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Green Synthesis Characterization
and Antimicrobial Activity Evaluation
of Manganese Oxide Nanoparticles
and Comparative Studies with
Salicylalchitosan Functionalized Nanoform
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Abstract

Aim: In this study, we have demonstrated the synthesis of manganese metal oxide nanoparticles (NPs) by a green
synthesis manner using lemon extract as a reducing agent and turmeric curcumin extract as capping agent. The
as-synthesized nanomaterials were biofunctionalized with salicylalchitosan which was obtained from the source of
chitosan to enhance the antimicrobial activity of those materials. Materials and Methods: The synthesized materials
were characterized using ultraviolet-visible and Fourier transform infrared spectroscopic techniques. Scanning
electron microscopy and transmission electron microscopy analysis were employed to evaluate the morphological
and structural properties of the both synthesized nanoforms. Furthermore, the effect of antibacterial and antifungal
activity of those materials was analyzed using some standard Gram-positive and Gram-negative bacteria and
funguses. Results: The morphological studies represented that both non-functionalized and biofunctionalized
manganese oxide NPs (MONPs) formed are of spherical morphology but exhibited with difference in size about
50 nm and 40-60 nm, respectively. The performance of antimicrobial activity of biofunctionalized MONPs was
exhibited better than the non-functionalized NPs. Conclusion: The results are revealed that the biofunctionalized
MONPs showed higher antibacterial and antifungal activities, and our findings from this work have been provided
the new way in the potential application of MONPs through a biofunctionalization process in the clinical and drug
invention field.

Key words: Biofunctionalization, chitosan, curcumin, deacetylation, demineralization, deproteinization,
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INTRODUCTION and bionanotechnology, and they can offer a new approach

to challenge antibiotic-resistance microbes.! Several studies

he emergence of antibiotic is recognized  have indicated that nanoparticles (NPs) can be used as
Tas a crucial challenge for public health  therapeutic tools in infections, against microbes because of
presently due to the severe increasing  their unique physical, chemical, mechanical, and magnetic

of infectious diseases. There are a variety of  properties and these advantageous properties can be attributed
pathogenic microorganisms are found in the to their defined size, shape, and effective biological properties.

clinical ﬁeld., in which some common closely NPs display completely new or improved properties based on
related species that cause a wide range of

diseases and still a significant cause of death,
especially in developing countries. Therefore,
new strategies are required to find and progress
the next generation of drugs or agents to control
microbes, which should be effective and
inexpensive therapeutic approaches.!'
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definite characteristics. As a result, NPs have received great
attention in the clinical application to produce a variety of new
bactericidal agents.> In general, size of the bacterial cell is
in the micrometer range, while its outer cellular membranes
contain pores in the nanometer range. Since the materials at
the nanoscale can penetrate into bacterial cells and producing
toxic oxygen radicals to damage cell membranes of microbes
which results an efficient inhibition of bacterial growth.!”*!

NPs of metal oxides play a very important role in many areas
of chemistry, physics, and materials science. They have been
investigated by several workers in the last few years due to
their structural aspects, magnetic properties which steered to
potential applications in electronic, optical, and mechanical
devices based on variable oxidation states.”) In addition,
NP metal oxides are the most promising as they show good
antimicrobial properties due to their large surface area to
volume ratio which increasing the microbial resistance to
metal ions and its non-toxic nature when compared to organic
disinfectants. Hence, metal oxide NPs have been attracted
by researchers to use in biomedical and pharmaceutical
applications as an alternative effective microbial inhibitors.!'”

According to the reports, various metal oxide NPs were
investigated in the field of antimicrobial development. As
an important functional metal oxide, manganese oxide have
attracted the attention of researchers due to their extensive
physical, chemical properties which offer wide range of
applications such as catalysis, ion exchange, molecular
adsorption, energy storage, chemical and biological sensing,
water treatment, and imaging contrast agents.!'"-'* However,
very limited information is available on the antimicrobial
properties of manganese metal oxide NPs. In comparison
to published reports, magnetic behavioral nanomaterials
are attracted the researchers due to their promising
applications in antimicrobial field. In our previous works,
we have synthesized low-cost nanomaterials possess
magnetic behavior in green process manner, and their
antimicrobial studies were explored very well.['">] Similarly,
manganese oxide NPs (MONPs) are also possesses great
magnetic property, particularly, environmental benignity,
and low-cost materials.['®! Therefore, in continuation with
our work, herein, we provide an in-depth discussion of
the recent development of the synthesis of manganese
oxides nanomaterials and their application in the field of
antimicrobial agents.

