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Abstract Manganese oxide/bentonite clay nanocomposite
was synthesized by facile thermal decomposition method,
which was characterized by various analysis methods such
as X-ray diffraction, fourier transform infra-red spectros-
copy, scanning electron microscopy with energy dispersive
analysis of X-ray spectroscopy and transmission electron
microscopy analysis. Selected area electron diffraction pat-
terns were in good agreement with the XRD results. Anti-
microbial studies test were investigated via well-diffusion
and potato dextrose agar method, antimicrobial activity of
the pristine sodium bentonite clay and prepared sample of
Mn;0,/BC nanocomposite were reported, against a Gram-
negative (Escherichia coli and Pseudomonas aeruginosa),
Gram-positive (Staphylococcus aureus and Bacillus sub-
tilis) bacterial and fungal (Candida albicans) pathogens.
The results showed that nanocomposite of Mn;O,/BC have
enhanced the antimicrobial activity than pristine Na*-BC.
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1 Introduction

Antimicrobial agents/materials are applied and attracted
to many fields in recent years due to the ability to inhibit
the growth of micro-organisms. The general methods of
synthesized antimicrobial materials are very useful and
promising field in research areas like industries [1], food
[2], synthetic textiles [3], natural products [4], hospitals,
home hygienic, and environmental places [5]. For the past
few years, inorganic antimicrobial agents have been used
in many fields such as fibers, ceramics, building materials,
coating, and enamel, due to their non-toxicity, bio-activ-
ity, bio-compatibility, bio-degradability, long life, thermal
resistance, and chemical stability compared with organic
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antimicrobial agents. The key advantages of inorganic anti-
microbial agents have attracted interest for the control of
microbes and improved safety and stability [6]. Inorganic
antimicrobial agents are enhanced by adding metal/metal
oxide with various inorganic carriers such as kaolinite [7],
montmorillonite (MMT) [8], palygorskite (PGS) [6], smec-
tite [9], hectorite [10], bentonite [11], vermiculite [12],
sepiolite [13], chitosan [14], starch [15], and zeolite [16].

Among these carriers, low-grade bentonite, especially
in sodium form is excellent filler, binder, intercalation,
swelling, eco-friendly supporting materials, and substrates
for metal/metal oxide composites. Sodium bentonite is a
most effective 2:1 layered phyllosilicate type with nega-
tive charge, due to the isomorphic substitutions in its struc-
ture, which is balanced by the exchangeable cations such as
K, Na*, Ca?*, NH** and Mg?" present in the interlayered
spaces. It consists two tetrahedral layers of Si** ions sur-
rounding by a sandwiched central octahedral layer of AI**
ions, resulting in both strong electrostatic and hydrogen
bonding forces. An intercalation of metal oxide into ben-
tonite clay (BC) is one of the important method for modify-
ing the properties of the clay and used for biological appli-
cations [17, 18]. In some reports, a modified Ag/BC, Ag/
ZnO/Chitosan/BC, Ag/ZnO/BC composites synthesized
at room temperature [19] and microwave assisted method
[20, 21] without special conditions. In the recent years, sev-
eral investigations have been focused on intercalated mate-
rial like metal/metal oxide using bentonite clay such as Ag
[22], Cu [23], Ag/Cu [24], TiO, [7], Ag/TiO, [8], ZnO [6],
and MnO, [25]. Among these manganese oxide is one of
the interesting material, because of their potential applica-
tions in diverse areas. Interestingly, manganese oxide inter-
calated bentonite showed promising antimicrobial effect of
the clay that act as single antimicrobial carrier.

