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Biosynthesis of Staphylococcus aureus OS-silver nanoparticles and 
their antimicrobial and protective effects on coated paper money
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ABSTRACT
Introduction: Currency notes harbor and transmit infectious microorganisms if handled without
proper care. Hence, in this study, silver nanoparticles biosynthesized from autochthonous S. au-
reus OS (S-AgNPs) isolated from Nigeria currency notes (Naira) were used to assess the antimicro-
bial activity of S-AgNPs against the pathogenic money microbiome and to determine their protec-
tive effect on coated currency notes. Methods: Naira notes (15) each, were randomly collected
from poultry product sellers, food vendors, fish, sellers, and shopkeepers in Ondo City, Nigeria. A
molecular tool was used for the identification of bacterial isolates using 16S ribosomal RNA gene
sequences. Staphylococcus aureus-silver nanoparticles (S-AgNps) were characterized by UV−visible
spectroscopy. The antibacterial and antifungal activities of the biosynthesized S-AgNPs against iso-
lated microorganisms were determined using the agar well diffusion method. Results: A total of
one hundred and twenty (120) S-AgNP-coated and non-coated papers were improvised as cur-
rency notes and randomly distributed among preinformed business owners. The highest bacterial
count of 7.90 cfu/mL was recovered from Naira notes collected from food vendors. The highest
fungal count of 4.70 cfu/mL on the Naira note was collected from poultry product sellers. S. au-
reus had the highest frequency of 29.60%. At 5.0 µg/mL, the S-AgNPs had the greatest inhibitory
effects (17.30 mm) on Streptococcus pyogenes and Rhizopus stolonifer. The provided currency notes
coated with the biosynthesized S-AgNPs showed no growth of microorganisms. Biosynthesized
S-AgNPs showed pronounced antimicrobial potential against pathogenic microorganisms isolated
from currency (Naira notes). Conclusion: AgNPs can be used as coating agents during currency
production to minimize the spread of disease-causing pathogenic microorganisms.
Key words: Currency, Naira note, food vendors, nanoparticles and nanomaterials, microbiome

INTRODUCTION
Currency notes are handled by large numbers of peo-
ple, are widely exchanged for goods and services,
or are presented as gifts. Currency notes are often
contaminated by droplets during coughing, sneezing,
touching hands, and placing on dirty surfaces during
handling or transaction and thus are capable of ab-
sorbing, harboring, and transmitting infectious mi-
croorganisms1. In some countries, most people are
not habituated to washing their hands after handling
coins and banknotes. In some countries, many people
are involved in the use of wetting fingers with saliva
for manual counting of currency notes2. The sales-
men or saleswomen of fish, poultry products, fruits,
and vegetables in the markets or shops handle money
and their respective goods simultaneously, neglecting
hand washing between their tasks3. Banknotes are
contaminated with oil, blood, and animal waste dur-
ing food preparation or animal slaughtering4. Sim-
ilarly, banknotes are stepped on by dirty shoe soles
when they fall on the ground when sprayed during

