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Abstract

The current research goal was to successfully bio-synthesize titanium NPs from the leaf extracts of Prosopis cineraria.
Alkaloids, saponins, flavonoids, tannins, steroids, phenols, carbohydrates, and proteins were found to be the
phytochemicals in the leaf at quantities of 268.5, 26.5, 61.7, 27.7, 1.393, 32.1, 7.9, and 1.98 mg/ml during the
study. The development of titanium nanoparticle was validated by utilizing UV-Visible spectroscopy showing a peak
range of 200-400 nm. The morphology of nanoparticle was studied utilizing TEM analysis which showed a size range
of titanium NPs from 13.49 to 23.07 nm at a scale of 200 nm. The FTIR spectrum showed multiple peaks at
3401.46 cm! (aromatic primary amine), 3326.69 cm! (imino compound, =N-H stretch), 1634.81 cm! (amide group)
and 686.83 cm! (aromatic C-H out-of-plane bend), while the peaks between 666.37cm'to 619.26 cm'represents the
alkyne C-H band, respectively. During the MTT assay, the lowest concentration tested, i.e. 0.125 mg/mL) yielded the
highest cell viability at 95.65%. Based on the findings, it can be inferred that the created NPs have the potential to
demonstrate various antimicrobial, antioxidant, and pharmacological properties, making them applicable in the
biomedicine, environmental pollution, remediation, and healthcare industries. Prosopis cineraria leaf extract is more

', INTRODUCTION

The engineering of matter at the nanoscale, or nanotechnology, has become a topic that has the potential
to revolutionize many different industries. The phrase "nanotechnology" was first termed by Prof. Norio
Taniguchi, highlighting its focus on manipulating and controlling structures and phenomena at the
nanometre scale.! Nanomaterials have demonstrated potential in applications extending from targeted
drug delivery and bio-imaging in medicine to high-performance electronics, energy conversion and
storage, and environmental remediation.’Several techniques have been developed and utilized regarding
the (NPs) synthesis, such as approaches for chemical and physical synthesis. The significance of green
synthesis in nanoparticle production are multi-fold, such as that it minimizes or eliminates the need for
such harmful substances, thereby reducing the environmental impact and health risks associated with
nanoparticle synthesis.> Additionally, green synthesis techniques often involve simple and cost-effective
procedures, making them economically viable for large-scale nanoparticle production. Secondly, plant
extracts and other renewable materials are utilized in green production, a technique, that decreases the
reliance on non-renewable resources, making it a more sustainable approach.*Metal NPs have originated
from the exploration of materials at the nanoscale and have gained substantial interest because of their
distinctive attributes as well as widespread instances of use.’ Several metals, such as gold and silver, are
biocompatible and can be used in biomedical applications. They exhibit low toxicity and can be
functionalized for targeted drug delivery, imaging, and bio-sensing.® (TiO, NPs) have accumulated
substantial focus because of their distinctive qualities and extensive-ranging applications. The various
characteristics of titanium turn it into an advantageous substance for a variety of sectors, including
aerospace, automotive, medical, and chemical processing. ’
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suitable for nanoparticle synthesis due to its richer phytochemical content, greater efficiency in nanopanrticle
stabilization, and enhanced biological activity, making it superior to pods, bark, or stem.
Keywords: Titanium Nanoparticle, Prosopis cineraria, phytochemicals, FTIR, TEM, cytotoxiocity

Titanium, as a transition metal, exhibits multiple oxidation states or reduction states in various industrial
applications. The most common oxidation states of titanium are +2, +3, and +4. Titanium dioxide (TiO;)
is widely employed in its +4-oxidation state as a catalyst, pigment, and photocatalyst. It is utilized in various
chemical processes, such as the production of plastics, coatings, and ceramics.® The implication of TiO,
NPs lies in their capability to improve the performance of various materials and systems. In drug delivery
systems, TiO, NPs can enhance drug loading and release profiles, leading to improved therapeutic
outcomes.’ Titanium NPs, particularly TiO, NPs (Titanium Dioxide NPs), possess a substantial amount
of study focus on their potential use in solving sustainability issues.'’In terms of applications, TiO, NPs
find extensive use in medicine, especially in scaffolds for tissue engineering, medication delivery systems,
implant materials, and bioimaging. Their distinct qualities distinguish them suitable for orthopaedic
implants due to their excellent biocompatibility, strength, and corrosion resistance.!' TiO, NPs are also
utilised in electronics, catalysts, energy storage devices, and cleanup of the environment."* The importance
of TiO, NPs lies in their capacity to enhance effectiveness of various materials and systems. Their
incorporation into orthopedic implants enhances bone integration, reduces inflammation, and improves
mechanical stability.” In drug delivery systems, TiO; NPs can enhance drug loading and release profiles,
leading to improved therapeutic outcomes.'* Moreover, TiO, NPs have been investigated as catalysts for a
range of chemical processes because of their distinct reactivity and surface characteristics.” Titanium NPs
have shown promising potential as environmental remediation agents due to their unique properties and
reactivity. In particular, TiO; NPs have been thoroughly researched for their potential to alleviate
environmental issues. TiO;NPs have been used in wastewater treatment, heavy metal removal from water,
and photocatalytic destruction of organic contaminants and air purification.'® Their large surface area,
photocatalytic activity, in addition to the capacity to produce reactive oxygen species make them effective
in the breakdown of organic pollutants and the transformation of harmful substances into less toxic
forms. The use of TiO; NPs in environmental remediation offers benefits like minimal cost, high
efficiency, and environmental sustainability. These NPs offer a viable method for eliminating
contaminants from various environmental matrices, contributing to the mitigation of environmental
contamination.'?Prosopis cineraria is a medicinal plant species that is economically significant and found
in semi-arid as well as in arid areas of India, Pakistan, Afghanistan, Arabia, and Iran, belongs to the
Fabaceae family. A phytochemical exploration of the leaves exposed the presence of derivatives of phenolic
acid and hydrocarbons.' Prosopis cineraria has various applications across different fields of industry,
growth, and development. Various parts of Prosopis cineraria, including leaves, bark, and gum, have
traditional medicinal uses. They are believed to possess therapeutic properties and are used in remedies
for ailments such as respiratory disorders, skin conditions, digestive issues, and as a general tonic.'* The
applications of Prosopis cineraria across various fields highlight its versatility, economic importance, and
contributions to sustainable development in arid regions.?' Numerous phytochemicals, including phenols,
flavonoids, tannins, alcohols, ethers, and amines, are abundant in Prosopis cineraria leaf extract and are
necessary for the reduction and capping of metal ions during the nanoparticle-making process. These
materials enable the ecologically friendly production of stable, bioactive copper and silver NPs with
enhanced antibacterial and anticancer capabilities.?

Significance of (TiO,) NPs

(TiO,) NPs are among the most the most acclaimed and studied NPs due to their remarkable physical,
chemical, and optical properties.” The three primary crystalline forms of TiO,, a naturally occurring oxide
of titanium, are anatase, rutile, and brookite. The anatase form, in particular, is highly active in
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photocatalysis due to its large bandgap, which makes it useful in a variety of environmental and
energyrelated applications.”*The medical field is another important area where TiO, NPs are used. TiO,
is biocompatible, which makes it sustainable for use in drug delivery systems and medical implants. Its
high surface area enhances its performance in bio-sensing applications, while its UV-blocking ability
makes it a common ingredient in sunscreens and cosmetic products. Additionally, TiO, NPs are being
researched for their potential in cancer therapy, where they could be applied to targeted medication
delivery and as photosensitizers in photodynamic therapy.”’Similarly, environmental toxicity concerns
regarding TiO, NPs are addressed by who studied the impact of the impact of these NPs on rainbow trout
sperm cells' kinematics and biochemical quality. The study revealed that exposure to TiO, NPs
significantly decreased sperm cell velocity and induced oxidative stress, marked by an increase in
superoxide dismutase (SOD) activity and total glutathione levels. These results suggest that while TiO,
NPs have valuable industrial and medical applications, their environmental toxicity, especially in aquatic

%For example, a

systems, warrants careful consideration due to potential negative impacts on aquatic life.
2025 study demonstrated the green synthesis of (TiO3) NPs using Ulva lactuca, a marine macroalgae.
These NPs showed significant antibacterial, anti-inflammatory, and anticancer activity, with strong
cytotoxic effects against oral carcinoma cells. This study reports the green synthesis of (TiO, NPs) using
Ulva lactuca extract. The ULTiO, NPs were crystalline (20-50 nm), spherical, and rich in functional
groups. They showed strong antibacterial, anti-inflammatory (22%-78% protein denaturation reduction),
and anticancer activity (ICso = 28.74 pg/ml). These properties highlight their potential for use in medical
coatings and drug delivery.”"This study reports the greenly produced TiO, NPs using Chrysanthemum
indicum leaf extract. The cubical, evenly distributed NPs were characterized by SEM and FTIR. They
showed an 8% diesel degradation over 10 days and exhibited hemolytic, antidiabetic, anti-inflammatory,
and antioxidant activities. These results demonstrate how biosynthesized TiO, NPs can be used as
environmentally friendly agents for bioremediation and biomedical applications.”*Another study
synthesized TiO, NPs using Piper longum leaf extract, confirming the formation of anatase-phase TiO,
with notable antibacterial properties., the study confirmed the NPs’ biological activity.” Similarly, TiO,
NPs synthesized using Psidium Guajava were incorporated into chitosan-based films for antimicrobial
packaging applications. These NPs demonstrated strong antibacterial efficacy.*’Another study explores
the green synthesis of (TiO,) NPs using Spirulina extract and their antibacterial activity against multidrug-
resistant bacteria. The synthesized NPs showed a 322 nm absorbance peak, 3.85 eV band gap, spherical
shape, and 61.4% crystallinity (anatase phase). They effectively inhibited MRSA, P. aeruginosa, E. coli, and
E. faecalis, with strong activity at 80 pg/ml. Minimum bactericidal concentrations ranged from 7.812 to
62.5 ug/ml. These findings support the potential of Spirulina-mediated TiO, NPs as bactericidal agents
against resistant pathogens.’! Green Synthesis

