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ABSTRACT 
 

In order to provide a straightforward, affordable, and environmentally friendly process for the 
synthesis of metallic nanoparticles, scientists are turning to natural ways like employing plant 
extract in response to rising antimicrobial resistance and the desire for novel biocidal agents. In this 
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study, we evaluated the efficacy of phyto-fabricated silver nanoparticles and antimicrobial agents 
against selected indoor bacterial and fungal strains isolated from the lecture and office rooms of 
Chukwuemeka Odimegwu Ojukwu University, Uli Nigeria. The indoor microorganisms were 
isolated, identified, and quantified using standard methods. To prepare and generate the aqueous 
extract employed in the biological synthesis of the silver nanoparticle, fresh soursop seeds were 
room dried, crushed, heated to boiling, and double filtered. The phyto-fabricated nanoparticles were 
centrifuged, dried and used for physicochemical characterization and antimicrobial assay. The 
synthesized silver nanoparticles were characterized using UV-Vis spectrophotometry, Fourier 
transformed Infra-Red Spectroscopy and scanning electron microscopy analyses. The antimicrobial 
assay was carried out using agar well diffusion method. The results revealed that Aeromonas, 
Pseudomonas, Staphylococcus, Vibrio, Rhizopus, Aspergillus, Penicillium and Microsporum were 
identified as the predominant potential indoor bacterial and fungal pathogenic strains. The 
characterized biogenic nanoparticles revealed the optical, spectral and morphological features 
unique to silver nanoparticles. Also, the antibacterial screening revealed that the highest zone of 
inhibition was observed against Vibrio sp. (27.50 ± 7.5 mm) at a concentration of 30 μg/mL while 
standard antifungal drug (ketoconazole) had the highest zone of inhibition of 21.0 ± 1.0 mm at 3.25 
μg/mL against Microsporum gypseum while standard antifungal drug (ketoconazole) and Ag-NPs 
had the lowest zone of inhibition of 11.0 ± 1.0 mm at 15.0 μg/mL and 7.5 μg/mL against Rhizopus 
sp. and Aspergillus flavus, respectively. The negative control (DMSO) had no zone of inhibition on 
any of the potential indoor bacterial and fungal pathogenic strains. Statistically, there was significant 
(P < 0.05) inhibition of bacterial and fungal pathogenic strains among the means of treatment doses 
of A. muricata AgNPs, ciprofloxacin and ketoconazole standard antibiotics. The excellent 
antimicrobial inhibition of the tested indoor bacterial and fungal strains by the A. muricata fabricated 
silver nanoparticles even at MIC of 3.25 μg/mL could be exploited as biostatic and biocidal agents 
where there is contamination or public health risk of pathogenic indoor bacteria and fungi. 
 

 
Keywords: Biocide; indoor microbe; phyto-fabrication; public health; silver nanoparticles. 
 

1. INTRODUCTION 
 
The public spends more than 90% of their time 
indoors, including in homes, businesses, and 
educational facilities, making indoor air quality a 
serious public health concern. One or more of 
the most significant microorganisms, such as 
bacteria and fungi, may contaminate the air 
inside buildings. It was discovered that microbial 
contamination, which causes allergic, respiratory, 
and immune-toxic disorders, accounted for 
around 33% of indoor air quality claims [1]. 
Numerous investigations on the microbiological 
contamination in various interiors of educational 
institutions have been conducted. Every day, 
millions of students visit the educational facilities 
at schools. Students' intense activity levels cause 
bacterial and fungal contamination of the indoor 
air, making schools riskier than other types of 
buildings. This can be attributed to the numerous 
students in each classroom, poor hygiene, and 
insufficient outdoor air supply.  This danger is 
aggravated through frequent construction and 
upkeep of school buildings [2]. Due to its impact 
on human psyche, physical development, and 
academic achievement, the level of 
microbiological contamination in schools is a 
crucial factor. 

Protecting human health requires the 
remediation of indoor settings with microbial 
contamination. This procedure should comprise 
removing any materials that have obvious or 
suspected microbial contamination and treating 
any surfaces with an antibacterial solution that 
will either kill the microorganisms or hinder their 
growth. However, there is growing concern about 
the use of synthetic chemicals in homes, 
businesses, classrooms, and other settings, and 
as a result, people are becoming more interested 
in what they consider to be "natural" alternatives 
[3]. The best approach in minimizing and 
eradicating potential indoor microbial exposure 
and health effects is to use antimicrobial agents 
of botanical origin that are generally considered 
nontoxic to human and public health. This 
therefore requires the exploration of 
phytofabrication of metallic nanoparticles with 
antimicrobial potentials. 