Manganese oxide (Mn;0O,) is one of the most stable
oxides. It has attractive physical, chemical properties and
wide range of applications in super capacitors [26], cata-
lytic [27], magnetic [28], ion-exchange [29], antibacterial
[30], and adsorption properties [31]. Therefore, many of
the synthesis approaches such as sol-gel, co-precipita-
tion, wet-chemical, spray pyrolysis, microwave, thermal
decomposition, and hydrothermal method have been used
to prepare the Mn;0O, nanoparticles. Among these meth-
ods, thermal decomposition method is one of the promis-
ing methods. Using this method, the crystal grains can be
developed completely, effectively, simple process, particle
size is even disturb and economic method [32]. Mn;0,
nanoparticles have been chosen in this work because of its
low cost, modest synthesis, environmental benignity and
excellent biological performance. This hybrid material is
an interesting material due to extensive applications in vari-
ous areas, such as composite film, polymer matrix, wound
dressing material and biological applications [33].
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In this paper, we have presented a detailed investigation
of Mn;0, intercalated BC nanocomposite synthesized by
simple thermal decomposition method. The bactericidal
activity of Mn;O, nanoparticles with bentonite was exam-
ined against (Escherichia coli and Pseudomonas aerugi-
nosa), Gram-positive (Staphylococcus aureus and Bacillus
subtilis) bacterial and fungal (Candida albicans) pathogens
via well-diffusion and potato dextrose agar method. These
bacteria and fungi are very sensitive to various environ-
mental pollutants and could be used as good indicators of
toxicity. Antimicrobial activity of the pristine sodium ben-
tonite clay (Na™-BC) and prepared samples of Mn;0,/BC
nanocomposite also reported.

2 Experimental
2.1 Materials

The sodium bentonite clay (Na*—BC) was purchased from
Merck, India Pvt. Ltd., and it was used as a host material.
Manganese nitrate tetrahydrate (Mn(NO;),-4H,0) (98%)
is used as precursor as well as guest material and sodium
hydroxide (NaOH) acting as a precipitating agent. All
chemicals were purchased from Sigma-Aldrich Chemicals
Pvt. Ltd. All chemicals were used as received without fur-
ther purification and all the solutions were prepared using
de-ionized (DI) water.

2.2 Methods
2.2.1 Synthesis of Manganese (1, 111) oxide—Mn;0, (C)

Typically, 0.1 M of manganese nitrate was dissolved in DI
water (100 ml). 0.1 M sodium hydroxide was added drop-
by-drop into the solution under constant stirring for 3 h at
room temperature. After completed the reaction, the result-
ing homogeneous suspension was allowed to settle at room
temperature for 24 h. The obtained black precipitate was
centrifuged and washed repeatedly with DI water to remove
unreacted chemicals during synthesis process. The sample
was dried in an oven at 100°C for 10 h and ensuing calci-
nated in muffle furnace at 600 °C for 5 h to obtain Mn;0,.
The obtained Mn;O, was grinded by mortar and pestle.
After grinding, the fine powders of Mn;O, nanoparticles
were prepared.

2.2.2 Synthesis of Mn;0 /BC Nanocomposite (C;)

For the synthesized Mn;0,/BC nanocomposite, the sodium
bentonite clay (10 g) and manganese nitrate tetrahy-
drate (4.57 g) were dissolved in 100 ml of DI water. The
homogenous solid suspension was obtained with the pH 7.
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Suspensions were stirred for 3 h at room temperature. The
resultant solid suspensions were settled down after 24 h and
washed several times with DI water to remove unwanted
Na* and NO,*>~ ions by cationic exchange capacity (CEC)
process. The resulting pure solid residue was filtered and
dried at 100°C in an oven for 12 h. The dried sample was
calcinated at 600°C for 5 h and the obtained Mn;0, was
grinded by mortar and pestle. Finally the crystalline black
powders of Mn;0,/BC composite were obtained.

