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Abstract: The green synthesis of metal or metal oxide nanoparticles using biogenic materials is a sustainable
and environmentally friendly technique. In the present investigation, titanium dioxide nanoparticles (TiO2NPs)
were synthesised by using Sea buckthorn (Hippophae salicifolia) fruit (SBF) extract. The phytochemical extract
of SBF served as both a reducing and stabilizing agent for the precursor. Optical and structural properties also
indicated the successful formation of TiO,NPs. UV—Vis absorption revealed a strong absorbance peak at 390
nm, with direct and indirect band gaps of 3.40 eV and 3.76 eV, respectively. The shape of the TiO,NPs was
crystalline anatase, as identified by XRD. The SEM micrographs revealed that the particles were irregular in
shape, with an average size of ~85 nm. The EDS spectra revealed Ti and O as dominant elements. The FT-IR
results stated the participation of hydroxyl, carbonyl, and phenolic groups from the fruit extract. The
characteristic peak found at 670.80 cm™ corresponds to Ti—O-Ti stretching vibrations. The antibacterial and
antifungal activity of biosynthesized TiO>NPs was determined against bacterial and fungal strains using the disc
diffusion method. The zone of inhibition values against Escherichia coli and Candida albicans were 26.67 £
0.58 mm and 15.67 £ 0.58 mm, respectively. The MICs of Escherichia coli and Candida albicans were 40
pg/mL and 60 pg/mL, respectively. The antimicrobial action is attributed to the production of reactive oxygen
species (ROS) upon light exposure, which damages cell walls and induces ROS-mediated degradation of DNA
and proteins. These results indicate that Sea buckthorn TiO,NPs are potential candidates for antimicrobial
applications.

Keywords: Sea buckthorn * Biogenic Synthesis ® Characterisation ® TiO,NPs ¢ Uttarakhand.

Introduction phases—anatase, rutile, and brookite—with
Nanotechnology is an advanced, rapidly anatase and rutile being the most common and
expanding field that investigates and technologically relevant (Kose et al., 2020).
manipulates materials at the atomic and These nanoparticles possess remarkable
molecular scale. Its emergence has features such as a high refractive index, strong
transformed the development of oxidising ability, chemical stability, and
nanostructures, enabling materials  with semiconductor behaviour, all of which make
enhanced and tailor-made properties (Kulkarni them highly wuseful in photocatalysis,
et al., 2023a). Among various nanomaterials, environmental purification, medicine, food
titanium dioxide (TiO2), or titania, is a technology, and advanced materials research
naturally occurring inorganic compound (Ul-Hamid et al., 2023a).

valued for its distinctive physicochemical Metal oxide nanoparticles have drawn
characteristics. Titanium dioxide nanoparticles considerable global attention due to their
(TiO:NPs) exist mainly in three crystalline multifunctional  applications in  sensors,
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biotechnology, electronics, cosmetics,
pharmaceuticals, and energy systems (Murthy
et al., 2020). Traditional approaches to

nanoparticle synthesis, however, often rely on
toxic reducing agents, high energy inputs, and
costly procedures. These drawbacks
stimulated interest in green synthesis, an
environmentally responsible and economically

have

efficient alternative (Jamil et al., 2024). Green
synthesis employs biological
particularly plants, bacteria, algae, and fungi—
as reducing and stabilising agents. This

method not only reduces chemical hazards but

résources—

also offers improved biocompatibility and
ecological sustainability (Kirubakaran et al.,
2026). Plant-based synthesis is especially
popular because plant extracts contain diverse
phytochemicals and biopolymers capable of
driving nanoparticle formation with controlled
size, improved morphology, and enhanced
photocatalytic activity (Khan et al., 2022). The
anatase form of TiO: is particularly effective
for photocatalytic applications. The efficiency
of TiO:NPs in  environmental and
antimicrobial applications largely depends on
particle size, morphology, and surface area.
Their high stability, non-toxicity, and strong
oxidative capabilities make them excellent
photocatalysts  for treatment,
microbial inhibition, and pollution control
(Wellia et al., 2024).