Green synthesis has become a more ecologically sustainable alternative for researchers as worries about
the effects of traditional nanoparticle synthesis techniques on the environment have grown. In order to
create NPs in an environmentally friendly way, green synthesis uses biological resources like plant extracts,
bacteria, fungi, and algae. This method of producing NPs is more economical and environmentally
friendly since it eliminates the need for dangerous chemicals and high-energy inputs.The basic principle
of green synthesis is green chemistry, which seeks to reduce the usage of harmful chemicals, reduce energy
consumption, and prevent waste generation.’? By using natural reducing agents, such as phytochemicals
found in plant extracts, green synthesis methods can produce NPs without the need for harmful chemicals
or extreme reaction conditions. Additionally, green synthesis is typically carried out at ambient
temperatures and pressures, further reducing energy consumption and environmental impact.*’
PROSOPIS CINERARIA

A perennial tree native to arid parts of South Asia and the Middle East, Prosopis cineraria is also referred
to as the khejri tree or the ghaf tree. In recent years, the phytochemicals found in P. cineraria have garnered
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attention for their potential in nanoparticle synthesis due to their biological activity and eco-friendly
properties.’

Botanical Significance of Prosopis cineraria

The leguminous tree Prosopis cineraria is a member of the Fabaceae family. It is a drought-tolerant species
that thrives in desert environments and is widely distributed in India, Pakistan, and the Middle East. The
tree is highly valued for its medicinal properties, as its leaves, bark, and pods contain a variety of bioactive
compounds, including flavonoids, tannins, and alkaloids.*

Phytochemicals in Prosopis cineraria

The naturally occurring substances called phytochemicals give plants their color, flavor, and resistance to
disease. In Prosopis cineraria, a diverse array of phytochemicals has been identified, including alkaloids,
flavonoids, tannins, phenols, saponins, terpenoids, and glycosides. It has been demonstrated that these
substances have important therapeutic qualities, including antidiabetic, anti-inflammatory, antioxidant,
and antibacterial effects .** Alkaloids

A class of organic molecules with nitrogen atoms found in nature are called alkaloids. They are known
for their pharmacological properties and have been widely studied for their role in plant defense
mechanisms. In Prosopis cineraria, alkaloids such as prosopine, prosopinine, and prosopidine have been
identified. As reducing agents in the environmentally friendly creation of NPs, these substances have
demonstrated the ability to reduce metal ions to create NPs. Alkaloids are known for their high reactivity,
which makes them effective in reducing metal salts into their respective NPs.”” Flavonoids

Flavonoids are a group of polyphenolic compounds found in many plants, including P. cineraria. These
compounds are responsible for the vivid coloration of plants and are known for their antioxidant
properties. Flavonoids such as quercetin, kaempferol, and rutin have been isolated from P. cineraria. These
substances are essential for stabilizing and reducing NPs. Flavonoids' antioxidant properties allow them
to transfer electrons to metal ions, which speeds up the reduction process and produces stable NPs.
Additionally, flavonoids serve as capping agents, regulating the size and shape of NPs and preventing their
aggregation.’® Tannins

A class of polyphenolic chemicals called tannins is well-known for its astringent qualities and capacity to
precipitate proteins. P. cineraria contains significant amounts of tannins, which contribute to its medicinal
and ecological significance. It has been discovered that tannins serve two functions in the creation of NPs:
they donate electrons to metal ions to function as reducing agents and as stabilizing agents by forming a
protective layer around the NPs, thus preventing their aggregation. The ability of tannins to bind to metal
ions makes them particularly effective in controlling the morphology of NPs.*

Phenols and Phenolic Acids

Phenolic compounds are abundant in P. cineraria and are recognized for their strong antioxidant activity.
These compounds include gallic acid, ferulic acid, and caffeic acid, which have been documented to
contribute to the environmentally friendly production of metal NPs. Phenolic compounds are capable of
donating hydrogen atoms or electrons to produce NPs from metal ions. Their antioxidant properties also
make them effective capping agents, stabilizing the NPs and enhancing their biocompatibility.* Saponins
Saponins are glycosides with foaming characteristics, and they have been identified in the leaves and pods
of P. cineraria. These compounds possess surface-active properties and have been shown to assist in the
stabilization of NPs. By enclosing the NPs in a protective shell, saponins can improve their dispersion in
aqueous solutions and stop them from aggregating. The biocompatibility of NPs, which makes them
appropriate for biomedical applications, is also enhanced by saponins.*' Terpenoids

Many different types of plants produce terpenoids, also known as isoprenoids, which are a broad and
varied class of chemical substances. Numerous terpenoids found in P. cineraria have been demonstrated
to have antioxidant and antibacterial qualities. Terpenoids serve as stabilizing and reducing agents during
the manufacture of NPs. They help metal ions be reduced to create NPs and guarantee that the particles
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stay stable in solution, which stops them from aggregating.*Studies on Prosopis cineraria, highlight its
medicinal, nutritional, and ecological significance. A study provided an ethnopharmacological review of
P. cineraria, focusing on its extensive phytochemical profile, which includes compounds such as
spicigerine, stigmasterol, and prosogerin derivatives. These substances support a range of pharmacological
actions, such as anti-inflammatory, anti-cancer, and antioxidant properties. The study reinforces the
plant's longstanding use in traditional Ayurvedic treatments for ailments like leprosy, bronchitis, and
leucoderma, suggesting further exploration of its medicinal potential.®In the context of environmental
significance, P. cineraria plays a crucial role in arid ecosystems, particularly in the Thar Desert. Malik
studied the nutraceutical properties of P. cineraria pods (sangri) and found them rich in proteins,
flavonoids, tannins, and essential minerals like calcium and potassium. The study showed significant
antioxidant activity, indicating potential for dietary and health applications as a dietary source and a
natural means to combat oxidative stress. This research highlights the pods’ value as a nutraceutical food,
offering health-promoting effects that align with local dietary practices.*

Role of Phytochemicals in Nanoparticle Synthesis

The phytochemicals present in Prosopis cineraria contribute significantly to the environmentally friendly
production of NPs. The process of green synthesis, which uses biological entities like plant extracts,
microorganisms, or biomolecules, offers an eco-friendly alternative to conventional chemical methods. A
study by Haider et al. (2020) focused on the green synthesis of nickel oxide (NiO) NPs using extracts from
Zingiber officinale (ginger) and Allium sativum (garlic). They demonstrated that phytochemically reduced
NiO NPs demonstrated improved antibacterial efficacy against Staphylococcus aureus strains that are
resistant to multiple drugs and effective catalytic activity for dye degradation, presenting a dual function
as an eco-friendly bactericidal agent and industrial catalyst. This approach exemplifies the potential of
phytochemical-assisted NP synthesis for applications in in ecological restoration and healthcare sectors.*
The synthesis of gold and silver NPs has also benefited from phytochemicals, as reviewed by Zuhrotun et
al. (2023). Their research highlighted that polyphenols, reducing sugars, and proteins in plant extracts
not only drive the reduction of metal ions but also impact NP size, stability, and bioactivity. Specifically,
smaller, well-defined NPs with greater stability and activity were achieved due to the precise influence of
these phytochemicals, supporting their application across biomedical and industrial sectors.*
Additionally, the environmental applications of zinc oxide (ZnO) NPs synthesized via phytochemical
routes were explored. Their study showed that ZnO NPs exhibit significant antimicrobial activity and
pollutant-degrading capabilities, suggesting their utility in environmental cleanup, water purification, and
eco-friendly antibacterial products. The versatility and biosafety of phytogenic ZnO NPs underscore the
potential of phytochemicals to support sustainable, large-scale NP production.¥

Importance of Prosopis cineraria in Green Synthesis

Prosopis cineraria bark extract is used in the study to create silver oxide (AgO) NPs in an environmentally
responsible manner. The extract has two functions: capping and decreasing. The face-centered cubic
structure of the NPs, which had an average size of 69.95 nm, was verified. SEM, which reveals square
forms, and UV-Vis spectroscopy, which shows an SPR peak at 601 nm, were used as characterization
techniques. The AgO NPs had strong antibacterial activity against gram-positive (like S. aureus) and
gramnegative (like E. coli) bacteria, indicating their potential for use in biomedical applications.*Another
study describes the environmentally friendly manufacture of copper oxide NPs utilizing Prosopis cineraria
leaf extract, a plant indigenous to the hot deserts of India. Using copper acetate, the process yielded
hexagonal and spherical NPs sized 11-43 nm, confirmed via TEM and AFM. SEM-EDX and UV-Vis
spectroscopy (peak at 380 nm) verified the presence of copper oxide, while FTIR analysis showed that
flavonoids and phenolic compounds in the extract facilitated the reduction. The findings confirm an eco-
friendly method for producing copper oxide NPs from Prosopis cineraria.*A broad review of green synthesis
using various plant extracts, highlighting their ability to create NPs and minimize metal ions (e.g., gold,

236



International Journal of Environmental Sciences
ISSN: 2229-7359 Vol.

