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ABSTRACT
Objective: Metal oxide nanoparticles are widely attracted researchers due to their potential applications in a variety of fields, especially medicinal
importance. It has been shown that biofunctionalization of metal nanoparticles with the specified bioactive materials produces the significantly
improved bioactive materials with the essential biological properties and advanced features. According to the reports, manganese oxide nanoparticles
(MONPs) possess highly magnetic properties leads to develop for use in research and biomedical applications. In this evaluation, we focused on the
synthesis of MONPs through a green methodology and their antimicrobial activity changes when functionalized with curcuminaniline derived from
turmeric plants.

Methods: First, curcumin has been isolated from turmeric plant (BSR-01) to synthesize curcuminaniline biomaterial. On the other hand, manganese
nanoparticles are synthesized by the green synthesis method using lemon extract and curcumin. Finally, the synthesized curcuminaniline is
functionalized with MONPs. The synthesized nanoparticles are characterized by ultraviolet-visible, Fourier transform infrared, scanning electron
microscope and transmission electron microscopy techniques. The antimicrobial activity of the obtained nonfunctionalized and biofunctionalized
nanoforms are tested against some Gram-negative and Gram-positive bacterial strains as well as fungal strains.
Results: The morphological studies represented that MONPs are of eclipsed and spherical morphology with size about 50±5 nm and biofunctionalized
nanoparticles are of spherical morphology with size about 50±10 nm. The antibacterial and antifungal tests revealed that biofunctionalized MONPs
are exhibited significantly higher antimicrobial activity.
Conclusion: This investigation clearly demonstrated that MONPs are shown significantly higher biocidal activity when biofunctionalized with
modified curcumin material. This may help in the future medicinal and pharmaceutical industries to develop new inventions.
Keywords: Green synthesis, Nanoparticles, Curcumin, Curcuminaniline, Soxhlet extraction, Antimicrobial activity.
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INTRODUCTION
During the last years, nanotechnology has been widely favored due
to its growing interest on the matter at nanoscale and its advanced
properties. The field of nanomaterials has been the key feature among
the scientists due to its unique physical, chemical, and effective biological
properties [1,2]. It is known that the phases, sizes, morphology,
and dimensionality of the nanomaterial have great influence on the
modifications of properties and functionalities. Hence, many research
efforts have focused to control such important factors to attain the
featured nanomaterials [3]. Moreover, synthesis of nanoparticles in the
eco-friendly green synthesis method is challenging aspect in current
nanotechnology. Nanoparticles are often prepared by conventional
methods which are producing hazardous derivatives and harmful to
the environment. Therefore, scientists are giving high priority to green
synthesis methods in the nanoparticle preparation at present [4,5].
The severe increasing resistance to existing antibiotics of various
microbes, researchers have turned toward engineered nanoparticles
for finding a proactive antibiotic. Nanotechnology is currently
employed as a tool to discover the advancement in the biomedical
sciences because metal and metal oxide nanoparticles have been
shown considerable bactericidal effects and can use for the treatment
of various applications such as diagnosis of diseases, drug delivery
systems, and sun screens [6-8]. Organic disinfectants have some
toxicity to the human body, which increased the interest in inorganic

disinfectants such as metal oxide nanoparticles at present. The
antimicrobial activity of metal oxide nanoparticles is due to the large
surface area which ensures a comprehensive range of reactions with
bio-organics materials existing on the cell surface [9-11].

During the past few years, magnetic behavioral nanomaterials have
attracted the researchers due to their promising applications in wide
areas such as magnetic data storage, gas sensors, targeted drug delivery,
and magnetic resonance imaging [12-15]. As an important functional
magnetic natured metal oxide, manganese oxide has attracted extensive
research interest due to their significant distinctive physical, chemical
properties, electrical, magnetic and catalytic properties different from
that of bulky materials [16,17]. According to literature, manganese oxide
nanoparticles (MONPs) has offered significant potentials in many fields
such as catalysis, ion exchange, molecular adsorption, energy storage,
chemical, and biological sensing [18-22]. In the case of MONPs, most
of the reports were focused on the characterization and application of
the formed manganese nanoparticles in catalytic activity, electronic
properties, but the antimicrobial activity of manganese nanoparticles
was investigated very rarely. In this investigation, nanosized manganese
nanoparticles are considered to establish its antimicrobial activity
as well as its improvement in the activity after a biofunctionalization
process with selected biomaterial.