 
The consumer goods, pharmaceutical, chemical, 
environmental, energy, agricultural, and 
communication industries can all benefit from 
using nanoparticles, which are best described as 
micro molecules made through physical, 
chemical, physicochemical, or biological 
processes [4]. According to recent studies, using 
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plant parts like seeds, leaves, and stems to 
produce metallic nanoparticles is the most 
repeatable, affordable, and straightforward 
method [5]. The most significant metal 
nanoparticle, silver, has been found to exhibit 
both antibacterial and antifungal effects. 
Increased antibacterial properties of plant-
biosynthesized silver nanoparticles have been 
reported in a number of literatures [6,7,8]. Silver 
nano compounds alone from different plant parts 
or in combination with antibiotics have a broad-
spectrum antimicrobial activity against several 
pathogens like Escherichia coli, S. aureus, 
Enterococcus faecium, Klebsiella pneumoniae, 
Salmonella typhi, Listeria monocytogenes, 
Acinetobacter baumannii, Micrococcus luteus, 
Staphylococcus epidermidis, Staphylococcus. 
saprophyticus, Enterobacter faecalis, 
Pseudomonas aeruginosa, Aspergillus 
fumigatus, Penicillium notatum, Rhizopus 
stolonifer, Aspergillus flavus Trichoderma viride, 
Candida albicans and Candida neoformans in 
previous research publications, respectively 
[9,10,11,12]. However, the antimicrobial 
potentials of A. muricata seed-based silver 
nanoparticles are less studied. 
 

Soursop, also known as Annona muricata, is a 
plant of the Annonaceae family, order 
Magnoliales, and division Magnoliophyta. The 
soursop tree has low branches and is between 5 
and 10 metres tall and 15 to 83 centimetres in 
diameter. It produces fruits with 55 to 170 black 
seeds when they are new, which become light 
brown when they are dry [13]. In its raw state, a 
soursop has 81% water, 17% carbs, 1% protein, 
and very little fat. Numerous medical applications 
have been made of A. muricata's leaves, bark, 
fruit, and seeds. The fruit is valued not just as 
food but also for its juice, which is used as a 
galactogogue to treat liver, heart, and diarrheal 
illnesses [14]. The medicinal uses of A. muricata 
leaves included treatments for hypertension, 
diabetes [15] and cancer [16]. A. muricata fruit, 
seeds, leaves, and roots have also been 
employed as antimicrobials, biopesticides, 
bioinsecticides, and topical insect repellents [13].  
 

There is now a wealth of information around 
numerous AgNPs, but little is known about their 
mode of action or range of antimicrobial efficacy, 
especially for non-clinical species. Although there 
are few or no studies examining the use of 
AgNPs against bacteria and fungi relevant to 
indoor air quality, the focus of this research is on 
the use of AgNPs as prospective antimicrobial 
therapies and biocides. At Chuwkuemeka 
Odimegwu Ojukwu University (COOU), Uli, 

Nigeria, we quantified, isolated and characterized 
the potential indoor microorganisms from the 
lecture rooms and offices. We also evaluated the 
effectiveness of phyto-fabricated silver 
nanoparticles from aqueous extract of A. 
muricata against a number of indoor bacterial 
and fungal strains. 
 

2. MATERIALS AND METHODS 
 

2.1 Sample Collection and Processing 
 

Fresh, healthy, ripe soursop fruits (A. muricata) 
were acquired at Nnobi in Anambra State, 
Nigeria. The fruits were then put inside a clean 
plastic bag and taken to the Anambra State 
COOU Uli Campus Microbiology Laboratory for 
additional processing. The fruits were cleaned, 
and then sliced into two pieces with a sterile 
knife. The seeds were then removed from the 
fruit, washed, and dried for 14 days at room 
temperature [17]. 
 

2.2 Isolation of Bacterial and Fungal 
Aerosol Contaminant  

 

A settle plate method was used with 32 open 8.5 
cm diameter Petri dishes holding various culture 
mediums according to the methods given by 
Badger-Emeka et al. [18] and Mora et al. [19]. By 
using this technique, bacteria or fungal carrying 
particles can settle on culture media. While fungi 
were isolated using Potato Dextrose Agar (PDA) 
and an antibacterial agent called 
chloramphenicol, bacteria were isolated using 
Nutrient Agar (NA) that had an antifungal 
compound called nystatin added to it. The 
sampling area was in the corner and middle of 
the chosen lecture room and the tops of the 
office rooms (designated as A, B, C, and D). The 
media plates were set on a table with the 
sampling height 1 m above the floor, which 
roughly represented the human breathing zone.  
The lids of eight plates were open and exposed. 
The plates were allowed to stay for 30 min. To 
ensure accurate sampling, duplicate samples for 
each culture medium were taken. The plates 
were then covered, maintained in a tightly sealed 
case, transported to the COOU Microbiology 
Laboratory, and incubated for 24 h at 37 °C. A 
protective gown, mouth mask, and sterile gloves 
were worn during the air sampling process to 
prevent self-contamination of the agar plates. 
Prior to use, the agar plates were also visually 
inspected for any signs of microbial growth. 
Using a colony counter and magnifying glass, 
bacterial colonies were enumerated after 24 h 
and fungal colonies after 5 days [20]. 
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2.3 Sub-culture of Bacterial and Fungal 
Isolate 

 

From the 32 cultivated agar plates, microbial 
sub-culture was used to isolate pure strains. The 
32 plates' dominant colonies were sub - cultured 
onto 10 plates (5 NA plates and 5 PDA plates). 
The aseptic streak plate method was employed 
to perform the subculture. To do this, the NA and 
PDA were produced in accordance with the 
manufacturer's instructions, sterilized in an 
autoclave, cooled, and then poured into the Petri 
plate and allowed to solidify. Selected colonies 
were taken from the agar plates and streaked on 
fresh Petri plates using a sterile inoculating wire 
loop. The plates were covered with its lid gently 
and carefully incubated at 37 °C for 24 h while 
the fungal plates were incubated at 25°C for 5 
days [18]. 
 

