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Abstract
Objectives: To evaluate the structural, morphological and pharmacological
application of green synthesized iron doped titanium oxide nanoparticles
derived from Beta vulgaris leaves extract. Methods: A green synthesis of Fe
doped TiO2 a nanoparticle (Fe/TiO2) was achieved using aqueous extract
of Beta vulgaris leaves. The obtained Fe/TiO2 was categorized by analytical
techniques including UV, FTIR, XRD, SEM, EDS and TEM. Antibacterial and
antifungal activities were analyzed by PDA agar disc diffusion method, while
the anticancer studies were carried out using MCF-7 cell-line by MTT assay
method. Findings: The FTIR spectrum haves showed a new broad band at 574
cm-1 indicating to TiO2 with ferrous ion. The UV spectrum shows absorption
peaks at 277.40, 396.30 and 453.30 nm, which tallies with the wavelength
of the surface plasmon resonance (SPR) of Fe/TiO2 bimetallic NPs. The XRD
peaks corresponding to rutile phase also emerged at 2𝜃 = 25.61(121) and
39.69 (004) diffraction corresponding to the Fe3+ ions could substitute Ti4+

from some of the lattice sites of TiO2. SEM, EDS and TEM images have
showed very clear shapes of ferrous ion anatase, Antibacterial activity of
green synthesized Fe/TiO2 has excellent zone of inhibition (14 mm) which is
appreciable. Anticancer activities have showed significant effects (IC50= 62.5
𝜇g/m.L).Novelty: The nanoparticles of Fe/TiO2 mediated by Beta vulgaris have
acted as effective bioreductant and also as potential anticancer agent.
Keywords: Green synthesis; Beta vulgaris; Fe/TiO2NPs; Antimicrobial;
Antioxidant; Anticancer activity

1 Introduction
Currently, there is a growing interest for the development and use of nanomaterials in
various products and technologies. In the last decade, nanoparticles (NPs) have been
deployed in the field of biomedical sciences for targeted delivery of drug, imaging,
diagnosis and treatment of diseases and development of antimicrobials (1). Metal and
metal-oxide nanoparticles demonstrate novel physico-chemical properties that are not
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associated with individual or bulk molecules. Among NPs, Titanium oxides (TiO2) NPs validate unique surface chemistry,
morphologies and have been usedmainly in textile, paper, cosmetics and food industries. Most of the TiO2 NPs are synthesized
using physico-chemical methods that oblige high temperature with pressure and noxious chemicals which make them
unbefitting for use as medicine and other biomedical application. Hence the emphasis has shifted to the use of eco-friendly and
cost-effective slants to synthesize nano sized TiO2 particles. One such method of synthesis employs plant extracts as reducing
agent. Moreover, this green synthesis approach yields NPs with better morphology and stability (2). Recently, TiO2-NPs have
been synthesized from a range of plants including Nigella sativa seed extraction (3), aqueous extract of Catharanthus roseus
(leaf) (4), Eclipta prostrata aqueous leaf extract (5), Azadirchta indica (6) for various applications. Further, the novel metal doping
of TiO2 improves the efficiency of NPs bymanipulating the band gap energy. Amongst NPs, Ag/TiO2 NPs have been previously
synthesized using the extracts of Citrus limon and Nephelium lappaceum and reported for improved photocatalytic activity (7)-
(8). Yet, inadequate reports have appeared apropos green synthesis of Fe/TiO2-NPs using plant extracts as biological reductants.
Owing to the limited information on the usage of plant extracts for synthesizing in FeTiO2-NPs were synthesized using extract
of Beta vulgaris using a cost effective and eco-friendly approach. Further, these NPs were characterized employing XRD, SEM,
EDS, TEM and UV, FTIR spectroscopic techniques. In the present study, we synthesized the Beta vulgaris leaves extract capped
Fe/TiO2 nanoparticle by using bacteria, fungi, antioxidant and investigated their anticancer activity against breast cancer (MCF-
7) cell line. Beta vulgaris L contain good source of vitamin A, vitamin C, and calcium. The B. vulgaris leaves extract has various
health benefits such as anticancer, antioxidant, and anti-inflammatory, along with improvement of cardiovascular health with
reduction of blood pressure.

2 Methodology

2.1 Collection of materials

The leaves of Beta vulgaris were collected from local vegetable market of Chidambaram, Cuddalore district, Tamil Nadu, India.