11 No. 10s, 2025
https://theaspd.com/index.php

silver, and zinc oxide). Utilizing biological resources, such plant extracts, lowers the environmental
footprint compared to traditional chemical synthesis, as it avoids the release of hazardous by-products and
minimizes energy consumption.*

COMPARISON OF PROSOPIS CINERARIA WITH OTHER PLANT EXTRACTS

Green synthesis methods for TiO, NPs utilize various plant extracts as reducing and stabilizing agents.
Prosopis cineraria is one such plant It has been thoroughly investigated for its potential in nanoparticle
synthesis. In this section, we will compare the benefits and limitations of P. cineraria with other commonly
used plants such as Moringa oleifera, Azadirachta indica (neem), and Ocimum sanctum (holy basil).

1. Phytochemical Composition and Reducing Ability

The ability of plant extracts to lower metal ions and stabilize the resultant NPs is largely dependent on
their phytochemical makeup. Flavonoids, tannins, alkaloids, and phenolic acids are among the many
bioactive substances found in Prosopis cineraria that act as reducing agents in the environmentally friendly
manufacture of TiO, NPs. These compounds not only reduce the titanium ions but also stabilize the
NPs, preventing agglomeration and improving their dispersibility.” 2.

Efficiency and Yield

Moringa oleifera extracts, on the other hand, are known for producing TiO, NPs with excellent stability
and uniformity. The use of M. oleifera in green synthesis has been shown to produce NPs with high surface
areas, which are advantageous for photocatalytic and energy storage applications. However, variations in
the plant extract's composition can have an impact on the yield of NPs.*!

3. Applications and Performance

The choice of plant extract for TiO, nanoparticle synthesis can significantly impact the performance of
the NPs in various applications. TiO, NPs synthesized using Prosopis cineraria have demonstrated excellent
performance in environmental applications like pollutant degradation and water purification. Because of
their high stability and reactivity, TiO, NPs produced from Moringa oleifera have demonstrated
considerable promise in environmental applications. These NPs can be used in wastewater treatment
systems because they effectively break down dyes, insecticides, and other organic contaminants.’' Toxicity
Studies on NPs

Cytotoxicity of Green-Synthesized NPs

Green synthesis has been pitched as a less hazardous substitute for chemical processes, but studies show
that greenly synthesized NPs can still pose risks of cytotoxicity depending on factors such as size,
concentration, surface charge, and type of reducing agents used in the synthesis Cytotoxicity refers to the
ability of NPs to damage or kill cells, which can have negative consequences for the environment and
human health. Studies on cytotoxicity have shown that while NPs produced using eco-friendly techniques
tend to have lower toxicity than those synthesized via chemical routes, they can still induce adverse effects
at higher concentrations. For example, TiO, NPs synthesized using Azadirachta indica (neem) extract
exhibited cytotoxic effects on human fibroblast cells at high doses, but lower concentrations were found
to be biocompatible and did not cause significant harm.”*While green synthesis methods often reduce the
cytotoxicity of NPs by stabilizing them with biocompatible agents, the risk of ROS generation and
subsequent cellular damage remains, particularly at higher nanoparticle concentrations. Additionally, the
charge and other surface characteristics of NPs and functionalization with plant-derived biomolecules,
can influence their interaction with cells, thereby modulating their cytotoxicity."

Ecotoxicity and Environmental Impact

However, even greenly synthesized NPs can cause environmental harm if they accumulate in ecosystems
at high concentrations. For example, zinc oxide (ZnO) NPs synthesized using Prosopis cineraria extract
showed low toxicity towards soil microorganisms at low concentrations, but higher doses disrupted
microbial activity, which could impact soil health and nutrient cycling. Therefore, it is essential to carefully
assess the environmental risks of green-synthesized NPs, especially when they are used in applications that
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involve direct release into the environment, such as water treatment and agricultural products.”The
present study aims at bio-synthesizing TiO,; NPs utilizing leaf extracts of Prosopis cineraria. Various
phytochemicals of the sample plant were analysed along with the study of different characterization’s such
as TEM, FTIR, and UV-Vis spectroscopy of the produced NPs for their better understanding.
Additionally, the NPs' cytotoxicity, was also examined.

2. MATERIAL AND METHODS 2.1) Collection of Plant Material

The plant specimen used in the experiment, i.e. Prosopis cineraria was collected from the Sohan nagar area
located in Rajasthan, India. The authentication of the sample plant was done by the University of
Rajasthan, Jaipur, on December, 27, 2022. Accession no. RUBL21310 was provided by the Botany
Department for the plant sample.

a b Figure 1: Collection of Prosopis cineraria leaves 2.2)
Phytochemical Screening
a. Alkaloids:
A millilitre of extract was used. After adding 5.0 ml of the phosphate buffer as well as 5.0 ml of
Bromocresol Green (BCG) to the extract, 4.0 ml of chloroform was incorporated, and the mix was
thoroughly rattled. A layer of chloroform was collected and added to a 10.0 ml flask to fill the level.
At 470 nm, the absorbance was measured. The standard dosage for atropine was 100 mg/mL.**b.

Saponins:

The method taken was as described by Obdoni and Ochuko.” ml of the extract was placed in a flask
containing 100 milliliters of 20% ethanol. The sample had been exposed to heat to approximately 55
°C for four hours, with frequent agitation over a bath of hot water. Further extraction of the residue
was done using 200 ml of 20% ethyl alcohol after the mixture had been filtered. Inside a water bath
that is around 90 °C, the blended extracts were reduced to 40 millilitres. After that, the concentration
was added to a 250-ml separation funnel, and the extract was given a good shake after diethyl ether
(20 ml) was integrated. After repeating the purification process, the foremost layer of diethyl ether
was discarded, and only the aqueous layer was left. Following the addition of n-butanol (60 ml), 5%
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NaCl (10 ml) was used twice to wash the mixed n-butanol extracts. After evaporation of the solution,
the samples were kept to be dried in a furnace to a consistent weight, and the values were reported as
milligrams per gram of extract.

c. Flavonoids:

Chang evaluated the sample's total flavonoid content using their approach.” A slightly modified

colorimetry approach was used to determine the flavonoid concentration. With the addition of

distilled water (2 ml) and a sample solution (0.5 ml), 0.15 ml of a 5% NaNQO; solution was added.

Subsequently, 2 millilitres of NaOH solution (4%) were further incorporated into the mix and kept

for 6 minutes. Afterwards, 0.15 millilitres of AICl; (10%) solution was incorporated and allowed to

settle for another six minutes. Water was promptly added on to make the final volume of 5 millilitres.

The mixture was then well combined and left to stand for another fifteen minutes. At 510 nm, the

mixture's absorbance has been determined using a water blank as a reference. As a standard, 100

mg/mL of quercetin was taken.
d. Tannins:

Tannin content was determined using the techniques of Peri and Pompei.” In a test tube, 1 millilitre
of the sample extracts was collected. 1 ml of distilled water was put to use to make up the volume, and 1
ml of water was used as the blank. Following the addition of 5 ml of 35% sodium carbonate and 0.5 ml
of Folin's phenol reagent (1:2), this was allowed to settle at room temperature for five minutes. At 640
nm, a blue colour developed, and the colour's intensity was measured. The tannin content of the extract
was calculated by plotting a standard graph of gallic acid at 10 mg/mL. e. Steroids:

One millilitre of the steroid soution test extract was poured into ten millilitre flasks. H,SO, (4N, 2

ml) and FeCl; (H,O) x (0.5% w/v, 2 ml) were added to the extract, then K3. Fe(CN)s (0.5% w/v, 0.5

ml) was also added to it. After 30 minutes of constant shaking at 70+20 °C in a water bath, the mix

was diluted to the desired level using distilled water. In comparison to the reagent blank, the intensity

of absorption was measured at 780 nm™,
f. Total Phenolic Content (TPC):

Using the Folin-Ciocalteau method, the TPC content of the extract was determined.®1 ml of

FolinCiocalteau's reagent, 1.9 ml of distilled water, 0.1 ml of extract, and 1 ml of sodium carbonate

were added to a tube. After incubation for 2 hours at 25 °C, the reaction mixture's absorbance was

measured at 765 nm. Gallic acid at a concentration of 10 mg per millilitre was plotted on a standard
graph to find the extract's phenolic concentration.
g. Carbohydrates:

For three hours, 10 millilitres of the extract and five millilitres of HCI (2.5 N) were hydrolysed in a
steaming water bath. After bringing it to RT, solid Na,CO;was added and stirred until the effervescence
subsided. After centrifuging the contents, deionised water was added to the supernatant to make 100
milliliters. This allowed for the pipetting of 0.2 ml of sample to make 1 ml of volume using deionised
water. Next, 1.0 millilitres of phenol reagent and 5.0 millilitres of sulphuric acid will be added. For twenty
minutes, the tubes were placed at 25-30 °C. Using glucose (10 mg/ml) as a standard and an absorbance
measurement made at 490 nm, the concentration was computed.h. Proteins:

After extracting 0.2 millilitres, 1.0 millilitres were obtained using distilled water. After adding alkaline

copper reagent (5.0 ml) to each tube, they were left to stand for ten minutes. After adding Folin's

