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Nanoparticles have been focussed on greatly to determine their application
in various fields of science. Their versatility, which is a result of their
size, is the key to their ability to be applied in varying areas of industry.
The medical and pharmaceutical fields have seen a rise in resistance to the
current treatment regimes available against some bacterial and fungal in-
fections among human beings and animals. This raises a need to find oth-
er ways to treat the particular microbes, which have become resistant.
This study is focussed on the determination of the ability of nanoparticles
to elicit antifungal and antibacterial activities, hence, providing a plat-
form or an option for their use in this regard. The nanoparticles of ZnO,
ZnS, FeS,, and SnO, are tested for antibacterial and antifungal activities
using the well method. Varying amounts of the nanoparticles are loaded
into the wells and observed for the development of inhibition zones after
24 hours of culture at 37°C. The nanoparticles of FeS, and ZnO are man-
aged to show broad-spectrum activity against the various bacterial and
fungal isolates used in this study as evidenced by the fabrication of clear
zones of inhibition.

Benury yBary nmpupgindiaca HaHOUACTHUHKAM, 100 BH3HAUMTU iXHi 3acTocy-
BAHHSA B Pi3HUX TaJIy3dX HAYKHU. IXHA yHiBepcalbHICTB, AKa € Pe3yJIbTATOM
IXHBOTO PO3Mipy, € KJIIOUEeM J0 iXHbOI 3JaTHOCTU 3aCTOCOBYBATHUCS B Pi3HUX
rajys3sax HOPOMMCJIOBOCTH. ¥ MeIWYHIiN i (papMalleBTUUYHINA Traays3sx CIOCTe-
piraeThcsa 3pocTaHHS PE3UCTEHTHOCTH A0 HAABHUX PEKUMIB JiKyBaHHS me-
AKX OaKTepiAdbHUX i rpumbKoBuMX iHGeKIiit cepex mawoxeit i TBapuu. Ile
cOpUYMHsAE MOTPeby 3HAWTH iHII crocobu 0O0pPOOJIEHHS KOHKPETHUX MiKpo-
0iB, AKi cranu crifikumu. Jlame gociigsKeHHs O0yJI0 30cepelKeHO Ha BU3HA-
YeHHi 3JaTHOCTH HAHOUACTUHOK BUABJATH MPOTUTPUOKOBY i aHTHOAKTEPisd-
JbHY aKTHUBHOCTi, OTiKe, 3a0esmneuyoouu maaTdopMmy abo BapigHT AJA BUKO-
pucTaHHA iX B 1boMy BigmormenHi. Hanmouactruuku ZnO, ZnS, FeS, i SnO,
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mepeBipsaan Ha aHTHUOAKTEPiAJAbHY Ta NPOTUTPUOKOBY AKTHBHOCTI METOIOM
ayHKU. PisHy KinbKicTh HAHOYACTMHOK 3aBaHTAXKyBaJIU B JYHKU Ta CIOCTe-
piramu 3a po3BUTKOM 30H iHTribyBamHsa mmicis 24 roguH KyJbTHUBYBaHHS 3a
37°C. Hanouactuuku FeS, i ZnO moxasanu IMUPOKUH CIEKTEP aKTUBHOCTU
IPOTU PiBHUX O0AKTEPiANbHUX i IPUOKOBUX i30JIATiB, BUKOPHUCTAHUX y I[HO-
MYy OOCJiIKeHHi, PO IO CBiAUNUTL YTBOPEHHS UiTKUX 30H iHriOyBaHHI.

Key words: nanoparticles of ZnO, ZnS, FeS, and SnO,, antifungal and an-
tibacterial activities.

Karouori ciosa: manouactuaku ZnO, ZnS, FeS, i SnO,, nmporurpubrosa i
aHTHOaKTepiAIbHA aKTUBHOCTI.

(Received 18 November, 2023)

1. INTRODUCTION

Nanoparticles are understood to be particles that have a size be-
tween 1-100 nanometres [1]. They have been reported for applica-
tion in biomedicine, advanced materials, pharmaceuticals, electron-
ics, magnetics and optoelectronics, cosmetics, energy, and catalytic
and environmental detection and monitoring, communications, sens-
ing and data storage because of their important optical, electrical,
and magnetic properties [1, 2]. Nanoparticles are a revelation in the
medical field as they are said to be able to kill over 650 cells while
antibiotics kill ten percent of what nanoparticles can kill [3].