Several novel and effective routes have been devoted to
prepare manganese oxides nanomaterials with various shapes
and excellent properties, such as hydrothermal method,!'” sol-
gel synthesis,!'"™ wet chemical route,!'” pulsed laser deposition
method,?” precursor technique,?"! thermal process,*
precipitation method,”! sonochemical method,* and
microemulsion.”” However, there are very few reports only
available about MONPs preparation in the green synthesis.*!
Synthesis of NPs in the eco-friendly green synthesis method
is an increasing focus of current nanotechnology research
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because of some limitations of chemical synthesis methods
include the use of toxic solvents, precursor chemicals, and
by-products.’”? Recently, biosynthetic methods employing
either biological microorganisms or plants extract®*’! have
emerged as a simple and alternative to conventional synthetic
procedures to obtain nanomaterials. However, the critical
aspect in the handling of microorganisms is that some of
pathogens are more risky and it needs to maintain at particular
temperature, pH and other factors for its growth.l*®! Therefore,
plant extract mediated synthesis process has attracted greatly
over the chemical and microbes mediated methods due to its
advantageous, unique in shape and size, inexpensive, non-
toxicity, and faster rate of synthesis.l'?!

However, there is a need to develop highly effective NPs
that are stable, robust and harmless that are energetic in the
destruction of microorganisms. The interaction of NPs with
biomolecules is an expanding field of research, which as yet
is largely unexplored.**) Nanomaterials can be very easily
functionalized on the surface with synthetic ligands to effect
significant change in properties depending on the application
at hand. Biofunctionalization has emerged as integration
among biotechnology and nanotechnology for developing an
environmental benign biological synthesis of nanomaterials,
which possess extremely biocompatible and biological
recognition ability. In the field of biofunctionalization,
the biomaterial is modified to have highly efficient
and biocompatible molecules whether permanently or
temporarily and the interaction of biomodified material
with metallic NPs that have proven themselves to have a
considerable range of application in a variety of aspects of
biology and medicine. Therefore, biofunctionalization of
nanomaterials with suitable bioactive materials can produce
the highly durable antimicrobial agents with non-toxicity.
Since the NPs are very smaller which are easily incorporated
with several biomolecules and provides great antimicrobial
effect. However, the selection of active biomolecules to
design the functionalized NPs will be a crucial matter in this
field.?*>"!

The development of biomaterials using natural polymers
is an advanced and promising channel of current research.
Chitosan, a versatile hydrophilic polysaccharide, which
is produced commercially by deacetylation of chitin. It
has been attracted more attention for its unique properties,
biocompatible, biodegradable, nonhazardous, and cost-
effective.l*®! Chitosan is known to be as excellent biofunctional
material, well endured by living tissues, particularly, in
medicinal field, chitosan films have been employed as
curative wound dressing and as scaffolds for tissue and bone
engineering. It has a broad antimicrobial spectrum to which
Gram-negative, Gram-positive bacteria, and fungi are highly
susceptible.’**” The reactive functional groups present
in chitosan, i.e., amino group and hydroxyl groups, can be
readily subjected to chemical derivatization allowing the
manipulation of mechanical and solubility properties which
resulted in enlarging the biocompatibility.!"