2.2 Preparation of extract Beta vulgaris

The laves of Beta vulgaris were cleaned with water for 3 times and followed by deionized water to clean the dust; plant leaves
were sheltered, dried totally for 7 days to drain out moisture and then ground to powder. The 10 g of powdered sample was
added to 50 ml of double distilled water (DDW) and left for incubation and intermittent stirring was done. Sample was boiled
for one hour, cooled to room temperature and filtered using Whatman1≠ filter paper, and filtrate used for the synthesis of iron
doped TiO2-NPs.

2.3 Green synthesis of iron doped TiO2 nanoparticles (Fe/TiO2)

Fe/TiO2 NPs were synthesized using iron nitrate, titanium isopropoxide and leaves extract of Beta vulgaris. In short, 20 mM
titanium isopropoxide was added drop wise into 50 ml absolute ethanol, stirred vigorously for 20 min at room temperature and
after that few drops of 65% HNO3 was added. Beta vulgaris leaves extract (5 mL) and 1 mM of iron nitrate (Fe (NO3)2) were
added to the previously prepared mixture and stirred for 1 hr. Subsequently, deionized water was added to the mixture and the
consequent solution was shaken for couple of hours at room temperature (RT) for the gel formation, this gel was kept for 1
day at RT. After drying at 80oC for 1 day, the as-prepared Beta vulgaris extract and Fe/TiO2 samples were obtained and then
annealed at 400oC for 3 h to give a pale reddish material.

2.4 Characterization of spherical Fe/TiO2 NPs

The UV-Vis absorption studies were conducted on UV spectrophotometer (Thermo Scientific EVOLUTION-600). FT-IR
analysis was carried out on a Perkin Elmer FTIR spectrophotometer spectrum two (Perkin Elmer Life and Analytical Sciences,
CT, USA). Endorsement of crystal phases and determination of average crystalline size was performed using powder XRD
(X-ray diffraction). Diffractions dimensions were achieved through PAN analytical PW 3040/60 X’Pert PRO instrument using
Ni-filtered Cu-Ka radiation (1.54 Å) curve fitting and integration was used for X’Pert high score plus software. The FESEM
(Filed Emission Scanning Electron Microscopy) was done to study the morphology and elements identification were done by
EDS (Energy Dispersion Spectroscopy) on JEOL JEM-2300, of the NPs. TEM (Transmission Electron Microscopy) gave the
size and SAED (selective area electron diffraction) pattern at a voltage of 200 kV on JEOL JEM-1200EX (Japan).
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Fig 1. Scheme of Green synthesis of Fe/TiO2 NPs by Beta vulgaris

2.5 Antimicrobial studies

Disc diffusion method was used for antibacterial and antifungal assays to evaluate the antimicrobial potential of synthesized
Fe/TiO2NPs by Beta vulgaris.

2.5.1. Antibacterial assay
Four pathogenic bacterial strains, two gram positive (Staphylococcus aureus-ATCC 12600, Escherichia coli-ATCC 2592,) and
two gram negative (Pseudomonas aeruginosa-ATCC 15442), Bacillus cereus-ATCC 14579) were used in this assay. Bactericidal
activity was determined by using disc diffusion method as described by Sheikh et al. (9). Bacterial cultures were refreshed in
nutrient broth for 24 h at 37oC. Nutrient agar medium was used for the growth of bacterial strains. Filter paper discs of 6 mm
in size ware prepared from whatman no. 1 filter paper. Media, filter paper discs along with other apparatus required in this
assay were autoclaved for sterilization and experiment was performed in microbiological safety cabinet. Bacterial strains were
streaked on solidified labeled nutrient agar plates. Ampicillin was used as standard drug. Then 20 mg of samples were loaded
per disc, placed on respective places in petri plate and incubated for 24 h at 37oC for antibacterial activity. Zones of inhibitions
were measured after 24 h.

2.5.2. Antifungal assay
Fungicidal activity of synthesized Fe/TiO2NPs by Beta vulgaris were unhurried by discerning the growth response of two
fungal strains (Candida albicans- ATCC 10231, Trichoderma viride- QM 3090). PDA broth was used for energizing fungal
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culture and grown on potato dextrose agar (PDA). Slight modified method of Sheikh et al. (9) was followed for measuring the
fungicidal capacities. All apparatus were autoclaved for sterilization. Experiment was performed in triplicate and carried out in
microbiological safety cabinet. Sample solution was absorbed on discs and placed on respective labeled solidified SDA plates.
Amphotericin B was used as standard drug and 20 mg per disc of nanoparticles was used for antifungal activity. Plates were
incubated for 24 h at 28o C and measured the zone of inhibition.