Plants used in green synthesis provide rich
phytochemical profiles that act simultaneously
as reducing, capping, and stabilising agents
governing nanoparticle characteristics. Sea
buckthorn  (Hippophae  salicifolia), an
important member of the Elacagnaceae family,
has gained particular interest as a promising
biological source for nanoparticle synthesis.
This hardy, nitrogen-fixing shrub thrives in
diverse climates, especially in the Himalayan

wastewater

region and other temperate zones of Europe
(Swenson & Bartish  2002).
Traditionally regarded as the “Wonder Plant”

and Asia

or “Golden Bush,” sea buckthorn is valued for

its extensive nutritional, medicinal, and

ecological uses (Chen et al., 2023). Its fruits,

DOI: https://doi.org/10.51220/jmrv20-i2.19 /4 ,Qr

leaves, and seeds contain a wide range of
bioactive compounds, including flavonoids,
carotenoids, phenolic acids, phytosterols,
amino acids, vitamins, and essential fatty
acids. Notably, the berries are exceptionally
rich in antioxidant compounds such as rutin,
myricetin, isorhamnetin, tocopherols, and
carotenoids (Ren et al., 2020). Sea buckthorn
also provides high levels of vitamins C and E,
triterpenoids,
organic acids, all of which
contribute to its therapeutic and antimicrobial
activities (Kubczak et al.,, 2022). These
phytochemicals actively participate in the
reduction and stabilisation of metal
nanoparticles, enhancing their structural and
functional characteristics.
In the present study,
nanoparticles were synthesised using a green
method in which the fruit extract of
Hippophae salicifolia served as both reducing
and stabilising agent. The synthesised
TiO2NPs were extensively characterised using
a suite of analytical techniques. UV-visible
spectroscopy was used to examine optical
properties and estimate the band gap, while X-
ray diffraction (XRD) was employed to
confirm crystallinity and calculate crystallite
size. Scanning electron microscopy (SEM) and
energy-dispersive X-ray spectroscopy (EDS)
provided insights into morphology and
elemental composition, whereas transmission
electron microscopy (TEM) offered high-
resolution visualisation of shape and particle
size. Fourier-transform infrared spectroscopy

polyunsaturated fatty acids,
and sterols,

titanium dioxide

(FTIR) identified the functional groups
responsible  for  nanoparticle  capping,
confirming successful biosynthesis. The

antimicrobial activity of the biosynthesised
TiO:NPs was evaluated against Pseudomonas
aeruginosa and Escherichia coli, and
antifungal efficacy was tested against Candida
parapsilosis, Candida tropicalis, and Candida
albicans using disc diffusion and minimum

inhibitory concentration (MIC) assays.
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Materials and Methods

Required  Material:  Titanium  Tetra
Isopropoxide (TTIP) (27.8-28.6% Purity), was
used as an analytical-grade reagent without
any further processing. Samples for
dehydration, a hot air oven, and a muffle
furnace are required; then a magnetic stirrer is
compulsory for this reaction.

Collection of Plant: Sea buckthorn fruit was
collected from an open forest site of the
Nature and Education Eco Park Centre,
Munsyari, Pithoragarh, Uttarakhand, India.
The fruits were rinsed with double-distilled
water to eliminate dust and adherent particles.
The fruits were washed and then squeezed into
small pieces for extraction.

Preparation of Plant Extract: Weigh 50 g of
the Fruits of the plant in a 500 ml beaker.
Filter the mixture using Whatman 42 filter
paper after boiling the mixture at 70°C for one

hour. Filtrate is taken for subsequent
experiments.
Green synthesis of Titanium dioxide

nanoparticles: Add 25 mL of titanium tetra-
isopropoxide to a 500 mL beaker. Then,
dropwise the tetra
isopropoxide solution with 20 mL of (SBF)
extract. The mixture is then stirred for 2 hours
at room temperature. Through this process, the
colour changes from white to a yellowish-gray,
indicating that titanium dioxide nanoparticles

and  stir titanium

have been successfully formed. The solution is
filtered, and the samples are kept in an oven at
110°C for 5 hours. Eventually, the samples are
dried and calcined at 500°C in a muffle
furnace for 2 hours.