several events and ceremonies, and the continuous
habit of squeezing paper currencies weakens them
and makes them prone to microbial contamination.
These unhygienic practices introduce the risk of cross-
contamination, possibly resulting in random cases of
infectious diseases among sellers and customers.
Paper currency notes are susceptible to bacterial con-
tamination during continuous handling from person
to person; they are stored in contaminated polythene
and leather bags under moist, sweaty, and dark con-
ditions that are favorable for the growth of differ-
ent pathogenic microorganisms5,6. The relatively dirt
and older banknotes accumulate more microorgan-
isms and increase the number of microorganisms cir-
culating among their handlers, which indicates that
the lower the index values of the money are, the
greater themicrobial contamination of the currency 7.
Paper currency money is a particular threat to public
health since contagious diseases can broaden through
contact with currencies8. The high rates of micro-
bial contamination of currency by harmful pathogens
could be associated with gastroenteritis, pneumonia,
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throat infection, tonsillitis, peptic ulcers, urinogenital
tract infection, and lung abscess9.
Enterobacteriaceae,Mycobacterium tuberculosis, Vib-
rio cholerae, Bacillus species, Staphylococcus sp., Mi-
crococcus sp. and Corynebacterium sp. are likely
contaminants of currency notes, which could be
pathogenic, possess multidrug resistance and serve as
a vehicle for infectious diseases in the community 10.
The contamination of pathogenic microorganisms on
banknotes is of great concern for public health 11.
Currently, banknotes contain harmful microorgan-
isms that are resistant to commonly used antibiotics,
and contaminated currency notes remain in circula-
tion without any discontinuity. Hence, there is a need
for an alternative strategy to incorporate inhibitory
substances into banknotes to suppress the incidence
and occurrence of pathogenicmicroorganisms, which
will minimize the transmission of diseases associated
with pathogenic microorganisms. As a menace to
curb the incidence of disease transmission through
banknotes, nanocoating of currency notes is an eco-
friendly approach for manufacturing new banknotes
that prevents the growth of any pathogenic microor-
ganisms and reduces cross-contamination and dis-
infection by reducing disease-causing microorgan-
isms12. Nanoparticles (NPs) have been validated
to be fascinating and effective at inhibiting infec-
tious disease-causing microorganisms and multiple
antibiotic-resistant bacteria. Therefore, in this study,
silver nanoparticles (AgNPs) were biosynthesized via
Ag+ reductionwith the culture supernatant of Staphy-
lococcus aureus isolated fromNaira notes. The in vitro
antimicrobial activity of S. aureus-AgNPs (S-AgNPs)
against multiple antibiotic-resistant microorganisms
was established. This study further assessed the mi-
crobial quality of improvised currency notes coated
with S-AgNPs.

MATERIALS ANDMETHODS
Collection of Naira notes
Naira notes of different denominations were collected
from the Akinjagunla market, Ondo city, Nigeria.
Naira notes (15 each) of different denominations were
obtained from shopkeepers, poultry product sellers,
food vendors, and fish sellers.

Isolationand identificationofmicrobial iso-
lates fromNaira notes
A wet sterile cotton swab was rubbed thoroughly on
both surfaces of the naira notes. The swab was in-
serted into sterile peptone water. Serial dilutions were
carried out, and an aliquot of 104 was spread on sterile

nutrient agar and PDA (Hi-Media, India) plates. The
plates were incubated at 37 ◦C for 24 hours for bacte-
ria and at 25 ◦C for 48 hours for fungi. After incuba-
tion, distinct colonies were subcultured to obtain pure
colonies. The colonies were Gram-stained and sub-
jected to different biochemical tests, such as catalase
test, coagulase, citrate, methyl-red, Voges-Proskaeur,
and sugar fermentation, using the methods described
by Olutiola et al.13 and Cheesebrough14. Using the
reactions of bacteria to biochemical tests, the iden-
tity of bacterial isolates was determined using Krieg
et al.15.