2.6 Antioxidant studies by DPPH method

Antioxidant potential of Fe/TiO2 NPs against DPPHwas determined usingmethod described byMahendra et al., (10) with slight
modification. DPPH assay was performed in 96 wells plate. Test sample (20 ml) from stock solution was poured in respective
well of plate and then 180 ml of DPPH solution was added in each well to make 200 ml final volume. Ascorbic acid was used
as reference standard. Mixture was incubated at room temperature for half an hour. Change in color from violet to yellow was
observed due to the antioxidation potential. Absorbance of reaction mixture was measured at 517 nm on microplate reader.
Scavenging activity was calculated by given equation.

%𝑆𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 = 𝑂𝐷𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝑂𝐷𝑜𝑓 𝑡𝑒𝑠𝑡𝑠𝑎𝑚𝑝𝑙𝑒
𝑂𝐷𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙

OD = optical density absorbance

2.7 Anticancer study by MTT assay

Anticancer effect of the green synthesized Fe/TiO2NPs was determined using MTT assay. Momentarily, 1x103 cells were plated
and permissible to observe in 96-well plate under anaerobic conditions as described previously. Post incubation, 10-mL ofMTT
solution was added in each well to make incubation for 4-hours in a CO2 incubator. Afterward, 200 mL of DMSO was added
to each well after retreat supernatant (11)- (12). The development of the color was read at 550 nm. MCF-7 cell line was obtained
from National Centre for Cell Sciences, Pune (NCCS). The cells were kept in DMEM augmented with 10% FBS, penicillin (100
U/ml), and streptomycin (100 𝜇g/ml) in a humidified atmosphere of 50 𝜇g/ml CO2 at 37∘C. Cells (1 × 105/well) were plated in
24-well plates and incubated in 370C with 5% CO2 condition. After the cell reaches the confluence, the several concentrations
of the samples were added and incubated for 24hrs. After incubation, the sample was removed from the well and washed with
phosphate-buffered saline (pH 7.4) or DMEM without serum. 100𝜇l/well (5mg/ml) of 0.5% 3-(4,5-dimethyl-2-thiazolyl)-2,
5-diphenyl–tetrazolium bromide (MTT) was added and incubated for 4 hours. After incubation, 1ml of DMSO was added in
all the wells. The absorbance at 570nm was measured with UV-Spectrophotometer using DMSO as the blank. Measurements
were performed and the concentration required for a 50% inhibition (IC50) was determined graphically. The % cell viability
was calculated using the following formula

%𝐶𝑒𝑙𝑙𝑣𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 = 𝐴570𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑒𝑑𝑐𝑒𝑙𝑙𝑠
𝐴570𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑐𝑒𝑙𝑙𝑠 ×100

Graphs are plotted using the % of Cell Viability at Y-axis and concentration of the sample in X-axis. Cell control and sample
control is included in each assay to compare the full cell viability assessments.

3 Results and Discussion

3.1 FTIR Spectral analysis

The FTIR Spectrum (Figure 2a) of Beta vulgaris leaf extract indicated characteristic signals at 3373, 1673, 1384, 1113 and 618
The wide bands observed at 3373 cm-1 indicates alcoholic (-O-H) stretching vibrations, sharp medium peaks at 1643 cm-1 have
represented in –C=O stretching vibration, this carbonyl functional groups have represented in Beta vulgaris leaf extract have
present in various carbonyl groups like aldehyde, acids, esters, ketones etc..Theweak peaks at 1383 cm-1 have shown in bending
deformation peaks of methyl, and methylene groups, the strong peaks at 1113 cm-1 have shown in bending vibrations of C-C-C
bonding, the sharp peaks have shown in the bending vibration at 618cm-1 indicates C-H deformations. The FTIR Spectrum of
Fe/TiO2 nanoparticles indicated characteristic signals at 3424, 2027, 1630, 1392, 1271, 1017 and 574 IR range of nanoparticles,
a shift in the absorbance tops was watched a solid expansive band at 3424 cm-1 could be credited to the extending vibration
of the hydroxyl gathering and the interlayer water molecules (13). This marvel was essentially brought about through Ti-O-H
extending vibration. The sharp peaks at 2027 have shown C≡C (symmetry reduces intensity). Very sharp band at 1630 cm-1
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with much reduced intensity compared with extract, this peak assigned carbonyl and twisting the vibration of H-O-H bond on
TiO2 catalyst (14) and at 1392 cm-1 proposing the official of Fe-O-Ti individually. Another sharp peak obtained at 1271 cm-1