Evaluation of Antimicrobial Activity

Disc diffusion assay: The antimicrobial effect
of TiO,NPswas measured using the disc
diffusion technique. 10-uL of TiO,NPs
suspensions at various concentrations were
impregnated into sterile filter paper discs (6
mm) and deposited on inoculated Mueller—
Hinton agar (bacterial) and on Savoured
dextrose agar (fungi) plates. The suspension
was standardized to 0.5 McFarland (~10%
CFU/ml). As positive controls, Ciprofloxacin

DOI: https://doi.org/10.51220/jmrv20-i2.19 7 3\
(5 pg/disc) and Amphotericin B (10 pg/disc)
were used, while negative control discs were

loaded only with distilled water. Plates were
then incubated at 37 °C for 24 h (bacteria) and
28 °C for 48 h (fungi). Diameters of zones of
inhibition  (ZOI)  were
mm(Rahaman et al. 2020).

MIC determination: MICs were obtained by
broth microdilution (10-100 pg/mL). The
MIC was determined as the
concentration at which no visible growth was

recorded in

lowest

observed.

Statistics: All experiments were conducted at
least three times (n = 3). Means are presented
+ SD. Chi-square, RMS, ¥, and P values are

provided (P < 0.05 was considered
significant).

Characterisation of TiO,NPs: A
comprehensive range of advanced

characterization techniques was employed to
characterize the synthesized titanium dioxide
nanoparticles  (TiO.NPs) from the Sea
buckthorn (Hippophae salicifolia) fruit extract.
The methods employed were UV-Vis
spectroscopy (A = 750, Labtronics Model LT-
29), X-ray diffraction (Rigaku miniflex 600),
Fourier transform infrared spectroscopy
(PerkinElmer Spectrum IR Version 10.7.2),
Scanning Electron Microscopy (SEM), and
Energy-Dispersive X-ray Spectroscopy (EDS)
(Carl Zeiss EVO 18 with EDAX).
Characterization techniques include XRD to
assess the crystallinity and purity of the
nanoparticles, as well as UV-Vis spectroscopy
to study their optical properties. Various
chemical bonds were identified by FT-IR
spectroscopy, whereas the particle size and
morphology were characterized by SEM with
JIMAGE XRD
confirmed the formation of TiO,NPs, whereas

software. characterization

EDS analysis provided details of their
elemental composition. Moreover,
transmission electron microscopy (TEM)

analysis of the green-synthesized nanoparticles
also provided valuable insights into their
morphology, nanoparticle size, and crystalline
structure.

Open access article under the CC BY 4.0

156

WoS Indexing


https://doi.org/10.51220/jmr.v20-i2.19
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://mjl.clarivate.com/search-results?issn=0974-3030

J. Mountain Res. P-ISSN: 0974-3030, E-ISSN: 2582-5011

Vol. 20(2), (2025), 154-165

Results and Discussion
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absorption spectrum indicated a very sharp
absorption peak at approximately 390 nm, a
characteristic value of TiO>NPs. This is an
abrupt absorption in the UV range due to the
electronic transition between the conduction
and valence bands(Rathore et al. 2023).

Characterisation of green Synthesised
TiO:NPs using SBF extract
UV-Vis Spectroscopy: UV-Visible
spectroscopy was used to examine the optical
absorption characteristics of the
biosynthesised TiO,NPs (Fig. 2). The
0.8 4
g 0.7 o
2
0.6 4
360 3é0 460
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T T T
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Fig. 2: UV—Vis absorption spectrum of biosynthesized TiO,NPs.
The optical band gap energy, Eg, was determined using the Tauc relation.

(ahv)'"=A(hv—E)

where o (alpha) represents the absorption
coefficient, h is Planck's constant, A is
absorbance, E, is band gap energy, v
frequency of band gap, and n is an exponent
that describes the nature of the electronic
transition. n = 1/2 for a direct allowed
transition and n = 2 for an indirect allowed
transition.