Major challenge has developed due to resistance by bacteria and
fungi to current treatment regimes, because of broad use and abuse,
hence, the need to develop and acquire new compounds for bacterial
treatments. For example, tuberculosis causing strains have devel-
oped resistance to antibacterial treatment that were effective
against it and the resistant strains are now causing new infections
that are resistant to current treatment regimes [4]. There is a lim-
ited range of antifungal drugs that are used against fungal infec-
tions, with systemic fungal infections being treated using four
mainline classes of molecules, which include fluoropyrimidine ana-
logues, polyenes, azoles, and echinocandins. Morpholines and allyl
amines have poor efficiency and severe adverse effects, when ad-
ministered systemically, hence, are not used like the other counter-
parts [5]. Hence, there is a great need to find new methods for
treating the bacterial and fungal infections.

Nanoparticles have been shown to have antimicrobial, anti-
inflammatory and wound healing properties [6, 7], but information
is still in its infancy as this is a new field. The small size of nano-
particles, a useful property in industry and medicine, has a direct
effect on the reactivity of the nanoparticles, which, as the size gets
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smaller, the reactivity increases and leads to higher toxic effects
[8]. According to Ref. [9], toxicity can be dependent on a variety of
factors, each factor being viable enough to cause toxicity and their
combinations with even greater levels of toxicity. These include
dose, size, surface area, crystal structure and chemistry, concentra-
tion, surface coating and functionalization.

Aggregation of particles has been noted when concentrations of
nanoparticles are very high, which lead to a reduction in the toxic
effect as compared to lower concentrations [10]. Smaller particles
which can get into cells easier have been seen to have higher toxici-
ty as compared to larger particles (or aggregates) as they are easily
stopped from entering the cells (macrophages) hence the low toxic
levels [11, 12]. Toxicity studies have been carried out in many re-
gards, with some studies taking advantage of the toxicity of nano-
particles to determine their abilities as antimicrobial [13] and their
capability to be antifungal agents. Reports have shown that green
synthesised ZnO nanoparticles have effective action against bacteri-
al and fungal pathogens [6], while the toxicity of CuO, ZnO and
TiO, nanoparticles tested against microalgae [14]. Toxicity of metal
oxide nanoparticles to E. coli, Bacillus subtilis and Streptococcus au-
reus were reported in Refs. [156—-17], and ZnO nanoparticles were
shown to have an antibacterial activity [18].

This study was aimed at determining the antibacterial and anti-
fungal activities of ZnO, ZnS, FeS,, and SnO, against a number of
fungal and bacterial isolates. The thrust being on taking advantage
of the toxicity of the nanoparticles to stop fungal and bacterial
growth and, in addition, determining whether an increase in con-
centration or dose has an effect on the activity. This will add more
knowledge to the growing field about the ability of these nanoparti-
cles as antimicrobials.

2. MATERIALS AND METHODS
2.1. Fungal and Bacterial Isolates
The fungal (Aspergillus niger and Aspergillus fumigatus) and bacte-
rial (E. coli, Bacillus cereus and Bacillus subtillis) isolates were ob-
tained from the ITM University microbiology department. These

were stored in a 4°C freezer and were revived by culturing them on
SDA or NA respectively at 37°C for 24 hours.

2.2. Nanoparticles

Nanoparticles were obtained from the ITM University physics de-
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partment, where they were synthesised using the solution gel meth-
od. The nanoparticles had a concentration of 0.5 M in 50 cc of eth-
anol.

2.3. Testing of Antifungal Activity of Nanoparticles

Sabouraud Dextrose Agar media, 100 ml, was prepared and auto-
claved together with 6 Petri dishes at 121°C at 15 lbs of pressure
for 15 minutes. Media was dispensed equally in a laminar airflow
cabinet into the 6 Petri plates and allowed to set. Two (2) wells
were punched at opposite ends on the set media on 4 of the Petri
plates using a sterile borer with a diameter of 6 mm. Four (4) of the
Petri plates were inoculated with Aspergillus niger or Aspergillus
fumigatus using a spreader. One Petri plate was also inoculated
with the fungi and used as a positive control and the negative con-
trol was the one not inoculated with the fungi.

