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ABSTRACT

This research outlines the production of Titanium dioxide (TiO,) nanoparticles (NPs) through the use of a com-
bined culture of Lactobacillus sp. And Bacillus sp. The study evaluated the antibacterial performance of the TiO2
NPs against strains of Pseudomonas aeruginosa and Staphylococcus aureus that are resistant to multiple drugs.
Characterization techniques such as UV-visible spectroscopy, X-ray diffraction (XRD), Fourier-transform infrared
spectroscopy (FTIR), and transmission electron microscopy (TEM) were employed to analyze the TiO, NPs.
The results indicate that the biosynthetic process leveraging a bacterial consortium is superior in both speed and
efficiency to methods using a single type of bacteria. The XRD analysis substantiated the biological origin of
the TiO, NPs, while FTIR spectroscopy suggested the existence of a protein layer enveloping the nanoparticles,
potentially facilitating their synthesis and enhancing their stability. TEM imaging showed that the nanoparticles
were spherical in shape with sizes ranging from 5.31 to 19.5 nm. Notably, the biologically synthesized TiO, NPs
exhibited more potent antibacterial activity against S. aureus than against P. aeruginosa.
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1. INTRODUCTION teins and polyphenols instead of chemical substances,
as they reduce metal ions to nanoparticles [3]. Titanium
dioxide is a non-toxic white dye used in many industries
and environmental treatments. It is used in the manu-
facture of cosmetics, paints, ink, textiles, plastics, paper,
and rubber, as well as in the photocatalytic destruction of
pesticides using TiO, and water treatment [4, 5]. Metal
oxide nanoparticles have been extensively studied over
the years because of their potential applications in sev-
eral fields [6]. Titanium dioxide nanoparticles (TiOo NPs)
have unique electronic, optical, photocatalytic, and an-
timicrobial properties that can be used in new drug de-
livery methods as well as for water refinement, tincture-
sensitized solar cells, photonics, and food conservation

Nanotechnology is an accelerating advancing field in
recent research, with broad applications in technology
and science for the synthesis of new materials at the
nanoscale [1]. Nanoparticles are created in different
ways: biological, physical, and chemical, which alter the
shape and size of the nanoparticles. Methods that are
characterized by the absence of toxic chemicals, en-
ergy, high temperatures, and high pressure and have a
lower cost for the synthesis of NPS are biological meth-
ods, which are distinguished from chemical methods [2].
Biological methods mainly use microorganisms or plant
extracts for the synthesis of nanoparticles, containing pro-
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[7, 8]. Metal ions converted into nanoparticles by plant
extractors are faster than when using microorganisms
[9]. However, the production of hanoparticles using plant
extracts may necessitate the application of heat at a tem-
perature of 85°C. This can result in significant expenses,
particularly when manufacturing substantial quantities
of nanoparticles [10]. Lack of access to raw materials
and improper timing of plant harvesting can pose sig-
nificant obstacles to the biosynthesis of nanoparticles
by plant extracts [3]. Some plant raw materials require
further processing before they can be used for the green
synthesis of nanoparticles, which increases the com-
plexity and cost of using plants in synthesis [3]. The
utilization of a blend of diverse microorganism culture is
becoming increasingly popular in various areas such as
biomining, purification, fermentation, and bioelectricity
production, as the employment of a solitary microorgan-
ism has proven to be ineffective [11]. Kang et al found
that the effectiveness of a mixing of bacteria is more in
reducing heavy metals is more efficacious than using
single bacteria [12]. System of blended cultivation will be
substantial to the progression of synthetic biology. The
study of natural interaction between cells will shed light
new procedures of remodulation even in organism that
are complicate to cultivate [13]. The eventual goal of
artificial biology is providing community benefit in the
artificial, medicinal and environmental fields [12]. Nu-
merous investigations have focused on the production
of TiO» nanoparticles through bacterial biosynthesis uti-
lizing a single bacterial genus. The use of a mixture
of different bacterial species in the production of TiO,
nanoparticles may enhance the ability to promote and
accelerate synthesis processes. As a result, this current
study delves into the production of TiO, nanoparticles
using a combination of Lactobacillus sp. and Bacillus
sp., and evaluating the antibacterial properties of TiO,
nanoparticles versus multidrug-unsusceptible bacteria.