The (ahv)? vs hv plot showed that the direct
band gap was 3.50 eV, whereas the (ahv)'/? vs

(D

hv plot showed that the indirect band gap was
3.90 eV. These values are slightly larger than
those of bulk TiO; (3.2 ¢V), indicating a blue
shift, which is a quantum confinement effect
on the nanoscale (Einert et al. 2021). The
values of the absorption and band gap, as
observed, support the fact that the synthesised
TiO,NPs possess high optical
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Fig. 3: Tauc plots of biosynthesized TiO:NPs (a) direct band gap, and (b) indirect band gapX-ray

Diffraction (XRD):

The crystalline nature and phase identification
of the biosynthesized TiO,NPs using Sea
buckthorn fruit extract were confirmed by X-
ray diffraction (XRD) analysis. The XRD
pattern (Fig. 4) shows several sharp and

the
formation of crystalline nanoparticles. The
major diffraction peaks were observed at 20
values around 25.3°, 37.8°, 48.0°, 54.0°, 55.1°,
62.6°, 68.8°, 70.3° and 75.0°, which

intense diffraction peaks, indicating
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correspond to the (101), (004), (200), (105),
(211), (204), (116), (220), and (215) crystal
planes of TiO>NPs. These planes are in good
agreement with the standard JCPDS card
No. 21-1272, confirming the anatase phase of
TiOy(Asadzadeh Patehkhor et al. 2021). The
strong and sharp diffraction peak at 25.3°
(101) plane is characteristic of the anatase
phase, which high
photocatalytic of
secondary peaks corresponding to rutile or

for its
absence

1s  known
activity. The

brookite phases suggests that the synthesized
TiO,NPs are predominantly anatase in nature.
The narrow and intense peaks indicate high
crystallinity of the nanoparticles (Azeez et al.,
2018). The average crystallite size (D) of the

DOI: https://doi.org/10.51220/jmrv20-i2.19 /4 ,Qr

where K is the shape factor (0.9), 4is the X-
ray wavelength (1.5406 A for Cu Ka
radiation), £ is the full width at half maximum
(FWHM) of the most intense peak (in radians),
and @ is the Bragg’s angle. Based on the most

intense (101) diffraction peak, the average
crystallite size was calculated to be in the
range of 15-25 nm, indicating nanoscale
dimensions (Londofio-Restrepo et al. 2019).
These results confirm that the Sea
buckthorn fruit extract not only acted as a
reducing agent but also as a stabilizing agent
in the green synthesis process, leading to the
formation of highly crystalline anatase
TiO,NPs. The biosynthesized TiO>NPs with a
smaller crystallite size and higher crystallinity

TiO:NPs can be estimated using the Debye— are expected to  exhibit  enhanced
Scherrer equation: photocatalytic and antimicrobial activities
KA @ (Sagadevan et al. 2021).
BCos &
Fig. 4: XRD diffractogram of TiO,NPs synthesized using Sea buckthorn.
Scanning Electron Microscope Energy range. The average particle size is
Dispersive X-ray (SEM-EDS): Scanning approximately 85 nm. The small difference in

electron microscopy (SEM) was used to
the surface morphology of
biosynthesized TiO,NPs using Hippophae
salicifolia (sea buckthorn) extract. The SEM

examine

micrograph (Fig. 5) shows that the
nanoparticles are mostly spherical to almost
spherical in shape. There is some

agglomeration, which is common in plant-
mediated synthesis, because phytochemicals
act as reducing and stabilising agents (Lopez-
Mercado et al. 2023b). The micrograph shows
that the particles were approximately 67—-101
nm in size, which falls within the nanometre

size is due to the natural reducing and capping
agents in the plant extract, which control
nucleation and growth, but may also cause
mild aggregation (Zulfiqar et al. 2019). Even
though the nanoparticles are clumped together,
it is still possible to see each one, indicating
that TiO, was successfully synthesised at the
nanoscale (Aslam al., 2021). The
morphology indicates that the sea buckthorn

et

fruit extract effectively reduced titanium
precursors stabilized the resulting
nanoparticles, thereby creating nanostructures

and
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of optimal dimensions for potential

antibacterial applications (Aslam et al., 2021).

Fig. 5: SEM image of Green synthesised TiO,NPs using Sea buckthorn fruit extract

The energy-dispersive X-ray spectroscopy
(EDS) to determine the elemental composition
of the biosynthesised TiO.NPs. The spectra
obtained (Fig. 6) distinctly display the
characteristic peaks for titanium (Ti) and
oxygen (O), confirming the synthesis of
titanium  dioxide nanoparticles. The
pronounced oxygen peak at approximately 0.5
keV and the distinct titanium peaks at around
4.5 and 4.9 keV further substantiate that TiO»
possesses a  stoichiometric  composition
(Atique Ullah et al. 2019a). In addition to
titanium (Ti) and oxygen (O), minor peaks of
carbon (C) and nitrogen (N) were also
detected. The peaks may result from the
organic compounds included in the SBF
extract utilised in the green synthesis process.