2.4 Identification of Bacterial and Fungal 
Isolate 

 

Colony morphology (pigmentation, colony form, 
margin, and elevation), microscopy (Gram 
staining), and biochemical tests (oxidase, 
urease, methyl red, indole, citrate, motility, 
catalase, starch hydrolysis, and H2S tests) were 
used to characterize each individual bacterial 
isolate, while lactophenol cotton blue staining 
(spores and hyphal structures) and macroscopic 
characteristics were used to characterize the 
fungal isolates.  The Bergey's Manual for 
Determinative Bacteriology by Holt et al. [21] and 
the Fungus Atlas by Barnett and Hunter [22] 
were used to identify five bacterial and fungal 
isolates. 
 

2.5 Extraction of Plant Constituent 
 

After being dried and pulverized in a sterile 
ceramic mortar, the A. muricata seed was 
weighed and 25 g of the ground seed was 
poured to a conical flask with 100 mL of sterile 
deionized water. The flask was then sealed with 
foil and cotton wool. It was then heated using a 
hot plate magnetic stirrer at 70 to 80 oC for 25 
minutes until a colour change was observed. Be 
aware that the colour shift signifies the formation 
of the plant extract. Conical flask was removed 
from hot plate magnetic stirrer after extract 
creation, allowed to cool, and extract was 
obtained by twofold filtration using muslin cloth 
and Whatman No 1 filter paper [17]. 
 

2.6 Biosynthesis of Silver Nanoparticles 
 

Conical flask containing the ready-made silver 
nitrate (AgNO3) solution (0.1 mM) was set on the 

stirrer. The burette was fixed into the conical 
flask after a retort stand with a burette clamped 
to it was set up. On a hot plate magnetic stirrer 
that was calibrated to 70 oC, the solution 
contained in the flask was heated. A 50 mL of the 
seed water extract of A. muricata was put into a 
burette and dropped gradually into a solution of 
silver nitrate. To stop silver nitrate from being 
photo-reduced, the mixture was continuously 
swirled for one hour at 70 oC in a dark room 
chamber. The physical colour change from an 
inert solution (silver nitrate solution) to a dark 
brown substance (Ag/AgCl NPs) was used to 
demonstrate the bio-reduction of Ag+ to Ago. The 
nanoparticles were centrifuged (7800 x g, 20 
min, 25-30 oC) and the sediments were washed 
twice with deionized water and oven - dried 
overnight [12]. Until usage, the nanoparticles 
were kept at room temperature in a cool, dry 
cupboard. 
 

2.7 Characterization of the Silver 
Nanoparticles 

 
The generated biogenic silver nanoparticles were 
characterized using UV-visible spectroscopy at 
wavelengths between 200 and 800 nm and 
visible colour change determination. By using an 
X-ray diffractometer, the phase purity and 
crystalline nature were determined. Using 
scanning electron microscopy, the generated 
NPs' sizes and morphologies were determined 
(SEM). The functional groups of the synthesized 
NPs were determined using Fourier transform 
infrared (FTIR) spectroscopy [23,24]. 
 

2.8 Antimicrobial Assay  
 
By employing the well diffusion method and 
Muller Hinto Agar (MHA) and Potato Dextrose 
Agar, antimicrobial properties of the 
biosynthesized AgNPs were examined against 
indoor bacteria and fungi (PDA). A stock solution 
of Ag-NPs comprising 60 mg/mL was created 
using 3% dimethylsulfoxide (DMSO) solution for 
the antibacterial assay. Ag-NPs stock solution 
was diluted twice serially in four test tubes to 
produce the following concentrations: 30 mg/mL, 
15 mg/mL, 7.5 mg/mL, and 3.25 mg/mL. 
Similarly, a 2-fold dilution of positive control 
(ciprofloxacin) was prepared to obtain four 
concentrations of the antibiotic with the DMSO as 
negative control. To obtain fresh 
microorganisms, the ten indoor microbial test 
cultures were inoculated in Nutrient Broth 
(Himedia) and Potato Dextrose Broth (Himedia) 
and incubated for 24 h at 37 ± 0.1°C and 72 h at 
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25°C for the bacteria and fungi, respectively. 
Muller Hinton Agar (Himedia) and Potato 
Dextrose Agar (Himedia) were sterilized at 121 
°C and 15 psi2 for 15 min and later dispensed 
into clean sterile Petri dishes under aseptic 
condition until the agar solidified. The freshly 
prepared indoor microbial cultures were adjusted 
to 0.5 McFarland turbidity standard and the test 
microbes (0.1 mL) were inoculated using a 
sterilized swab stick on the surface of the solid 
medium in each of the Petri dishes. Thereafter, 
10 mm diameter wells were created using sterile 
10 mm cork borer in both solidified media above. 
Using a micropipette, 50 μL of AgNP at each 
concentration was dispensed into the wells. 
Similar process was carried out for the various 
concentrations of ciprofloxacin and DMSO and 
placed in the respective labelled wells. The set 
up was allowed to stand for 1 h for diffusion to 
take place after which the plates were inverted 
and incubated for 24 h at 37 ± 0.1°C for bacteria 
and 72 h at 25 °C for fungi. After incubation, 
zones of inhibition were measured from three 
different angles around the individual wells and 
recorded [17]. 
 

