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Abstract

Nanosized manganese ferrite (MnFe,0,) particles were prepared by sol-gel method using natural polymers like wheat flour
(WF) and potato flour (PF) as surfactants and its structural, morphological, optical and magnetic characteristics were stud-
ied by X-ray diffraction (XRD), Fourier Transform Infrared Spectroscopy (FT-IR), scanning electron microscope (SEM),
photoluminescence spectroscopy (PL) and vibration sample magnetometer (VSM). Brunauer—Emmett—Teller (BET) surface
area test also performed and the results obtained were discussed. The average crystallite size was found to be 23 and 16 nm
for WF/MnFe,0O, and PF/MnFe,0, samples, respectively. Magnetic hysteresis loops confirmed the super-paramagnetic
behavior for both the samples. For oxidation of benzyl alcohol to benzaldehyde, the catalytic activity of MnFe,O, nano-
particles (NPs) was carried out. Antimicrobial and antifungal activity of WF/MnFe,0, and PF/MnFe,0, samples were
investigated against two Gram-positive bacteria (Staphylococcus aureus, Streptococcus pneumoniae), two Gram-negative
bacteria (Pseudomonas aeruginosa, Salmonella paratyphi) and fungus (Candida albicans) using inhibition zone method.
Minimum Inhibitory Concentration (MIC) values also calculated to determine susceptibilities of bacteria to drugs and also
to evaluate the activity of new antimicrobial agents. The in vitro cytotoxicity of newly synthesized samples were analyzed by
MTT assay against MCF-7, A549 and HaCaT cell lines in a dose-dependent fashion. Among these two samples, sample B
(using potato flour) shows better response than sample A (using wheat flour) and both the samples were non-toxic to normal
cell line. The concentration required to kill 50% of the cell (IC5;) was also calculated.

Graphical Abstract

MnFe,0, nanoparticles were synthesized by sol-gel method using natural polymers, wheat flour and potato flour, as sur-
factant. The as-prepared MnFe,0, was characterized by XRD, FT-IR, SEM, EDX, PL and VSM analysis. The average
crystallite size was found to be 23 and 16 nm for WF/MnFe,O, and PF/MnFe,0, samples, respectively. Magnetic hysteresis
loops confirmed the super-paramagnetic behavior for both the samples. The catalytic activity of MnFe,O, nanoparticles
(NPs) were carried out for oxidation of benzyl alcohol to benzaldehyde. Biological activities like antimicrobial, antifungal
and anticancer activities of the samples were investigated. Among these two samples, PF/MnFe,O, shows better response
than WF/MnFe,0, and both the samples were non-toxic to normal cell line.
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Introduction

Nanomaterials play a vital role in the field of nanomedicine
and nanobiotechnology. They can offer a new approach to
antibiotic-resistance microbes [1]. In several studies nan-
oparticles (NPs) can be used as therapeutic tools to treat
infections against microbes because of their unique physi-
cal, chemical, mechanical and magnetic properties. Due to
this, NPs grab attention in the clinical application to pro-
duce a variety of new bactericidal agent [2, 3]. The mate-
rials in nanoscale can penetrate into bacterial cells and
produce toxic oxygen radicals to damage cell membranes
of microbes that produce an efficient inhibition bacterial
growth [4-7]. Spinel structure ferrite nanoparticles creates
a great impact among the science researchers because of
its wide applications in magnetic resonance imaging, mag-
netic storage devices, biotechnology, electronics, magnetic
drug delivery [8-10], etc. Magnetic nanoparticles possess
excellent super-paramagnetic property due to large sur-
face-to-volume ratio of the nanoparticles and they require
super-paramagnetic character at room temperature for many
applications [11-14]. Among all the spinel ferrites known
today, MnFe,O, nanoparticles have high surface area, high
saturation magnetization, high mechanical hardness and
possess excellent chemical stability [15]. Literature survey
reveals that manganese ferrite nanoparticles are synthesized
by several methods like traditional ceramic methods, oxalate
method, sol—gel, chemical co-precipitation, mechanical ball
milling, thermal decomposition, hydrothermal, combustion,
and micro emulsion method [16-19].