sized manganese oxide nanoparticles

Based on the above discussion, in this work, we have
synthesized MONPs by green synthesis method and as
synthesized materials were biofunctionalized with selected
biomaterial, salicylalchitosan (SC). In this method, Mn metal
salt was reduced by lemon extract. Turmeric curcumin has
beenused as a capping agent for MONPs. Curcumin (Curcuma
longa) is well recognized medicinal natural compound
derived from turmeric plants. Turmeric has been attributed
a number of medicinal properties in the traditional system of
medicine due to the presence of curcumin. Curcumin can be
acted as effective stabilizing agent and exhibit considerable
effectiveness in medicinal activity.***4 The investigation of
antimicrobial activity of the non-functionalized as well as
biofunctionalized MONP was investigated against Gram-
positive bacteria (Staphylococcus aureus and Bacillus
subtilis), Gram-negative bacteria (Escherichia coli and
Salmonella typhi), and some funguses (Candida albicans,
Curvularia lunata, Aspergillus niger, and Trichophyton
simii). From the report, there was a good improvement in
the activity was observed for biofunctionalized NPs than the
non-functionalized NPs against tested bacterial and fungal
species.

MATERIALS AND METHODS

All the chemicals and solvents used were of analytical reagent
grade and obtained from Merck (India) Ltd. The turmeric
sample (BSR-01) was obtained from Agricultural College
and Research Institute, Madurai, India, and prawn sample
was purchased from local sea food markets in Tuticorin,
India. Solutions were prepared with double distilled water.

Collection of lemon extract

Lemon extracts (Citrus limon) are rich sources of citric
acid and ascorbic acid which is obtained from lemon fruits.
The extracts of lemon are low pH which makes it more
antibacterial active source in the medicinal field.**! Lemon
fruits were purchased from local markets, washed well, and
cut into small pieces. The extracts were obtained by squeezing
the fruits properly into a cleaned container for the required
amount, and the extracts were slightly heated then separated
by filtration with Whatman No. 1 filter paper. The filtered
extract was collected and stored for the synthesis of NPs.

Extraction of curcumin

Curcumin has been extracted from turmeric in a several
methods. However, Soxhlet extraction method is preferred
often to extract the curcumin due to its main advantage of
simple and continuous process in which the extraction and
filtration process is occurring in a single step. According
to the method of Manjunath efal., 1991, the required
amount of dried turmeric (BSR-01) was taken in the soxhlet
extraction chamber, and the solvent material 95% ethanol
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was added to the flask in the ratio of 1:50. The extraction
process was continued under reflux about 3 h at 50-60°C.
The extraction was carried out until the color of mixture
was getting to change to pale yellow color. The extract was
filtered and evaporated to dryness. The dried curcumin was
collected and recrystallized to pure form.

Isolation of chitosan

The isolation of chitosan from prawn shells was followed
according to the method of Brine and Austin, 1981, and
Muzzarelli and Jeuniaux, 1986.4" The three important
steps are involving in the isolation of chitosan from prawn
sample, those are demineralization, deproteinization and
deacetylation. The exoskeletons of collected prawn sample
were removed and washed well with distilled water. The
sample was kept in the oven to dryness and then dried
sample was powdered. The powdered material was first
demineralized using 1 M hydrochloric acid for 5-6 h at room
temperature. Then, the sample was washed several times by
double distilled water and soaked until reach neutral pH.
The neutralized material was dried in oven at 60°C and the
dried sample was deproteinized with 1 M aqueous sodium
hydroxide at 60°C for 5-6 h. The pink colored solution was
obtained and washed several times with double distilled
water then soaked again until neutral pH. The obtained chitin
material was dried in oven at 60°C overnight, and the dried
powder was deacetylated with 40% sodium hydroxide for
5-6 h at 60°C. The obtained dirty whit precipitate of chitosan
was washed several times and dried in oven at 60°C overnight.

Synthesis of SC

SC synthesis process was carried out by the normal refluxed
method in which the isolated chitosan and SC gets condensed
together and yielded the preferred product. The dried pure
form of 100 mg of chitosan powder was dissolved in 25 ml of
acetic acid solution (0.5 M) with constant stirring and kept on
amagnetic stirrer for 2-3 h to get complete dissolved solution.
A mixture of 10 ml of salicylaldehyde (0.1 M) in ethanol was
prepared, and this mixture was added to the above chitosan.
The reaction mixture kept on hot magnetic stirrer at 50-60°C
for 12 h. Finally, the yellowish green colored precipitate of
SC was obtained and filtered. The precipitate was washed
with ethanol and distilled water several times and dried under
vacuum at 60°C for overnight. It was kept in a desiccator
over silica gel for further analyses.’"