2.3 Characterization

The crystal phases of the nanocomposites were recorded
via an X-ray diffraction (XRD) using JEOL (IDX
8030 X’PERT-PRO) instrument operating with Cu-Ka
(A=1.5418 A) under the conditions of 40 kV with the cur-
rent of 30 mA. The functional groups were detected with
fourier transform infrared spectroscopy (FT-IR) shimadzu
(model-400) using KBr discs in the spectral range of 4000—
400 cm™'. The morphology and elemental analysis were
studied using scanning electron microscope (SEM with
EDX) with working at a 20 kV accelerating voltage. Trans-
mission electron microscope (TEM) (model PHILIPS-
CM200) was performed at an accelerating voltage of
20-200 kv, with the resolution 2.4 A. The samples for TEM
analysis were prepared by dispersing the pristine Nat*-BC
and Mn,;0,/BC composite in water by sonicated for 15 min
and then drying on a copper grind coated with holey carbon
film.

2.4 Antimicrobial Assessment

2.4.1 Optical Density Method

In this study, E. coli (ATCC-23848), P. aeruginosa
(ATCC-27853), S. aureus (ATCC-25923) B. subtilis
(ATCC-11774), and C. albicans (ATCC-14053) were used

to evaluate the antimicrobial activity test. Pristine Na™-BC
and Mn;0,/BC nanocomposite were tested against different
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pathogens by the well-diffusion and potato dextrose agar
method. Pathogenic microorganism culture was prepared
by making a phosphate-buffer saline (PBS) suspension of
isolated colonies from the 18-24 h of trypticase soy broth
(TSB) and cultured overnight at 37 °C in sterile condition.
Centrifuge was done at 250 rpm to re-suspend the patho-
gens and diluted further to form a cell suspension with opti-
cal density at 600 nm using UV-Visible spectrophotom-
eter. Stock solution was prepared by taking 1 mL aliquot
of cultures in 15% glycol v/v in PSB and stored at —20 °C.

2.4.2 Bactericidal Experiments

In brief, 0.2 pg/ml (microgram/milliliter) of pristine Na*—
BC and various concentrations (0.5, 0.1, 0.15 and 0.2 pg/
ml) of synthesized Mn;0,/BC nanocomposite was dis-
solved in dimethyl sulfoxide (DMSO); this suspension
was dropped on sterile antibiotic disc and allowed it to
dry. Then, the discs were placed on the agar and incu-
bated at 37°C for 24 h. All fungal isolates were cultured
on potato dextrose agar (PDA) medium and adjusted to pH
5.6 at 25 °C. The acidified medium, heated in the acid state
hydrolyzed the agar. The same suspension was placed to
spread on the PDA for the growth of fungal colonies in a
sterile dish. A clear zone of inhibition was observed after
24 h. Amikacin for bacteria, Ketokonazole for fungal and
DMSO alone was used as a standard and negative control
respectively to compare the antimicrobial behaviour which
allows solidifying. The inoculated plates were incubated at
25°C (aerobic atmosphere) for 3 days. The antimicrobial
activities were performed in triplicate.

3 Results and Discussion
The crystal structure of sodium bentonite clay consists of
three layers of minerals, in which two tetrahedral (T) and

the central octahedral (O) layers (TOT—2:1). The layered
sodium aluminosilicate clay was mixed with manganese
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Fig. 1 Schematic illustration for the formation of Mn;0,/BC nanocomposite via a thermal decomposition method
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precursors in a DI water medium to first initiate the cation
exchange process (the existing sodium ions were replaced
by the manganese ions). Since the reaction was performed
in aqueous medium the as exchanged manganese ions were
converted into corresponding hydroxides. Upon successive
calcination process at 600°C, the intermediate compound
manganese hydroxide was converted to the Mn;0, [31, 34].
We believe that the ion exchange process was first initi-
ated inside the layers of sodium bentonite. Therefore, the
as formed Mn;O, intercalation also possible within the lay-
ered structure. Apart from that our surface morphological
images reveals that some of the Mn;0, were also formed
on the surface of the sodium bentonite clay which confirm
that the as formed product is a Mn;0,/BC nanocomposite
in addition to the manganese oxide intercalation process.
The schematic illustration of synthesis process is shown in
Fig. 1.