Molecular identification of Staphylococcus
aureus strain OS

The Staphylococcus aureus strain OS was selected for
further studies because it can form silver nanopar-
ticles with a change in color during the reaction.
It was further identified using the 16S rRNA gene
sequence-based method. The quality and integrity
of the total genomic DNA of S. aureus were checked
by agarose gel electrophoresis and quantified by us-
ing an ultraviolet−visible spectrophotometer (Shi-
madzu). PCR analysis was performed with a 16S
primer. The PCR mixture comprised 50 ng of ge-
nomic DNA, 1.0 µL of 10X buffer, 0.4 µL of 50 mM
MgCl2, 0.5 µL of 2.5 µM dNTPs, 0.5 µL of 5 pmol of
each primer, 1.25 units of 0.5 µL of Taq DNA poly-
merase and distilled water to make up a 10 µL reac-
tion mixture. PCR was performed for 35 cycles in a
MycyclerTM (Bio-Rad, USA)with initial denaturation
for 3 min at 94 ◦C, cyclic denaturation for 30 s at 94
◦C, annealing for 30 s at 58 ◦C and extension for 2min
at 72 ◦Cwith a final extension of 7 min at 72 ◦C. After
PCR, the reaction products were analyzed by agarose
gel electrophoresis.
The PCR products were purified with ExoSAP, and se-
quencing was performed using the Big Dye Termina-
tor Cycle Sequencing Kit v.3.1 (Applied Bio Systems,
USA).The sequence productswere resolved on anAp-
plied Biosystems 3130XL automated DNA sequenc-
ing system (Applied Biosystems, USA) at Macrogen,
Inc., Seoul, Korea. The 16S rDNA sequence data ob-
tained were further aligned using the BioEdit pro-
gram. The 16S rDNA sequence of S. aureus was
analyzed by the Basic Local Alignment Search Tool
(BLAST) bioinformatics program on the National
Centre for Biotechnology Information (NCBI) web-
site, and the sequences were compared with those in
GenBank.
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Biosynthesis of S-AgNPs
A pure culture of S. aureus (18 h old) was inoculated
into a 250 mL Erlenmeyer flask containing 100 mL
of nutrient broth and incubated in an orbital shaker
(BSOT-602, BioLAB, Canada) at 27 ◦C and 200 rpm
for 48 hours. The cultured bacteria were harvested af-
ter 48 hours and centrifuged at 12,000 rpm for 15min
at 10 ◦C.The supernatant was collected for further re-
action to synthesize nanoparticles16. The culture su-
pernatant used for the production of silver nanopar-
ticles was mixed with filter-sterilized AgNO3 solu-
tion at 1 mM. The bacterial biomass was taken for
intracellular synthesis; 2.0 g of wet biomass was re-
suspended in 100 mL of a 1 mM aqueous solution
of AgNO3. The reaction between the culture super-
natant and Ag+ions was carried out under light con-
ditions for 72 hours. Visual observation was con-
ducted periodically to check for nanoparticle forma-
tion. The color change from yellow to brown indi-
cated the production of silver nanoparticles (AgNPs)
and the efficient reduction of Ag+ using S. aureus

Characterizationof the biosynthesized S-
AgNPs
The formation of the reduced silver nanoparticles
in the colloidal solution was monitored by using a
UV−vis spectrophotometer (Shimadzu). The absorp-
tion spectra were measured at 280-700 nm.

Antimicrobial Activity of S-AgNPs
Pure cultures of bacteria and fungi were subcultured
on Muller–Hinton broth and potato dextrose broth,
respectively, to obtain 18–24 h-old cultures. The tur-
bidity of the inoculum was adjusted to 0.5 McFarland
standard at 600 nm using a UV−vis spectrophotome-
ter (Shimadzu). The inoculum was spread uniformly
on plates using sterile cotton swabs and allowed to
stand for 40 minutes. Wells 4 mm in diameter were
made on agar plates using a cork borer (4 mm). Us-
ing a micropipette, S-AgNPs at concentrations of 2.0
µg/mL and 5.0 µg/mL were dispensed into each well
of a Petri dish. The experiment was performed in trip-
licate. The antibiotics amoxicillin and folic acid were
used as positive controls. All the inoculated plates
were incubated at 37 ◦C for 18-24 hours for bacteria
and at 25 ◦C for 48-72 hours for fungi thereafter, the
zone of inhibitionwasmeasured inmillimeters (mm).

Circulation of the improvised coated Naira
notes
The updated currency notes were coated with S-
AgNPs by using a sterile brush and air-dried in a UV

laminar hood (LHG-4AG, Germany). Three repli-
cates of coated S-AgNP (60) and non-coated impro-
vised currency notes (60) were distributed to different
occupational groups, such as poultry product sellers
(PSs), fish sellers (FSs), food vendors (FVs) and shop
keepers (SKs). The improvised currency notes were
allowed to thoroughly exchange hands and were col-
lected for microbiological examination after 7 days.

Microbiological assessment of retrieved
paper currency
Each of the improvised paper notes (coated with S-
AgNPs and uncoated) was retrieved from various oc-
cupational groups. The improvised paper notes were
soaked in 20 mL of sterile distilled water and vig-
orously agitated for 5-10 minutes. Serial dilutions
of the resultant solution were made up to a fac-
tor of 10−5. One hundred microliters was pipetted
into Petri dishes containing sterilized nutrients, and
potato dextrose agar was added to the Petri dishes.
The plates were incubated at 37 ◦C for 24 hours, while
the PDA agar plates were incubated at 25 ◦C for 24
hours.