Synthesis of MONPs

In a typical reaction procedure, manganese metal NPs are
synthesized by an inexpensive, simple and non-toxic, green
methodology. Here, we have used the extract of lemon
to reduce the manganese salt. 1 mmol of manganese salt
solution was prepared freshly using manganese acetate salt.




The solution of lemon extracts (10 ml) was mixed with
the aqueous solution of metal precursor with continuous
stirring. The mixture was kept on magnetic hot stirrer for an
hour, and the working temperature range was from 50°C to
60°C. When the metal precursor was added to the extracts,
we observed drastic changes in color of the solution from
pale green to pale yellow which indicated the reduction and
formation of manganese NPs, where lemon extract acted
as an effective reducing agent. Since the highly oxidation
nature of manganese metal, the formed NPs were tending
to form aggregation and this could be avoided by reacting
with stabilizing agent. The stabilizing agent, i.e., curcumin
extract (1 mm) was freshly prepared by dissolving in 95%
ethanol, and the yellow colored solution was mixed with
above manganese ion mixture. The solution temperature
and pH were maintained at the same condition and stirring
was continued for about 2 h to get complete stabilized NPs.
The mixture color was changed slowly from yellowish to
yellowish brown and then permanent reddish brown color. For
betterment of the reaction, the variation of parameters - such
as concentration of metal precursor, reducing and stabilizing
agent, temperature, pH, and reaction time - were maintained
at particular extend throughout the experiment. The obtained
final colloid solution was centrifuged and washed several
times with ethanol and water to obtain the pure MONP and
kept in oven to dryness.

SC functionalized MONPs (MNSC)

Biofunctionalization of NPs is an advanced method of
nanotechnology where the reaction is carried out by the
normal interaction of biomaterial with NPs. Hence, the
modified chitosan material was surface functionalized
with synthesized MONPs. 1 mmol of the prepared SC was
dissolved well in acetic acid and ethanolic mixture and kept
on hot magnetic stirrer for an hour to get complete dissolved
solution. To this hot solution, 1 mmol of above synthesized
MONPs solution was mixed slowly, and the hot stirring
was continued for 2-3 h. The color changes were observed
first from the dark brown color to slow appearance of pale
brown color which denoted the functionalization of SC with
MONPs. The reaction mixture was centrifuged and washed
several times with ethanol and double distilled water then
kept to dryness for further analysis.

Biological assay

The antibacterial activity of the samples was evaluated by
disc diffusion method of Bauer ef al., 19668 against two
Gram-positive bacteria (S. aureus and B. subtilis) and two
Gram-negative bacteria (E. coli and S. typhi). In this analysis
method, approximately, 2.0 x 10° colony-forming units
(CFU/ml) of the bacterial cultures were prepared by diluting
with autoclaved fresh Muller-Hinton broth medium and the
prepared bacterial cultures were inoculated with synthesized
NPs and standard antibiotic on Muller-Hinton agar plates.
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Then, the concentration of extracts is 40 mg/disc was loaded
on 6 mm sterile disc and placed on the surface of the medium
to get diffusion. The plates were kept for incubation at 37°C
for 24 h. After incubation, the plates were studied for the
presence of a zone of inhibition. Bactericidal activity with
respect to zone of inhibition was also calculated using an
antibiotic zone scale (HIMEDIA). Chloramphenicol was used
as standard antibiotics for the pathogenic microorganism.

The antifungal activity was carried out by agar well diffusion
method of Gomes et al., 2002,%% against four funguses
(C. albicans, C. lunata, A. niger, and T. simii). Approximately,
105 CFU/ml of inoculums were prepared using Sabouraud’s
dextrose agar (SDA) by suspending for 6 h. The sample of
NPs with antibiotic and solvent blanks (SDA and acetic acid)
was filled in the wells of the agar and fungal plates were
incubated at 37°C for 72 h. Standard antibiotic, fluconazole
(concentration 1 mg/ml) was used as positive control. The
diameters of zone of inhibition observed were measured and
studied.