3. RESULTS 
 

3.1 Indoor Microbial Profile 
 

The result of the microbial counts from lecture 
rooms and office rooms (CFU/m3) is presented in 
Table 1. All plates were contaminated with 
bacteria and fungi. The office room A and lecture 
D had the highest and lowest bacterial counts of 
7.50 x 109 CFU/m3 and 0.34 x 109 CFU/m3 while 

Lecture Room A and office room A and D had 
the highest and lowest fungal counts of 3.20 x 
108 CFU/m3 and 0.38 x 108 CFU/m3, 
respectively. The colonial morphological             
(Table 2), biochemical and microscopic (Table 3) 
characteristics of the indoor bacterial strains 
have been presented. Table 2 showed the 
colonial pigmentation, form, margin and elevation 
and indicated that most bacterial strains were 
whitish, irregular, undulate and raised. On 
aggregate, Table 3 indicated that the bacterial 
strains were positive to methyl red (100%), 
oxidase (60%), urease (100%), indole (100%), 
citrate (100%), catalase (100%), motility (100%), 
hydrogen sulphide (100%), fructose (80%) and 
sucrose (80%), tests while negative to starch 
hydrolysis (100%) and glucose (100%), tests. 
The isolates were more Gram negative (60%) 
and less Gram positive (40%). The bacterial 
isolates were, thus, identified as Aeromonas sp. 
(20%), Pseudomonas aeruginosa (20%), 
Staphylococcus aureus (40%), and Vibrio sp. 
(20%).The results of the macroscopic (Tables 4) 
and microscopic (Table 5) characteristics of the 
indoor fungal strains have been presented.  The 
tables indicates that most (40%) of the fungal 
strains were Aspergillus sp. (A. flavus and A. 
niger) with cottony to powdery texture, whitish 
black to green colonial surfaces, septate hyaline 
hyphae and smooth to rough conidiophores. 
Other fungal strains identified were Rhizopus sp., 
Penicillium sp., Microsporum gypseum. The 
microbial strains were designated as IBA, IBB, 
IBC, IBD, IBE, IFA, IFB, IFC, IFD and IFE, 
respectively. 

 

Table 1. Microbial counts from lecture rooms and office rooms (CFU/m3) 
 

Sampling location Bacterial count  
(x 109 CFU/m3) 

Fungal count  
(x 108 CFU/m3) 

Office room A 7.50 0.38 

Office room B 1.30 0.60 

Office room C 3.60 0.51 

Office room D 3.40 0.38 

Lecture Room A 1.30 3.20 

Lecture Room B 1.70 3.10 

Lecture Room C 1.80  1.40 

Lecture Room D 0.34 1.10 

Key: CFU/m3 = Colony forming unit per cubic metre 
 

Table 2. Colonial morphological characteristics of the indoor bacterial isolates 
 

Isolate Code Pigmentation Colony Form Colony margin Elevation 

IBA White cloudy Irregular Undulate  Raised 
IBB Lightly yellow Irregular Undulate Raised 
IBC Brownish white Irregular Undulate Raised 
IBD White Irregular Undulate Raised 
IBE White cloudy Irregular Undulate Raised 



 
 
 
 

Uba et al.; J. Adv. Microbiol., vol. 24, no. 3, pp. 65-78, 2024; Article no.JAMB.114671 
 
 

 
70 

 

Table 3. Biochemical and microscopic characteristics of the indoor bacterial strains 
 

Parameter Bacterial strain code 

IBA IBB IBC IBD IBE 

Methyl red + + + + + 
Oxidase + + - - + 
Urease + + + + + 
Indole + + + + + 
Citrate + + + + + 
Catalase + + + + + 
Motility + + + + + 
Starch 
hydrolysis 

_ _ _ _ _ 

Hydrogen 
sulphide 

+ + + + + 

Fructose _ + + + + 
Glucose _ _ _ _ _ 
Sucrose _ + + + + 
Gram reaction Gram 

negative 
Gram 
negative 

Gram  
Positive 

Gram  
positive 

Gram 
negative 

Shape Straight rod Rod Cocci Cocci Short 
curve rod 

Arrangement Single, pairs Single Cluster Cluster Clustered, 
single 

Identity Aeromonas 
sp. 

