on 
the surface of the agar with the air flow 

chamber partially covered after the lid of the 
petri dish was removed. The agar was pressed 

at the tip with the forceps such that the discs 

were entirely stuck to the surface. To prevent 
any contamination, the lid of each petri plate 

was held at the top of the surface of agar, and 
this procedure was repeated until all discs were 

placed on the different MHA plates in contact 

with different bacteria. The MHA plates were all 
set and incubated at 35 °C, and then the 

evaluation was performed after an additional 24 
hours of incubation [28]. The zone of inhibition 
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was measured (mm) after the experiments 

were repeated three times with a caliper scale.  
Estimation of MIC and MBC Values  

The minimum concentration of the methanol 

and aqueous extract of the cardamom and 
nutmeg seeds was established by establishing 

the minimum level of seed extract that inhibited 
the growth of the tested micro-organisms. 

Further, the minimum bactericidal 

concentration was taken to be the highest 
concentration of seed extracts applied on the 

disc that did not result in bacterial growth as 
observed on the Mueller-Hinton plates after 

incubation at temperatures lower than 30 oC.  
The estimation of MBC is made very simply by 

the lack of bacterial colonies formed on the 

surface of the medium in the presence of a 
particular concentration of seed extracts [29]. 
Statistical Analysis  

Observations related to the minimum inhibitory 

concentration of methanolic and aqueous 
extracts obtained from cardamom and nutmeg 

seeds against the tested bacterial strains were 
analyzed by one-way ANOVA using SPSS 

software program. Antibacterial data were 

recorded as mean ± standard error, and the 
comparison among the different concentrations 

of seed extract was made, followed by least 
significant differences with a p-value ≤ 0.05 

considered significant.  
 
RESULTS 
Extraction 

Solvent extract was concentrated to a dried 
powder and stored in an amber-colored glass 

container at a temperature below 25°C. 
Extractive values and color of cardamom and 

nutmeg seeds (Table 1). 

 
Table 1. Extractive Values of Cardamom and Nutmeg Seeds 

Seeds Solvent Extractive Value Color 

 
Cardamom 

Methanol 8.5% Yellowish Green 

Aqueous 2.5% Light Greenish 

 

Nutmeg 

Methanol 9.5% Brownish Black 

Aqueous 3.25% Light Brownish 

 
Phytochemical Screening  

Phytochemical screening reveals that alkaloids, 

glycosides, terpenes, tannins, and saponins are 
present in the methanolic extract of cardamom 

seeds, whereas tannins and saponins were 

found present in the aqueous extract. Besides 
this, phytochemical analysis of nutmeg seed 

extracts reveals that secondary metabolites 
such as alkaloids, flavonoids, tannins, and 

terpenes were identified in the methanolic 

extract; however, alkaloids, tannins, and 
saponins were detected in the aqueous extract 

of nutmeg seeds. The results indicate that the 

alkaloids were present in higher amounts in the 

aqueous extract of nutmeg seeds in comparison 
to extracts of cardamom seeds. This could be 

in line with the intense color that was observed 
in the nutmeg extract after the phytochemical 

analysis of alkaloids. It was also observed that 

phenolics and tannins were present in both of 
the seeds, pointing towards their antioxidant 

and astringent properties. Results of 
phytochemical screening (Tables 2 & 3). 

 
Table 2. Phytochemical Screening of Cardamom Seed Extract 

Extract Alkaloids Flavonoids 
Cardiac 

Glycosides 
Terpenes Tannins Saponins Phenolics 

Methanol + - + + + + + 

Aqueous - - - - + + + 

(+ Present, - Absent) 

Table 3. Phytochemical Screening of Nutmeg Seed Extract 

Extract 
Alkalo

ids 
Flavonoid

s 

Cardiac 

Glycoside

s 

Terpene
s 

Tannin
s 

Saponin
s 

Phenolic
s 

 

Methanol + + - + + - +  

Aqueous + - - - + + +  

(+ Present, - Absent) 

 
Microbiological Investigations 

The zone of inhibition of microorganisms and 
minimum inhibitory concentration were 

observed during antimicrobial investigation of 

extracts obtained from the seeds of cardamom 
and nutmeg against all three pathogens. 
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Estimation of Zone of Inhibition  