RESULTS
Ultraviolet-visible (UV-Vis) studies

In general, formation of NPs and the stabilization were
represented by a color changes observed during the reaction.
The reduction of manganese metal salt was confirmed by the
color change detected from pale green to pale yellow, and
the stabilization of MONPs was detected by the color change
from yellowish to permanent reddish brown color.

UV-Vis spectroscopy is the most convenient technique for
the characterization of NPs. Formation and stability of NPs
in aqueous colloidal solution is confirmed by UV-Vis spectral
analysis. The UV-Vis absorption spectra of the synthesized
MONP and biofunctionalized NPs were measured on a
Shimadzu UV-Vis V-530A spectrophotometer in the range
of 200-900 nm. Figures 1 and 2 show a UV-Vis spectrum
of MONPs and SC functionalized manganese oxide NPs
(MNSC), respectively. MONPs were exhibited a two important
peaks at 360 nm and 215 nm which were exhibited as a small
humps shown in Figure 1. Biofunctionalized MONPs showed
two medium sharp peaks with noisy at around 339-341 nm
and around 210-220 nm which were slightly lower in the
wavelength compared with non-functionalized nanoform.

Fourier transform infrared (FTIR) studies

FTIR spectroscopy was carried out to find out the purity and
nature of MONPs and biofunctionalized NPs synthesized
by eco-friendly green synthesis method. In addition, it has
shown the possible peaks responsible to functionalization
of metal oxide NPs. The samples were examined on a Jasco
FTIR/4100 spectrophotometer with 4/cm resolution in




manganese oxide nanoparticles

the range of 4000-400/cm. Figures 3 and 4 show the FTIR
spectrum of synthesized MONPs and biofunctionalized
form, respectively. There was observed some common

22007
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Figure 1: Ultraviolet-visible spectra of manganese oxide
nanoparticle

peaks in IR region for both MONP and MNSC are follows,
respectively. 3650-3850/cm, 1704-1698/cm, 1574-1573/cm,
1393-1385/cm, and 1026-1160/cm, and below 1000 are the
peaks exhibited for the same functional group present in
both nanoformulations. Some of the different peaks were
also realized in the IR spectral analysis which is important to
express the formation of NPs and functionalization process
discussed later.

Scanning electron microscopy (SEM) analysis

Morphology of synthesized MONPs and biofunctionalized
form was characterized by SEM technique at different
magnification levels. SEM images were recorded using JEOL
Model JSM - 6390LV SEM. In general, in this analysis, the
samples were placed in an evacuated chamber and scanned in
a controlled pattern by an electron beam. Since the interaction
of the electron beam with the samples produced a variety of
physical phenomenon that detected and used to form images
then provide information about the specimens. The SEM

— . . . - images of both nonfunctionalized and biofunctionalized
NPs were shown in Figure 5a and b, respectively. Both
'\,l"(‘\f‘) nanoformulations were exposed the rough surfaced spherical
G101 A L, i and dot-shaped structures.
YA
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# ' “ Transmission electron microscopy (TEM) analysis
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However, to obtain a clear morphology and size of the
"‘»--,W:\} NPs in depth the samples were analyzed using TEM. TEM
o0s0r "i} analysis of both nanoformulations was carried out using a
300 kV JEOL-3011 instrument. Figure 6a and b shows the
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Figure 2: Ultraviolet-visible spectra of MNSC a spherical shaped morphology with affordable particle size.
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Figure 3: Fourier transform infrared spectra of manganese oxide nanoparticle

Asian Journal of Pharmaceutics * Jan-Mar 2017 ¢ 11 (1) | 69




100 b~ Moy,

3854.03

o
[z

5 \ Fs
90-5 \\ ) /
851 \ /

304

957

% Transmittance

751
m—i
65
50

w0 0 a0 2500

:;\ —————

Wavenumbers (cm-1)

1563.6!
1857

R T )

Figure 4: Fourier transform infrared spectra of MNSC
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(a) Manganese oxide nanoparticle; (b) MNSC
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Figure 6: Transmission electron microscopy image of
(a) Manganese oxide nanoparticle; (b) MNSC

Antibacterial assessment

The antibacterial activity of non-functionalized and SC
functionalized MONPs was evaluated using disc diffusion
method against two Gram-positive (S. aureus and B. subtilis)
and two Gram-negative bacteria (E. coli and S. typhi). The
results of activity were compared to a commercial antibiotic
chloramphenicol [Table 1].
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Antifungal assessment

The synthesized non-functionalized and SC functionalized
MONPs were screened using agar well diffusion method
for their antifungal activity against four fungal strains
C. albicans, C. lunata, A. niger, and T. simii. The antifungal
zone results were compared with standard antifungal drug
fluconazole [Table 2].