Pseudomonas 
aeruginosa 

Staphylococcus 
aureus 

Staphylococcus 
aureus 

Vibrio sp. 

Note: + = positive; - = negative 
 

Table 4. Macroscopic characteristics of the indoor fungal strains 
 

Isolate code Reverse colony tint Texture Surface colony tint 

IFA Pale white Deeply cottony Gray-black older colony 
IFB Pale yellow Cottony Whitish-black 
IFC Creamy Powdery Whitish green 
IFD Whitish yellow Velvety to powdery White 
IFE Yellow Powdery to granular Cinnamon brown 

 

Table 5. Microscopic features of the indoor fungal strains 
 

Isolate code Microscopic feature Identity 

IFA Presence of rhizoid, round black sporangia, long 
branched hyphae and unbranched sporangiophores 

Rhizopus sp. 

IFB Smooth brown coloured conidiophore and conidia. The 
conidiophores are protrusions from a septate and 
hyaline hypha and are biseriate. 

Aspergillus niger 

IFC Colourless and rough textured conidiophores with 
septate tiny hyphae containing hyaline and both 
uniseriate and biseriate.  

Aspergillus flavus 

IFD Branched unicellular conidia with clustered phialides 
and bluish-green colour. Branching, septate hyphae with 
hyaline. 

Penicillium sp. 

IFE Thin and rough walled macroconidia, broad septate 
hyphae with pointed ends. Club – shaped microconidia 

Microsporum gypseum 

 

3.2 Silver Nanoparticles Spectral Profile 
 

The changing colour of the mix (plant extract plus 
AgNO3 solution) takes place from pale brown to 

dark brown colour, while colour change was also 
observed in the plant extract. The pale brown to 
dark brown indicates biosynthesis of AgNPs. The 
result of the absorbance spectral profile of the 
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synthesized silver nanoparticles is shown in        
Fig. 1. From the figure, the highest UV- Visible 
peak was found at 340 nm at absorbance of 
0.876 while the lowest UV- Visible peak                 
was found at 720 nm at absorbance of 0.098. 
The result of the FTIR spectral profile of A. 
muricata seeds silver-nanoparticles is            
shown in Fig. 2. From the figure, the highest 
transmitter was found at 3668.566 cm-1 at                
the peak area of 47.45837, and the lowest 
transmittance was found at 1050.146 cm-1 at the 

peak of 21.4948. The results of the phase          
purity and crystalline characteristics (Table 6), 
XRD pattern profile (Fig. 3) and scanning 
electron micrograph (Fig. 4) of the green 
synthesized silver nanoparticles are shown. 
From the results, there are ten peak numbers 
ranging from 8.5541 to 68.8359 2θ with 
percentage relative intensities from 1.22 to 2.09 
%, respectively. There were also irregular 
shaped with granulated compact powder and 
brighter facets. 

 

 
 

Fig. 1. UV – Vis Absorbance spectral profile of silver nanoparticle 
Key: nm = nanometre 

 

 
 

Fig. 2. FTIR spectral profile of biosynthesized silver nanoparticles 
Key: cm-1 = Centimetre 
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Table 6. Phase purity and crystalline characteristics of the green synthesized silver 
nanoparticles 

 

Peak no Pos. [°2Th.] Height [cts] FWHM Left [°2Th.] d-spacing [Å] Rel. Int. [%] 

1 8.5541 6.85 0.9446 10.33709 1.22 
2 27.6707 10.55 0.4723 3.22389 1.88 
3 32.1136 20.54 0.3936 2.78729 3.67 
4 34.2501 84.74 0.1574 2.61816 15.13 
5 38.0544 560.06 0.1378 2.36471 100.00 
6 39.8185 14.72 0.2362 2.26393 2.63 
7 44.2916 89.96 0.1968 2.04512 16.06 
8 57.3933 3.42 0.9446 1.60554 0.61 
9 64.5287 29.06 0.3149 1.44417 5.19 
10 68.8359 11.73 0.3149 1.36395 2.09 

 

 
 

Fig. 3. XRD profile pattern of the biosynthesized AgNPs 
 

 
 

Fig. 4. Scanning electron microphotograph of the biosynthesized silver nanoparticle           
(1500x magnification) 
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Table 7. Antibacterial effect of the Ag-NPs extracted from Annona muricata seeds and the standard drug (ciprofloxacin) 
 

Isolate Identity A. muricata seeds Ag-NPs Ciprofloxacin DMSO 
(Negative 
control) 

30 mg/mL 15 mg/mL 7.5 mg/mL 3.25 mg/mL 30 mg/mL 15 mg/mL 7.5 mg/mL 3.25 mg/mL 

Aeromonas sp. 21.50 ± 1.5* 14.50 ± 0.5*  15.50 ± 0.5* 19.50 ± 0.5* 17.50 ± 0.5* 15.00 ± 0.0* 14.00 ± 1.0** 10.50 ± 0.5** 0.00 ± 0.0 
Pseudomonas 
sp. 