(H,O medium)

and (308) and the peaks are evident in all patterns, which
are also consistent with other previous works [21] (these
peaks are indicated by B in Fig. 2a). The XRD patterns
of the Mn;0, nanoparticles are shown in Fig. 2b. All the
diffraction peaks at 20 values 18.2°, 28.9°, 32.4°, 36.2°,
45.4°, 53.6°, 56.2°, 58.4°, and 63.1° corresponds to dif-
ferent lattice planes of (101), (112), (103), (211), (213),
(312), (303), (321), and (116) as the tetrahedral structures
(body centered cubic-BCC) are quite matching with the
JCPDS card No. 89-4837 (these peaks are indicated by M
in Fig. 2b) [31]. After Mn;0, nanoparticles intercalated
into BC surface, new peaks are observed corresponding
to the formation of Mn;0,/BC composite. These new
peaks were reflected at 20=19.8°, 20.9°, 28.0°, and 36.5°
for Mn;0, and also peak intensity and crystallinity of
BC have decreased, most probably due to the presence of
Mn;0, in BC (these peaks are indicated by B and M in

Mn(OH), — BC | +Na* + NOY™ + nH,0 1)

A
Mn(OH), — BC + nH,0— Mn,;0,/BC + rnH,0 (2)

4 X-Ray Diffraction Analysis

Figure 2 illustrates the XRD pattern of pristine Na™—BC,
Mn;0,, and the Mn;0,/BC composite. The XRD pat-
terns of the pristine Na*™-BC was observed at 20 values
19.7°,34.9°, 54.4°, 61.9°, and 73.5° and it corresponds to
the crystallographic planes of (101), (107), (013), (011),

Fig. 2¢). The additional peaks were observed with vari-
ous intensities for Mn;0, intercalated BC and compared
with pristine Na*—BC as shown in Fig. 2 [34]. The aver-
age crystalline size can be calculated from Debye Scher-
rer formula.

D =0.894/fcos 3)

The calculated D values of Mn;O, and Mn;0,/BC
composite expected around 25 and 11 nanometer (nm).
The sharp peaks were clearly indicating that the forma-
tion of Mn;0,/BC composite with smaller crystalline size
at 600 °C than the Mn;0, nanoparticles.

Fig. 2 XRD diffraction patterns
for a pristine Na*-BC, b Mn,;0,
nanoparticles, and ¢ Mn;0,/BC

composite

Intensity (a.u)
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Table 1 Comparison FT-IR spectrum values of pristine Na*~BC, Mn,;0O, nanoparticles and Mn;0,/BC nanocomposite

Pristine Nat™-BC C(cm™) C, (cm D} Functional group

(cm™)

3637 3426 3613 —O-H groups stretching [35]

3415 - 3400

2803 - 2779 H-O-H bending and the hindered rotation of water molecules [35]

1701 - 1649 —OH deformation of H,O [35]

1035 - 1043 Si-O and Si—O-Si stretching in T sheet [21]

619 608 607 Si—O and Al-O out-of-plane, Mn-O stretching (tetrahedral sites) [27, 31, 35]

527 500 527 Si—O-Al bending and stretching vibrations and Mn—O (octahedral sites) [27, 31, 35]
466 - 470 Si—O-Si bending vibration [21]

Na*-BC sodium bentonite clay, C Mn;0, nanoparticles, C; Mn;0,/BC composite]

Fig. 3 FT-IR patterns of a
pristine Na*-BC, b Mn;0,
nanoparticles, and ¢ Mn;0,/BC
composite

3415 cm!
3637 cm!

3426 cm!

Transmittance (%)

3613 cm! ‘
3400 cm!

(a) Pristine Na™-BC

1701 cm™

(¢) Mn;0,/ BC composite

1649 cm!

527 cm!