Biofunctionalization of nanomaterials is one such topic focused by
recent researches due to the ability to produce the nontoxic and
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highly efficient antimicrobial agents in terms of green nanotechnology.
Biofunctionalization of nanoparticles is an advancement of current
nanotechnology and biotechnology fields. In which, the possibilities
of nanoparticle modification by interacting with biologically active
compounds to use them in various biological activities are very
interesting. However, the selection of active biomolecules to design the
functionalized nanoparticles will be a crucial matter in this field [23-25].
Plants are used medicinally in different biological processes and are a
source of many potent and powerful drugs. Curcumin (Curcuma longa)
is well established biologically active natural material derived from
turmeric plants. Curcumin has been shown to exhibit various potential
applications in medicinal chemistry [26-28]. Some researchers
were proved that functionalization of modified curcumin has been
exhibited better biological activities than raw curcumin. Patra et al.
(2016) synthesized curcumin functionalized AgNPs which has been
shown to have significant antibacterial activities. Moussawi and Patra
(2015) prepared zinc oxide nanoparticles by the surface modification
of curcumin which possessed an effective arsenic removal property
in water purification. Furthermore, we synthesized curcumin
functionalized copper, zinc and iron oxide nanoparticles with highly
enhanced antimicrobial property by the surface functionalization of
modified curcumin [29-31].
In continuation with our previous works, this study based on the
investigation of the antimicrobial behavior of MONPs prepared by
green synthesis method. In this method, lemon extract (Citrus limon)
has been used as a reducing agent which are rich sources of citric
acid and ascorbic acid and the extracts of lemon is low pH which
makes it the antibacterial active source and other useful medicinal
purposes [32,33]. Turmeric curcumin has been used as a capping
agent for MONPs. The synthesized MONPs were biofunctionalized with
modified curcumin biomaterial, curcuminaniline. The antimicrobial
activity of the nonfunctionalized as well as biofunctionalized MONPs
were investigated against Gram-positive bacteria (Staphylococcus
aureus, Bacillus subtilis), Gram-negative bacteria (Escherichia coli,
Salmonella typhi) and some funguses (Candida albicans, Curvularia
lunata, Aspergillus niger, and Trichophyton simii). The results were
represented that biofunctionalized manganese oxide nanoparticles
(MNCA) have displayed extremely higher antibacterial and antifungal
activity against bacterial and fungal strains tested here.
METHODS

All the chemicals and solvents used were of analytical reagent grade
and obtained from Merck (India) Ltd. The turmeric sample (BSR-01)
was purchased from Agricultural College and Research Institute,
Madurai, India.

Extraction of plant materials
Extraction of plant materials is the important step in the plant mediated
green synthesis method. The selection of a suitable extraction method
depends mainly on the work to be carried out and obtaining the pure
form of extracts is also a crucial thing in the extraction method.

Lemon fruits were collected from the local markets and washed
well with water, cut into pieces and squeezed well to make 5-10 ml
pure extract. The extract was heated slightly and then filtered using
Whatman’s No. 1 filter paper. The filtrate was collected in a clean dried
container and it was stored for further uses.
Curcumin has been extracted from turmeric in a several effective
methods. However, soxhlet extraction method is one of the best routes
to extract the curcumin. The main advantage of soxhlet extraction
is that it is a simple and continuous process in which the extraction
and filtration of the product is involved in a single step. Moreover,
this method is preferred for less solubility material like curcumin and
consuming a small amount of solvent to dissolve the bulk amount of
material for recycling. According to the method of Manjunath et al.
1991 [34], the required amount of dried turmeric (BSR-01) was placed
in a cellulose thimble in the soxhlet extraction chamber, which was

placed on top of a collecting flask beneath a reflux condenser. The
solvent material, 95% ethanol was added to the flask in the ratio of
1:50 and the set up was heated under reflux about 3 hrs. The extraction
process was carried out till the color changes have been observed to
pale yellow-colored mixture which showed the completion of isolation
process. The extract was filtered and evaporated to dryness. The dried
curcumin was collected and recrystallized to pure form.