16.50 ± 0.5* 16.00 ± 1.0* 16.50 ± 1.5* 16.00 ± 2.0* 16.00 ± 1.0* 15.00 ± 0.0* 13.00 ± 1.0** 10.50 ± 0.5** 0.00 ± 0.0 

Staphylococcus 
aureus 

18.00 ± 1.0* 15.00 ± 0.0* 14.00 ± 0.0* 11.00 ± 0.0* 15.00 ± 0.0* 16.50 ± 0.5* 14.50 ± 0.5** 10.50 ± 0.5** 0.00 ± 0.0 

Staphylococcus 
aureus 

19.00 ± 1.0* 20.00 ± 0.0* 17.00 ± 1.0* 22.50 ± 2.5* 20.50 ± 0.5* 19.50 ± 0.5* 18.00 ± 0.0** 16.50 ± 0.5** 0.00 ± 0.0 

Vibrio sp. 27.50 ± 7.5* 18.00 ± 0.0* 16.50 ± 0.5* 07.50 ± 0.5* 20.00 ± 0.0* 18.50 ± 0.5* 17.00 ± 1.0** 15.00 ± 0.0** 0.00 ± 0.0 
Key: Ag-NPs = Silver nanoparticles; mg/mL = Milligram per milliliter; DMSO = Dimethylsulfoxide; Results are expressed as mean value ± standard error in mean; * = Treatment 

mean do not differ significantly (p > 0.05) from each other at 95 % confidence interval; ** = Treatment mean differ significantly (p < 0.05) from each other at 95 % confidence 
interval 

 
Table 8. Antifungal effect of the Ag-NPs extracted from Annona muricata seeds and the standard drug (ketoconazole) 

 

Isolate 
Identity 

A. muricata seeds Ag-NPs Ketoconazole DMSO 
(Negative 
control) 

30 μg/mL 15 μg/mL 7.5 μg/mL 3.25 μg/mL 30 μg/mL 15 μg/mL 7.5 μg/mL 3.25 μg/mL 

Rhizopus 
sp.  

17.50 ± 1.5* 12.50 ± 1.5* 13.50 ± 1.5* 19.00 ± 1.0** 15.00 ± 0.0* 11.50 ± 1.5* 11.00 ± 1.0** 15.50 ± 0.5** 0.00 ± 0.0 

Aspergillus 
niger   

17.00 ± 2.0* 16.50 ± 0.5* 14.50 ± 0.5* 17.50 ± 0.5** 17.50 ± 2.5* 18.00 ± 1.0* 15.00 ± 0.0** 19.50 ± 0.5** 0.00 ± 0.0 

A. flavus  17.50 ± 1.0* 11.00 ± 1.0* 11.00 ± 1.0* 17.50 ± 0.5** 13.00 ± 1.0* 11.00 ± 1.0* 15.50 ± 0.5** 18.50 ± 0.5** 0.00 ± 0.0 
Penicillium 
sp. 

15.50 ± 1.0* 20.00 ± 1.0* 15.50 ± 0.5* 19.50 ± 0.5** 18.00 ± 1.0* 15.00 ± 0.0* 17.50 ± 2.5** 19.50 ± 0.5** 0.00 ± 0.0 

Microsporu
m gypseum  

12.00 ± 1.0* 15.00 ± 1.0* 15.00 ± 1.0* 19.00 ± 1.0** 17.50 ± 1.5* 14.50 ± 1.5* 15.50 ± 1.5** 21.00 ± 1.0** 0.00 ± 0.0 

N.B: Ag-NPs = Silver nanoparticles; mg/mL = Milligram per milliliter; DMSO = Dimethylsulfoxide; Results are expressed as as mean value ± standard error in mean; * = 
Treatment mean do not differ significantly (p > 0.05) from each other at 95 % confidence interval; ** = Treatment mean differ significantly (p < 0.05) from each other at 95 % 

confidence interval 
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3.3 Antimicrobial Profile 
 
The result of the antibacterial effect of the Ag-
NPs extracted from A. muricata seeds and the 
standard drug (ciprofloxacin) is summarized in 
Table 6. From the result, the highest zone of 
inhibition was observed against Vibrio sp. (27.50 
± 7.5 mm) at a concentration of 30 μg/mL. The 
lowest zone of inhibition (7.50 ± 0.5 mm) was 
also recorded against the same isolate and at the 
same concentration of the silver nanoparticle. 
The result of the antifungal effect of the Ag-NPs 
extracted from Annona muricata seeds and the 
standard drug (ketoconazole) is summarized in 
Table 7. From the result, standard antifungal 
drug (ketoconazole) had the highest zone of 
inhibition of 21.0 ± 1.0 mm at 3.25 μg/mL against 
Microsporum gypseum while standard antifungal 
drug (ketoconazole) and Ag-NPs had the lowest 
zone of inhibition of 11.0 ± 1.0 mm at 15.0 μg/mL 
and 7.5 μg/mL against Rhizopus sp. and 
Aspergillus flavus. The negative DMSO control 
has no zone of inhibition on any of the indoor 
bacterial or fungal strains. 
 