2. MATERIALS AND METHODS
2.1. MATERIALS

Titanium tetrachloride, nutrient liquid medium and nu-
trient solid medium, Mueller—Hinton agar, MRS agar,
simmon citrate medium, methyl red medium (MR), and
Urease Indole Motility medium were got from Himedia
Labs. sugars discs, hydrogen peroxide, Gram, and
Ziehl-Nelseen smear. Sterilized normal solution (NS;
0.9 w/v% NaCl; pH 4.5-7.0). loops, swabs, cotton, and
tubes. Deionized water (DW) was consumed whenever
required.

2.2. ISOLATION AND IDENTIFICATION OF LAC-
TOBACILLUS SP. AND BACILLUS SP.

Soil samples were gathered near a car reform shop in
Dhamar Town, Yemen and transferred to the laboratory

in sterile polythene sack. To create a soil solution, 10
grams of soil were diluted in 90 milliliters of sterile normal
slain (0.9% w/v). Non-sporing bacteria were eliminated
by subjecting the soil emulsion to 60°C for one hour in
a water bath. Bacillus sp. was cultured from every soil
emulsion by streaking it onto nutrient agar medium and
then incubated at 35°C 24 hours. Additionally, an un-
processed milk sample from village Dhamar governorate
was stocked in a sterile glass vial at 4°C and transported
to the lab. Lactobacillus sp. was insulated by outspread-
ing the whey milk on De Man Rogos Sharpe medium with
the pH adjusted to 5.4 using vinegar to facilitate the insu-
lation of Lactobacillus sp. The bacteria were identified
based on their morphological, biochemical, and physi-
ological attributes following the proceedings outlined in
Bergey’s manual of methodical bacteriology [14].

2.3. CULTURING THE BACTERIA

Lactobacillus sp. and Bacillus sp. were separately intro-
duced into two different sets of flasks: one set containing
one hundred ml of nutrient liquid medium and the other
set containing fifty ml of nutrient liquid medium. Subse-
quently, all the flasks were putted in an incubator at a
temperature of 30 degrees Celsius and vibrate at 120
revolutions per minute for a duration of 24 hours.

2.4. BIOSYNTHESIZED TITANIUM DIOXIDE
NANOPARTICLES

After the bacterial cultures reached the log phase, Tita-
nium Tetrachloride was added to three separate flasks
containing one hundred ml of Lactobacillus sp. out-
growth, one hundred ml of Bacillus sp. outgrowth, and
one hundred ml of a blended culture of Lactobacillus sp.
and Bacillus sp. The concentricity of Titanium Tetrachlo-
ride in every flask was 2 mM. The reaction was initiated
by incubating the solutions at 30°C with a vibrate at 140
rpom for 24 hours. This procedure was repeated twice.
The formation of TiO, nanoparticles was indicated by
color changes in the outgrowth solutions. Subsequently,
the solutions were centrifuged at 10000 rpm for 20 min-
utes to detach the nanoparticles from other components.
To ensure the purity of the NPs, they were laundered 3
times with DW. The nanoparticles were then dehydrated
in a melting pot at 100°C for 18 hours to obtain a fine
powder suitable for further characterization.

2.5. CHARACTERIZATION

The TiO, NPs underwent analysis through a range of
analytical methods A volume of five milliliters of the super-
natant from the interaction solution was assessed using
a UV-Vis spectrophotometer (Hitachi, Tokyo, Japan) at
ambient temperature to ascertain the optical characteris-
tics of the TiO,> NPs. TiO, NPs were analyzed by X-ray
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diffraction (XRD) using an XD-2 X-ray diffractometer
(Beijing Purkinje General Instrument Co., Ltd., Beijing,
China) together with CuKw radiation of A = 1.5418°,
scanning over a two-theta (26) range of 15°-75° at a
rate of 0.02 min"!. FTIR spectroscopy was employed
to investigate the interactions amidst biomolecules and
TiO» nanoparticles. The FTIR spectrum was recorded
within the range of 400-4000 cm" with a resolution of
4 cm™'. The morphology of the TiO, nanoparticles was
examined using transmission electron microscopy (TEM)
(JEM 100 CXIl, Tokyo, Japan) at the Assiut EM Unit in
Egypt. Diluted TiO>» NPs were deposited upon carbon-
plated copper TEM grids.