Out of many methods stated above, sol-gel method is
considered to be an appropriate one, whereas innumerable
applications are prevalent. World’s lightest materials and
some toughest ceramics were produced by the scientists
using this method. Sol-gel method applications are wide,
especially in thin films which are produced by spin or dip
coating on a piece of substrate. Glass articles with novel
properties can be formed which cannot be created by any
other method. Various surfactants were used so far in sol—gel
method, but no report is available on the effects of wheat
flour (WF) and potato flour (PF) as surfactants. In this study
WF and PF were used as surfactants for synthesis of man-
ganese ferrite. The structural, morphological, optical and
magnetic properties of MnFe,O, (sample A and B) were
characterized by XRD, UV-visible spectroscopy, Fourier
transform-infrared (FT-IR) spectroscopy, scanning electron
microscope (SEM), energy dispersive X-ray (EDX) spectros-
copy, photoluminescence (PL) spectra and VSM measure-
ments. Benzyl alcohol oxidation catalytic activity test was
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carried out and the product formed was characterized by gas
chromatography (GC).

The antimicrobial activity of nanoparticles depends on
the size and morphologies of the samples [20, 21]. So far
limited information is available on the antimicrobial proper-
ties of MnFe,O, NPs. In this present work the antimicrobial
activity of sample A and sample B were investigated against
two Gram-positive bacteria (Staphylococcus aureus, Strep-
tococcus pneumoniae), two Gram-negative bacteria (Pseu-
domonas aeruginosa, Salmonella paratyphi) and fungus
(Candida albicans). Now-a-days the contribution of cancer
to human mortality is also a major threat to human kind.
In 2008, the International Agency for Research on cancer
estimated that India represents about 8% of cancer death
globally and about 6% of death in India [22]. So no doubt
that, cancer is a threat. Shocking information from the recent
studies is that, the numbers of cancer deaths are increasing
and it will increase more in future. It is predicted to increase
11 million in 2030. Lung cancer is major of all and it is due
to the high incidence rapid progression and poor prognosis
[23]. Currently chemotherapy has been used to cure cancer.
At the same time side-effects should also taken into account
for some anti-tumor chemotherapeutics. Thus, investiga-
tion of new chemicals for treatment of cancer is necessary.
Various types of nanoparticles synthesized from inorganic
as well as organic materials shows potential applications
in cancer therapy [24, 25]. The remarkable heating effects
of magnetic nanoparticles used as drug delivery structures,
provide an opportunity to target tumor cells [26]. The effec-
tiveness of chemotherapy treatment is restricted, because
most of the drugs used to treat cancer exhibit toxicity to
both tumor and normal cells. So understanding of nanopar-
ticles and their toxicity is very important. In this study, an
attempt was made to evaluate the in vitro cytotoxic activity
of the newly synthesized compounds against human lung
carcinoma (A549) and human breast carcinoma (MCF-7).
Keratinocytes (HaCaT) cell was used as normal cell line.

Materials and methods
Chemicals and reagents used

Manganese ferrite nanoparticles were synthesized using
ferric nitrate (Fe(NO;);-9H,0), manganese nitrate
(Mn(NOs;),-4H,0) and NaOH. Potato flour and wheat
flour are used as surfactants. All these reagents used in
the experiments were obtained from Merck India and they
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are analytically pure (AR grade around 99.9% pure), so it
was used without any further purification.

Synthesis of manganese ferrite nanoparticles

An appropriate amount of manganese nitrate
(Mn(NO5),-4H,0) (6.2 g), ferric nitrate (Fe(NO;);-9H,0)
(20.1 g) and sodium hydroxide (4 g) were dissolved sep-
arately in a beaker with 100 ml of deionizer water and
stirred for 15 min to obtain clear solution and mixed pre-
dominantly. The polymer solution was made by mixing
20 g of wheat flour with 100 ml of deionized water with a
help of a magnetic stirrer. The metal nitrate solutions and
sodium hydroxide solution were added to polymer solution
slowly with constant stirring at 50 °C to form sol. This sol
was then heated slowly to 90 °C under constant stirring to
obtain a wet gel. Then the wet gel product was dried over
in hot air oven for 2 days. Then it was calcinated at 600 °C
for 2 h at a heating rate of 10 °C/min. It was crushed and
powdered in a mortar for 30 min. This powdered sample
was labeled as sample A (MnFe,0,). In another experi-
ment sample B (MnFe,0,) also synthesized, following
the same procedure, but replacing wheat flour with potato
flour. The wheat flour and potato flour used were commer-
cial one, which is composed of various materials such as
moisture, protein, fat, carbohydrate, fiber and ash.