Data analysis
The data were statistically analyzed using SPSS ver-
sion 20, themeans of the zones of inhibition were sep-
arated using new Duncan’s multiple range tests and
one-way ANOVA, and significant differences were
considered at p≤ 0.05.

RESULTS ANDDISCUSSION
The bacterial and fungal counts (cfu/mL) from Nige-
ria currency collected from poultry products, fish,
food and shopkeepers by different vendors are shown
in Table 1. The bacterial count ranged from 1.4× 106

to 7.9 × 106 cfu/mL. The fungal count ranged from
3.0× 104 to 4.7× 105cfu/mL.Themicrobial count re-
ported in this study is greater than what was reported
in the findings of Umeh et al.17 The researchers re-
ported a viable count of 8.4 x 104 to 7.2 x 105 CFU
mL−1. Ofoedu et al.18 reported a mean value of 8.91
× 103 to 1.17 × 105 CFU mL−1 when Naira denom-
inations collected from different local food vendors
who sold fruit, meat, vegetables, fish, and grains were
examined. Likewise, Allan et al.19 reported bacte-
rial counts of 4×102 cfu/mL to 6.8×109 cfu/mLwhen
paper currency notes from food vendors in the Mu-
lagoHospital complex inUgandawere examined. The
variability in microbial counts could be a result of
years of experimental studies, the age of the currency
notes, sources of the money collected, the duration in
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which the money has been in circulation, and han-
dling methods. Quite a number of microorganisms
have the potential to survive on currency notes since
substrate materials, polymers and cotton-based cur-
rency notes play a significant role in bacteria found
on banknotes due to other factors, such as socioeco-
nomic status, production date, presence, and persis-
tence of foodborne pathogens7. The Naira currency
appeared more contaminated, as shown in Table 1,
with varying degrees of bacterial and fungal counts.
This is because there is greater dependence and fre-
quency of usage in Nigeria for daily transactions since
there are fewer users of electronic payment cards, mo-
bile payment methods, and near-field communica-
tion systems with cryptocurrencies not currently in
use. Therefore, cash exchanges are a significantmeans
of exchange for a wide range of purchases in Nige-
ria. Daily transactions of banknotes through many
hands, the use of contaminated currency counting
machines with bacteria and fungi, and no specific dis-
infective methods designed by banks are considered
factors associatedwith the likelihoodof recycling con-
taminated banknotes with pathogenic microorgan-
isms and disease-causing microorganisms20,21. The
studies of Moosavy et al.22 revealed that bank notes
from confectionaries, meat shops, green groceries,
bakeries, supermarkets, food services, and poultry
meat retail outlets contain a significant vehicle for dis-
seminating pathogens due to diverse microbial popu-
lations.
TheTable 2 shows occurrence ofmicroorganisms iso-
lated from the Nakaira notes. S. aureus,E. coli, S.
typhi, Pseudomonas aeruginosa, S. pyogenes, Bacillus
subtilis, Aspergillus flavus, and R. stolonifer were iso-
lated, with the highest occurrence value of 29.60% for
S. aureus. Findings of Anidiobu et al.23 revealed the
occurrence of Escherichia coli (78%), Staphylococcus
aureus (66%), Klebsiella species (59%), Micrococcus
species (31%), and Pseudomonas aeruginosa (16%)
from Naira notes collected in Polytechnic Campus,
Ado-Ekiti, Nigeria. Similar microorganisms were re-
ported in the Findings of Yar24, revealed the pres-
ence of Escherichiacoli (28.2%), Staphylococcus aureus
(16.9%),Klebsiella species (11.3%), Salmonella species
(9.7%), Shigella species (8.9%), Pseudomonas aerug-
inosa (5.7%), and Proteus species when Ghana pa-
per currency notes were collected fromgrocery shops,
meat shops, vegetable shops, drivers, and canteens.
The high prevalence of S. aureus is similar to the find-
ings of Akoachere et al.25, who examined contam-
inated Franc CFA (XAF) in Buea (Cameroon), and
Grima et al.26, who examined paper currency denom-
ination from food vendors in Jimma Town, Southwest