Ciocalteau reagent (0.5 ml), the mix was permitted to incubate for 30 minutes without the presence

of light. At 660 nm, the colour's developed intensity was measured, and BSA (mg/mL)) was taken as

standard, from which the concentration of proteins was calculated.®'
2.3) Green Synthesis of Titanium Oxide NPs
10 grams of dried Prosopis cineraria leaf were weighed separately and ground into a paste by slowly adding
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50 ml of distilled water to a mortar and pestle. After centrifuging the ground paste for 15 minutes at
15,000 rpm, the supernatant was gathered in an Erlenmeyer flask. 150 millilitres of distilled water were
added and boiled to lukewarm in another flask. In the heated water, 0.1 M of TTIP (titanium tetra
isopropoxide) was incorporated and subjected to sonication for duration of 20 minutes. After sonication,
the plant leaf extract was gradually incorporated into the TTIP solution. The magnetic stirrer was utilised
to agitate the mixture, and colour changes in the solution were noted. After 24 hours, the prepared
nanoparticle was centrifuged, the pellet was collected, and it was air-dried at RT. The separated titanium
oxide nanoparticle was calcinated at a temperature of 550° C for 4 hours in a muffle furnace. Finally, the
nanoparticle was obtained, and the weight was measured. FTIR, UV-Vis, and TEM spectra were used to
characterize the produced TiO; NPs.
2.4) Characterisation of nanomaterials
Titanium NPs were subjected to a physical-chemical characterisation using standard techniques. Following
the "green chemistry" production of PC-TiO, NPs, a critical step involves characterising the particles' form,
size, surface area, and dispersity. Several strategies were employed to achieve this. a. Fourier transform
infrared (FTIR) spectroscopy
The sample's FTIR was examined using the IR Affinity-1 FTIR Shimadzu Spectrometer at a resolution
of 4 cm1 in the diffuse reflectance working mode. A tiny quantity of dried material ground with KBr
pellets is needed for this instrument. The purpose of this activity was to discover the functional groups
that are present on the material surfaces.
b. UV-Vis spectra analysis
To track the progress of the bio-reduction of Ag" in aqueous solution, 1 ml suspension samples were
taken on a regular basis. The samples were then diluted with deionised water (2 ml) and scanned in
UV-visible (vis) spectra using a spectrophotometer with a resolution of 1 nm, covering wave lengths
of 200 to 700 nm. UV-vis spectra were taken every O, 15, 30, 45, 60 minutes, and 24 hours.
c¢. Transmission Electron Microscopy (TEM)
Using a TEM, the analysis was executed to produce high-resolution 2-dimensional pictures at a power
of 100 kV for the identification of the morphological traits as well as the size dissemination pattern
of the biogenic TiO, NPs. After rinsing the sample three times with distilled water, 5 uL of the
sonicated sample solution was dropped over a copper (Cu) grid covered with carbon. The sample was
then left to dry for 48 hours at RT.
2.5) Cytotoxicity analysis
a) Growing the HCT116 cell line:
A cell line had been bought from Protein Design Private Limited, located in Mathikere, Bangalore. The
cells were grown for 48 hours up to 80% confluency in an environment that is more humid with 95% air
and 5% CO; in a 25 mm flask using Dulbecco's modified eagle mixture (DMEM, Sigma), 10% foetal
bovine serum (Thermo), penicillin/streptomycin, and glutamine. b) Plating the cells:
Trypsin/EDTA (Thermo) was used to collect the cells, and DPBS (Sigma) was used to wash them. A
5000well plate had cells inserted into each well and left overnight to culture. ¢) Treatment of the cells:
Different concentrations of treatment fractions were added in 100-ul media without serum and incubated
for 24 hours. A crucial component for determining cell viability, cytotoxicity, and proliferation is the
MTT test, which assesses a cell's metabolic activity. This colorimetric test was designed based on the
reduction process by metabolically active cells. Yellow tetrazolium salt (34, 5-dimethylthiazol-2-yl)-
2,5diphenyltetrazolium bromide, or MTT) is reduced to purple formazan. The living cell's mitochondrial
reductase enzyme transforms MTT into formazan. Using a multi-well spectrophotometer, absorbance at
500-600 nanometres is measured to provide the colour of the resultant solution. A solution of
solubilisation is applied to dissolve the formazan crystals that are initially intractable. The number of live,
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metabolically active cells increases with increasing solution darkness. d) Reagent preparation for MTT
salt

5 mg/mL of culture media and buffer salt solutions, 20 mg/mL of ethanol, and 10 mg/mL of water are
the concentrations at which MTT dissolves. 5 mg/mL of phosphate buffered saline solution should be
used. Use sonication or vortexing for mixing.

After adding MTT, the solution is sterilised by the filter. MTT solution should be kept cold (-20 °C) for
at least six months. Keep out of storage for longer than a few days at 4°C.

e) Assay protocol

1. Firstly, discard the media from the cell cultures. With caution, aspirate the medium for adhering cells.
In a centrifuge that is compatible with microplates, spin the 96-well plates at 1,000 x for five minutes
at 4 °C. Carefully take out the media.

Put 50 pL in each well of MTT solution and 50 pL of serum-free medium.

The plate should be incubated for three hours at 37 °C.

After the incubation, 150 pL of MTT solvent should be present in each well.

Use an orbital shaker to shake the plate for fifteen minutes after wrapping it in foil. Sometimes, for
full dissolution of the MTT formazan, the liquid must be pipetted.

6. At OD =590 nm, find the absorbance. In 1 hour, read the plate. f) Data analysis

Cell proliferation assays

1. For every sample, average the duplicate reading.

2. Deduct the background of the cultural media from the test reading. This represents the scaled
absorbance. The number of cells directly correlates with the absorbance.

Cell cytotoxicity assays

1. Take an average of each sample's duplicate reading.

2. Deduct the assay readings from the background of the cultural media. The rectified absorbance is
shown here. With rectified absorbance, compute the percentage cytotoxicity using the following
formula:

% cytotoxicity = (100 x (control - sample))

2.6) Statistical Analysis: 3 duplicates of each treatment were carried out, and the mean + standard error.

The SE of the results was given.

SE=SD/+VN

Here, SD = standard deviation, and N = number of observations or sample sizes.

3) RESULT AND DISCUSSION

3.1) Phytochemical Analysis

Quantitative phytochemical analysis holds substantial importance as it grants precise measurements of
the concentration or content of specific bioactive compounds in plant samples. The quantitative study
was also performed along with the qualitative study in the current research on the leaves of P. cineraria.
During the study, it was found that alkaloids, saponins, flavonoids, tannins, steroids, total phenolic
content, carbohydrates, and proteins were present in concentrations of 268.5, 26.4, 61.7, 27.7, 1.393,
32.1, 7.9, and 1.98 mg/mL. A study was conducted where it was demonstrated the phytochemical
presence in Prosopis cineraria leaves, and the results revealed that in ethyl acetate extract, the total flavonoid
concentration was 22.18 mg/100 mg of dry extract.® The whole tannin concentration was determined to
be 3.38 mg/100 mg of the dried extract, whereas the TPC was 39.21 mg/100 mg, respectively, in the
ethanolic extract. Similarly, Pandey investigated the phytochemical compounds in three different extracts
(methanolic, hydroalcoholic, and aqueous) of the bark of P. cineraria. ® The total flavonoid content,
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phenolic content, and tannin content were found to be highest in the hydroalcoholic extract, i.e., 66.95
mg RE/g, 98.01 mg GAE/g, and 56.30 mg TAE/g, followed by methanolic and aqueous extracts. Till
date, very little work has been conducted on the quantitative analysis of phytochemicals in Prosopis cineraria
leaves with ethanolic extract. Therefore, in the present study, the quantitative screening of different
phytochemical compounds has been conducted and reported.

200 Quantitaive Analysis of P. cineraria
250
200
150

100

al
o

Concentration (mg/ml)

0 s m__

¥ Alkaloids ¥ Saponin Flavonoids
Tannins ¥ Steroids ¥ Total Phenolic Content

Figure 2: Graphical representation of quantitative analysis of . cineraria leaf using ethyl acetate extract

3.2) Green Synthesis of Titanium Oxide NPs

The research aims at the formation of TiO; NPs with a sample taken from the leaves of Prosopis cineraria.
The leaf extract was prepared using water as the solvent. The leaf extract being added to a solution of
TTIP prompted a distinct variance in the colouration of the solution, transforming it from a yellow to a
sandal hue (Figure 3). The appearance of an orange colour confirmed the successful reduction of titanium
iso-propoxide, prompting the development of the development of titanium NPs. The calcination of
synthesized NPs using a muffle furnace resulted in the white coloration of titanium NPs. The subsequent
characterization of the synthesized NPs involved comprehensive analyses using FTIR, TEM, and UV-Vis
spectrophotometry.

242



International Journal of Environmental Sciences
ISSN: 2229-7359 Vol.