Characterization techniques

The characterization of newly synthesized sample A and B
nanopowders were conducted using various techniques to
identify the phase formation, crystal size, distribution and
to explore other parameters of interest. The structural char-
acterizations of both samples were studied using PANalyt-
ical X’pert pro X-ray diffractometer equipped with Cu-Ka
radiation of wave length 1 = 1.5418 A. Surface functional
groups were analyzed by Perkin Elmer FT-IR spectrom-
eter. Morphological studies and energy dispersive X-ray
analysis (EDX) of MnFe,O, NPs have been performed
with FEI Quanta FEG 200 high resolution scanning elec-
tron microscopy (HR-SEM). The surface area was derived
from N, adsorption—desorption isotherms using Quan-
tachrome Corp. Nova-1000 gas sorption analyzer with
liquid nitrogen at 77 K. The UV-visible diffuse reflectance
spectrum (DRS) was recorded using Cary 100 UV-visible
spectrophotometer. Using Varian Cary Eclipse Fluores-
cence Spectrophotometer, PL properties were recorded in
room temperature. The magnetization measurements were
performed using VSM-LakeShore 7304 model Vibrating
Sample Magnetometer with a maximum field of 15,000
Gauss at room temperature.

Catalytic test

Both WF/MnFe,0, and PF/MnFe,0, nanopowders were
used as catalyst for the oxidation of benzyl alcohol. It
was done in a batch reactor under atmospheric condi-
tions. 10 mol of oxidant (H,0,) was added along with 1 g
of nanosized catalysts (Sample A and B) and the contents
were heated at 80 °C in an acetonitrile medium for 10 h in
a three necked round bottom flask equipped with a reflux
condenser and thermometer. After the reaction, the oxi-
dized products were collected and studied using Agilent
GC spectrometer. DB wax column of length 30 mm was
used as capillary column and helium gas was used as the
carrier gas for this study. The oxidized products obtained
were calculated by the following formulae,

Std peak area — Sample peak area

C i = 100
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Total peak area

Antimicrobial activity

Antimicrobial activity of newly synthesized MnFe,0,
nanoparticles were examined using Agar well diffusion
method against two Gram-positive bacteria (Staphylo-
coccus aureus, Streptococcus pneumoniae), two Gram-
negative bacteria (Pseudomonas aeruginosa, Salmonella
paratyphi) and fungus (Candida albicans). All the tested
pathogens were obtained from Microbial Type Culture
Collection (MTCC), Chandigarh, India and Microbiologi-
cal laboratory, Coimbatore, Tamil Nadu, India. Stock solu-
tion was prepared by dissolving 1 mg of MnFe,O, nano-
particles (WF/MnFe,0, and PF/MnFe,0,) in 1 ml of pure
dimethyl sulfoxide (DMSO) (0.1% w/v) and stored at 4 °C.
The bacterial and fungal cultures were incubated for 24 h
at 37 °C on nutrient agar and potato dextrose agar, respec-
tively. Bacterial strains were grown in Mueller-Hinton agar
plates, whereas fungal strains were grown in Potato Dex-
trose agar plates. A set of three concentrations (25, 50
and 100 pg/ml of MnFe,O, nanoparticles) were used in
this study. Gentamycin was used as positive control for
bacteria and Ketaconozole was used as positive control
for fungus. For all the bacteria and fungi strains, overnight
cultures grown in broth were adjusted to an inoculum size
of 10° CFU/ml for inoculation of the agar plates. These
cultures were uniformly spread on Mueller-Hinton agar
plates (Bacteria) and Potato Dextrose Agar plates (Fungi)
separately. Four wells of uniform sizes were made with a
cork borer in each organism plate; 25, 50 and 100 pg/ml
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MnFe,0, nanoparticles (WF/MnFe,0, and PF/MnFe,0,)
were pipette out directly into three wells; and one well
was filled with 100 pg/ml of the vehicle solvent DMSO.
Following an incubation period of 24 h at 37 °C, the anti-
microbial activity was evaluated by inhibition zones of
bacterial growth.