4. DISCUSSION 
 

The antimicrobial efficacy of biogenic AgNPs 
against ten prevalent environmental air bacteria 
and fungi was investigated in this exploratory 
work. The biogenic AgNPs demonstrated broad 
spectrum antibacterial and antifungal activity 
against all ten environmental species. In this 
study, five bacterial and fungal isolates each 
were selected from various indoor sampling 
areas (lecture halls and office rooms) within the 
premises of Chukwuemeka Odumegwu Ojukwu 
University (COOU) Uli Campus. In comparison to 
lecture rooms, office rooms had a higher 
bacterial count (7.5 x 109 CFU/m3) and fungal 
count (3.20 x 108 CFU/m3). Bacterial isolates 
IBA, IBB and IBE were identified as Aeromonas 
sp., Pseudomonas sp. and Vibrio sp. whereas 
isolates IBC and IBD were identified as 
Staphylococccus spp. The five most predominant 
fungal isolates were selected and were finally 
identified as Rhizopus sp. IFA, Aspergillus niger 
IFB, Aspergillus flavus IFC, Penicillum sp. IFD 
and Microsporum gypseum IFE. Similar finding 
was published by Schroder et al. [25] who 
reported that the five fungal species identified 
were; Aspergillus sp., Ulocladium sp., 
Coprinellus sp., and two isolates of Penicillium 
sp. and they represent the most common 
environmental saprophytes encountered in 
indoor and outdoor air. Abdel – Aziz and Radwan 
[1] reported that their indoor analyses revealed 

that the concentration of bacteria was higher 
than counts of fungi. In general, Gram-positive 
bacteria, Bacillus, Micrococci and Staphylococci 
were the predominant bacterial strains in the 
schools under their study and this is not in line 
with the observation made in this study. 
However, similar to our observation, they 
reported that the fungal flora isolated from indoor 
air of sampled schools showed dominant species 
like Aspergillus species, Penicillium species and 
Alternaria species. These findings suggest that 
the indoor environment in the lecture rooms and 
office rooms is heavily contaminated with 
bacteria and fungi, which could pose a potential 
health risk to individuals working or studying in 
these spaces. The identification of specific 
bacterial and fungal strains can help in the 
implementation of targeted strategies for their 
control and prevention. The results also highlight 
the importance of regular monitoring and 
maintenance of indoor air quality to promote a 
healthy and safe environment. 
 
The result in Figs. 1 and 2 depicts the 
absorbance peak maximal as well as the Fourier 
transformed infra-red spectroscopy of the 
biosynthesized silver nanoparticles. The peak 
observation (0.876 at 340 nm) in this study could 
be as a result of excitation of surface plasmon 
resonance of metal and plant extract 
constituents. Previous studies by Okaiyeto et al. 
[8] reported similar absorbance peak wavelength 
range of 290 to 360 nm. Furthermore, a peak 
band of vibration frequencies of 679.6103 cm-1 
and 886.6515 cm -1corresponds to C - Cl (alky 
halides) stretching, while the vibration 
frequencies of 1050.146 cm-1, 1297.237 cm-1, 
and 1387.877 cm-1 corresponds to C - O (ethers 
group) and C - N (Amine group) group stretching. 
Also, the peak band of 1631.851 cm-1, 1861.839 
cm-1, 2003.006 cm-1 and 2457.452 cm-1 
corresponds to C = O (Carbonyl group) 
stretching. The vibration frequencies of 2520.073 
cm-1, 2624.198 cm-1, 2874.754 cm-1, 2982.065 
cm-1, 3160.414 cm-1 and 3262.022 cm-1 
corresponds to C - H (hydrocarbyl group) 
stretching and finally the vibration frequencies of 
3531.646 cm-1 and 3668.566 cm-1 corresponds to 
N - H (Amine and Hydroxyl groups) stretching. 
These diversities of functional groups as the 
components of the biosynthesized nanoparticles 
act as a capping, stabilizing and reducing agents 
[8]. The results in Table 6 and Fig. 3 revealed the 
main peaks are at (2θ) angles 8.55, 27.67, 32.11, 
34.25, 38.05, 39.82, 44.29, 57.39, 64.53 and 
68.84 by comparing JCPDS Cards No. 00-004-
0783 and No. 00-041-1402). All diffraction peaks 
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correspond to the characteristic face centered 
cubic (FCC), the typical pattern of AgNPs [8;26]. 
Also, the crystallite grain size of the 
biosynthesized particle ranged from 8.81 - 31.96 
nm with an average size 17.89 nm using 
Scherrer equation. Previous studies by Uba and 
Genevieve [27], Okafor et al. [28] and Rajput et 
al. [29] reported that the average size of the 
AgNPs synthesized was approximate to be ~ 50 
and 13 nm, respectively which is obtained using 
similar formula. The result in Fig. 4 depicts that 
the irregular shaped granulated compact powder 
and brighter facets micrographic descriptions 
obtained in this study is in line with the 
observation made by previous studies carried out 
by Rajput et al. [29] and Shittu and Ihebunna 
[30]. Generally, these findings provide important 
insights into the physicochemical properties of 
the biosynthesized silver nanoparticles and pave 
the way for future studies in this field. 
 