Synthesis of curcuminaniline
Curcuminaniline synthesis process was carried out by the normal
reflux method in which the synthesized curcumin was condensed
with aniline and yielded the desired product. The dried pure form of
curcumin (10 mmol) powder was dissolved using 95% ethanol with
constant stirring till the complete dissolved solution. The prepared
yellowish curcumin extract was mixed with the freshly prepared
10 mmol of aniline and stirring was continued. The mixture color got
changed to an orange and it was kept for reflux at 50°C for 3-4 hrs.
Finally, the orange-colored fine crystal precipitate of curcuminaniline
was obtained and it was cooled, filtered. The obtained product was
washed well often to remove any unreacted chemicals and dried in a
vacuum oven to dryness [35].
Synthesis of MONPs
In this part, MONPs were prepared from manganese acetate via
reducing it by lemon extract and stabilizing by curcumin extract.
Even though lemon extract can act as both reducing and capping
agent, curcumin was brought together with lemon extract to increase
the stabilization of nanoparticles. 1 mmol of manganese salt solution
was freshly prepared using manganese acetate.10 ml of lemon extract
was added to the manganese aqueous solution with constant stirring.
The pH of the solution was adjusted to mild acidic condition to get the
proper result. The mixture was kept on hot magnetic stirrer at 5060°C for an hour and the color of the mixture was changed from pale
green to pale yellow which indicated the reduction of manganese
metal. Curcumin extract (1 mmol) was freshly prepared by dissolving
it in 95% ethanol and the yellow-colored solution was mixed with
above-reduced manganese metal ion mixture. The solution was
maintained at the same temperature and stirring was continued
for about 2 hrs. The mixture color was changed slowly to yellowish
brown and then to permanent reddish brown color which denoted
the completion of the stabilization process. The final solution was
centrifuged and washed several times to obtain the pure MONP and
kept in the oven to dryness.
Biofunctionalization of manganese oxide nanoparticles (MNCA)
Biofunctionalization process is the final and important step in the
synthesis method. It was carried out to increase the antimicrobial
activity of the synthesized MONPs. The surface functionalization was
carried out by the normal interaction of synthesized curcuminaniline
with MONPs. 1 mmol of the synthesized curcuminaniline solution was
prepared using 95% ethanol with constant stirring to get completely
dissolved solution. Then, it was mixed slowly with the 1 mmol of above
synthesized MONPs. The reaction mixture was kept on hot magnetic
stirrer at 60°C for an hour. The brown color was slowly changed
to permanent reddish brown which denoted the functionalization
of curcuminaniline with MONPs. The mixture was centrifuged and
washed several times and kept to dryness for further spectral and
morphological analysis.