Minimum inhibitory concentration

Minimum inhibitory concentration (MIC) is the lowest
concentration of the antimicrobial agent that inhibits the
microbial growth after 24-h incubation. MIC values of all
the above tested pathogens were performed using standard
broth micro dilution method with 96-well plates. The 12
wells of each row were filled with 0.5 ml sterilized Mul-
ler Hinton agar. Gentamicin (10 pg/ml) and Ketaconozole
(10 pg/ml) were used as positive control for bacteria and
fungus, respectively. Well 1 serve as growth control and
well 12 serve as antibiotic control. The quantity of 0.5 ml
of a mixture of culture medium and WF/MnFe,0, and PF/
MnFe,0, NPs were added to wells 2—-11 and it was diluted
to create a concentration sequence from 0.512 to 0.008 ml.
The deep wells were incubated for 24 h at 37 °C.

In vitro cytotoxicity activity

Human lung carcinoma (A549) and Human breast carci-
noma (MCF-7) cell lines were used to evaluate the in vitro
cytotoxic properties of newly synthesized MnFe,O, NPs.
Keratinocyte (HaCaT) cell line was used as normal cell line.
MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] assay was performed to access the cell viability. All
the above cells were procured from NCCS (Natural Centre
for Cell Science), Pune, India. The A549 cells were cultured
in RPMI-1640 (Rosewell Park Memorial Institute), MCF-7
and HaCaT cells were cultured in DMEM (Dulbecco’s Mod-
ified Eagles Medium). To ensure growth and viability of
the cells, medium were supplemented with 10% FBS (Fetal
bovine serum) and incubated in a humidified atmosphere
with 5% CO, at 37 °C. HaCaT, A549 and MCF-7 cells were
seeded separately at the concentration of 2.5 x 10° cells/well
in 96 well plates and these cells were allowed to cohere
overnight at 37 °C in a humidified atmosphere with 5%
CO, for 24 h. The various concentrations of WF/MnFe,0,
and PF/MnFe,0, nanoparticles were dissolved in DMSO
and infused in the above process. After 24 h, MTT reagent
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide] was added to each well and incubated at 37 °C for 4 h.
The medium without the complex is served as control. To
compare the results, anticancer activity of cisplatin was also
evaluated under the same experimental conditions. Absorb-
ance was recorded at 595 nm and sensitivity to cisplatin and
the compounds were calculated based on cell proliferation
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measurements. The concentration required to kill 50% of the
cell (ICs,) was also calculated.

Results and discussion
Structural analysis

The crystal structure and phase purity of the newly syn-
thesized nanocrystalline spinel MnFe,O, NPs were evalu-
ated by X-ray diffraction (XRD). Figure 1a, b represents the
XRD patterns of the sample synthesized via sol-gel method
using wheat flour and potato flour, respectively. In Fig. la
the diffraction peaks show the reflection planes (111), (202),
(311), (222),(400),(333),(404), (440), (533) and (622) which
match well with the standard diffraction values of JCPDS
file no 74-2403 [26-30]. All these peaks confirm the cubic
spinel lattice of MnFe,O,. This indicates that wheat flour
(Fig. 1a) as surfactant led to the formation of MnFe,O, par-
ticles of good crystallinity with no impurity phase. However,
the XRD pattern of the sample has been synthesized with
the surfactant potato flour (Fig. 1b) shows the peaks cor-
responding to spinel structure and additional peaks at 35.6°
and 64.1° are due to a-Fe, 0.

The average crystallite size of the MnFe,0O, samples were
calculated using Debye-Scherrer’s formula

0892
" Bcos@’

where L is the crystallite size, 6, the Bragg diffraction angle,
A, the X-ray wavelength and f, the full width at half maxi-
mum (FWHM). The average particle size of MnFe,0, cal-
culated from the diffraction peaks was found to be around
23 nm for WF/MnFe,O, NP and 16 nm for PF/MnFe,0,
NP. It is clearly found that PF/MnFe,O, NP is smaller when
compared with WF/MnFe,0,.