2.6. ANTIBACTERIA IMPACT

The modified Kirby Bauer disk diffusion method [13] was
exercised to investigate the antibacterial effects of TiO»
NPs. The antibacterial assay was conducted using clin-
ical specimens of multi-drug resistant Staphylococcus
aureus (S. aureus) and Pseudomonas aeruginosa (P
aeruginosa), which were isolated from Al-Dubai laborato-
ries for medical testing and scientific research in Dhamar
city. The bacteria were activated by cultivating them on
nutrient solid medium for 24 hours, and their cloudiness
was adjusted to match that of barium sulphate (equal to
McFarland 0.5) in sterile normal solution. Sterile swabs
were used to inoculate Muller-Hinton agar plates with the
bacterial turbidity. Subsequently, sterile filter sheet discs
with a diameter of 6 millimeter, saturated with biosyn-
thesized TiO, nanoparticles at different concentricities
(10, 20, and 40 ug/mL), were aseptically putted on the
Muller-Hinton agar plates. The diameter of the inhibition
zone was measured in millimeters to calculate the extent
of inhibition.

2.7. HEmoLyYTIC AsSSAY

To appreciate the biosafety of TiO» NPs synthesized by
bacteria, red blood cells were exposed to varying con-
centrations of the nanoparticles using a modified method
based on a previous study [15]. Fresh blood (5 ml) from
a healthy individual with B+ blood type was mixed with
an anticoagulant in a tube. The erythrocytes were de-
tached from the plasma via centrifugation at 6000 rpm
for 8 minutes, followed by washing the RBCs three whets
with normal saline. A 2% cell suspension of RBCs was
intended in normal saline with a pH range of 4.5 to 7.0.
TiO, nanoparticles were also dispersed in normal saline
at concentrations ranging from 7.8 to 500 pg/ml. In each
of nine tubes, 0.5 ml of the RBC suspension was added.
Seven tubes received varying concentrations of TiO,
nanoparticles, while tube No. 8 contained physiologi-
cal solution as a negative control, and tube No. 9 had
deionized water as a positive control. After incubating
for 1 hour at 37°C with kindly shaking, the tubes were

centrifuged at 5000 rpm for 5 minutes. Hemolysis was
assessed by measuring absorbance at 540 nm using a
spectrometer [15]. The extent of hemolysis was calcu-
lated using the formula in this article [16].

3. RESULTS AND DISCUSSION

3.1. CHARACTERIZATION OF ISOLATED BAC-
TERIA

The morphological analysis demonstrated that each the
Lactobacillus sp. and Bacillus sp. cultures consisted of
Gram-positive rod. Furthermore, the biochemical anal-
ysis, as indicated in Table 1, confirmed the presence of
each Lactobacillus sp. and Bacillus sp.

Table 1. Characterization of morphological and biochemical
features of Lactobacillus sp and Bacillus sp.

Test Lactobacillus sp.  Bacillus sp.
Morphologic Rod Rod
Gram smear + +
Motile test - +
Catalase test . +
Spore forming - +
No aerobic culture NT

Voges Proskauer (VP) . +
Citrate Use Test NT +
Egg yolk reaction (EYR) NT -
Carbohydrates Fermentation

Arabinose + +
Lactose + NT
Mannose + NT
Mannitol - +
Sorbitol + NT
Fructose . NT
Galactose . NT
Xylose NT +

+ = positive; - = negative NT= Not tested

3.2. SYNTHESIS OF TITANIUM DIOXIDE

NANOPARTICLES

The mixed culture of Lactobacillus sp. and Bacillus sp.
demonstrated the capability to biosynthesize TiO, NPs,
as did the discrete cultures of Lactobacillus sp. and
Bacillus sp. The forming of TiO, nanoparticles in the
culture liquid was evidenced by the presence of a white
precipitate of TiO, NPs [17], as depicted in Fig. 1. In the
experiment, it was observed that the flask comprising a
blend of Lactobacillus sp. and Bacillus sp. showed the
formation of a white precipitate in less than 4 hours. On
the other hand, in the flasks comprising Lactobacillus sp.
and Bacillus sp. separately resulted in the appearance
of a white precipitate after 18 hours. This highlights the
advantage of using a blend of bacteria in biosynthesis,
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Figure 1. Shows the formation of a white precipitate indicates
the bioformation TiO, NPs.

as it is swifter and more efficient outcomes compared
to using a single bacterium. The increased efficiency of
biosynthesis in mixed bacterial cultures can be attributed
to several factors. Firstly, the metabolic byproducts of
one bacterium can be harnessed via other bacteria, lead-
ing to a more efficient utilization of resources. Addi-
tionally, the interaction between different bacteria in the
mixture enhances the overall effectiveness of biosynthe-
sis [11, 18]. Furthermore, the mixed cultivation system
offers several advantages over single cultivation systems,
such as sturdiness, lower energy consumption, higher
insensitivity to toxic substances, and higher productivity
[19]. In comparison to single bacterial cultures, mixed
bacterial cultures have been found to exhibit high reluc-
tance and effectiveness in the bioremediation of heavy
metals [20]. This further supports the notion that utilizing
a mixture of bacteria in biosynthesis can yield superior
results contrast to utilizing a solitary bacterium.