These biomolecules often serve as reducing
and stabilising agents, resulting in the capping
of the nanoparticle surface. The presence of
Au signals in the spectrum is attributable to
the sample being coated with Gold to enhance
its conductivity before the SEM analysis
(Bharadwaj et al. 2021). The prominence of
the Ti and O peaks in the spectrum indicates
the purity of the nanoparticles. The additional
bio-originated signals (C and N) indicate that
plant metabolites effectively engaged with the
nanoparticle surface. This type of organic
functionalization enhances the stability and
biocompatibility = of  nanoparticles  for
biological applications (Atique Ullah et al
2019a).

1.30K 0 Element Weight % Atomic % Net Int. Error %
117K C 12.4 223 39 13.1
1.04K N 0.6 0.9 3.7 85.4
091K (0} 429 58.1 2113 11
Ti 40.3 18.2 1114 6
078K Au 38 0.4 143 241
0.65K
N (

0.52K
03K T
0.26K Au
0.13K Q“U Ti
0.00K. = . -~ . |

0.00 0.67 1.24 20 2.68 4.02 469 5.36 6.03

Fig. 6: EDS Spectrum of Green synthesised TiO:NPs using Sea buckthorn fruit extract.

Transmission electron microscopy (TEM):
Transmission Electron Microscopy (TEM) was
used to study the morphology and average
particle size of the biosynthesised TiO,NPs.

TEM micrographs exhibited nearly spherical
to quasi-spherical particles with minor
agglomeration, as per the common nature of
phyto-synthesised nanoparticles owing to the
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capping biomolecules. The particle size
distribution measured an average diameter of
129.85 nm (standard deviation: SD = 42.556
nm), confirming the nanoscale nature and
polydispersity of the sample (Mohany et al.
2023). TEM particle size was somewhat larger
than the 15-25nm calculated crystallite size
determined from XRD. This variation occurs
because while XRD measures the crystallite
size (single crystal domain), TEM measures
the particle aggregated

size, including

crystallites and organic capping from Sea
Fig 7: (a) Green synthesised TiO:NPs (a) TEM micrograph with partial aggregation;
(b) particle size distribution histogram

500 nm

FT-IR: The FTIR spectrum of the Sea
buckthorn fruit extract-mediated TiO.NPs is
illustrated in (Fig. 8). Several absorption bands
between 4000 and 400 cm™!, which show that
biomolecules from the fruit extract were
involved in making and stabilizing TiO,NPs
(Tasisa et al. 2025). A broad band at 3737.45
cm and 3649.84 cm™ is due to the O-H
stretching vibrations of hydroxyl groups found
in alcohols, phenols, or absorbed water
molecules. This suggests that they help
stabilize nanoparticles. The absorption peaks
at 2981.54 cm™ and 2889.54 cm™! correspond
to C—H stretching vibrations of aliphatic -CH-
groups, indicating the presence of organic
compounds from the extract on the surface of

DOI: https://doi.org/10.51220/jmr.v20-i2.19 7 2o\

3 s
R /

buckthorn fruit extract. This fact is also
confirmed by SEM images, which show the

aggregated structure of nanoparticles with an
average size of ~approximately 85 nm (Saka et
al. 2022). Generally, TEM study substantiates
that nano-TiO>NPs
nanomaterials

were synthesized as

with a relatively uniform
structure (homogeneous) and morphology,
confirming that the Sea buckthomn fruit
extract-mediated synthesis

(Atique Ullah et al. 2019D).