have reveals that C(O)–O stretching vibrations and –OH in plane vibration, The weak band observed at 1017 cm-1 reveals that
in bending vibrations of C-C-C bonding. The band centered at �574 cm−1 was due to metal–oxygen, i.e., Ti–O and Fe–O, bonds

3.2 UV-visible Spectral analysis

The Beta vulgaris leaf extract, phytosynthesized Fe/TiO2 bimetallic NPs solution were subjected to UV-visible spectroscopy, in
order to shed light on the mechanism of Fe/TiO2 bimetallic NPs formation (15). The recorded spectra have shown in Figure 2c.
The spectra chronicled absorption peak between the regions from 200 to 850 nm, while the recorded spectra during the
reduction showed absorption peaks at 277.40, 396.30 and 453.30 nm, which corresponds to the wavelength of the surface
plasmon resonance (SPR) of Fe/TiO2 bimetallic NPs. The Fe/TiO2 bimetallic NPs showed a absorption peak at 277.40 nm,
which is a good agreement with the bimetallic NPs (Fe:Ti) 1:1 ratio onwards.

Fig 2. (a) FTIR spectrum of Beta vulgaris leaf extract, (b) FTIR Spectrum of Fe/TiO2NPs mediated by Beta vulgaris leaf extract, (c) UV
Spectrum, (d) XRD spectrum of Fe/TiO2NPs mediated by Beta vulgaris leaf extract

3.3 Powder XRD analysis

Figure 2d present the XRD diffraction patterns of Fe-doped-TiO2 nanoparticles. The XRD studies clearly demonstrated the
presence of both anatase and rutile phases with anatase as the major phase. The presence of main diffraction peaks in the XRD
pattern of Fe-doped-TiO2 nanoparticles at 2𝜃 = 23.28o, 25.61o, 29.63o, 39.69o, 49.21o, 62.86o, 64.57o, 69.40o, 73.01o & 79.04o

are allocated for (101), (121), (103), (004), (200), (213), (204), (220), (215) & (107) lattice planes of anatase phase (JCPDS No.
21-1272). The XRD peaks corresponding to rutile phase also emerged at 2𝜃 = 25.61 and 39.69 diffraction angles corresponding
to (121) and (004) diffraction planes (16). The synthesized samples did not exhibit any diffraction peaks for Fe, which suggests
that the Fe3+ content in the Fe doped TiO2 was below the detection limit, and due to almost similar ionic radii, the Fe3+ ions
could substitute Ti4+ from some of the lattice sites of TiO2. This further indicates that Fe3+ ions were successfully integrated
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into TiO2 matrix homogeneously without the development of iron oxide on the TiO2 surface. This homogeneous distribution
of Fe3+ ions in TiO2 matrix and low concentration, responsible for the absence of any Fe3+ peaks in the XRD patterns, have also
been reported earlier in the literature (17)- (18). The average crystallite size of the synthesized nanoparticles was estimated using
the Scherrer formula (Equation (1)) and was found to be around 14 nm.

𝑑 = 0.89𝜆
𝛽 cos𝜃 (1)

Where 𝜆 = 1.542Å, 𝜃 = Bragg angle of diffraction, 𝛽 = full width at half maximum.

Fig 3. (a) and (b) SEM Image of Fe/TiO2 NPs, (c) EDS-Micrographs image of Fe/TiO2 NPs, (d) EDS Spectrum of Fe/TiO2 mediated by Beta
vulgaris leaf extract

3.4 SEM with EDS Analysis

Surface morphology was determined with SEM. The amalgamated Fe/TiO2 were disseminated haphazardly having jagged
surface (Figure 3a & b). Synthesized NPs were circular in shape with an average size of 24.25 nm. However, larger particles
of Fe/TiO2 were also noticed perchance due to the accretion of NPs during the preparation of samples. Chemical composition
of synthesized NPs was unwavering with EDS Micrographs image (Figure 3c). EDS spectrum shows (Figure 3d) presence of Ti
& Fe peaks around 4.5 eV and 6.4 eV, respectively. EDS spectrum analysis also publicized that iron is in metallic form and free
from scums.