11 No. 10s, 2025
https://theaspd.com/index.php

c) d) Figure 3: Various stages of TiO,
nanoparticle synthesis from Prosopis cineraria leaf extract using TTIP solution

3.3) Characterization of Nanomaterials 1) FTIR spectroscopy
FTIR is used for nanoparticle characterisation, providing information about the chemical composition,
functional groups, surface modifications, adsorbates, chemical reactions, and molecular structure of NPs.
In the current study, manufactured titanium NPs' FTIR spectra were noted on the scale of 400 cm1 to
4000 cm'. The absorbance peak at 3401.46 cm' corresponds to aromatic primary amine, NH stretch,
whereas the peak at 3326.69 cm!' represents imino compound, =N-H stretch. The absorbance peak at
1634.81 cm' represents the presence of an amide group, whereas the peak at 1615.40 cm' relates to an
open-chain imino (-C=N-). The peak at 686.83 cm' relates to the aromatic C-H out-of-plane bend, while
the peaks between 666.37 cm'and 619.26 cm' represent the alkyne C-H band, respectively. The presence
of functional groups along the surface of TiO; NPs was examined using FTIR spectral analysis on green
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TiO; produced from the aqueous extract of Erythrina wvariegata leaves.®* The spectrum, which was
documented in the range of 4000 to 400 cm™, shows that the peaks at 3418 and 1628 cm™ are caused by
the O-H stretching and bending vibration of the surface-adsorbed water, while other bands were seen at
2836 cm', 2932 cm', 1589 cm”, and 1071 cm’ (ethers), representing the secondary amines,
hydrogenbonded alcohols, and aliphatic of the nitro compound with stretching of N-O. Also, in another
study, TiO, NPs were created from Luffa acutangula leaf extract, and the presence of a functional group
was determined using the FTIR technique. The analysis resulted in a range of peaks at 3393 cm™ (phenol),
1611 cm” (amines), 1381 cm” (nitro group), 1132 cm™ (carboxylic acid), and 598 cm™ (alkyl halides),
respectively.®
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Figure 4: FTIR graph of synthesized TiO, NPs
ii) UV-Vis spectra Analysis

UV-Vis spectroscopy is a versatile technique for nanoparticle characterisation, providing insights into
nanoparticle size, shape, concentration, stability, surface plasmon resonance, surface functionalisation,
synthesis kinetics, optical properties, and band gap. The UV-Vis spectrum of the biosynthesized TiO; NPs
was noted in the range of 200-400 nm. The absorption maximum at 371 nm confirms the development
of TiO; NPs. Likewise, greenly produced TiO, NPs from the aqueous extract of Erythrina variegata leaf
were produced, and their formation was verified using UV-Vis spectra using a double-beam
spectrophotometer in the range 200-900 nm. The absorption maximum is at 317.6 nm, which establishes
the production of titanium NDPs.®* Prosopis campechiana leaf extracts were used to create the titanium oxide
nanoparticle, which was confirmed using a UV-Vis spectrophotometer. The absorption spectrum was
recorded, showing a peak at 230 and 320 nm, respectively, and a range of 200 to 800 nm.®
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Figure 5: UV-Vis spectra of greenly synthesized TiO, NDPs iii)
Transmission Electron Microscopy (TEM)

TEM enables the imaging of NPs at higher magnifications and resolutions than SEM. It is well-suited for
studying nanoparticle size, shape, crystallography, defects, and interfacial properties. In the research, the
morphology of the produced TiO; NPs from P. cineraria leaf extract was studied by TEM. The synthesized
nanoparticle was calcined at 550° C which illustrates its bigger size and the agglomeration becoming
significant. The particle size ranged from 13.49-23.07 nm at a scale of 200 nm and 9.727-44.50 nm at a
micrograph scale of 1 um (Figure 6). Also, a study was done to synthesise TiO, NPs using leaf extract from
Luffa acutangula.”® Through TEM investigation, NPs' dimensions and shapes were studied, and the
findings revealed that the created TiO, NPs were hexagon-shaped and ranged in size from 10 to 49 nm.
In a comparable manner, a study on the TEM investigation of white-coloured TiO; NPs synthesized with
Azadirachta indica extract demonstrated that the particles varied in size from 15 to 45 nm, with spherical
shapes and smooth surfaces.®’

Figure 6: TEM micrographs of TiO, NPs at various micro-scales- a) 200 nm, b) 1 pm

3.4) Cytotoxicity analysis

In this study, MTT assay data revealed titanium dioxide (TiO,) nanoparticle cytotoxicity at concentrations
ranging from 0.125 to 2.5 mg/ml. At 2.5 mg/ml, cell viability dropped to 41.09%, indicating significant
cytotoxicity. Reducing the concentration to 2 mg/mL slightly improved viability to 46.0%. At 1 mg/ml,
viability increased to 56.67%, and at 0.5 mg/ml, it rose to 76.12%, indicating safer levels for cell contact.
At 0.25 mg/ml, cell viability was 93.54%, and the lowest concentration, 0.125 mg/ml, showed minimal
cytotoxicity with 95.65% viability, making it optimal for long-term biomedical use. The effects of the
cytotoxicity of TiO, NPs have been widely studied, revealing a complex interplay between nanoparticle
characteristics and cellular responses. TiO; NPs' autophagic effects on human keratinocytes (HaCaT cells)
at non-cytotoxic concentrations were investigated. It was observed that there is an increase in autophagic
activity that is dose-dependent without significant cytotoxicity at lower concentrations, suggesting that
TiO; NPs might affect cellular processes such as autophagy prior to the onset of observable cytotoxic
effects.®
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CONCLUSION

In the study, the phytochemical evaluation of Prosopis cineraria was analyzed. Along with it the biosynthesis
of titanium NPs from leaf extract of Prosopis cineraria was also done. A variety of techniques, including
FTIR, TEM, and UV-Vis spectroscopy, were used to analyze the generated nanoparticle. The investigation
indicated the prevalence of various phytochemical compounds in the leaf of Prosopis cineraria such as
proteins, phenol, carbohydrates, lipids, saponin and flavonoids. Also, the titanium NPs were successfully
synthesized and formation of titanium NPs was authorized using UV-Vis spectroscopy. FTIR study
revealed presence of different functional groups. The TEM study confirmed the nano-sized of NPs with a
size of 13.49-23.07 nm at a scale of 200 nm. Cytotoxicity analysis using the MTT assay revealed that TiO,
NPs exhibit significant cytotoxic effects at higher concentrations, indicating their potential application in
cancer treatment due to selective cytotoxicity towards cancer cells and are optimal for long-term
biomedical use. As the outcomes obtained, it can be concluded that the green synthesis of TiO, NPs may
exhibit different anti-microbial, anti-oxidant and pharmacological activities and can be utilized in the field
of biomedicine, pollution treatment and health care sectors.

Acknowledgements: All listed author(s) are thankful to Department of Microbiology, JECRC University
for providing the related support to compile this work.

Author Contributions: Vaani Yadav performed the experiments, analyzed the data, and drafted the
manuscript and Varsha Gupta has supervised the research. Both authors reviewed and approved the final
version.

Conflict Of Interest: The authors declare no conflicts of interest regarding this paper.

Data Availability: All data analyzed during this study are included in the manuscript.

Funding Source: No financial or personal relationships influenced the research, authorship, or
publication.

Ethical Approval: This article does not contain any studies with human participants or animals performed
by any of the author.

References

1. Rana A, Yadav K, Jagadevan S. A comprehensive review on green synthesis of nature-inspired metal NPs: Mechanism,
application and toxicity. J Clean Prod. 2020;272: 122880. doi: http://doi.org/10.1016/j.jclepro.2020.122880

2. Barrios E, Fox D, Li Sip YY, Catarata R, Calderon JE, Azim N, et al. Nanomaterials in advanced, high-performance
aerogel composites: A review. Polymers. 2019;11(4):726. doi: http://doi.org/10.3390/polym 11040726

3. Miu BA, Dinischiotu A. New green approaches in NPs synthesis: An overview. Molecules. 2022;27(19):6472. doi:
http://doi.org/10.3390/molecules27196472

246


http://doi.org/10.1016/j.jclepro.2020.122880
http://doi.org/10.1016/j.jclepro.2020.122880
http://doi.org/10.1016/j.jclepro.2020.122880
http://doi.org/10.3390/polym11040726
http://doi.org/10.3390/polym11040726
http://doi.org/10.3390/polym11040726
http://doi.org/10.3390/molecules27196472
http://doi.org/10.3390/molecules27196472

International Journal of Environmental Sciences
ISSN: 2229-7359 Vol.