Characterization
Ultraviolet (UV)-visible absorption spectra of the samples have been
measured on a Shimadzu UV-visible V-530A spectrophotometer in the
range of 200-1000 nm. Fourier transform infrared (FT-IR) spectroscopy
of the samples was examined on a Jasso FT-IR/4100 spectrophotometer
with 4/cm resolution in the range of 4000-400/cm. The scanning
electron microscope (SEM) analysis of samples was carried out using
JEOL Model JSM - 6390LV SEM and transmission electron microscopy
(TEM) characterization was performed using 300 KV JEOL-3011 high
resolution TEM.
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Biological assay
The antibacterial activity of the samples was evaluated by disc diffusion
method [36] against two Gram-positive bacteria (S. aureus, B. subtilis)
and two Gram-negative bacteria (E. coli, S. typhi). In this method,
approximately 2.0×106 colony-forming units (CFU/ml) of the bacterial
cultures were prepared by diluting with fresh Muller-Hinton broth and
inoculated with nanoparticles and antibiotic on Muller-Hinton agar
plates. Then, the concentration of samples is 40 mg/disc was loaded
on 6 mm sterile disc and placed on the surface of the cultured agar
plates to get diffusion. The plates were kept for incubation at 37°C for
24 hrs. 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 [37] against four funguses (C. albicans, C. lunata, A. niger,
and T. simii). In this method, approximately 105 CFU/ml of inoculum
suspension were prepared using Sabouraud’s dextrose agar by
suspending the fungal strains for 6 hrs. A total of 8 mm diameter
wells were punched into the agar. The samples and solvent blanks
(hydro alcohol and hexane) were filled in the wells of the agar and the
fungal plates were incubated overnight at 37°C. After incubation, the
zones of inhibition were measured and recorded. Standard antibiotic,
fluconazole (concentration 1 mg/ml) was used as positive control.
RESULTS AND DISCUSSION

In general, in the preparation of nanoparticles, the color changes
observed during the reaction is the important indications of the
formation of nanoparticles. The reduction of manganese metal was
confirmed by the color change from pale green to pale yellow and the
stabilization of manganese nanoparticles are confirmed by the color
change from yellowish to permanent reddish brown color.

UV-visible studies
UV-visible spectroscopy is most widely used technique to investigate the
optical properties of the particles. Fig. 1 shows the UV-visible spectrum of
synthesized MONPs. The spectra showed two important peaks situated
at about 360 nm and 215 nm. The first peak (360 nm) was corresponding
to the absorption maxima of manganese nanoparticles [38] and the
second peak (215 nm) was probably observed by the aggregation of
formed nanoparticles, which could be occurred due to the oxidation of
nanoparticles and lying in the lower region. Fig. 2 shows the UV-visible
spectrum of curcuminaniline functionalized MONPs. This spectrum
showed three important peaks at 401 nm, 300 nm, and 225 nm. Here,
the weak broad band exhibited at 401 nm which could be assigned to the
interaction of curcuminaniline with MONPs. The sharp peak observed
at 300 nm on the spectra of MNCA which belongs to the absorption of
manganese nanoparticles and the other peak exhibited at 225 nm may
be due to the formation of nanoparticles aggregation.

the aromatic system of curcuminaniline. The major absorption bands
observed by MNCA are followed, C-H stretching of curcumin system at
2922/cm, C=O vibration band at 1704/cm. The presence of aromatic
C=C stretching, aromatic C-H bending, C-O bands stretching, and alkene
C-H bending belongs to the curcuminaniline system are confirmed by
the peaks raised at 1575/cm/1514/cm, 1385/cm, and 1200-1000/cm,
respectively. The new peak exhibited at 2545/cm which could be due to
the biofunctionalization of MONPs which was bonded with oxygen atom.
Oxides and hydroxides of metal nanoparticles generally give absorption
peak in the fingerprint region, i.e., below wavelength of 1000/cm
arising due to interatomic vibrations [39-41]. According to the results
reported in literature, synthesized MONPs exhibited the two significant
absorption peaks at 901/cm and 730/cm (Fig. 3) are corresponds
to characteristic stretching bands of O-Mn-O and biofunctionalized
manganese nanoparticles were observed the O-Mn-O stretching bands
at 830/cm and 805/cm (Fig. 4) which demonstrated the presence of the
Mn-O metal stretching in the both samples as well as the presence of
curcuminaniline system in biofunctionalized MONPs.
SEM studies
Synthesized MONPs and curcuminaniline functionalized nanoparticles
were analyzed for the structure and morphology studies using SEM at
different magnification levels. The SEM image of MONPs is shown in
Fig. 5a. It can be viewed that the MONP formed is in the form of nearly
nanosphere morphology, which exist in contact with each other. SEM
image of biofunctionalized MONPs is shown in Fig. 5b. It is found that
the MNCA was mostly appeared aggregated as sphere shapes. The slight
agglomeration is due to the nanoparticles oxidation.