was successful

45

Mean=129.854nm, SD=42.556

3.5

3.0 —

254

Count%

2.0

1.04
0.5
0.0

:
20 40 60 80 100 120 140 160 180 200 220
Particle size (nm)

the nanoparticles (Nguyen et al. 2022). The
band at 1382.16 cm™' is due to C—N stretching
vibrations of amines or bending vibrations of
phenolic —OH groups. The peak at 1250.84
cm™' is due to C-O stretching vibrations of
alcohols, esters, or carboxylic acids. C-O-C
vibrations are linked to a specific absorption
near 1152.43 cm™. This shows that flavonoids,
polysaccharides, and other phytochemicals are
involved in the capping process(Shahzad
Shirazi et al. 2022). The most important
that the wunique strong
absorption band at 670.80 cm™ corresponds to

observation 1is

Ti—O-Ti stretching vibrations, indicating that
TiO,NPs have formed (Atique Ullah et al.
2019c).
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Fig. 8: FT-IR Spectrum of Green Synthesised TiO;NPs Using Sea buckthorn fruit

FTIR analysis confirms that biomolecules
present in Sea buckthorn fruit extract,
including polyphenols, flavonoids, proteins,
and organic acids, play a role in reducing the
Ti precursor and maintaining the stability of
the nanoparticles. These biomolecules not only
facilitated the green synthesis process but also
enhanced the stability of the biosynthesized
TiO,NPs by preventing them from clumping
together (Aslam et al. 2021b).

Antimicrobial Activity: The antibacterial and
antifungal potential of the TiO>NPs using Sea
buckthorn fruit extract was screened using the
disc diffusion method against two bacteria (E.
coli, P aeruginosa) and three fungi (C.

9. The E. coli were also found to be highly
vulnerable in the presence of TiO>NPs, as
indicated by the ZOI (26.67 + 0.58 mm),
which was very similar to that of the positive
control Ciprofloxacin (33 mm). The inhibition
zone was slightly wider than the control;
however, it was still markedly diminished (2 =
10.0; p < 0.02), intense
antimicrobial effect of TiO,NPs on Gram-
negative  bacteria. The  nanoparticles
demonstrated mild antifungal activity on C.
albicans with 15.67 £ 0.58 mm ZOI, when
compared to the  positive  control,
Amphotericin B (12 mm). The difference was
not significant (3> = 2.0; p = 0.15), but a trend

confirming an

albicans, C. tropicalis, and C. parapsilosis). was  detected, indicating intermediate
These results are presented in Table 2 and Fig. antifungal action.
Table: 2 ZOI and Statistical Evaluation of TiO,NPs against different pathogens
. Z0OI = SD | Positive PC Zone | , p- I
SN | Organism (mm) Control (PC) (mm) % RMS value Significance
1 E. coli 26.67£0.58 | Ciprofloxacin 33 10 |63 0.02 Significant
2 P . 0.00 £ 0.00 Ciprofloxacin 23 Not detected
aeruginosa
3 c - 0.00 +£0.00 Amphotericin B | 10.33 Not detected
tropicalis
4 ¢ .1 0.00+0.00 Amphotericin B | 12 Not detected
parapsilosis
5 C. albicans | 15.67+£0.58 | Amphotericin B | 12 2 3 0.15 Moderate
Nevertheless, no inhibition zones were biofilms for its protection, may be very strong.
observed in front of P aeruginosa, C. The absence of activity against Fungi (except

tropicalis, and C. parapsilosis (these yeasts
showed to be more resistant to TiO:NPs
action). The reason it was inactive against P
significant

aeruginosa, a bacterium with

intrinsic resistance and the ability to form

C. albicans) could depend on the construction
of the cell wall and the resistance process.

Minimum Inhibitory Concentration (MIC):
MIC determination by the broth microdilution
method also validated the ZOI measurements

Open access article under the CC BY 4.0

161

WoS Indexing


https://doi.org/10.51220/jmr.v20-i2.19
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://mjl.clarivate.com/search-results?issn=0974-3030

J. Mountain Res. P-ISSN: 0974-3030, E-ISSN: 2582-5011

Vol. 20(2), (2025), 154-165

(Table 3, Fig. 10 Visible microbial growth of
E. coli could be completely inhibited at 40
ug/mL, and that of C. albicans when the drugs
were tested at 60 pg/mL. These data are in

accordance with MIC values previously

DOI: https://doi.org/10.51220/jmrv20-i2.19 /4 ,}
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described for biogenic TiO,NPs, which range
between 25 pg/mL and 100 pg/mL, depending

on the microorganism strain and synthesis
conditions.