11 No. 10s, 2025
https://theaspd.com/index.php

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Ishwarya R, Vaseeharan B, Kalyani S, Banumathi B, Govindarajan M, Alharbi NS, et al. Facile green synthesis of zinc
oxide NPs using Ulva lactuca seaweed extract and evaluation of their photocatalytic, antibiofilm and insecticidal activity.
J Photochem Photobiol B. 2018; 178:249-258. doi: http://doi.org/10.1016/j.jphotobiol.2017.11.006

Khan ME, Mohammad A, Ali W, Imran M, Bashiri AH, Zakri W. Properties of metal and metal oxides
nanocomposites. In: Nanocomposites-Advanced Materials for Energy and Environmental Aspects. Elsevier; 2023. p. 23-39.
doi: http://doi.org/10.1016/B978-0-323-99704-1.00027-8

Augustine R, Hasan A. Emerging applications of biocompatible phytosynthesized metal/metal oxide NPs in healthcare.
J Drug Deliv Sci Technol. 2020;56:101516. doi: http://doi.org/10.1016/].jddst.2020.101516

Pushp P, Dasharath SM, Arati C. Classification and applications of titanium and its alloys. Mater Today Proc. 2022;
54:537- 542. doi: http://doi.org/10.1016/j.matpr.2022.01.008

Zhang LY, Han YL, Yang JJ, Deng SL, Wang BY. Construction and photocatalysis of carbon quantum dots/layered
mesoporous  titanium dioxide (CQDs/LM-TiO2) composites. Appl Swrf Sci. 2021; 546:149089. doi:
http://doi.org/10.1016/j.apsusc.2021.149089

Patra JK, Das G, Fraceto LF, Campos EVR, Rodriguez-Torres MP, Acosta-Torres LS, et al. Nano based drug delivery
systems: Recent developments and future prospects. J  Nanobiotechnology.  2018;16(1):71.  doi:
http://doi.org/10.1186/512951-0180392-8

Saranya KS, Vellora Thekkae Padil V, Senan C, Pilankatta R, Saranya K, George B, et al. Green synthesis of high
temperature stable anatase titanium dioxide NPs using gum kondagogu: Characterization and solar driven
photocatalytic degradation of organic dye. Nanomaterials. 2018;8(12):1002. doi: http://doi.org/10.3390/nano8121002
Wang N, Thameem Dheen S, Fuh JYH, Senthil Kumar A. A review of multi-functional ceramic NPs in 3D printed
bone tissue engineering. Bioprinting. 2021;23:e00146. doi: http://doi.org/10.1016/j.bprint.2021.e00146

Wu X, Wang H, Wang Y. A review: Synthesis and applications of titanium sub-oxides. Materials. 2023;16(21):6874.
doi: http://doi.org/10.3390/mal6216874

Ziental D, Czarczynska-Goslinska B, Mlynarczyk DT, Glowacka-Sobotta A, Stanisz B, Goslinski T, et al. Titanium
dioxide  NPs:  Prospects and  applications in  medicine. = Nanomaterials. ~ 2020;10(2):387.  doi:
http://doi.org/10.3390/nan0 10020387

Patra JK, Das G, Fraceto LF, Campos EVR, RodriguezTorres MP, Acosta-Torres LS, et al. Nano based drug delivery
systems:  Recent developments and  future prospects. J  Nanobiotechnology.  2018;16(1):71.  doi:
http://doi.org/10.1186/512951-0180392-8

Lin H, Chen Y, Shi J. Nanoparticle-triggered in situ catalytic chemical reactions for tumour-specific therapy. Chem Soc
Rew. 2018;47(6):1938-1958. doi: http://doi.org/10.1039/C7CS00471K

Saranya KS, Vellora Thekkae Padil V, Senan C, Pilankatta R, Saranya K, George B, et al. Green synthesis of high
temperature stable anatase titanium dioxide NPs using gum kondagogu: Characterization and solar driven
photocatalytic degradation of organic dye. Nanomaterials. 2018;8(12):1002. doi: http://doi.org/10.3390/nano8121002
Danish MSS, Estrella LL, Alemaida IMA, Lisin A, Moiseev N, Ahmadi M, et al. Photocatalytic applications of metal
oxides for sustainable environmental remediation. Metals. 2021;11(1):80. doi: http://doi.org/10.3390/met11010080
Yadav E, Singh D, Yadav P, Verma A. Antioxidant and anti-inflammatory properties of Prosopis cineraria based phenolic
rich ointment in wound  healing. Biomed  Pharmacother. 2018;108:1572-1583. doi:
http://doi.org/10.1016/j.biopha.2018.09.180

Afifi SAH, Abu Al-rub L. Prosopis cineraria as an unconventional legumes, nutrition and health benefits. In: Legume Seed
Nutraceutical Research. IntechOpen; 2019. doi: http://doi.org/10.5772/intechopen.79291

Jairath G, Gadekar YP, Shinde AK, Sharma P, Jose S, Bhatt RS, et al. In vitro and in vivo evaluation of Prosopis cineraria
(khejri tree) leaves for their preservative potential in minced mutton. Int Food Res J. 2023;30(2):343-354. doi:
http://doi.org/10.47836/ifrj.30.2.06

Singh G, Kumar A, Sharma PC. Ethnobotanical, phytochemical and pharmacological profile of genus Prosopis
(Mimosaceae): A review. ] Ethnopharmacol. 2021;267:113602.doi: http://doi.org/10.1016/j.jep.2020.113602

Jinu U, Gomathi M, Saiqa I, Geetha N, Benelli G, Venkatachalam P. Green engineered biomolecule-capped silver and

copper nanohybrids using Prosopis cineraria leaf extract: Enhanced antibacterial activity against microbial pathogens
of public health relevance and cytotoxicity on human breast cancer cells (MCF-7). Microbial Pathogenesis. 2017;105:86-
95. doi: http://doi.org/10.1016/j.micpath.2017.02.019

Carp O, Huisman CL, Reller A. Photoinduced reactivity of titanium dioxide. Progress in Solid State Chemistry. 2004;32(1-
2):33-171. doi: http://doi.org/10.1016/j.progsolidstchem.2004.08.001

Fujishima A, Rao TN, Tryk DA. Titanium dioxide photocatalysis. Journal of Photochemistry and Photobiology C:
Photochemistry Reviews. 2000;1(1):1-21. doi: http://doi.org/10.1016/S1389-5567(00)00002-2

247


http://doi.org/10.1016/j.jphotobiol.2017.11.006
http://doi.org/10.1016/j.jphotobiol.2017.11.006
http://doi.org/10.1016/j.jphotobiol.2017.11.006
http://doi.org/10.1016/B978-0-323-99704-1.00027-8
http://doi.org/10.1016/B978-0-323-99704-1.00027-8
http://doi.org/10.1016/B978-0-323-99704-1.00027-8
http://doi.org/10.1016/B978-0-323-99704-1.00027-8
http://doi.org/10.1016/B978-0-323-99704-1.00027-8
http://doi.org/10.1016/B978-0-323-99704-1.00027-8
http://doi.org/10.1016/B978-0-323-99704-1.00027-8
http://doi.org/10.1016/B978-0-323-99704-1.00027-8
http://doi.org/10.1016/B978-0-323-99704-1.00027-8
http://doi.org/10.1016/B978-0-323-99704-1.00027-8
http://doi.org/10.1016/B978-0-323-99704-1.00027-8
http://doi.org/10.1016/B978-0-323-99704-1.00027-8
http://doi.org/10.1016/j.jddst.2020.101516
http://doi.org/10.1016/j.jddst.2020.101516
http://doi.org/10.1016/j.jddst.2020.101516
http://doi.org/10.1016/j.matpr.2022.01.008
http://doi.org/10.1016/j.matpr.2022.01.008
http://doi.org/10.1016/j.matpr.2022.01.008
http://doi.org/10.1016/j.apsusc.2021.149089
http://doi.org/10.1016/j.apsusc.2021.149089
http://doi.org/10.1186/s12951-018-0392-8
http://doi.org/10.1186/s12951-018-0392-8
http://doi.org/10.1186/s12951-018-0392-8
http://doi.org/10.1186/s12951-018-0392-8
http://doi.org/10.1186/s12951-018-0392-8
http://doi.org/10.1186/s12951-018-0392-8
http://doi.org/10.1186/s12951-018-0392-8
http://doi.org/10.3390/nano8121002
http://doi.org/10.3390/nano8121002
http://doi.org/10.3390/nano8121002
http://doi.org/10.1016/j.bprint.2021.e00146
http://doi.org/10.1016/j.bprint.2021.e00146
http://doi.org/10.1016/j.bprint.2021.e00146
http://doi.org/10.3390/ma16216874
http://doi.org/10.3390/ma16216874
http://doi.org/10.3390/nano10020387
http://doi.org/10.3390/nano10020387
http://doi.org/10.3390/nano10020387
http://doi.org/10.3390/nano10020387
http://doi.org/10.1186/s12951-018-0392-8
http://doi.org/10.1186/s12951-018-0392-8
http://doi.org/10.1186/s12951-018-0392-8
http://doi.org/10.1186/s12951-018-0392-8
http://doi.org/10.1186/s12951-018-0392-8
http://doi.org/10.1186/s12951-018-0392-8
http://doi.org/10.1186/s12951-018-0392-8
http://doi.org/10.1039/C7CS00471K
http://doi.org/10.1039/C7CS00471K
http://doi.org/10.1039/C7CS00471K
http://doi.org/10.3390/nano8121002
http://doi.org/10.3390/nano8121002
http://doi.org/10.3390/nano8121002
http://doi.org/10.3390/met11010080
http://doi.org/10.3390/met11010080
http://doi.org/10.3390/met11010080
http://doi.org/10.1016/j.biopha.2018.09.180
http://doi.org/10.1016/j.biopha.2018.09.180
http://doi.org/10.5772/intechopen.79291
http://doi.org/10.5772/intechopen.79291
http://doi.org/10.5772/intechopen.79291
http://doi.org/10.47836/ifrj.30.2.06
http://doi.org/10.47836/ifrj.30.2.06
http://doi.org/10.1016/j.jep.2020.113602
http://doi.org/10.1016/j.jep.2020.113602
http://doi.org/10.1016/j.jep.2020.113602
http://doi.org/10.1016/j.micpath.2017.02.019
http://doi.org/10.1016/j.micpath.2017.02.019
http://doi.org/10.1016/j.progsolidstchem.2004.08.001
http://doi.org/10.1016/j.progsolidstchem.2004.08.001
http://doi.org/10.1016/j.progsolidstchem.2004.08.001
http://doi.org/10.1016/S1389-5567(00)00002-2
http://doi.org/10.1016/S1389-5567(00)00002-2
http://doi.org/10.1016/S1389-5567(00)00002-2
http://doi.org/10.1016/S1389-5567(00)00002-2
http://doi.org/10.1016/S1389-5567(00)00002-2
http://doi.org/10.1016/S1389-5567(00)00002-2
http://doi.org/10.1016/S1389-5567(00)00002-2

International Journal of Environmental Sciences
ISSN: 2229-7359 Vol.