4000 3500

4.1 FT-IR Analysis

Figure 3 shows a comparison of FT-IR spectrum for pris-
tine Nat™-BC, Mn;0, nanoparticles, and Mn;0,/BC com-
posite in the range of 4000-400 cm™! and the correspond-
ing assignments are given in Table 1. Figure 3a shows
the vibration bands at 3637 and 3415 cm™! arises due to
interlayered O-H stretching [35]. The peak observed at
2803 cm™! is attributed to the aliphatic hydrocarbons igni-
tion in Na™-BC. A small narrow band at 1653 cm™' has
been attributed —OH group of angular and deformation of
H,O0 hydration [35]. The peaks assigned to Si—O and Si—-O—
Si stretching in tetrahedral sheet at 1035 and 920 cm™!
are indicates to reflect the stretching vibration of A1-O-
OH-AI and Al-Al-OH respectively [21]. Besides, peak at

3000 2500 2000 1500 1000 500

Wavenumber (cm™)

707 cm™! is corresponded to Si-O and AI-O out-of-plane
and platy form of quartz admixture in the Na*-BC sam-
ple which has been confirmed by XRD pattern. The small
peaks at 619 and 527 cm™! were observed to the Si-O,
Si—O-Si and Al-O-Si bending vibration [35]. A sharp
peak at 466 cm™~! should be ascribed to the Si—-O-Si in this
pristine Na*-BC [21]. These results are consistent with
previous works [20, 21]. Figure 3b shows the three main
absorption peaks at 3426 cm™! is attributed to O—H stretch-
ing and bending modes of adsorbed water. The peaks at
608 and 500 cm™! are assigned with the coupling between
Mn-O stretching modes of tetrahedral A (Mn”*) and octa-
hedral B (Mn®*) sites as normal spinel structure, which
were reported in the literature on Mn;O, nanoparticles [25,
217, 35].
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Fig. 4 SEM images with of pristine Na*-BC a and Mn;0,/BC composite b and the corresponding energy dispersive X-ray spectroscopy images
shown in (c) and (d), respectively. The nanoparticles of Mn;0, shown in inserted image of (d) with arrows

Figure 3¢ shows all peaks in Mn;0,/BC composite sam-
ples shift to lower wave numbers and decreased peak inten-
sity were associated with O-H and Al-OH. The peak at
1701 cm™! was slightly changes, during intercalation pro-
cess. The new peaks at 607 and 527 cm™' were observed
after the intercalation of the Mn;O, nanoparticles into the
BC and these peaks due to the tetrahedral and octahedral
phase of Mn—O bond. This spectrum concluded that the
major changes occurred in Mn;0,/BC composite layers and
on the surfaces, due to the interaction Mn;O, nanoparticles.
This result confirmed that the Mn;O, nanoparticles present
in the BC [34].

4.2 SEM Analysis

Figure 4 shows the SEM images of pristine Na*—BC and
Mn,;0,/BC composite and it is appeared different mor-
phologies at the same magnification. The SEM image
of Nat-BC showed clearly visible flat structure, irregu-
lar platelets form and coarse morphology is shown in
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Fig. 4a [36]. Figure 4b shows SEM image of the Mn;0,/
BC composite. After modification with Mn;O, nanopar-
ticles, the BC surface was completely changed with few
aggregates, irregular small spherical particles and sepa-
rated flakes on the BC surface. This might be due to the
electrostatic attraction in between the interlayers cations
and host material of BC surface [37].

4.3 Energy Dispersive X-Ray Spectroscopy

The synthesized composite material was also character-
ized by EDX, and the results are shown in Fig. 4c, d. The
EDX spectrum of pristine Na*-BC are shown in Fig. 4c,
which indicates the presence of Si, Al, O and Na. An ele-
ment of Mn and O are presented in Fig. 4d, which con-
firms that the intercalated manganese and oxygen into BC
due to the lower isomorphic substitution and exchange-
able interlayer cation.
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Fig. 5 TEM images pristine Na*~BC (a), Mn;0,/BC nanocomposite at different magnifications (b) and (¢) and SAED pattern of Mn;0,/BC

nanocomposite (d). The particles sizes of the Mn;O, were mentioned in b

4.4 TEM Analysis

TEM micrographs of pristine Na*-BC and Mn;0,/BC
nanocomposite are shown in Fig. 5. A typical TEM image
of pristine Nat—BC sample exists in flat and platelets struc-
ture with 100 nm size as shown in Fig. 5a. This observation
is consistent with the earlier findings by the other research-
ers [37].