Silver is known to exhibit broad-spectrum 
antimicrobial activity, including bactericidal and 
fungicidal activity [31]. This is due to its small 
loss of optical frequency during surface plasmon 
propagation, non-toxicity, high electrical and 
thermal conductivity, and stability under ambient 
conditions. In this study, the results presented in 
Tables 7 and 8 indicated increased the 
antimicrobial activities of A. muricata AgNPs 
(7.50 – 27.50 mm and 11.00 – 19.50 mm), 
ciprofloxacin (10.50 – 20.50 mm) and 
ketoconazole (11.00 – 21.00 mm) standard 
antibiotics as their concentrations (3.25 µg/mL – 
30.00 µg/mL) increased on the tested bacterial 
and fungal strains after 24 – 72 hr study period. 
The Vibrio sp. was the most and least inhibited of 
the tested five bacterial strains. The Microsporum 
gypseum was the most inhibited while the 
Rhizopus sp. and Aspergillus flavus were the 
least inhibited of the fungal strains.  Statistically, 
there was significant (P < 0.05) inhibition among 
the means of A. muricata AgNPs, ciprofloxacin 
and ketoconazole treatment doses on the tested 
bacterial and fungal strains but significant (p > 
0.05) was not detected only in the means of A. 
muricata AgNPs treatment doses on the tested 
bacterial strains. The possible reason for these 
significant inhibitions by A. muricata AgNPs 
could be attributed to the adhesion of their larger 
surface area to the tested bacterial and fungal 
strains leading to inhibition of numerous 
physiological and biochemical processes such as 
disturbing cell-wall permeability and cellular 
respiration in the cell, and subsequent 
destruction of the tested microbial cells [11,12]. 
These observations are consistent with previous 

reports that have demonstrated the potential of 
silver nanoparticles as antimicrobial agents 
[32,33].  The high surface area to volume ratio 
and unique properties of silver nanoparticles, 
such as their ability to generate reactive oxygen 
species, have been identified as key factors 
contributing to their antimicrobial activity 
[8,33,34].  
 
In the current study, the silver nanoparticles 
produced higher inhibition zones against the 
tested bacteria and fungi than the standard 
antibiotic ciprofloxacin. This finding is in contrast 
to a previous report by Okaiyeto et al. [8] who 
observed higher inhibition zone diameters from 
the standard antibiotic compared to the 
nanoparticles. The difference in results could be 
attributed to the nature of the plant extracts used 
in the two studies. Okaiyeto et al [8] used water 
extract of O. genistifolia leaves whereas water 
extract of A. muricata seed, which has reportedly 
high antimicrobial properties [35], was used in 
this study. The results of this study, thus, provide 
further evidence for the potential of silver 
nanoparticles as effective antibacterial agent, 
particularly when used at higher concentrations. 
 
In a similar study by Alananbeh et al. [36], the 
authors investigated the effect of silver 
nanoparticles on the growth of four fungal 
strains; Penicillum chrysogenum, Aspergillus 
niger, Aspergillus flavus and then Rhizopus sp. 
and found a gradual reduction in growth as the 
concentration of the nanoparticles increased. 
Similarly, Gao et al. [37] reported successful 
application of different shapes and 
concentrations of silver nanoparticles against 
various fungal strains, including Fusarium, 
Aspergillus and Alternaria alternate. The results 
showed high inhibition, highlighting the potential 
of silver nanoparticles as antifungal substances. 
However, the antifungal activity of the 
biosynthesized AgNPs in this study was found to 
be lower compared to the positive control 
ketoconazole. This could be attributed to the use 
of crude plant extracts in the synthesis of the 
Ag/AgNPs instead of pure compounds. 
Therefore, the results of this study also suggest 
that biosynthesized Ag/AgNPs could potentially 
be used as antifungal agent, but more 
considerations need to be taken into account. 
 

5. CONCLUSIONS 
 
The findings of this study indicated that fungi and 
bacteria were present in the examined indoor 
environments. The identified microorganisms are 
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potential public health pathogens of concerns. 
The synthesis of silver nanoparticles using A. 
muricata seed is inexpensive and 
environmentally friendly. The silver nanoparticles 
displayed significant antimicrobial activities 
against the prevalent environmental air bacteria 
and fungi and therefore could be recommended 
as possible biocide where there is contamination 
or public health risk of indoor bacteria and fungi. 
However, further studies are needed to optimize 
AgNPs synthesis and to investigate the potential 
of AgNPs in out-door settings and their safety for 
human and environmental health. 
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