3.3. CHARACTERIZATION OF TiIO, NANOPAR-
TICLES

3.3.1. UV-visible analysis

The synthesis of TiO, NPs was analyzed through UV-
visible spectrophotometer within the wavelength region
spanning from 200 to 900 nm. The TiO,nanoparticles
produced by bacteria exhibited peaks at 360, 366, and
382 nm, attributed to their superficies plasmon reverber-
ation absorption range [21], as illustrated in Fig. 2. Our
findings align with prior research suggesting a typical
TiOo NPs superficies plasmon reverberation absorption
range falls within the wavelength region spanning from
300 — 400 nm [22, 23]. The symmetry of nanoparticles
is reflected in the SPR peaks depicted in Fig. 2, where
a higher degree of symmetry corresponds to a reduced
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Figure 2. Displays the UV-Vis absorption spectra of TiO> NPs.

number of SPR peaks [24].

3.3.2. X-ray diffraction

The crystalline properties and purity of TiO, NPs synthe-
sized with the help of bacteria were assessed through
X-ray diffraction (XRD) analysis. The diffraction peaks
observed corresponded to the 20 values of 27.4°, 35.82°,
39.9°, 43.5°, 52.82°, 56.52°, 63.6°, 68.6°, and 69.61°,
which are associated with the (110), (101), (111), (210),
(211), (220), (310), (301), and (112) planes of the stan-
dard cubic phase of TiO,, as illustrated in Fig. 3. These
diffraction peaks were in agreement with the standard
data files (JCPDS card no: 21-1276) for all reflections
[25]. The XRD analysis not only confirmed the pureness
of the TiO, NPs but also indicated the obscurity of any
undefined peaks within the range of 10°to 80°.

3.3.3. FTIR Analysis

The FTIR analysis was conducted on the dried TiO»
nanoparticles in order to identify any protein surround-
ing the nanoparticles that could potentially contribute
to the create and stabilization of the TiO, NPs. Figure
4 illustrates the FTIR spectra of the nanoparticles that
were created by a combination of Lactobacillus sp. and
Bacillus sp., as well as Lactobacillus sp., and Bacillus
sp. individually. The recorded FTIR spectrum for the
TiO» nanoparticles reveals that the peaks observed at
3433.05, 3432.67, and 3430.5 cm™" may be attributed to
the presence of the -NH or —OH group [26, 27]. Addition-
ally, the peaks observed at 2934.54, 2924.56, 2920.3,
2851.13, 1384.44, 1383.68, and 1383.64 cm™' indicate
the presence of C—H functional groups [28, 29]. Further-
more, the band observed at 1735.62 cm™! is likely due
to the C=0 group and aldehyde [29, 30]. The peaks at
1637.27, 1635.97 and 1627.63 cm-1 suggest the pres-
ence of NH bend in Primary amine, alkenyl C=C stretch,
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Table 2. Antibacterial impact of TiO, NPs.

Inhibition area (mm) Control negative

NPs Bacteria (mean = SD of 3 replicates) 40 pg/ml
10 pg/ml 20 pg/ml 40 pg/ml
, S. aureus 10£04 13£0.1 16£0.2 -
Ti0, NPsirom LB -eruginosa 8056 11201 13:022 :
, S. aureus 9+0.43 12£024  14:0.34 -
TiO, NPstromL — p -eruginosa 8076 10205 11203 :
, S. aureus 8+0.43 11012 13:0.22 -
Tio, NPsfromB aeruginosa 7:0.23 9:026 112027 .
LB = Lactobacillus and Bacillus L = Lactobacillus B = Bacillus
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Figure 3. XRD spectra of TiO? NPs.

and carbonyl in the amide [29, 31]. Moreover, the peaks
at 1543.04 and 1542.77 cm™ are allocated to C = C
stretch in aromatic compounds [32]. The presence of a
peak at 1449.24 cm™ in the FTIR spectrum indicates the
presence of CH, groups in proteins and lipids [33]. Addi-
tionally, the peak at 1110.8 cm™' is attributed to the C—N
expansion vibrations of aliphatic amines [17]. The bands
observed at 1075.76 and 1062.63 cm™" are indicative of
the presence of CN stretch in Primary amine [2]. The
FTIR results confirm the existence of a covering protein
in the TiO, NPs derived from bacterial outgrowth. The
create and stabilization of the TiO, nanoparticles can be
attributed to the carboxyl group C=0, C—O bonds [34]
and the free amine of bacterial protein.