The calculated lattice parameter was found to be 8.492 A
for WF/MnFe,O, NP and 8.496 A for PF/MnFe,O, NP,
which has good correlation with the JCPDS Card No
74-2403 and the calculated values of lattice parameter and
crystallite size are given in Table 1.

Fourier transform infrared spectroscopy (FT-IR)
studies

The functional group was investigated via Fourier Trans-
form Infrared Spectroscopy (FT-IR) measurements. Fig-
ure 2 shows the FT-IR spectrum of MnFe,O, samples.
The two strong absorption peaks below 1000 cm™ in both
samples indicates the presence of ferrites [31]. The stretch-
ing between 400 and 700 cm™! are the vibrations of (Fe—O)
which are indicative of formation of spinel ferrite struc-
ture [31]. In ferrites the metal ions occupy two different
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Fig. 1 XRD Patterns of MnFe,O, synthesized using surfactant a wheat flour b potato flour

Table 1 XRD patterns of WF/MnFe,0, and PF/MnFe,0, nanoparti-
cles

Samples Crystallite size Lattice
(nm) parameter
A
Sample A (WF/MnFe,0,) 23.12 8.492
Sample B (PF/MnFe,0,) 16.87 8.496

interstitial sites in the lattice. One is at the tetrahedral site
while the other is at the octahedral site [31, 32]. From the
FT-IR spectra, it is found that high frequency bands at
875 cm™! is associated to the tetrahedral site while the low
frequency band at 629 cm™ is associated to the octahedral
site [31]. The sharpness of these bands is correlated to the
high degree of crystallinity of MnFe,O, nanostructures. A
broad vibration band at 3449 and 3421 cm™! are associated
with the O-H stretching vibration of the adsorbed water
molecules indicating higher amount of surface OH [33,
34]. A small band at 1383 cm™ is assigned to the stretching

vibrations of the COO group. A band at 1441 and 1449 cm™!
are assigned to C—H bending modes. The peaks at 1116 and
1110 cm™! may be due to (C—O—C) symmetric vibration and
dehydration of OH group from the polymers. The absence
of peaks in the range of 2000-3000 cm™! in the sample
confirms the absence of O-H mode, C—O mode and C-H
stretching mode.

Morphological analysis

Figure 3a, b shows the obtained SEM images of MnFe,O,
samples synthesized from wheat flour and potato flour.
Both samples have been characterized by SEM microscopy
to study their morphology, size, shape and agglomeration.
The SEM image of PF/MnFe,0, (Fig. 3b) reveals that the
morphology of the particles was dispersed uniformly with
a wider range of particle sizes, whereas grain growth was
apparent in WF/MnFe,O, (Fig. 3a). The particles were
agglomerated due to interaction between magnetic nanopar-
ticles. Heat treatment would have also caused agglomeration,

"
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Fig.2 FT-IR Spectra of 100

MnFe,0, synthesized using
surfactant a wheat flour b
potato flour
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resulting in bigger grains. This is a typical characteristic
feature of spinel ferrites [33, 35]. By analyzing both the
samples, sample prepared using PF act as better surfactant
than sample prepared using WF.

Energy dispersive X-ray (EDX) analysis

The elemental analysis and purity of MnFe,O, nanocrystal-
line samples were confirmed by EDX analysis and the peaks
obtained are shown in Fig. 4a, b. EDX results confirms the
presence of Fe, Mn and O elements in MnFe,O, samples.
In addition to these peaks, a small peak is also found at
2.1 keV in both the samples, which indicates the presence of

Au which has been used as a sputter coating, while preparing
the samples for the analysis.
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BET surface area

The surface adsorbance capability of MnFe,O, nanopar-
ticles were determined using Brunauer—Emmett—Teller
(BET) surface area technique using N, adsorption/
desorption studies. The surface area of PF/MnFe,0,
(75.76 m?/g) was found to be higher than that of WF/
MnFe,0, (39.21 m*/¢g). High surface area of PF/MnFe,0,
is due to the smaller particle size of the sample, which is
confirmed by XRD and HR-SEM. From this it is expected
that the high surface area of PF/MnFe,0, could enhance
the catalytic properties, than that of WF/MnFe,0,.
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Fig.3 SEM images of MnFe,O, synthesized using surfactant a wheat flour b potato flour