2.4. Testing of Antibacterial Activity of Nanoparticles

Nutrient Agar media, 100 ml, was prepared and autoclaved together
with 6 Petri dishes at 121°C at 15 lbs of pressure for 15 minutes.
Media was dispensed equally in a laminar airflow cabinet into the 6
Petri plates and allowed to set. Two (2) wells were punched at oppo-
site ends on the set media on 4 of the Petri plates using a sterile
borer with a diameter of 6 mm. Bacterial suspension was made by
taking bacteria on an inoculating loop and suspending it in 1.2 ml
of sterilised distilled water. Using a micropipette, 40 uL of the sus-
pension was placed in a Petri plate and spread using a sterilised
glass spreader. Four (4) of the Petri plates were inoculated with E.
coli or Bacillus subtillis or Bacillus Cereus. One Petri plate, that
was not punched wells into, was also inoculated with the fungi and
used as a positive control and the negative control was one not in-
oculated with bacteria.

Nanoparticles of ZnO, FeS, SnO, or ZnS were loaded into one of
the wells aseptically using a micropipette at varying concentrations
of 15 pL, 20 pL, 25 pL and 30 pL and, in each Petri plate, an equal
amount of ethanol was loaded into the other well. The Petri plates
were then cultured at 37°C for 24 hours in an incubator. Cultured
plates were observed after 24 hours and were checked for develop-
ment of a circular zone of inhibition around the well inoculated
with nanoparticles or ethanol. The diameter of the zone of inhibi-
tion, if developed, was measured using a 30 cm metre rule and rec-
orded. The tests were done three times, and the results were then
averaged to get final values.



HIGHLY-EFFECTIVE ANTIFUNGAL AND ANTIBACTERIAL PROPERTIES 219

3. RESULTS AND DISCUSSION
3.1. Antifungal Tests Results

The nanoparticles used in the experiment produced results against
fungi as depicted in Figs. 1 and 2 using the well method. The re-
sults were based on the production of a zone of inhibition, whose
diameter was measured, to ascertain the activity of the particular
nanoparticle against the fungi.

The results presented in Fig. 1 show that FeS, and ZnO managed
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Fig. 1. Diameter of zone of inhibition results produced by nanoparticles at
varying concentrations against Aspergillus niger.
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Fig. 2. Diameter of zone of inhibition results produced by nanoparticles at
varying concentrations against Aspergillus fumigatus.
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to produce zones of inhibition against A. niger for all the concentra-
tions of nanoparticles used in the experiment. Whilst, SnO, and ZnS
produced negative results for all the concentrations used against A.
niger. According to Ref. [6], the presence of zone of inhibitions is
an indicator of the fungicidal action of the nanoparticles, with the
mechanism of action highly being that of ROS production. This was
in agreement with results obtained in this study. The diameter of
the zone of inhibition increased for FeS, and ZnO, which had posi-
tive results, as the concentration of the nanoparticles increased.
The production of the zone of inhibition by FeS, and ZnO against
A. niger showed that the nanoparticles have good antifungal activi-
ty, as they managed to prevent the growth of the fungi near the
loaded wells. The FeS,, however, proved to have better antifungal
activity than the ZnO against A. niger as the minimal concentration
(15 pL) had 20 mm diameter of zone of inhibition as compared to
Zn0O, which had 16 mm. While the 30-uL concentration for FeS, had
a 25 mm zone of inhibition and ZnO having 24 mm. The FeS, 15 uL
and 20 pL had the same zone of inhibition diameter (of 20 mm)
showing that the increase in concentration, from 15 uL to 20 pL,
did not lead to an increase in the antifungal activity. This was in
agreement with what Ref. [30] highlighted, that the toxicity of the
nanoparticles can be dose dependant or concentration dependant.
However, it was contrary to what Ref. [68] indicated that higher
concentrations did not have effective toxicity as the high concentra-
tions led to aggregation of the nanoparticles to form large mole-
cules. The inability of SnO, and ZnS to produce zone of inhibitions
can be attributed to the fact that the fungi, A. niger, might have
less sensitivity to the nanoparticles and the toxic effect of the na-
noparticles is not effective against the fungi because of this [6].
This can also explain the difference in the inhibition zones for the
Zn0 and FeS,, which showed to have its toxic effect exerted against
the fungi as the fungi showed susceptibility to the toxicity of the
nanoparticles [19-21].

The results in Fig. 2 show that FeS, nanoparticles were the only
ones which showed antifungal activity against A. fumigatus as it
was the only one that managed to produce zones of inhibition
against the fungi (as shown in Fig. 3). The other three nanoparti-
cles, ZnS, SnO, and ZnO, did not produce any clear zones of inhibi-
tion (had negative results). This could be because the A. fumigatus
fungi species were not susceptible to the toxic effect of the nano-
particles used, while the toxic effects of FeS, were strong enough to
elicit an inhibition to fungal growth.