DISCUSSION

Typically, NP formation mainly depends on the particular
limits such as concentration of metal salt, reducer, and
capping agent as well as reaction temperature and duration
of reaction. The above-mentioned factors takes place a key
role to determine the size and stability of produced NPs.
The as synthesized NPs are characterized and detected
by a various spectral analysis, however, the process of
reduction of metal precursor as well as the stabilization of
reduced metal NPs from oxidation or aggregation both can
be established during the reaction itself by a simple and
clear way of changes in color of the mixture which can be
visible to naked eye. Moreover, from the visibility of color,
the state of the reaction can be identified and facilitated to
forward the reaction period. In our investigation, while the
manganese precursor was mixed with the lemon extract,
the reaction mixture produced pale green color initially.
But during the reduction process of manganese metal, there
was a color change observed rapidly from pale green to pale
yellow. This could be due to the absorbed biomolecules of
the extracts on the surface of the NPs allowed the particles
to approach more closely and produced the smaller size of
metal NPs. The reaction was continued with hot stirring for
an hour but there was no considerable change in color, and




ed manganese oxide nanoparticles

Table 1: Evaluation of antibacterial effectiveness

using zone of inhibition test method
Bacterial species

Zone of inhibition diameter
(mm sample)

C MONP MNSC
S. aureus 16 15 17
B. subtilis 13 08 13
E. coli 13 09 13
S. typhi 15 10 06

C: Standard drug; MONP: Manganese oxide nanoparticles,
MNSC: Biofunctionalized manganese oxide nanoparticles,

S. aureus: Staphylococcus aureus, B. subtilis: Bacillus subtilis,
E. coli: Escherichia coliand S. typhi: Salmonella typhi

Table 2: Evaluation of antifungal effectiveness using

zone of inhibition test method
Fungal species

Zone of inhibition diameter
(mm sample)

C MONP MNSC
C. albicans 13 13 15
C. lunata 17 11 16
A. niger 13 11 14
T. simii 14 10 12

C: Standard drug, MONP: Manganese oxide nanoparticles,
MNSC: Biofunctionalized manganese oxide nanoparticles,
C. albicans: Candida albicans, C. lunata: Curvularia lunata,
A. niger. Aspergillus niger and T. simii: Trichophyton simii

we have concluded that the metal precursor was reduced
well since the formed small NPs were different from the
substrate. Furthermore, manganese is a paramagnetic metal
that oxidizes easily and resulting the highly agglomerated
particles which may be reduce the bioactivity of MONPs. To
avoid this troublesomeness, we have added the curcumin as a
capping agent to produce reasonable size of NPs. In this step,
there was a color change from yellowish to pale brown and in
continuation with hot stirring, the final reaction mixture was
exhibited a reddish brown color which revealed the formation
of stabilized MONPs.