Optical properties

Photoluminescence spectra gives information about lumi-
nescence properties. In addition to this it can also give
the information of sub-band gap defect states of spinel
MnFe,0, nanoparticles. Figure 5 shows the absorption
and emission spectra of spinel MnFe,0, nanoparticles
recorded at room temperature. Absorption peak observed
in the range of 340-370 nm in both samples indicates the
presence of defects and oxygen vacancies. A visible region
peak observed at 412 and 413 nm is also attributed to the
oxygen vacancies. Two peaks appeared around 412 and
413 nm corresponds to blue emission due to the radioac-
tive defects related to the interface traps existing at the
grain boundaries [36]. PL emission spectrum of MnFe,0,
samples shows maximum level at 412 nm (blue emission)
which indicates the recombination of electrons deeply
trapped in oxygen vacancies with photo generated holes
[37]. The PL intensity of WF/MnFe,O, NP for blue emis-
sion is approximately 1.1 times greater than that of PF/
MnFe,0,. So MnFe,0, sample synthesized using wheat
flour as surfactant is found to have more defects and oxy-
gen vacancies. But WF/MnFe,0, with such defects may
be preferred for luminescence devices, as its PL intensity
is higher.

Magnetic properties

At room temperature, using Vibrating Sample Magnetom-
eter (VSM) technique, the magnetic properties of spinel
MnFe,0, samples were recorded and the results of hyster-
esis are shown in Fig. 6. The obtained values of saturation
magnetization (M), remnant magnetization (M,) and coer-
civity (H,) are given in Table 2 and the M—H loops of both
the samples are given in Fig. 6. The samples exhibit a super-
paramagnetic behavior. M, and H, value of sample have been
synthesis using wheat flour was found to be 45.23 emu/g and
67 Oe, whereas, it was reduced to 38.21 emu/g and 54 Oe of
sample synthesis using potato flour [38—40]. The presence of
a-Fe, 05 in PF/MnFe,0, contributed to the decrease satura-
tion magnetization value [41]. In general coercivity (H) of
a magnetic material is a measure of its magneto crystalline
anisotropy [42]. It seems to originate from the exchange ani-
sotrophy due to spin disorder at the particle interface. This
effect is expected to be larger for smaller particle size due to
increase in surface-to-volume ratio [43].

Catalytic test

The catalytic oxidation of benzyl alcohol was studied using
MnFe,0, NPs as catalyst and the performance have been

* @ Springer
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Fig.4 EDX spectra of MnFe,O, synthesized using surfactant a wheat
flour b potato flour

investigated. Moreover, oxidized products were analyzed
using gas chromatography (GC). Here the conversion
reached a maximum of 89.47% for PF/MnFe,O, and 68.79%
for WF/MnFe,O, and it is given in Table 3. The MnFe,O,
have been synthesized using potato flour as surfactant per-
formed as good catalyst with higher yield of benzaldehyde.
It is mainly due to small particle size with higher surface
area of PF/MnFe,0,. This heterogeneous spinel MnFe,0,
catalyst is non-toxic, eco-friendly and has an excellent cata-
lytic performance.

Antimicrobial activity

The antimicrobial test was performed on pathogenic organ-
isms using spinel MnFe,O, nanoparticles as an antimicro-
bial agent and their performance was investigated. The WF/
MnFe,0, and PF/MnFe,0, NPs shows significant antibacte-
rial and antifungal activity against all the organisms as given
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Fig.5 UV and PL spectra of MnFe,O, synthesized using surfactant a
wheat flour b potato flour

in Table 4. Both the sample controls all the test microor-
ganisms performed in this study. Among these, Streptococ-
cus pneumoniae, Pseudomonas aeruginosa and Candida
albicans were found to be most sensitive. These pathogens
are those which developed resistance to all the available
antibiotics. From the results obtained, it is confirmed that,
PF/MnFe,0, shows the initial inhibition from 25 ug/ml for
Pseudomonas aeruginosa, Streptococcus pneumoniae and
Candida albicans. But there was no inhibition in 25 ug/ml
with WF/MnFe,0, for the tested pathogens. The antibac-
terial and antifungal activity results clearly shows that the
zone of inhibition values against bacterial and fungal spe-
cies produced by PF/MnFe,0, were significantly higher than
that of WF/MnFe,0,. In the zone of 50 and 100 pg/ml PF/
MnFe,0, shows higher inhibition than WF/MnFe,0,. Thus,
PF/MnFe,0, was most effective and shows a strong anti-
bacterial and antifungal property against all the test patho-
gens. Hence, experiments were conducted to determine their
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Fig.6 Magnetic hysteresis (M—H) loops of MnFe,O, synthesized
using surfactant a wheat flour, b potato flour