11 No. 10s, 2025
https://theaspd.com/index.php

25.

26.

21.

28.

29.

30.

31.

32.

33.
34.
35.

36.

37.

38.

39.

40.

41.
42.

43.

4.

Shi H, Magaye R, Castranova V, Zhao J. Titanium dioxide NPs: A review of current toxicological data. Particle and Fibre
Toxicology. 2013;10(1):15. doi: http://doi.org/10.1186/1743-8977-10-15

Ozgiir ME, Balcioglu S, Ulu A, Ozcan I, Okumus F, Koytepe S, Ates B. The in vitro toxicity analysis of titanium

dioxide (TiO2) NPs on kinematics and biochemical quality of rainbow trout sperm cells. Environmental Toxicology and
Pharmacology. 2018;62:11-19. doi: http://doi.org/10.1016/j.etap.2018.06.002
Mariyam MSA, Subburayan RR, Dhanraj G. Harnessing the potential of TiO, NPs from marine macroalgae Ulva

lactuca for antibacterial, anti-inflammatory, and cytotoxic properties. Journal of Applied Pharmaceutical Science.
2025;15(4):135-141. doi: http://doi.org/10.7324/]APS.2025.15417

Din MSU, Naveed M, Aziz T, Makhdoom SI, Waseem M, Khan AA, Al-harbi M, Alasmari AF. Comprehensive
Characterization and Bioactivity Assessment of Titanium Dioxide NPs Synthesized Using Chrysanthemum indicum
Leaf Extract. Chemistry & Biodiversity. 2025; ¢202500244. doi: http://doi.org/10.1002/cbdv.202500244

Shemona AMG, Kanagaprabha S, Johnson Jeyakumar H, Vathana SA. Green Synthesis of TiO, NPs Using Piper
longum Leaf Extract: Morphological, Optical and Antibacterial Characterization. Materials Science Forum.
2024;1143:73-88. doi: http://doi.org/10.4028/p-8cplzy

Shafie NFA, Zulkifli NS, Ali RR, Tarmizi ZI, Faizo SM. Green synthesis of Titanium Dioxide NPs using extraction of
Psidium guajava for Smart Packaging Application. Journal of Research in Nanoscience and Nanotechnology. 2024;11(1):16-
23. doi: http://doi.org/10.37934/jrnn.11.1.1623

Mathesh A, Mohanprasanth A, Saravanan M. Synthesis and characterization of Spirulina-mediated titanium dioxide
NPs: Antimicrobial activity against multidrug-resistant bacteria. Nano-Structures & Nano-Objects. 2024;39:101225. doi:
http://doi.org/10.1016/j.nan0s0.2024.101225

Ahmed S, Ahmad M, Swami BL, Tkram S. A review on plants extract mediated synthesis of silver NPs for antimicrobial

applications: A green  expertise.  Journal  of  Advanced Research. 2016;7(1):17-28. doi:
http://doi.org/10.1016/}.jare.2015.07.005

Rai M, Yadav A, Gade A. Current trends in phytosynthesis of metal NPs. Critical Reviews in Biotechnology.
2018;28(4):277- 284. doi: http://doi.org/10.3109/07388551.2013.853216

Jain A, Katewa SS. Traditional uses of Prosopis cineraria (L.) Druce in India. Ethnobotany. 2015;27(1):66-72. doi:
http://doi.org/10.16946/ethnobotany.002.1.285

Bhatnagar R, Garg HS. A review on the phytochemistry and pharmacological aspects of Prosopis cineraria. Journal of
Ethnopharmacology. 2020;249:112404. doi: http://doi.org/10.1016/j.jep.2019.112404

Al Kaabi JM, Mohamed A, Bazaid S, Binsuwaidan R. Phytochemical properties and antimicrobial activities of Prosopis
cineraria (ghaf) in Saudi Arabia. Jowrnal of Pharmacognosy and Phytochemistry. 2017;6(4):1754-1757. doi:
http://doi.org/10.22271/jpc.2017.v6.i14q.1754

Nabavi SF, Sureda A, Kumar M, Nabavi SM, Tejada S. Prosopis cineraria: A review of its phytochemistry,
pharmacology, and toxicology. Phytotherapy Research. 2016;30(4):511-519. doi: http://doi.org/10.1002/ptr.5566
Makarov VV, Love A], Sinitsyna OV, Makarova SS, Yaminsky IV, Taliansky ME, Kalinina NO. "Green"
nanotechnologies: ~ Synthesis of metal NPs using plants. Acta Naturae. 2018;6(1):35-44. doi:
http://doi.org/10.32607/20758251-2018-6-1-3544

Prasad TN, Elumalai EK, Khanna VG. Nanotechnology in traditional medicine and natural product research. Journal
of Ayurveda and Integrative Medicine. 2016;7(3):121-129. doi: http://doi.org/10.1016/j.jaim.2015.12.003

Garg H, Sarin R, Kapoor A. Phytochemical analysis and evaluation of antioxidant, antimicrobial, and cytotoxic

properties of Prosopis cineraria. Journal of Pharmacy and Bioallied Sciences. 2017;9(4):316-321. doi:
http://doi.org/10.4103/jpbs.JPBS 95 17

Ibrahim H. Saponins and their beneficial role in green synthesis of NPs: A review. Journal of Nanomedicine &

Nanotechnology. 2018;9(1):1-6. doi: http://doi.org/10.4172/2157-7439.1000517

Sharma RK, Arora D, Rani A. Antimicrobial activity of silver NPs synthesized using Prosopis cineraria leaves extract.
Journal of Pharmacognosy and Phytochemistry. 2018;7(4):1680-1685. doi: http://doi.org/10.22271/jpc.2018.v7.i4s.1680
Chaudhary KK, Kumar G, Varshney A, Meghvansi MK, Ali SF, Karthik K, Dhama K, Siddiqui S, Kaul RK.
Ethnopharmacological and phytopharmaceutical evaluation of Prosopis cineraria: An overview and future prospects.
Current Drug Metabolism. 2018;19(3):192-214. doi: http://doi.org/10.2174/1389200219666180313125015

Malik S, Mann S, Gupta D, Gupta RK. Nutraceutical Properties of Prosopis cineraria (L.) Druce Pods: A Component of
Panchkuta”. Journal  of Pharmacognosy and Phytochemistry. 2013;2(2):66-73.  doi:
http://doi.org/10.22271/jpc.2013.v2.i2a.108

248


http://doi.org/10.1186/1743-8977-10-15
http://doi.org/10.1186/1743-8977-10-15
http://doi.org/10.1186/1743-8977-10-15
http://doi.org/10.1186/1743-8977-10-15
http://doi.org/10.1186/1743-8977-10-15
http://doi.org/10.1186/1743-8977-10-15
http://doi.org/10.1186/1743-8977-10-15
http://doi.org/10.1186/1743-8977-10-15
http://doi.org/10.1186/1743-8977-10-15
http://doi.org/10.1016/j.etap.2018.06.002
http://doi.org/10.1016/j.etap.2018.06.002
http://doi.org/10.1016/j.etap.2018.06.002
http://doi.org/10.7324/JAPS.2025.15417
http://doi.org/10.7324/JAPS.2025.15417
http://doi.org/10.7324/JAPS.2025.15417
http://doi.org/10.1002/cbdv.202500244
http://doi.org/10.1002/cbdv.202500244
http://doi.org/10.1002/cbdv.202500244
http://doi.org/10.4028/p-8cplzy
http://doi.org/10.4028/p-8cplzy
http://doi.org/10.4028/p-8cplzy
http://doi.org/10.4028/p-8cplzy
http://doi.org/10.37934/jrnn.11.1.1623
http://doi.org/10.37934/jrnn.11.1.1623
http://doi.org/10.37934/jrnn.11.1.1623
http://doi.org/10.1016/j.nanoso.2024.101225
http://doi.org/10.1016/j.nanoso.2024.101225
http://doi.org/10.1016/j.jare.2015.07.005
http://doi.org/10.1016/j.jare.2015.07.005
http://doi.org/10.3109/07388551.2013.853216
http://doi.org/10.3109/07388551.2013.853216
http://doi.org/10.3109/07388551.2013.853216
http://doi.org/10.16946/ethnobotany.002.1.285
http://doi.org/10.16946/ethnobotany.002.1.285
http://doi.org/10.1016/j.jep.2019.112404
http://doi.org/10.1016/j.jep.2019.112404
http://doi.org/10.1016/j.jep.2019.112404
http://doi.org/10.22271/jpc.2017.v6.i4q.1754
http://doi.org/10.22271/jpc.2017.v6.i4q.1754
http://doi.org/10.1002/ptr.5566
http://doi.org/10.1002/ptr.5566
http://doi.org/10.1002/ptr.5566
http://doi.org/10.32607/20758251-2018-6-1-35-44
http://doi.org/10.32607/20758251-2018-6-1-35-44
http://doi.org/10.32607/20758251-2018-6-1-35-44
http://doi.org/10.32607/20758251-2018-6-1-35-44
http://doi.org/10.32607/20758251-2018-6-1-35-44
http://doi.org/10.32607/20758251-2018-6-1-35-44
http://doi.org/10.32607/20758251-2018-6-1-35-44
http://doi.org/10.32607/20758251-2018-6-1-35-44
http://doi.org/10.32607/20758251-2018-6-1-35-44
http://doi.org/10.32607/20758251-2018-6-1-35-44
http://doi.org/10.32607/20758251-2018-6-1-35-44
http://doi.org/10.32607/20758251-2018-6-1-35-44
http://doi.org/10.32607/20758251-2018-6-1-35-44
http://doi.org/10.1016/j.jaim.2015.12.003
http://doi.org/10.1016/j.jaim.2015.12.003
http://doi.org/10.1016/j.jaim.2015.12.003
http://doi.org/10.4103/jpbs.JPBS_95_17
http://doi.org/10.4103/jpbs.JPBS_95_17
http://doi.org/10.4172/2157-7439.1000517
http://doi.org/10.4172/2157-7439.1000517
http://doi.org/10.4172/2157-7439.1000517
http://doi.org/10.4172/2157-7439.1000517
http://doi.org/10.4172/2157-7439.1000517
http://doi.org/10.22271/jpc.2018.v7.i4s.1680
http://doi.org/10.22271/jpc.2018.v7.i4s.1680
http://doi.org/10.22271/jpc.2018.v7.i4s.1680
http://doi.org/10.2174/1389200219666180313125015
http://doi.org/10.2174/1389200219666180313125015
http://doi.org/10.2174/1389200219666180313125015
http://doi.org/10.22271/jpc.2013.v2.i2a.108
http://doi.org/10.22271/jpc.2013.v2.i2a.108