TEM studies
TEM is used to obtain a clear size, shape, and structural image of the
nanoparticles. Fig. 6a shows the TEM image of MONPs. TEM images

Fig. 1: Ultraviolet-visible spectra of manganese oxide
nanoparticles

FT-IR studies
FTIR spectroscopy was carried out to establish the purity and nature
of MONPs as synthesized by green synthesis method. Fig. 3 shows
the FT-IR spectrum of synthesized MONPs. From the data obtained,
the peaks observed in the wave regions around 3735-3650/cm could
be assigned to the −OH (free) stretching of water or ethanol present
in the system. The weak broad band in the range of 2935/cm which
is assigned to C-H stretching of curcumin moiety. The C=O stretching
was observed at 1704/cm and the three characteristic peaks in the
range of 1574-1515/cm confirms the aromatic unsaturation (C=C) of
the stabilized curcumin system and observed as multiple bands. The
absorption peak at 1393/cm symbolized the C-H bending of adsorbed
water of MONPs. The (C-O) stretching bands belongs to curcumin was
assigned by the peaks found at 1026/cm and 1160/cm.

In the case of curcuminaniline functionalized MONPs (Fig. 4), the peak
observed at 3675/cm which can be assigned to the O-H (free) stretching
of water or ethanol present in the system. The very broad peak observed
in the region of 3372/cm due to the stretching of O-H group bonded with

Fig. 2: Ultraviolet-visible spectra of biofunctionalized manganese
oxide nanoparticles
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Fig. 3: Fourier transform infrared spectra of manganese oxide nanoparticles

Fig. 4: Fourier transform infrared spectra of biofunctionalized manganese oxide nanoparticles scanning electron microscope studies
evaluated. The result of antibacterial activity of samples is compared
to a commercial antibiotic chloramphenicol and their efficiency is
discussed (Table 1).

a

b

Fig. 5: Scanning electron microscope image of (a) manganese
oxide nanoparticles; (b) biofunctionalized manganese oxide
nanoparticles
of MONP reveals that the size of the nanoparticles to be <50±5 nm
with clear eclipsed and spherical morphology. Fig. 6b shows the TEM
image of curcuminaniline functionalized MONPs. TEM images of
MNCA show that the particles formed are of spherical morphology and
clearly dispersed. The average crystallite size of particles in the range
of 50±10 nm. Based on our morphological studies, it is revealed that
means particle size is increased after functionalization process which
means the particles are tending to agglomeration and observed the
increase in the size of particles.
Antimicrobial activity
The antibacterial activities of nonfunctionalized and curcuminaniline
functionalized MONPs against two Gram-positive (S. aureus and
B. subtilis) and two Gram-negative bacteria (E. coli and S. typhi) were

From Table 1 results, the antibacterial activity results revealed
that zone of inhibition produced by the biofunctionalized MONPs
against bacterial strains was extremely higher when compared to
nonfunctionalized MONPs. The nonfunctionalized MONPs were
observed lower inhibition activity against both Gram-negative
bacterial species, i.e., E. coli and S. typhi as well as Gram-positive
B. subtilis. However, it has shown somehow reasonable activity
against E. coli. MONP has found that moderate activity against S.
aureus only. Particularly, its zone of inhibition value is higher than
standard drug. In the case of curcuminaniline functionalized MONPs,
there is a noticeable inhibition zone results were displayed against
all bacterial species. It is found that MNCA has shown superior
antibacterial activity than nonfunctionalized nanoparticles against
both Gram-positive and Gram-negative bacteria. Especially, it
showed an excellent activity against S. aureus, B. subtilis, and S. typhi
strains which considerably higher than MONP as well as standard
drug. Interestingly, it has shown reasonable activity nearly similar
to standard drug against E. coli. Therefore, it can be concluded that
curcuminaniline functionalized MONPs were showing significant
performance against all species than the nonfunctionalized form and
also standard drug.