Ethiopia. Sixty-seven Staphylococcus aureus strains 
with virulence genes, namely, cna icaA, hlg, and sdrE, 
were isolated from paper currency, which indicated 
that paper currency serves as a carrier for the spread 
of resistant bacterial pathogens27. These microorgan-
isms on currency notes are pathogenic and/or oppor-
tunistic and occur as a result of poor handling and 
nonhygienic practices of the sellers and people in-
volved3.
Fungal species were isolated from Naira notes. 
Ahmed et al.28 reported Aspergillus flavus oc-
currence (3.12% — 25.70%) from currency notes 
collected from fish sellers, food vendors, poultry 
products sellers, and shopkeepers. Paper money was 
contaminated by several fungal pathogens, such as 
Aspergillus niger, Aspergillus flavus, Rhizopus 
spp., Penicillium spp., Candida spp., Trichoderma 
spp., Trichoderma viride, Alternaria tenuis, A. 
paraticus, Sporotrichum spp., and Fusarium spp., 
and parasitic species of different helminths, such as 
parasitic ne-matodes and tapeworms such as Ascaris 
lumbricoides, Trichuris trichiura, Enterobius 
vermicularis, hook-worm, Strongyloides 
stercoralis, and Dipylidium caninum26. The 
occurrence of microorganisms on banknotes 
remains an environmental vehicle for the 
transmission of potential disease-causing 
microorganisms8.
The molecular identity of the S. aureus strain OS, a 
bacterium that reduces silver nanoparticles, is shown 
in Figure 1. The UV–Vis spectrum of the biosyn-
thesized S-AgNPs exhibited absorption in the range 
of 300–700 nm, as shown in Figure 2. A peak at 
~~420 nm was obtained for the S-AgNPs, which in-
dicated the formation and stability of the reduced 
Ag-NPs. Nanda and Saravanan29 revealed a similar 
UV–Vis peak at approximately 420 nm, which 
confirmed the formation of metal nanoparticles with 
Staphylo-coccus aureus to provide surface plasmon 
resonance. UV−Vis spectroscopy was used to detect 
the forma-tion of silver nanoparticles when the 
colored nanopar-ticle solution showed a peak at 
~400 nm 30. The re-duction of Ag+ ions was clearly 
visible when the su-pernatant of S. aureus was added 
to AgNO3, and the color changed from pale yellow to 
brown, indi-cating the formation of silver 
nanoparticles. The ex-tracellular process involved in 
the reduction of met-als, metal oxides, or metalloids 
for synthesis by mi-crobial enzymes, proteins, and 
bacterial or fungal cell wall components is simple, 
convenient, inexpensive, stable, and eco-friendly31.
S-AgNPs displayed zones of inhibition against all 
tested microorganisms (Table 3). The zones of in-
hibition were 7.70 mm to 16.00 mm at 2.0 µ g/mL
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Table 1: Microbial counts fromNaira currency notes collected from shops and vendors

Weeks Poultry
products’
sellers

Fish sellers Food
sellers

Shop
keepers

Poultry
products
sellers

Fish
sellers

Food
sellers

Shop
keepers

Bacterial count (106 × CFU/g) Fungi count (105 × CFU/g)

1 7.5 4.7 5.9 2.7 3.0 2.2 2.0 1.6

2 7.8 5.9 6.7 4.5 4.7 1.2 3.2 0.3

3 5.9 3.3 7.9 2.6 1.2 2.7 1.6 0.6

4 2.8 6.7 3.0 1.4 4.0 2.9 1.5 2.4

5 3.5 4.8 4.5 3.0 1.8 2.2 3.7 0.6

6 3.8 4.7 3.8 2.8 2.5 4.3 1.8 1.0

The values are the means of replicates (n = 3)

Table 2: Occurrence (%) of microorganisms in Naira notes from food vendors and shopkeepers