Table: 3 MIC and Statistical Evaluation of TiO,NPs against different pathogens

Pathogen E. coli | P. aeruginosa

C. tropicalis

C. parapsilosis | C. albicans

MIC (ug/mL) | 40 -

- 60

Notably, C. albicans had a higher MIC than
that of E. coli, indicating that bacterial cells
are more susceptible to ROS than yeast cells.
Its thicker chitin-glucan cell walls and stronger
antioxidant  defense of  fungal
pathogens could contribute to higher MICs

system

found with C. albicans.

The MIC of P. aeruginosa, C. tropicalis, and
C. parapsilosis was not determinable, in
agreement with the lack of ZOI in the disc
diffusion test.

Mechanism of Antimicrobial Activity: The
antimicrobial activity of TiO,NPs synthesised
using Sea buckthorn fruit extract can be
explained by their photocatalytic properties
and the generation of reactive oxygen species
(ROS).

Photoexcitation across the band gap: The

antimicrobial activity of Sea buckthorn-
mediated TiO2NPs begins with
photoexcitation. When exposed to light,

electrons in the valence band are excited to the
conduction band, leaving behind positively
Step 1 Reduction (Conduction Band):

ey t0 — O’+H —» 2HO, — H,0,+ 0, ——»

Step 2 Oxidation Reactions (Valence Band):
h'we + HHO — 'OH+H'

h+(VB) +OH — OH

The cumulative oxidative stress overwhelms
microbial defence systems, resulting in cell
death (Ikram et al. 2020).

ROS-mediated biomolecular damage: The
reactive oxygen species generated by the
nanoparticles exert strong oxidative effects on
microbial cellular components. ROS attack the
lipid bilayer of the cell membrane, causing
increased permeability and ultimately leading

charged holes. The process generates electron—
hole (e/h*) pairs on the nanoparticle surface,
which serve as active sites for subsequent
redox reactions.

When light energy > their band gap hits TiO2,
electrons (e”) excite from the valence band
(VB) to the conduction band (CB), leaving
holes (h*) in the VB.

Generation of reactive oxygen species
(ROS): Photoexcited electron—hole pairs
engage in surface redox reactions producing
species (ROS). Excited
electrons reduce O: to superoxide anions

reactive oxygen

(Oz7*), and holes oxidize water or hydroxide
ions to hydroxyl radicals (*OH). Singlet
oxygen and hydrogen peroxide may also form
as secondary ROS, creating a highly oxidative
environment around the nanoparticles.

These photo-generated charge carriers drive
redox reactions on the nanoparticle surface,
leading to the production of ROS (Seif3 et al.
2021).

2'0OH

to structural disintegration. Proteins are
oxidised, leading to enzyme inactivation and
impaired cellular functions. Furthermore, ROS
induce damage to nucleic acids through strand
breaks modifications, thereby

interfering with replication and transcription

and base

processes.
Irreversible oxidative stress and cell death:
Reactive oxygen species (ROS) overload
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causes irreversible oxidative stress, damaging
cell membranes, proteins, and DNA, leading to
microbial death. This explains the potent

antimicrobial activity of Sea buckthorn-
mediated TiO2NPs.
Conclusion

The study demonstrated green synthesis of
TiO:NPs using Sea buckthorn extract as a

reducing and stabilising agent.
Characterisation showed structural,
morphological, and functional properties,

including a 390 nm absorption edge, a direct
band gap of 3.50 eV, and an indirect band gap
of 3.90 eV, indicating quantum confinement.
Crystalline anatase phase particles ranged
from 15-85 nm, stabilised by phytochemicals
acting as capping agents, confirmed by FT-IR
and Ti—-O-Ti vibrations. Biosynthesised
TiO:NPs showed selective antimicrobial
activity, strongly inhibiting E. coli (MIC 40
ug/mL) and moderately inhibiting C. albicans
(MIC 60 pg/mL), via light-induced ROS
causing cell wall and biomolecular damage.
The results showcase Sea buckthorn-mediated
TiO:NPs as eco-friendly  antimicrobial
nanomaterials with potential in biomedical,
pharmaceutical, and environmental
applications. Future research should explore
photocatalytic uses.
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