The exceptional shape and size distribution of the
Mn;0,/BC composite can be clearly observed in TEM
images. The TEM images (Fig. 5b, ¢) of Mn;0,/BC com-
posite have many fine spherical shapes with small sizes.
These structures may therefore represent certain material
containing Mn;0, nanoparticles, which shown with differ-
ent magnifications in Fig. 5b, c. Compared with the pris-
tine Na*-BC the Mn;0,/BC nanocomposite surface was
noticeably changed. Consequently, the layered structure of
BC was not affected, while the Mn;O, nanoparticles inter-
calated into the surface of BC. In addition, BC shape and
surface was entirely changed as shown in Fig. Sa—c. Moreo-
ver, the SAED patterns of the Mn;0,/BC nanocomposite
shown in Fig. 5d indicates the diffraction crystallinity rings
and white spots confirms the high degree of crystalline and

Table 2 Zone of inhibition (mm) values of pristine Na*-BC against
different test microorganisms both bacterial and fungal pathogens

Zone of inhibitions of
standard sample (mm)

Zone of inhibition of
pristine clay (mm)

Pathogenic names

E. coli 8 8
P. aeruginosa 5 9
S. aureus 3 2
B. subtilis 2 10
C. albicans 6 8
Control R R

polycrystalline nature of Mn;0,/BC nanocomposite. These
patterns indicated the well crystallized Mn;0, in good
agreement with the BCC of XRD results and the standard
JCPDS card No. 89-4837 were confirmed [6].

4.5 Antimicrobial Activity
The antimicrobial activity expressed at the zone of inhi-

bition in millimeter (mm). The values of the samples
were assessed using bacterial and fungal strains. The
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Table 3 Zone of inhibition

i . Various pathogens name/ Mn;0,/BC 0.5 (ug/ml) 0.1 (ug/ml) 0.15 (ug/ml) 0.2 (ug/ml)

(mm) Valu.es of different nanocomposite different concentration

concentration of Mn;0,/BC

nanocomposite against different E. coli 13 11 10 11

test microorganisms both P. aeruginosa 5 4 9 10

bacterial and fungal pathogens
S. aureus 5 12
B. subtilis 8 5 5 12
C. albicans 14 13 10 8
Standard 15 17 16 17
Control R R R R

antimicrobial activities of pristine Na™-BC and synthe-
sized Mn;0,/BC nanocomposite were evaluated against
different pathogenic microorganism using standard zone
of inhibition (ZOI) assay. The antimicrobial studies of the
same samples were tested against E. coli, P. aeruginosa, S.
aureus, B. subtilis bacteria, and C. albicans fungal patho-
gens were performed by well-diffusion and potato dextrose
agar method [28, 38]. The antimicrobial studies results
were presented in Tables 2 and 3. In Fig. 6a-d showed that
the pristine Na*-BC (0.2 pg/ml) and Mn;0,/BC nanocom-
posite at various concentrations (0.5, 0.1, 0.15 and 0.2 pg/
ml) showed a clear zone of inhibition around each sample,
indicating an obvious effect against bacteria. The bacterial
effect of nanocomposites depends on the large specific sur-
face area, smaller sizes of the particles, which allow them
to interact closely with cell wall membranes.