Observation indicates that 100mg/ml extracts 
were most effective against E. coli, S. aureus, 

and S.mutans.  However, aqueous extracts 

exhibited a weak inhibitory effect on the growth 
of bacteria except at 100mg/ml. That was 

found effective. Figure 1A,1B, and 1C represent 
confirmatory images for the antimicrobial 

activity of methanolic and aqueous extracts of 

cardamom against E. coli, S. aureus, and S. 

mutans. The clear zones are an indication that 
no bacterial colonies grew around the discs, 

hence representing antibacterial activity, and 
the discs with partial clear zones around them 

are an indication that a few colonies were 

formed around the discs, indicating low 
inhibition of the test sample (Table 4). 

 
Table 4.  Zone Of Inhibition of Microorganisms (Mm) With Cardamom Seeds 

Extract(Mg/Ml) Solvent E. Coli S. Aureus S. Mutans 

100 Methanol 28.6±1.05 27.4±0.70 32.6±0.85 

 Water 10.6±0.66 9.6±0.25 10.8±0.40 

75 Methanol 23.8±0.36 16.4±0.75 27.9±1.34 

 Water 7.6±1.10 7.7±0.26 7.6±0.50 

50 
Methanol 10.5±0.25 10.6±1.20 13.9±0.58 

Water 5.3±0.75 4.9±0.20 5.4±0.26 

25 
Methanol 5.4±0.23 6.8±0.20 7.4±0.20 

Water 2.7±0.40 3.1±0.35 3.5±0.20 

Ampicillin - 29.67±0.25 28.43±0.80 26.63±0.92 

Control DMSO - - - 

- indicates no inhibition 

 

 
Figure 1A. Graph Representing the Antibacterial Effect of Cardamom Seed Extracts on E. coli. 

 

 
Figure 1B. Graph Representing the Antibacterial Effect of Cardamom Seed Extracts on S. Aureus 
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Figure 1C. Graph Representing the Antibacterial Effect of Cardamom Seed Extracts on S. Mutans 

 
Estimation of Zone of Inhibition  

Observation indicates that 100 mg/ml 

methanolic extracts and aqueous extract of 
nutmeg seeds exhibited a high zone of 

inhibition against E. coli, S. aureus, and 

S.mutans.  During the antimicrobial assay, it 
was observed that 25-75 mg/ml methanolic 

extracts were less effective in comparison to 
100mg/ml. However, aqueous extracts 

exhibited less inhibitory effect on the growth of 

any bacteria as compared to methanolic 
extracts and the standard.  Figures 2A,2B  and 

2C represent confirmatory images for the 

antimicrobial activity of the methanolic extract 

of nutmeg against E. coli, S. aureus, and S. 

mutans. The zone of inhibition clearly marks the 
area with the inhibitory effect of nutmeg seeds, 

with an indication that bacterial colonies fail to 
grow around the discs, hence representing 

antibacterial activity. Colonies formed around 

the discs, indicating partial or weak inhibition of 
the seed extract, pointing towards inefficacy of 

the seed extract against bacteria under 
investigation. The degree of sensitivity with 

reference to the zones that were observed 
against all three bacteria (Table 5). 

 
Table 5. Zone Of Inhibition of Microorganisms (Mm) With Nutmeg Seeds 

Extract(Mg/Ml) Solvent E. Coli S. Aureus S. Mutans 

100 Methanol 30.8±0.60 30.6±0.86 33.53±1.80 

 Water 9.3±0.10 11.4±1.30 12.1±0.30 

75 Methanol 27.3±1.84 18.4±1.00 29.53±0.96 

 Water 7.3±0.26 8.6±0.49 9.5±0.41 

50 
Methanol 12.5±0.90 13.6±0.64 15.86±0.56 

Water 4.8±0.35 6.8±0.30 7.5±0.56 

25 
Methanol 6.7±0.41 8.7±0.60 9.1±0.36 

Water 2.5±0.32 4.5±0.51 5.6±0.36 

Ampicillin - 31.46±0.66 31.03±0.68 34.23±0.90 

Control DMSO - - - 

 

 
Figure 2A. Graph Representing the Antibacterial Effect of Nutmeg Seed Extracts on E. coli 
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Figure 2B. Graph Representing the Antibacterial Effect of Nutmeg Seed Extracts on S. Aureus 

 

 
Figure 2C. Graph Representing the Antibacterial Effect of Nutmeg Seed Extracts on S. Mutans 

 
Determination of Minimum Inhibitory 
Concentration  

The lowest concentration of cardamom and 
nutmeg seeds extract that inhibits the growth 

of the test microorganisms, and with a 

complete zone of inhibition was observed for 
consideration as minimum inhibitory 

concentration (Table 6). 