Table2 VSM measurements of WF/MnFe,0, and PF/MnFe,O, nan-
oparticles

Samples M, (emu/g) M, (emu/g) H, (Oe)
Sample A (WF/MnFe,0,) 45.23 4.36 54
Sample B (PF/MnFe,0,) 38.21 5.05 67

Table 3 Conversion percentage of catalytic oxidation of benzyl alco-
hol into benzaldehyde

Catalysts Conversion (%) Selectivity (%)
Sample A (WF/MnFe,0,) 68.79 100
Sample B (PF/MnFe,0,) 89.47 100

Minimum Inhibitory Concentration (MIC) and their results
are reported in Table 5. The significant inhibition property
of PF/MnFe,O, might be due to its smaller particle size with
high surface area.

Anticancer studies

The anti-proliferative activity of newly synthesized samples
(WF/MnFe,0, and PF/MnFe,0,) on human lung carcinoma
(A549) and human breast carcinoma (MCF-7) were analyzed
using MTT assay in a dose dependent fashion. It was com-
pared with cisplatin (Fig. 7). The dose dependent cell death
inducing ability of the compounds has been investigated
using the percentage of cell viability verses complex concen-
tration plot. New compounds which are synthesized revealed
better reduction in the cell viability. The dose dependent cell
inducing ability of the compounds on A549 and MCF-7 cell
lines are shown in Figs. 8 and 9. Both samples show signifi-
cant inhibition than cisplatin. Among these two samples, PF/
MnFe,0, shows better inhibition than WF/MnFe,0,. ICs,
value of the cell lines are calculated and shown in Fig. 10.
WE/MnFe,0, and PF/MnFe,0, NPs shows an IC50 value
of 1.11, 1.18 uM against A549 and 1.32, 1.19 uM against
MCEF-7 cell lines, respectively. Figure 11 shows the cell
inducing ability of normal HaCaT cell line. From the results
obtained against human keratinocyte cell, it is concluded
that both the samples were non-toxic to normal cell line.

Conclusions

WEF/MnFe,0, and PF/MnFe,0, NPs were successfully
synthesized by a simple sol-gel method using natural
surfactants like wheat flour and potato flour. XRD results
confirm pure cubic spinel crystalline structure for the sam-
ple synthesis using wheat flour. But potato flour had an

Table 4 In vitro antimicrobial activity of WF/MnFe,0, and PF/MnFe,O, NPs

Microbial pathogens Zone of inhibition
Standard 10 pg/ 25 pg/ml 50 pg/ml 100 pg/ml
ml (S
®) WF/ PF/MnFe, 0, WF/MnFe,O, PF/MnFe,O, WF/MnFe,O, PF/MnFe,0,
MnFe,0,
Gram-positive Staphylococcus ~ 20.19 + 0.40 - - 1544 +0.22 1586 +0.54 16.76 +0.33 17.88 +0.11
bacteria aureus
Streptococcus 21.43 +0.54 - 11.19+0.32 1443 +£0.65 1554+033 17.79+0.12 18.09 +0.19
pneumoniae
Gram-negative Pseudomonas 21.38 +0.76 - 11.87 £0.65 1398 +0.55 14.58 +0.65 17.33 +0.24 18.38 +0.66
bacteria aeruginosa
Salmonella 20.43 +£0.55 - - 1439 +£0.20 15.55+040 17.44+0.54 1829 +0.11
paratyphi
Fungus Candida albi- 21.55+£0.22 - 1222 +0.65 13.33+0.11 1589 +0.34 17.38+0.30 17.89 +0.66
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Table 5 MIC values of WF/
MnFe,0, and PF/MnFe,0,
NPs for different microbial
pathogens