International Journal of Environmental Sciences
ISSN: 2229-7359 Vol.

11 No. 10s, 2025
https://theaspd.com/index.php

45. Haider A, ljaz M, Ali S, Haider ], Imran M, Majeed H, Shahzadi I, Ali MM, Khan JA, Ikram M. Green synthesized

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

phytochemically (Zingiber officinale and Allium sativum) reduced nickel oxide NPs confirmed bactericidal and catalytic
potential. Nanoscale Research Letters. 2020;15:1-11.doi: http://doi.org/10.1186/511671-020-0356 1-w

Zuhrotun A, Oktaviani D], Hasanah AN. Biosynthesis of gold and silver NPs using phytochemical compounds.
Molecules. 2023;28(7):3240. doi: http://doi.org/10.3390/molecules28073240

Prasad AR, Williams L, Garvasis ], Shamsheera KO, Basheer SM, Kuruvilla M, Joseph A. Applications of phytogenic
ZnO NPs: A review on recent advancements. Journal of Molecular Liquids. 2021;331:115805. doi:
http://doi.org/10.1016/j.molliq.2021.115805

Kalaivani P, Mathubala G. Green synthesis of AgO NPs using Prosopis Cineraria bark extract and its antibacterial
activity. Journal of Physics: Conference Series. 2024;2886(1):012001. doi: http://doi.org/10.1088/1742-
6596,/2886,/1,/012001

Kasana RC, Panwar NR, Burman U, Kumar P. Prosopis cineraria leaf extract mediated green biosynthesis of copper
oxide NPs. Inorganic and Nano-Metal Chemistry. 2024;54(2):120-125. doi:
http://doi.org/10.1080,/24701556.2023.2173804

Jadoun S, Arif R, Jangid NK, Meena RK. Green synthesis of NPs using plant extracts: A review. Environmental
Chemistry Letters. 2021;19:355-374. doi: http://doi.org/10.1007/s10311-021-01151-3

Ibrahim H. Saponins and their beneficial role in green synthesis of NPs: A review. Journal of Nanomedicine &
Nanotechnology. 2018;9(1):1-6. doi: http://doi.org/10.4172/2157-7439.1000517

Sharma RK, Arora D, Rani A. Antimicrobial activity of silver NPs synthesized using Prosopis cineraria leaves extract.
Journal of Pharmacognosy and Phytochemistry. 2018;7(4):1680-1685. doi:
http://doi.org/10.22271/jpc.2018.v7.i4s.1680

Mohan S, Rajendran A, Balasubramanian V. Synthesis and characterization of TiO2 NPs using plant extracts for
application in wastewater treatment. Environmental Science and Pollution Research. 2019;26(19):19072-19080. doi:
http://doi.org/10.1007/s11356-019-04840-4

Shamsa F, Monsef H, Ghamooshi R, Verdian-Rizi M. Spectrophotometric determination of total alkaloids in some
Iranian medicinal plants. Thai ] Pharm Sci. 2008;32(1):17-20. doi: http://doi.org/10.1002/j.2042-
7174.2008.tb02722 x

Obadoni BO, Ochuko PO. Phytochemical studies and comparative efficacy of the crude extracts of some haemostatic
plants in Edo and Delta States of Nigeria. Glob ] Pure Appl Sci. 2002;8(2):203-208. doi:
http://doi.org/10.4314/gjpas.v8i2.16622

Chang CC, Yang MH, Wen HM, Chern JC. Estimation of total flavonoid content in propolis by two complementary
colorimetric methods. ] Food Drug Anal. 2002;10(3):178-182. doi: http://doi.org/10.38212/2224-6614.3427

Peri C, Pompei C. Estimation of different phenolic groups in vegetable extracts. Phytochemistry. 1971;10(9):2187 -
2189. doi: http://doi.org/10.1016,/50031-9422(00)91586-9

Singleton VL, Rossi JA. Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid reagents. Am J
Enol Vitic. 1965;16(3):144-158. doi: http://doi.org/10.5344/ajev.1965.16.3.144

Slinkard K, Singleton VL. Total phenol analysis: Automation and comparison with manual methods. Am J Enol Vitic.
1977;28(1):49-55. doi: http://doi.org/10.5344/ajev.1977.28.1.49

DuBois M, Gilles KA, Hamilton JK, Rebers PT, Smith F. Colorimetric method for determination of sugars and related
substances. Anal Chem. 1956;28(3):350-356. doi: http://doi.org/10.1021/ac60111a017

Lowry OH, Rosebrough NJ, Farr AL, Randall R]. Protein measurement with the Folin Phenol reagent. ] Biol Chem.
1951;193:265-275. doi: http://doi.org/10.1016/S0021-9258(19)65040-1

Mishra S, Soni G, Jain NK. Quantitative analysis and antioxidant activity of Manikara hexandra (MH) fruit and
Prosopis cineraria (PC) leaves. ] Pharm Negat Results. 2022;31:4860-4869. doi:
http://doi.org/10.4103/jpnr.jpnr_212_22

Pandey V, Patel S, Danai P, Yadav G, Kumar A. Phyto-constituents profiling of Prosopis cineraria and in vitro

assessment of antioxidant and anti-ulcerogenicity activities. Phytomed Plus. 2023;3(3):100452. doi:
http://doi.org/10.1016/j.phymed.2023.100452

Selvi J]M, Murugalakshmi M, Sami P, Gnanaprakash M, Thanalakshmi R. Green synthesis, characterization and
applications of TiO2 NPs using aqueous extract of Erythrina variegata leaves. Curr Sci. 2022;123(1):59. doi:
http://doi.org/10.18520/cs/v123/i1/59-66

Anbumani D, Vizhi Dhandapani K, Manoharan ], Babujanarthanam R, Bashir AKH, Muthusamy K, Alfarhan A,
Kanimozhi K. Green synthesis and antimicrobial efficacy of titanium dioxide NPs using Luffa acutangula leaf extract.
J King Saud Univ Sci. 2022;34(3):101896. doi: http://doi.org/10.1016/j.jksus.2021.101896

Narayanan M, Devi PG, Natarajan D, Kandasamy S, Devarayan K, Alsehli M, Elfasakhany A, Pugazhendhi A. Green
synthesis and characterization of titanium dioxide NPs using leaf extract of Pouteria campechiana and larvicidal and
pupicidal activity on Aedes aegypti. Environ Res. 2021;200:111333. doi:
http://doi.org/10.1016/j.envres.2021.111333

249


http://doi.org/10.1186/s11671-020-03561-w
http://doi.org/10.1186/s11671-020-03561-w
http://doi.org/10.1186/s11671-020-03561-w
http://doi.org/10.1186/s11671-020-03561-w
http://doi.org/10.1186/s11671-020-03561-w
http://doi.org/10.1186/s11671-020-03561-w
http://doi.org/10.1186/s11671-020-03561-w
http://doi.org/10.1186/s11671-020-03561-w
http://doi.org/10.1186/s11671-020-03561-w

International Journal of Environmental Sciences
ISSN: 2229-7359 Vol.

11 No. 10s, 2025
https://theaspd.com/index.php

67. Thakur BK, Kumar A, Kumar D. Green synthesis of titanium dioxide NPs using Azadirachta indica leaf extract and
evaluation  of  their  antibacterial  activity. ~ South  Afr ]  Bot. = 2019;124:223-227.  doi:
http://doi.org/10.1016/j.52jb.2019.05.026

68. Lopes V, Loitto V, Audinot J, Bayat N, Gutleb A, Cristobal S. Dose-dependent autophagic effect of titanium dioxide
NPs in human HaCaT cells at non-cytotoxic levels. ] Nanobiotechnol. 2016;14:22. doi:
http://doi.org/10.1186/512951-016-0170-3

250