Zone of inhibition values of Mn;0,/BC nanocompos-
ite was larger than the pristine Na*™-BC. DMSO does not
have any role in the zone of inhibition and nanocomposite
shows the higher zone of inhibition based on the valuable
reasons as follows. (i) The differences in microbial activity
are caused by structural variations of their cell walls. The
Mn;0,/BC nanocomposite had relatively high antibacterial
activity against gram negative (E. coli and P. aeruginosa)
bacteria as compared to that of gram positive (S. aureus
and B. subtilis) bacteria [38]. (ii) This is due to the presence
of primarily thick peptidoglycan layer and teichoic acid in
gram positive bacteria whereas in case of gram negative
bacteria composed of a lipopolysaccharides phospholipid
asymmetric bilayer, mainly peptidoglycan layer is thin and
teichoic acid is absent [38]. The absence of teichoic acid
in the gram negative bacteria leads to increase the penetra-
tions and might cause membrane damage of nanocomposite
to the cell wall. Moreover, the mechanism of antibacterial
effect of manganese ions exchanged bentonite have been
ascribed to the attraction, through electrostatic forces, rup-
turing the cell walls, and causing the leakage of cytoplasm
on the negatively charged membrane of the bacteria cell
wall to BC surface [39]. Overall, Mn;O, nanoparticles can
kill some bacteria and BC has slightly antimicrobial activ-
ity because both are attached to the bacteria surface.
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Mn;0,/BC nanocomposite showed an efficient antimi-
crobial activity against pathogens, due to the important
reasons: (i) electrostatic attraction, (ii) nanocomposite
reacted with peptidoglycan, teichoic acids, lipoteichoic
acid and (iii) cytoplasm membranes inside the cell wall
[20] (iv) increase in antimicrobial efficiency with thick-
ness may be due to increased number of manganese,
silicon, aluminium and hydroxyl ions released from the
Mn;0,/BC nanocomposite, which kills the microorgan-
isms [40]. (v) Among these few reasons the structure of
bacterial cell wall is damaged easily [21]. Mn;0,/BC
nanocomposite is the first innovative and development of
an efficient antimicrobial application under simple and
eco-friendly method [20].

5 Conclusion

We have successfully synthesized Mn;0,/BC nanocompos-
ite by facile thermal decomposition method without using
any hazardous chemicals. The particle size of the nano-
composite was observed by TEM. The average size of the
particles was around 100 and 200 nm. The TEM observa-
tions confirmed the nanoparticles with dark area represent
Mn;0, on/into the BC surface. Bioactivity of pristine Na*™—
BC and Mn;0,/BC nanocomposite was demonstrated by
studying antimicrobial activity of suspension with various
concentrations using standard microbial method. The small
particles of nanocomposite was penetrating a pathogenic
cell wall which results in the generation of high electro-
static interaction and reactive oxygen species, which will
kill microorganism more effectively. Results of antimicro-
bial test were shown better zone of inhibition of Mn;0,/
BC nanocomposite compared to pristine Na*—BC. The
results confirmed that the order of antimicrobial activi-
ties of Mn;0,/BC nanocomposite was higher than pristine
Na*-BC (Mn;0,/BC>BC). Finally, Mn;0,/BC nanocom-
posite is promising material for antipathogenic application
in environments such as hospitals, schools and common
places to keep it clean and healthy.
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Fig. 6 a, ¢ The digital photo-
graphs of antimicrobial activi-
ties of pristine Na*-BC and dif-
ferent concentration of Mn;0,/
BC nanocomposite against
different microorganisms like
Gram-negative (E. coli and P.
aeruginosa), Gram-positive (S.
aureus and B. subtilis) bacterial,
and fungal (C. albicans) and

b, d zone of inhibition (mm)
values of pristine Na*-BC

and different concentration

of Mn;0,/BC nanocomposite
using graphical results. [E. Coli,
Escherichia coli (1); P. aerugi-
nosa, Pseudomonas aeruginosa
(2); S. aureus, Staphylococcus
aureus (3); B. subtilis, Bacillus
subtilis (4); and C. albicans,
Candida albicans (5)] respec-
tively

Zone of inhibition (mm)

ECdi Paeugnom Sapas Babtil Cabicns
Various pathogens

Zone of inhibition (mm)

E. ColiP, aerugimsa S, aweus B. subtillsC. albicans Standard
Various pathogens
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