Figure 2 shows that the FeS, of 15 nL and 20 uL had the same
diameter of zone of inhibition of 14 mm, showing that increase
from 15 pL to 20 pL did not lead to an increase in antifungal activ-
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Fig. 3. Images showing the zone of inhibition exerted by (a) ZnO nanopar-
ticles against Bacillus cereus and (b) FeS, nanoparticles against Aspergillus
fumigatus.

ity. This anomaly is similar to the one that FeS, produced against A.
niger, where an increase in concentration from 15 uL to 20 pL did
not lead to an increase in the antifungal activity. This could explain
that the 15 uL and 20 pL concentrations of FeS, produce the same
results, and the increase from 15 uL to 20 pL is not significant
enough to elicit a difference in the activity against the fungi. How-
ever, the FeS, produced zones of inhibition against A. fumigatus,
which are smaller than those it produced against A. niger. Ref. [17]
explained that the effect of the nanoparticles toxicity on the micro-
organism was not only dependant on the nanoparticles type but also
the bacterial species involved. This was in agreement with results
obtained as the sensitivity of the fungi was different, with the A.
fumigatus being less sensitive to the toxic effect and hence the na-
noparticles exerted different toxic effects to the fungi. The maxi-
mum for FeS, against A. fumigatus was of 20 mm, while the mini-
mum for FeS, against A. niger was of 20 mm showing that FeS, had
smaller zone of inhibition against the A. fumigatus fungi.

This can also be an indicator that the A. fumigatus fungi was
more resistant strain, as compared to A. niger, as it produced small-
er zones of inhibition. This can also be supported by the fact that
ZnO, which produced clear zones of inhibition against A. niger only,
managed to reduce the growth of the A. fumigatus within the prox-
imity of the well, but did not produce clear zones of inhibition. This
could also signify that maybe an increase in concentration of ZnO
above 30 uL can lead to a production of the zones of inhibition. It is
also important to note that the nanoparticles were dissolved in eth-
anol and one of the wells on the left was loaded with ethanol. The
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results show that the ethanol did not manage to prevent the growth
of the fungi (as there was no production of zones of inhibition) and
hence all the antifungal activity is clearly attributed to the nano-
particles.

Overall, in relation to antifungal activity, we can say FeS, was
the best, followed by ZnO nanoparticles. This was mainly due to its
ability to inhibit the growth of the fungi by producing clear zones
of inhibition. The ability to exert this antifungal activity can be at-
tributed to its mechanism of action, mainly disruption of the cell
membrane and eventual disruption and death of the cell, in con-
junction with the production of radical oxygen species that are also
lethal to cell organelles [6, 22—23]. In addition, the production of
the inhibition zones was also an indicator of the proper diffusion of
the nanoparticles in the agar media. The zones of inhibition were
also maintained by the nanoparticles after 48 hours of culture, in-
dicating their effectiveness in their fungicidal activity.

3.2. Antibacterial Tests Results

The activity of nanoparticles against the bacteria, Bacillus cereus,
is shown in Fig. 4. Results show that all the nanoparticles managed
to produce zones of inhibition against the bacteria. This was an in-
dication of the ability of the nanoparticles to diffuse in the media
to produce inhibition zones and the bactericidal ability of the nano-
particles was shown by the clear zones of inhibition produced [6].
ZnO was shown to be the best against the Bacillus cereus as it
had the largest inhibition zones for all the concentrations used as
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compared to all the other nanoparticles, and this activity is illus-
trated in Fig. 3: SnO, followed after ZnO in terms of effectiveness,
then FeS, and lastly ZnS. ZnO was shown to be the best and this is
supported by the fact that, the 20 uL concentration had a zone of
inhibition (25 mm) greater than the inhibition zones for the 30 pL
concentration for ZnS (17 mm), SnO, (24 mm) and FeS, (23 mm).
Maximum activity was noted for ZnO at 30 uL concentration (26
mm) and the least at that same concentration for all the nanoparti-
cles was ZnS (17 mm). All the nanoparticles managed to show an
increase in the inhibition zone as the concentration of the nanopar-
ticles increased, with ZnO and FeS, not having an increase in the
inhibition zone when concentration was increased from 25 to 30 uL
over the specified time. The increase in inhibition zone was in
agreement with Refs. [6] and [17], which highlighted that inhibi-
tion zones increased with concentration increase and can be ex-
plained by Ref. [30] that toxicity effect is concentration dependent.
Ref. [17] explained that the effect of the nanoparticles toxicity on
the bacteria was not only dependant on the nanoparticles type but
also the bacterial species involved. In this study, the nanoparticles
managed to show the effect of varying the type of the nanoparticles
used as all the nanoparticles had varying effects on the bacterial
growth. The results obtained showed that ZnO, ZnS and FeS, main-
tained clear inhibition zones after 48 hours, whilst SnO, showed an
inhibition zone that was not clear, as the bacteria had started grow-
ing in the inhibition zone. This could be attributed to the fact that
the SnO, nanoparticles concentration decreased as the cells bacterial
cells divided and hence a reduction in the antibacterial effect that
was noted in Refs. [41, 71]. Ref. [17] showed that sensitivity of mi-
croorganism to the test nanoparticles was species specific, results
obtained in this experiment showed that the Bacillus subtillis was
more sensitive to ZnO and less sensitive to the ZnS particles.