 
Table 6. MIC Determination with Cardamom and Nutmeg Seeds 

Seeds Extract E. Coli S. Aureus 
S. 

Mutans 

Cardamom 
Methanol 50 75 50 

Aqueous - - - 

Nutmeg 
Methanol 25 50 50 

Aqueous 100 100 100 

 
Statistical Analysis 

As per statistical analysis with Graph Pad Prism, 
the comparison graphs representing 

bacteriostatic action of the aqueous and 

methanolic extracts of cardamom and nutmeg 
seeds against the test organisms were 

analyzed. Graphs suggest that the methanolic 
extracts exhibited greater inhibitory effect 

against all three test microorganisms as 
compared to the aqueous extracts. 

Comparatively, the antimicrobial effect of the 

methanolic extracts of the cardamom and 

nutmeg seeds was found to be two to threefold 
higher than that of the aqueous extracts. 

 
DISCUSSION 

In the present study, phytochemical screening 

indicates the presence and absence of 
phytoconstituents in the seed extract of 

cardamom and nutmeg on the basis of chemical 
identification tests.  With reference to the zone 

of inhibition and MIC, it was observed that E. 
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coli, S. aureus, and S. mutans were found 

sensitive to the methanol extracts (25, 50, 75, 
100 mg/ml) of cardamom and nutmeg seeds. 

The effectiveness and observation of the zone 
of inhibition with the methanolic extract can be 

attributed to the presence of an appropriate 

amount of alkaloids, terpenes, tannins, 
phenolics, or saponins in the cardamom seeds 

and the presence of alkaloids, flavonoids, 
terpenes, phenolics, and tannins in nutmeg 

seeds. All three bacteria, E. coli, S. aureus, and 
S. mutans, also exhibited less sensitivity to the 

aqueous extract of cardamom and nutmeg 

seeds; this can be tied to the presence of 
tannins or phenolics in the cardamom and 

nutmeg seeds extract. Experiment findings 
suggest that the highest zone of inhibition was 

produced with 100 mg/ml methanolic extract of 

cardamom and nutmeg seeds against E. coli 
and S. mutans; however, S. aureus was found 

to be less sensitive to both of the extracts. It 
was also observed that the extracts of lower 

concentration, viz, 25, 50, 75 mg of both 
cardamom and nutmeg extracts, showed 

minimal inhibition zones, and this variation in 

the degree of sensitivity of the bacterial strains 
towards the extracts may be due to different 

antimicrobial potency of phytochemicals 
biosynthesized in the cardamom and nutmeg 

seeds. The zone of inhibition produced by the 

methanolic and aqueous extracts of the 
cardamom and nutmeg seeds highlights their 

potential for antibacterial use. Furthermore, the 
zone of inhibition produced by the methanolic 

extracts of cardamom and nutmeg seeds was 

almost closer to the zone of inhibition produced 
by the standard drug. TThe results of the 

present study were found in accordance with 
numerous experiments related to the 

antibacterial effect of aromatic plants that were 
conducted by the researchers in the 

past[30,31].  On the whole, both cardamom 

and nutmeg seed extracts exhibited 
antimicrobial activity against E. coli, S. aureus, 

and S. mutans. 
 
CONCLUSION  

Experimental findings reveal that 
phytochemicals screened in the methanolic and 

aqueous extracts of cardamom and nutmeg 

possess antibacterial activity against E. coli, S. 
aureus, and S. mutans, with the lowest 

sensitivity being observed by S. aureus with 
both extracts. Further synergistic studies could 

be carried out for the bioassay of 
phytochemicals.  
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