3.5 TEM Analysis

TEM pictures demonstrated the presence of polycrystalline Fe/TiO2 NPs with Beta vulgaris leaves extract (Figure 4a-c). The
biosynthesized Fe/TiO2 nanoparticles were predominately globular in shape with an average size of 0.5–50 nm and some were
agglomerated skimpy a resilient interaction with the molecules of Beta vulgaris leaves extract. SAED pattern exhibits discrete
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circular diffraction rings corresponding to anatase phase (Figure 4d). Obtained polycrystalline diversion rings of fictional
spherical NPs were in agreement with the earlier study.

Fig 4. (a), (b) and (c) TEM Image of Fe/TiO2 NPs, (d) SAED pattern of Fe/TiO2 mediated by Beta vulgaris leaf extract

3.6 Antimicrobial studies

3.6.1. Antibacterial Activity
Antibacterial accomplishments of synthesized Fe/TiO2-NPS have shown in Figure 5, were studied amongst both (Grampositive
and Gram negative) pathogenic bacteria. Fe/TiO2 NPs showed maximum zone of inhibition against P. aeruginosa (18 mm)
at 1000 𝜇g/ml concentration and B. cereus (11 mm) at 1000 𝜇g/ml and 750 𝜇g/ml, these two pathogens shown outstanding
activity compared with standard drugs. Antibacterial activities of E. coli have shown in perpetual zone of inhibition (9 mm) for
three concentrated test solutions (1000 𝜇g/ml, 750 𝜇g/ml and 500 𝜇g/ml). Fe/TiO2 NPs showed maximum zone of inhibition
against S. aureus (9mm) at 1000 mg/ml concentration, other two concentrations such as 750 mg/ml, 500 mg/ml have shown
in same zone of inhibition (8mm). Antibiotics were used as positive control (19). The Antimicrobial activity of Fe/TiO2-NPs is
generally endorsed to disrupting membrane integrity by reactive oxygen species (ROS) leading for phospholipid peroxidation
and ultimately leads to cell death.

3.6.2. Antifungal activity
Antifungal activities of synthesized Fe/TiO2-NPs by Beta vulgaris leaves extract have shown in Figure 5, were studied by fungal
strains such as Candida albicans, Trichoderma viride.

Fe/TiO2 NPs showed maximum zone of inhibition against Candida albicans (12 mm) at 1000 𝜇g/ml concentration, the
antifungal activity of Fe/TiO2 against C. albicans have shown the concentration of test solution increases, antifungal activity
also increases, 10 mm at 750 𝜇g/ml and 9mm at 500 𝜇g/ml (20). Antifungal activities of synthesized Fe/TiO2-NPs have shown
constant zone of inhibition (9 mm) at three concentrations of the test solutions (1000 𝜇g/ml, 750 𝜇g/ml, 500 𝜇g/ml).
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Fig 5. Antibacterial and antifungal activity of Fe/TiO2-NPs by Beta vulgaris leaves extract

Table 1. Zone of inhibition values of Antibacterial and Antifungal activity of Fe/TiO2-NPs by Beta vulgaris leaves extract

Organisms
Zone of Inhibition

(mm)
Sample (𝜇g/ml) Standard
1000 750 500

Antibacterial organism

Staphylococcus aureus 9 8 8 13
Escherichia coli 9 9 9 13
Pseudomonas aeruginosa 18 13 - 14
Bacillus cereus 11 11 - 10

Antifungal organism
Candida albicans 12 10 9 20
Trichoderma viride 9 9 9 20

3.7 Antioxidant Activity

The DPPH assay is widely used for screening antioxidant activity because it is sensitive enough to detect active compounds at
low concentrations (21). DPPH is a nitrogen-centered free radical, and hence any compound that scavenges significant amounts
of DPPH could reduce levels of other reactive nitrogen species in living cells.