The activity of nanoparticles against the bacteria Bacillus subtil-
lis is shown in Fig. 4. Results show that all the nanoparticles man-
aged to produce zones of inhibition against the bacteria. This indi-
cated the ability of the nanoparticles to diffuse in the media to pro-
duce inhibition zones, which were an indication of the bactericidal
effect of the nanoparticles [6]. SnO, was shown to be the best
against the Bacillus subtillis as it had the largest inhibition zones
for all the concentrations used as compared to all the other nano-
particles, except for the 20-uL concentration, where it had a similar
inhibition zone to that of ZnO. This was followed by ZnO, FeS, and
finally ZnS. The SnO, was shown to be the best, and this is support-
ed by the fact that, at all the concentrations, it had inhibition zones
higher than all other test nanoparticles at the same concentrations.
Maximum activity was noted for SnO, at 30 nL concentration (30
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mm) and the least at that same concentration for all the nanoparti-
cles was ZnS (18 mm). All the nanoparticles managed to show an
increase in the inhibition zone as the concentration of the nanopar-
ticles increased. The increase in inhibition zone was in agreement
with Refs. [6] and [17], who showed that inhibition zones increased
with concentration increase and was also supported by Ref. [30],
which explained that toxicity effect was concentration dependant.
Ref. [17] explained that the effect of the nanoparticles toxicity on
the bacteria was not only dependent on the nanoparticles’ type but
also the bacterial species involved. In this study, the nanoparticles
managed to show the effect of varying the type of the nanoparticles
used as all the nanoparticles had varying effects on the bacterial
growth. The results obtained showed that ZnO, ZnS and FeS, main-
tained clear inhibition zones after 48 hours whilst SnO, showed an
inhibition zone that was not clear, as the bacteria had started grow-
ing in the inhibition zone. This could be attributed to the fact that
the SnO, nanoparticles concentration decreased as the cells bacterial
cells divided and hence a reduction in the antibacterial effect that
was noted in Refs. [41, 71]. Ref. [17] showed that sensitivity of mi-
croorganism to the test nanoparticles was species specific, results
obtained in this experiment showed that the Bacillus subtillis was
more sensitive to SnO, followed by ZnO, then FeS,, and less sensi-
tive to the ZnS particles.

Figure 5 illustrates the results for the test nanoparticles against
E. coli. Results obtained indicated that all nanoparticles except SnO,
managed to produce inhibition zones against E. coli. The maximum
inhibition zone was seen for ZnO nanoparticles at 30 uL with a 32
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mm inhibition zone. This was followed by FeS, (25 mm) and finally
ZnS (14 mm) at the same concentration for those that managed to
produce the inhibition zone. Against E. coli, ZnO was seen to be the
best as it managed to produce the largest inhibition zones for all
the concentrations as compared to the other test nanoparticles.
Refs. [6] and [17] showed that inhibition zones increased with con-
centration increase and were supported by Ref. [30], which ex-
plained that toxicity effect was concentration dependent [24-27].
This was in agreement with results for E. coli in this study as in-
crease in the inhibition zone was noted as the concentration of the
nanoparticles increased for all the test nanoparticles except SnO.,.
However, not all the test nanoparticles produced inhibition zones,
SnO, had no inhibition zone for all the concentrations, showing that
it did not have an effect on the E. coli. This was in agreement with
Ref. [17] who illustrated that each species has a specific susceptibil-
ity to certain nanoparticles in relation to its ability to growth in the
presence of those nanoparticles and, in this case, E. coli was not
sensitive or susceptible to the SnO, nanoparticles. Results obtained
showed that E. coli was more sensitive to ZnO nanoparticles, and all
the test nanoparticles managed to maintain clear inhibition zones
after 48 hours of culture.