Fig.7 Cytotoxicity effect of
Cisplatin

Fig.8 Cytotoxic effect of WF/
MnFe,0, (a) and PF/MnFe,0,
(b) in A549 cells after 24-h
post-incubation. Values are rep-
resented as mean + SEM with
triplicate estimations

Fig.9 Cytotoxic effect of WF/
MnFe,0, (a) and PF/MnFe,0,
(b) in MCF-7 cells after 24-h
post-incubation. Values are rep-
resented as mean + SEM with
triplicate estimations

impurity phase of a-Fe,0;. The average crystallite size was
calculated by Debye-Scherrer formula and it was found to
be 23 nm for WF/MnFe,0, and 16 nm for PF/MnFe,0,.
SEM images show the morphology of the samples with

Samples MIC (ug/ml) Microbial pathogens
S. aureus S. pneumoniae P. aeruginosa S. typhi C. albicans
WF/MnFe,0, 31.78 29.10 31.35 28.22 24.83
PF/MnFe,0, 15.12 27.38 16.12 15.34 13.22
o MTT ASSAY- CISPLATIN
100 100 100
100 - 90.1591.3491.11
s 813873 83
£ 90 75.22
z
3 60 1
© mHaCaT
> 41.5642.67
3 40+ - BAS49
v A
2 1 11 2008 834l MCF7
930 334677
0 o
Control 0.625 125 25 5 10
Concentration uM
A549
120
. 100
3\; 80 m Control
= m0.625
§ 60
; 40 m1.25
8 =25
20
m5
0
m10
Concentration (UM)
MCF7
120 10%
— 100 - 4.87
X
. H Control
; 80
;g 60 - m0.625
; 40 - m1.25
]
O 59 A 2.5
m5
0 A
A
m10

Concentration (LM)

The surface area of PF/MnFe,0, (75.76 m?/g) was found
to be higher than that of WF/MnFe,0, (39.21 m?/g). High
surface area of PF/MnFe,0, is due to the smaller particle
size of PF/MnFe,0,. FT-IR study confirms the nature of

well-defined nanoparticle structure with agglomeration.
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Fig. 10 ICy, values of WF/

MnFe,0, (a) and PF/MnFe,0, 1.6 -
(b) against A549 and MCF-7
cell lines ~ 14 1
= _
3 1.2
s
T 0.8
—
=
@ 0.6 T
e
s 0.4 A
o
0.2 A
0 -
Fig. 11 Cytotoxic effect of WF/
MnFe,0, (a) and PF/MnFe,0,
(b) in HaCaT keratinocyte cells 101 -
after 24-h post-incubation. 99 -
Values are represented as e
mean + SEM with triplicate &K ¥
estimations -_-f 95 1
2 93 4
5
= 91 A
8 89 -
87 -
85 -

bonds in synthesized ferrites. PL studies show a broad blue
emission band for both the samples. VSM result shows the
super-paramagnetic behavior to both the samples. The con-
version of benzyl alcohol reached a maximum of 89.47%
for MnFe,0, synthesized using PF as surfactant, whereas
for sample synthesized using wheat flour as surfactant,
this conversion was only 68.79% with 100% selectivity.
In the antimicrobial and antifungal test, PF/MnFe,0O, was
found to be most effective and shows a strong antibacterial
and antifungal property against two Gram-positive bacte-
ria (Staphylococcus aureus, Streptococcus pneumoniae),
two Gram-negative bacteria (Pseudomonas aeruginosa,
Salmonella paratyphi) and candida albicans fungus than
WEF/MnFe,0,. The significant inhibition property of PF/
MnFe,0, is due to its smaller particle size with high sur-
face area. In the anti-proliferative activity, the newly syn-
thesized samples revealed a better reduction in the cell
viability. Both samples exhibit significant inhibition than
cisplatin. On comparing, PF/MnFe,0, shows better inhibi-
tion than WF/MnFe,0,. From the results obtained against
human keratinocyte cell, it is concluded that both the sam-
ples were non-toxic to normal cell line.

mA549
B MCF7

Cell lines

= Control
=0.625
H1.25
H25
=5

=10

Concentration (LM)
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