From the results, the biologically synthesized Fe/TiO2-NPs Beta vulgaris leaves extract appeased DPPH free radicals
noticeably and dose-dependently (200 𝜇g/ml, 400 𝜇g/ml, 600 𝜇g/ml, 800 𝜇g/ml and 1000 𝜇g/ml) (Figure 6). However, this
activity was much lower than that of the BHA standard. BHA is a pure antioxidant standard whose mechanism of exploit is
precisely known. Fe/TiO2-NPs however have no known mechanism of action as an antioxidant as this is one of the earliest
reports on its antioxidant effect on DPPH free radicals (22). Hence, reason for its relatively lower antioxidant activity compared
to DPPH cannot be adequately explained.
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Table 2. Antioxidant activity of Fe/TiO2-NPs by Beta vulgaris leaves extract
S.NO Concentration (𝜇g/ml) DPPH%
1 200 34.17
2 400 45.05
3 600 53.6
4 800 64.32
5 1000 79.22

It is therefore expedient to conducted further research into the mechanism of action of Fe/TiO2-NPs in scavenging DPPH
free radicals.

Fig 6. Antioxidant activity of Fe/TiO2-NPs by Beta vulgaris leaves extract

3.8 Anticancer Activity

Anticancer action of the Fe/TiO2-NPs was studied against the MCF-7 cell line by MTT assay. These effects on cancerous cell
were studied at different concentrations (7.8 𝜇g/mL,15.6 𝜇g/mL,31.2 𝜇g/mL,62.5 𝜇g/mL,125 𝜇g/mL, 250 𝜇g/mL, 500 𝜇g/mL,
1000 𝜇g/mL). IC50 of Beta vulgaris leaves extract Fe/TiO2-NPs observed at conc. of 62.5 𝜇g/m.L against MCF-7 cell line. The
bar diagram of efficacy of biosynthesized Fe/TiO2-NPs against MCF-7 cell line at different concentration (Figure 7).

The lowest inhibitory action was observed from a concentration of 250 𝜇g/ml. In this report, the anticancer activity was
observed and that the synthesized Fe/TiO2 nanoparticles were a dose dependent inhibition activity against human breast cancer
cells (23)- (24). Some of the approved chemotherapeutic agents caused side effects and high costs. Therefore, there is an important
need to develop unconventional medicines against this deadly disease. Synthesized iron doped titanium oxide nanoparticles to
fulfill the need for new therapeutic treatments were discovered.

The Fe/TiO2 nanoparticles are having the good results against MCF-7 lines in that 31.2 𝜇g/ml show fine results shows by
125, 250, 500 and 1000 𝜇g/ml.

4 Conclusion
The present study achieved the synthesis of Fe/TiO2-NPs nanoparticles using biological agent, which is eco-friendly, of low
cost and capable of fabricating at room temperature. The present study, Beta vulgaris leaves extract phytochemicals acts as both
reducing and stabilizing agents. The NPs were characterized by UV–vis, FTIR, XRD, SEM, EDS analysis. The UV–vis spectra
confirm the formation of green synthesized Fe/TiO2-NPs based on surface plasmon resonance study. The phytochemicals were
responsible for reducing and capping of Fe/TiO2-NPs, whichwas confirmed by FTIR spectral datas.TheEDS results determined
the elemental analysis, SEM and TEM results revealed uniform anatase phase with ferrous ion containing Fe/TiO2-NPs. The
Beta vulgaris synthesized Fe/TiO2-NPs were potent in inhibiting P.aeruginosa and thus can be an excellent antibacterial agent.
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Fig 7. Anticancer activity of Fe/TiO2-NPs with MCF-7 cell line by Beta vulgaris leaves extract

Table 3. Anticancer activity of Fe/TiO2-NPs by Beta vulgaris leaves extract
S. No Concentration (𝜇g/ml) Cell Viability (%)
1 1000 25.92
2 500 31.90
3 250 37.32
4 125 43.87
5 62.5 49.85
6 31.2 55.98
7 15.6 62.10
8 7.8 68.37
9 Cell control 100

Fe/TiO2-NPs have shown poor antifungal effect with both the fungal strains. Fe/TiO2-NPs have shown excellent antioxidant
activity was indicating the half of the minimum inhibitory concentration values (IC50=510 𝜇g/ml). The biosynthesized metal
nanoparticles & Beta vulgaris leaves extract showed promising anticancer activity with MCF-7 cell line. The outcome of the
results confirms that the leaf phytochemicals of Beta vulgaris are responsible for formation of Fe/TiO2-NPs and exhibited
potent biological activity tried.
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