3.3.4. TEM

The TiO, nanoparticles produced by bacteria are de-
picted in the TEM images shown in Fig. 5. The TEM
micro diagram provides insights into the size distribution
of these nanoparticles. Specifically, the size of the TiO»
nanoparticles created through the growth of a mixture

Ml 5N 3N SN Il IS 1Im S

Wavenumber [l:-'l]

Figure 4. FT-IR spectrum of TiO> NPs.

of Lactobacillus sp. and Bacillus sp. ranges from 5.31
to 9.01 nm. On the other hand, the nanoparticles syn-
thesized solely by Lactobacillus sp. have a size range of
9.05 to 15.8 nm, while those synthesized by Bacillus sp.
have a size range of 15.3 to 19.5 nm. The TEM image
demonstrates that the TiO? nanoparticles exhibit a sym-
metrical spherical shape. Our findings align closely with
the results obtained by Dhandapani et al., who observed
that the nanoparticles synthesized using Bacillus subtilis
(FJ460362) ranged in size from 15-20 nm [35]. The dis-
crete distribution of TiO, nanoparticles, as observed in
the TEM images, may be attributed to the presence of
proteins, organic compounds, and secondary metabo-
lites in the bacterial growth fluid, which could potentially
cause clogging [36, 37].

3.4. BiloLoaicAL AcTIVITY FOR T1IO, NPs

The synthesized TiO, nanoparticles were assessed for
their antibacterial properties versus multidrug-reluctant
bacteria, specifically Staphylococcus aureus (S. aureus)
and Pseudomonas aeruginosa (P, aeruginosa) obtained

©2024 JAST

Sana’a University Journal of Applied Sciences and Technology 227


https://journals.su.edu.ye/index.php/jast
https://journals.su.edu.ye/index.php/jast

Morad G. S. S. Al-asbahi et al.

Tint Mag: 83100x @ 51 mm
1:25 05724723 HV=80.0kV

vl Mag: 140000x

[Print Mag: €3100x @ 51 mm 100 nm

1:47 05,2423 HV=80.0kV

Direct Mag

Print Mag: 59400x @ 51 mm 100 nm
1:09 05724723 HV=80.0kV
nirect Mag: 100000%

Figure 5. Displays TEM images of TiO» NPs synthesized us-
ing a combination of Lactobacillus sp. and Bacillus sp. growth
in image (A), Lactobacillus sp. in image (B), and Bacillus sp.
in image (C).

Figure 6. Some images for antibacterial impact of TiO, NPs
versus S. aureus and P, aeruginosa. Discs: (1) 40 ug/ml, (2)
20 pg/ml, (3) 10 ug/ml and (c) control negative per discs.