3.3. Antifungal and Antibacterial Analysis

In comparing all the bacteria and their response to exposure to the
nanoparticles, a number of key things were noted. The ZnO nano-
particles were the most effective, in terms of eliciting an antibacte-
rial activity, across all the test isolates. This was due to its ability
to produce inhibition zones that were large even though at times
not maximum against the test bacterial isolates. This effectiveness
can be attributed to the mechanism of action of the ZnO nanoparti-
cles, which is effective. The mechanism of nanoparticle toxicity de-
pends on composition, surface modification, intrinsic properties, and
the bacterial species [72]. These results obtained for ZnO were in
agreement with Refs. [6] and [17], which highlighted that the ZnO
nanoparticles mechanism of action was effective in being bactericid-
al, with the mechanism being the disruption of the cell wall and
membranes of the bacteria leading to loss of cellular components
and eventual death of the cell. This was also attributed to the small
size of the nanoparticles that allows them to pass through the mem-
branes easily and access the cellular contents and to their ability to
cause stress on the cell membrane with eventual break down of the
membrane [6].

The next nanoparticles effective against the bacteria were FeS,,
which showed great consistency in inhibiting the growth of the all
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the bacterial test isolates, showing that all the bacterial samples
had sensitivity to the FeS, nanoparticles, with its mechanism of ac-
tion being that of production of the reactive oxygen species [58].
ZnS also had consistent but low inhibition zones for all the test iso-
lates, while SnO, had effectiveness against both the Bacillus species
but non-against E. coli. This was in agreement with what Ref. [17]
explained that the effect of the nanoparticles toxicity on the bacte-
ria was not only dependant on the nanoparticles type but also the
bacterial species involved as the inhibition differed with the bacte-
rial species and nanoparticles involved. In terms of susceptibility,
the Bacillus cereus was the most sensitive to all the test nanoparti-
cles as it had fairly high-inhibition zones as compared to those ob-
tained for all the other isolates. This was followed by Bacillus sub-
tilis and finally E. coli was the less sensitive one on an overall scale.
Results for sensitivity of Bacillus subtillis being more than that of
E. coli obtained in this study was in agreement with Ref. [17],
which also showed that Bacillus subtillis was more sensitive to the
test nanoparticles than E. coli.

The activity of the nanoparticles against the fungi showed that,
in relation to antifungal activity, FeS, was the best, followed by
ZnO nanoparticles. This was mainly due to its ability to inhibit the
growth of the fungi by producing clear zones of inhibition. The
ability to carry out this antifungal activity can be attributed to its
mechanism of action, mainly disruption of the cell membrane and
eventual disruption and death of the cell, in conjunction with the
production of radical oxygen species that are also lethal to cell or-
ganelles [6, 58]. In addition, the production of the inhibition zones
was also an indicator of the proper diffusion of the nanoparticles in
the agar media. The zones of inhibition were also maintained by the
nanoparticles after 48 hours of culture, indicating their effective-
ness in their fungicidal activity.

Comparing the effectiveness of the nanoparticles against the bac-
teria and fungi, results showed that the nanoparticles were more
effective against the bacteria as shown by their ability to inhibit
bacterial growth for the test isolates, while for the fungi, only two
nanoparticles (ZnO and FeS,) were effective against the fungal iso-
lates, with one of those two, FeS,, being the only one that was ef-
fective to all the fungal isolates, as ZnO was only effective against
one fungal isolate. This even supported more the position of Ref.
[17] that effectiveness of the nanoparticles was based on the nano-
particles and the microorganism species involved.

4. CONCLUSIONS

The nanoparticles managed to show antifungal and antibacterial ac-
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tivities as they managed to produce inhibition zones against the test
bacterial and fungal isolates. The results also showed that an in-
crease in the concentration led to an increase in the inhibition zone
produced by the nanoparticles against the test isolates. However,
some nanoparticles did not manage to elicit an effect on the bacteria
(Sn0O,) and on the fungi (SnO, and ZnS), showing that the test iso-
lates were not sensitive to the nanoparticles. The FeS, and ZnO na-
noparticles were the ones that managed to show broad activity
across the fungal and bacterial samples, as they managed to produce
inhibition zones.
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