The synthesized nonfunctionalized manganese oxide and
biofunctionalized MONPs were determined 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).
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of microbial strains and biologically activated material existing on the
nanomaterials acted as highly resistive to pathogens and resulting
remarkable antimicrobial activity. As a result of this, we found that the
functionalized curcuminaniline presence in the MNCA acted as a key
role in the increment of inhibition activity against pathogens than the
nonfunctionalized MONP.
CONCLUSION

a

b

Fig. 6: Transmission electron microscopy image of (a) manganese
oxide nanoparticles; (b) biofunctionalized manganese oxide
nanoparticles
Table 1: Evaluation of antibacterial effectiveness using zone of
inhibition test method
Bacterial species

Zone of inhibition diameter (mm/sample)

S. aureus
B. subtilis
E. coli
S. typhi

C

MONP

MNCA

13
15
11
14

15
08
09
10

18
19
10
19

S. aureus: Staphylococcus aureus, B. subtilis: Bacillus subtilis, E. coli: Escherichia
coli, S. typhi: Salmonella typhi, C: Standard drug, MONP: Manganese oxide
nanoparticles, MNCA: Biofunctionalized manganese oxide nanoparticles

Table 2: Evaluation of antifungal effectiveness using zone of
inhibition test method

Fungal species
C. albicans
C. lunata
A. niger
T. simii

Zone of inhibition diameter (mm/sample)
C

MONP

MNCA

16
15
15
13

16
17
13
14

19
15
13
16

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

From Table 2, antifungal activity of both MONP and MNCA have
showed significant inhibition zone results against all pathogens tested
here. There was an appreciable result found for nonfunctionalized
MONPs, which shows the inhibition activity relatively increased
against C. albicans, C. lunata, and T. simii pathogens. However,
curcuminaniline functionalized MONPs were acted as high resistance
to C. albicans, C. lunata, and T. simii fungal species which were higher
than MONP. Surprisingly, the resistance activity of MNCA was certainly
higher than the control against above-mentioned pathogens. Both
nanoformulations are shown moderate inhibition activity against
T. simii. MONP showing slightly higher activity than MNCA against
C. lunata but the overall inhibition activity of MNCA was considerably
higher than nonfunctionalized form as well as standard drug.
From the zone of inhibition studies there is an evidence that
curcuminaniline play a key role in the enhancement of the antibacterial
and antifungal activity of biofunctionalized MONPs. The enhancement in
the antimicrobial activity is due to the fact that the presence of modified
curcumin biomaterial, which possess high resistance to microbes.
In addition, the existence of azomethine group in curcuminaniline
produced microbial resistance enormously would evidently result
in greater changes of activity. Manganese nanoparticles hold large
surface-to-volume ratio that is helpful in the effective functionalization
of curcumin biomaterial. Moreover, the high surface-to-volume ratio
of manganese nanoparticles induced the interaction with the surface

This investigation was performed to find out an effective microbial
active agent in the different approach by synthesizing MONPs, which
was functionalized with bioactive curcuminaniline biomaterial to
enhance the activity which was prepared by the modification of
curcumin. MONPs were prepared using lemon extract and curcumin
extract as a reducer and stabilizer, respectively. This bio-green synthesis
process was appropriately simple, low cost, nontoxic, and eco-friendly.
The spectral studies UV-visible and FT-IR are confirmed the formation
and functionalization of nanoparticles. Morphological studies are
exposed that the formed MONPs are of eclipsed spherical morphology
with size about 50±5 nm and biofunctionalized nanoparticles are of
agglomerated spherical morphology with size around 50±10 nm. The
zone of inhibition activity results was represented that biofunctionalized
form has shown superior activity than nonfunctionalized MONPs
and also standard drugs against S. aureus, B. subtilis, S. typhi bacterial
strains and C. albicans, C. lunata, T. simii fungal species. As a result of
this, we can conclude that curcuminaniline functionalized MONPs are
better in the bactericidal activity by resisting bacterial growth when
compared with nonfunctionalized nanoparticles. Our findings may lead
to valuable inventions in the field of antimicrobial systems as well as
medical devices in the future.
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