from clinical specimens. The effectiveness of the antibac-
terial properties was assessed through the disc diffusion
technique with varying concentricities of 10, 20, and 40
ug. The measurements of the inhibition area diame-
ter (mm) around individual TiO, nanoparticle discs are
detailed in Table 2. The antibacterial impact of TiO»
NPs, produced through a blend of Lactobacillus sp. and
Bacillus sp. as well as individually by each bacterium, ex-
hibited effectiveness against S. aureus and P, aeruginosa
as refer in Table 2 and Fig. 6. Our findings align closely
with those of previous research studies [38]. The antibac-
terial feature of TiO, NPs are imputed to their crystalline
structure, size, and shape. The detrimental effects on
DNA, cell wall, and increased permeability of the biologi-
cal membrane are induced by oxidative stress caused by
reactive oxygen species (Oo , OH, and H,O5) [39, 40].
The antibacterial efficacy of TiO, nanoparticles created
by bacteria was found to be higher versus Gram positive
bacteria (S. aureus) compared to Gram negative bacteria
(P aeruginosa) in our study. This finding aligns with a
prior investigation conducted by Al Masoudi et al. [25].
The reduced susceptibility of Pseudomonas aeruginosa
to TiO, nanoparticles could be attributed to the existence
of an external membrane in these Gram negative bacte-
ria. The external membrane of Gram-negative bacterial
cells is composed of a complex structure that includes
phospholipids, lipoproteins, lipopolysaccharides, and a
variety of proteins. The phospholipids found in the exter-
nal membrane contain phosphorylated groups and serve
as a region for absorption in these cells [41]. Metal depo-
sition onto the external membrane is a strategy employed
by Gram negative bacteria to mitigate the harmful effects
of metals by restricting their diffusion through the cell
membrane [42]. Through our research, it was discovered
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that TiO, nanoparticles produced through a blend of Lac-
tobacillus sp. and Bacillus sp. demonstrated increased
antibacterial properties compared to TiO» nanoparticles
produced by each bacterium individually as shown in Fig.
7. This enhanced efficacy can be attributed to the diminu-
tive size of the TiO, NPs created by the bacterial blend.
The potency of nanoparticles in eradicating bacteria and
fungi is contingent upon their size, with smaller nanopar-
ticles possessing a larger surface area, thus resulting
in heightened effectiveness against bacteria and fungi
when compared to larger nanoparticles [43].

3.5. HEmoLyTiCc oF TiIO, NPs
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Figure 7. lllustration of the enhanced antibacterial effects of
TiO, nanoparticles generated through the symbiotic cultiva-
tion of Lactobacillus sp. and Bacillus sp., compared to the
nanoparticles synthesized by each bacterial species indepen-
dently.

The hemolytic inspection was conducted using var-
ious concentricities of TiO, NPs (ranging from 7.8 to
500 pg/ml) on human erythrocytes, with normal saline
serving as the negative control and deionized water as
the positive control. Table 3 presents the mean data col-
lected from the two experiments. In our investigation, the
hemolysis of RBCs induced by TiO, NPs at concentrici-
ties of 500 pg/ml, 250 pg/ml, 125 pg/ml, 62.5 pg/ml, and
31.25 pg/ml was measured at 7.4%, 7.1%, 6.8%, 5.9%,
and 5.7%, respectively. Conversely, minimal hemoly-
sis was observed at concentrations of 15.62 pg/ml and
7.8 pg/ml, with rates of 4.7% and 1.8%, respectively.
Substances causing hemolysis exceeding 5% were cate-
gorized as toxic, those inducing hemolysis between 2%
and 5% were considered less toxic, and those leading to
hemolysis below 2% were deemed non-toxic [44]. Our
findings indicated that the TiO, nanoparticles exhibited
no toxicity in comparison to the TiO, nanoparticles ex-
amined in the research conducted by Mahalakshmi S
and Vijaya P [45], where they found that hemolysis at a
concentration of 50 ug for TiO, NPs was 28.2%, 32.5 %
at 100 pg, 39.2 % at 250 ug and 50.1 % at 500 pg [? ], In
their study, hemolysis rates of 28.2% at 50 g, 32.5% at
100 ug, 39.2% at 250 pg, and 50.1% at 500 ug were re-
ported, suggesting a high level of toxicity associated with
the TiO» nanoparticles utilized, possibly attributed to their
physical synthesis, as opposed to the bio-synthesized
nanoparticles that demonstrated reduced toxicity [46].

Table 3. presents the hemolytic effects of ttanium dioxide nanoparticles on red blood cells.

No Transactional jig/mi) Hemolysis %
1, 500 T4
2 20 T
3 1% 68
4, 625 59
5, 3125 51
6. 158 47
1. 78 13
8. CN(NS) 0
g, CP (W) 100

CN= Control Negative; GP= Control Positive NS= Normal slain; DW= Distlled water

4. CONCLUSIONS

The current study has demonstrated that the blend of
Lactobacillus sp. and Bacillus sp. for the synthesis of
TiO2 nanoparticles resulted in a more efficient and rapid
production process compared to using a single bacterial
strain. Furthermore, these TiO2 nanoparticles exhib-
ited improved antibacterial properties, especially against
Staphylococcus aureus, in contrast to Pseudomonas
aeruginosa. It is important to emphasize that the TiO2
nanoparticles produced in our investigation showed no
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signs of toxicity, unlike previous research findings. Addi-
tionally, the TiO2 nanoparticles fabricated by bacteria in
our experiment were considered to be safe and non-toxic.
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