Microorganisms Poultry
product
seller

Fish seller Food seller Shop keeper n % occurrence

Bacteria

S. aureus + + + + 21 29.60

E. coli + + + + 10 14.10

S. typhi + + + + 8 11.30

P. aeruginosa + + + + 8 11.30

S. pyogenes + + + - 6 8.50

B. subtilis + + - + 3 4.20

Fungi

A. flavus + + + + 8 11.30

R. stolonifera + + + + 7 9.80

n = number of isolates

and 8.30 to 17.30 mm at 5.0 µg/mL. Similar find-
ings were reported by Peiris et al.32 for the antimicro-
bial activity of S-AgNPs. Researchers revealed zone
inhibition of 12.7 to 14.7 mm against E. coli, Pseu-
domonas aeruginosa, methicillin-resistant Staphylo-
coccus aureus, and Candida albicans. Similarly, silver-
cellulose nanoparticles (AgNps-C) and silver-starch
nanoparticles (AgNps-S) inhibited the microorgan-
isms E. coli, P. aeruginosa, K. pneumoniae, Bacillus
subtilis, Streptococcus faecalis, C. albicans and oth-
ers with minimum inhibitory concentrations rang-
ing from 125 to 500 µg/ml33. In this study, silver
nanoparticles with autochthonous Staphylococcus au-
reus OS (S-AgNPs) also inhibited the growth of bac-
teria and fungi. Biosynthesized AgNPs exert antimi-
crobial activity against bacteria and fungi by adher-
ing to the surface of the cell wall and membrane, in-

filtrating microbial cells, and damaging intracellular
structures and biomolecules, namely, proteins, lipids,
and DNA16. AgNPs induce cellular toxicity and ox-
idative stress and modulate signal transduction path-
ways, which leads to microbial dysfunction and ulti-
mately to the death of microorganisms34,35.
The microbiological qualities of the improvised cur-
rency notes coated with S-AgNPs and noncoated cur-
rency paper are shown in Table 4. Bacterial counts
of 1.00 x 106 cfu/mL to 8.0 x 106 cfu/mL and fun-
gal counts of 1.02 x 106 cfu/mL to 6.00 x 106 cfu/mL
were observed on the improvised and non-S-AgNP-
coated paper, respectively. The improvised currency
notes coated with S-AgNPs have no microorganisms
from dilution 106. The coated paper reflected the an-
timicrobial activity of the S-AgNPs by suppressing the
growth of contaminating microorganisms. This was
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Figure 1: Evolutionary tree: the relationship between S. aureus strain OS and other bacteria synthesizing
AgNPs.

supported by the findings of Al-Kadmy12, who re-
vealed that coating currency notes with AgNO3 led to
lower microbial counts and was more effective at con-
trolling the growth of methicillin-resistant S. aureus
(MRSA), vancomycin-resistant Enterococcus feaecium
(VRE), the extended spectrum of beta lactamases
(ESBL) producing E. coli, and multidrug-resistant
Acinetobacter baumannii (MDRAB). Vriesekoop et
al.21 revealed that persistent bacteria on “silver” and
“gold” coins died. Studies by Mikhailova34 revealed
that metals and alloys inhibited and were toxic to
bacteria and fungi. AgNPs destroy multiple drug-
resistant strains and prevent biofilm formation, in-
dicating significant potential in antibacterial applica-
tions36. The use of nanoparticles in currency notes
and awareness of good personal hygiene will reduce
the contamination of circulating currencies and miti-
gate the growth of pathogenic microorganisms.

CONCLUSION
S-AgNPs inhibited seven microorganisms isolated
from Naira notes. Biosynthesized S-AgNPs can be
coated on currency notes due to their potential an-
timicrobial activity against currency-contaminating
microorganisms. This will reduce the risk of infec-
tions associated with these pathogenic microorgan-
isms present in banknotes. The hygienic status of ban-
knotes needs to be improved by sensitizing the han-
dling, vendor’s business owners, and individuals by
government-approved agencies. Currencies can be
coated with nanoparticles in an eco-friendly manner
to prevent the risk of microbial infection on handlers.

SIGNIFICANCE STATEMENT
Thedaily transactions of currency banknotes through
many hands and contaminated counting machines
with old age-currency notes have increased the trans-
mission of disease-causing bacteria and fungi to hu-
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Figure 2: UV−Vis spectra of S. aureus biosynthesized with silver nanoparticles (S-AgNPs).

mans. This, therefore, requires urgent attention. The
use of nanoparticles in currency notes will suppress
the growth of contaminated microorganisms and fur-
ther minimize the transmission of diseases.
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