The UV absorption spectra of MONPs [Figure 1] exhibited
the first peak at 360 nm was corresponding to the absorption
maxima of MONPs and the second peak observed at 215 nm
was probably due to the aggregation of formed NPs, which
could be occurred by the oxidation of NPs and exhibited in
the lower wavelength region. The absorption spectra of SC
[Figure 2] displayed a medium sharp peak in the region of
339-341 nm which was assigned to the presence of MONPs.
This could be observed in the lower region of wavelength
due to the biofunctionalization of SC. Another one peak
observed in the region of 210-220 nm was due to the NP
agglomeration. However, the obtained two peaks were
noisier due to some NP oxidation at surface of the formed
MONPs.
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The FTIR spectra of synthesized MONPs [Figure 3] have
exhibited an important peak, where ensuring the presence of
metal oxide NPs, reducing and stabilizing agent. From the data
obtained, the peaks detected in the region of 3735-3650/cm
could be assigned to the —OH (free) stretching of extract or
ethanol present in the system. The weak broad band observed
in the range of 2935/cm was due to the C-H stretching of
capping agent curcumin. The C=O stretching of extract was
observed at 1 704/cm and three characteristic peaks in the range
of 1574-1515/cm were ensuring the occurrence of aromatic
unsaturation (C=C) of the stabilized curcumin system. The
absorption peak at 1393/cm symbolized the C-H bending of
adsorbed water of MONPs. The (C-O) stretching bands belongs
to the curcumin was assigned by the peaks found at 1026/cm
and 1160/cm and endorsing the presence of curcumin system
well stabilized. In the case of SC functionalized MONPs
[Figure 4], the various peaks observed in the IR region were
similar to the non-functionalized NPs with slight deviations
in wavelength due to the functionalization process. The peaks
observed in the region of 3854-3751/cm can be designated to
the O-H (free) stretching of extract or ethanol group present
in the system. The actual broad peak detected in the region of
3360/cm may due to the stretching of O-H group lying in the
aromatic system of SC. The major absorption bands observed
by MNSC are followed. The C=0 vibration band of acidic
group of lemon extract was realized herein the lower region,
at 1698/cm due to NPs functionalization, and the presence of
aromatic C=C stretching of chitosan system was confirmed
by the peak raised at 1563/cm. The important peaks raised
at 1557/cm and 1385/cm which were belongs to the N-H
bending and C-H bending of SC, respectively. The small broad
peak observed at 1258/cm was due to the existence of C-O
stretching of acidic group of lemon extract, and the consecutive
three characteristic peaks observed in MNSC spectra in the
region of 1121-1030/cm were owned to the stretching of
C-H group of stabilized curcumin system. Metal oxides and
hydroxides NPs generally absorption peak in the fingerprint
region, i.e., below the wavelength of 1000/cm arising due to
interatomic vibrations.* According to this, the significant
absorption peaks observed in MONP at 901 cm /730 cm™!
and exhibited in MNSC at 894/cm were corresponding to the
characteristic stretching bands of O-Mn-O which represented
the presence of the Mn-O metal stretching in the both non-
functionalized and biofunctionalized MONPs.

The SEM image of synthesized MONPs [Figure 5a] has
been exhibited a reasonable and clear morphology structure
of formed NPs up to some extent. It has shown a small dot
and spherical shaped morphology. Here, we could not find
any aggregation of NPs. In the case of SEM image of SC
functionalized MONPs [Figure 5b], the images were of small
sized and different nanospherical morphology and exist in
contact with each other. This could be due to the aggregation
of particles.

The TEM micrograph image of the synthesized MONPs
[Figure 6a] has showed that most of the NPs were spherical




in shape and some of eclipsed morphology with considerable
particle size in the range of 50 nm. The TEM image of
biofunctionalized MONPs [Figure 6b] was also exhibited a
good spherical morphology structure, and the particle size was
observed in the range about 40-60 nm and some of NPs nearly
100 nm. It is evident that there is variation in particle sizes
of non-functionalized and biofunctionalized NPs clearly due
to the particles were tending to agglomeration and resulting
in the increment in the size of NPs. This few agglomerated
MONPs were observed in some places, thereby indicating
possible oxidation nature of paramagnetic manganese metal.
However, our green methodology was produced relatively an
appreciable result in terms of addition of supportive capping
agent during the NP preparation.

The antibacterial activity of non-functionalized and
biofunctionalized MONPs have been investigated by zone of
inhibition method [Table 1]. The antibacterial activity results
clearly represented that the zone of inhibition values against
bacterial species produced by SC functionalized MONPs
were significantly higher. The non-functionalized MONPs
showed a moderate bactericidal activity against S. aureus
only, and rest of those was very lower activity than standard
drug and biofunctionalized form. However in the case of SC
functionalized MONPs, the bacterial growth was inhibited
enormously against both Gram-positive and Gram-negative
bacterial species. The zone of inhibition test has showed
an appreciable result carried out for the bacteriostatic test
toward S. aureus, B. subtilis, and E. coli bacterial strains. The
inhibition zone values were similar to the standard drug for
B. subtilis and E. coli and this was higher than standard drug
against S. aureus. It can be expressed that the presence of
biomaterial, SC acted as a great role in the improvement of
bioactivity. Therefore, we can conclude that biofunctionalized
MONPs showed reasonably higher antibacterial activity than
non-functionalized NPs due to the existence of SC.

The antifungal activity of non-functionalized and
biofunctionalized MONPs have been assessed by agar well
diffusion method [Table 2]. It is clear from the table results
that the antifungal results of biofunctionalized MONPs have
shown satisfactory improvement than the inhibition results
observed by non-functionalized NPs. The non-functionalized
NPs showed moderate antifungal activity toward C. albicans
and A. niger fungal species. However, this was very lower
than the biofunctionalized form. When compared to the
antifungal result of SC functionalized MONPs, there was
evidence that relatively high inhibition activity observed
against overall pathogens. In particular, fungicidal activity
toward C. albicans and A. niger was surprisingly higher
than standard drug as well as non-functionalized form.
MNSC showed comparatively good inhibition activity
against C. lunata, which was almost similar to the activity of
standard drug and we found satisfactory antifungal activity
toward 7. simii, although lower than the standard drug but
higher than MONP.
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As said earlier, the increase in the antibacterial and antifungal
activity of SC functionalized MONPs is due to the fact that
the existence of modified chitosan biomaterial. In general,
MONPs showed a large surface-to-volume ratio which
helps in strong binding with SC. Moreover, researchers are
established the antimicrobial activity of chitosan very well.
It showed reasonably high antimicrobial activity against
microbes due to the reactive functional groups present in
chitosan (amino group at the C2 position of each deacetylated
unit and hydroxyl groups at the C6 and C3 positions) can
be readily subjected to chemical derivatization allowing
the manipulation of mechanical and solubility propertiest¥
enlarging its antimicrobial activity. In addition, the presence
of azomethine group in the SC system can be developed a
resistance against pathogenic strains would evidently increase
largely. Therefore, our experiment results demonstrate that
the increased antimicrobial activity of SC incorporated
MONPs due to may be the three side mechanism of action
for antibacterial activity such as bactericidal effect of NPs,
the effect of cationic chitosan and biofunctionalization effect.
From this investigation, we found that the functionalized
biomaterial, i.e., SC acted as a key role in the increment of
inhibition activity of biofunctionalized nano-form against
bacterial and fungal pathogens than the non-functionalized
MONPs as well as standard drugs.

CONCLUSION

In summary, this investigation has been performed to discover
anew bioactive and cost-effective antimicrobial agent through
a simple and nontoxic green biosynthesis method by utilizing
plant materials. In which MONPs have been synthesized
first using lemon extract as a reducer and turmeric curcumin
extract as a stabilizing agent. In another hand, chitosan
material was derived from prawn sample and used to prepare
the biologically well active SC. Finally, bioactive SC was
incorporated on the surface of the synthesized MONPs by
biofunctionalization process. The spectral studies UV-vis
and FTIR are ensured the formation and functionalization
of NPs. SEM and TEM morphology studies are represented
that the formed MONPs are of spherical and eclipsed
morphology with size about 50 nm, and biofunctionalized
NPs are of spherical morphology with size around 40-60 nm.
The zone of inhibition activity results were revealed that SC
functionalized nano-form have shown comparatively higher
activity than non-functionalized MONPs as well as standard
drugs toward S. aureus, B. subtilis, E. coli bacterial strains
and C. albicans, and A. niger fungal species. Therefore, it
may be concluded that the biofunctionalized MONPs have
a higher biocidal effectiveness in resisting bacterial growth,
thus our findings reveals that SC possess a great role in the
antimicrobial activity increment of the synthesized MONPs
while it was surface functionalized with them. This may lead
to propose valuable inventions in the field of antimicrobial
systems as well as other medical applications in the future.
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