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Abstract

This study investigates the green synthesis, characterization, and biological importance of titanium
dioxide (TiO,) nanoparticles formed from the peels of Citrus reticulata (mandarin orange). The
synthesized nanoparticles were characterized using various analytical techniques, including UV-vis
spectrophotometry (UV-vis), Fourier-transform infrared spectroscopy (FTIR), and scanning electron
microscopy (SEM). The FTIR of CrTiO,NP shows some noticeable peaks at 3430.53 (-OH), 1779.04,
1639.76, 1449.41, 1162.46, and 682 cm ! revealed the presence of functional groups from the peel
extract, indicating their role in the stabilization of the nanoparticles. SEM analyses provided insights
into the morphology, shape, and size composition of the synthesized nanoparticles, SEM shows the
spherical shape and particle size of CrTiO,NP, which ranged from 72 to 135 nm. The LCMS revealed
Neohesperidin,  3-feruloylquinic  acid, Hesperidin, Rhamnoside, Nobiletin, = Tangeretin,
Dihydroquercetin, 4,5-dihydroxy-6,7-dimethoxyflavone, 7-methylcapillarisin. The antioxidant and anti-
inflammatory activities of EEPCr) and CrTiO,NP) were evaluated i.e. Cyclooxygenase % (21.42+0.32
(EEPCr), 23.13+1.62 (CrTiO,NP), 63.252 while Dicloflenac was employed as the positive standard);
Lipo-oxygenase %(32.46+1.42 (EEPCr), 53.53+£0.13 (CrTiOoNP), 75.141(Diclofenac)); NO %
(31.73£0.79 (EEPCr),41.53+0.79 (CrTiO,NP), 60.2321 (Diclofenac)). The findings of this study
highlight the successful green synthesis of TiO, nanoparticles using Citrus reticulata peels, their
physicochemical characteristics, and their promising biological applications, particularly in the fields of
antiinflammation and antioxidant therapies. This eco-friendly approach to nanoparticle synthesis holds
great promise for the development of sustainable and biocompatible nanomaterials with diverse
applications in various industries.
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Introduction

The development of green and sustainable nanotechnology has gained significant attention in
recent years due to the growing concerns over the environmental impact and potential health
risks associated with conventional chemical synthesis methods. One promising approach is the
utilization of natural plant-based resources, such as citrus fruit peels, for the synthesis of
nanoparticles. Citrus reticulata, commonly known as mandarin orange or tangerine, is a
widely cultivated and consumed citrus species. The peels of C. reticulata are often considered
waste products, despite their rich phytochemical composition, including various bioactive
compounds like flavonoids, phenolic acids, and essential oils. These compounds possess
potent antioxidant, anti-inflammatory, and antimicrobial properties, making them attractive
candidates for the green synthesis of nanoparticles. Titanium nanoparticles (TiNPs) have
garnered significant interest in various applications, including biomedical, cosmetic, and
environmental remediation, due to their unique physicochemical properties, such as high
surface area, enhanced reactivity, and strong antimicrobial activity.



The green synthesis of TiO,NPs using natural
plant-based resources, like C. reticulata peels,
offers a sustainable and eco-friendly
alternative to conventional chemical methods,
which often involve the use of toxic reagents
and generate hazardous waste. This study aims
to explore the green synthesis of TiO,NPs
using C. reticulata peel extracts, characterize
the synthesized nanoparticles, and evaluate
their antioxidant and anti-inflammatory
activities. The findings of this research
contribute to the development of innovative,
sustainable, and bioactive nanomaterials
derived from waste citrus peels, with potential
applications in various fields, including
biomedicine, cosmetics, and environmental
remediation.

MATERIAL AND METHODS

Materials

Collection of Plant Sample

Tangerine peels were collected from fruit
sellers in Katsina Metropolis. The collected
tangerine peels were air-dried in a room in the
absence of sunlight. The dried peels were
crushed using mortar and pestle to make a fine
powder. The powder was stored in a polythene
bag and kept for further analysis.

Extraction of Plant Sample

500 g of the powdered tangerine peels were
subjected to extraction using n-hexane, ethyl
acetate, and ethanol respectively. Each solvent
was allowed to extract for four days after
which the extract was concentrated using a
rotary evaporator.

Preparation of Nanoparticles

Titanium dioxide (TiO,, analytical grade,
purity >99.85%) was used as a precursor
directly without further purification for the
synthesis of TiO» NPs and purchased from
Fisher Scientific, UK. The ethanol extract of
the powdered citrus peel was utilized for the
green synthesis of TiO2NPs. The TiO;
nanoparticles were prepared at the Department
of Chemistry, Faculty of Physical Science,
Federal University Dutsin-Ma, Dutsin-Ma.
Preparation of TiO; solution

A concentration of 0.01M TiO, solution was
prepared by dissolving 4.04 g TiO; in 1000 ml
distilled water and was used for the green
synthesis of iron nanoparticles.

Synthesis of peels of Citrus reticulate
Nanoparticles (Cr-TiO,NPs)

The nanoparticles, and peels of Citrus
reticulate TiO, Nanoparticles (Cr-TiO,NPs)
were synthesized using the ethanol extract of

peels of Citrus reticulate with 0.01M TiO, in
the ratio 1:1 by volume. The ethanolic extracts
of the peels of Citrus reticulate were added
slowly to 0.01M aqueous TiO, solution and
stirred for 60 minutes using a magnetic stirrer
for the reduction (Sravanthi et al., 2018). A
change of colour from an orange solution to a
black precipitate indicates the formation of
Nanoparticles.

Characterization of the Green Synthesized
Nanoparticles

Ultraviolet-visible (UV-Vis) Spectroscopy
The UV-Vis spectroscopy will be used to
validate the formation of NPs centered on their
optical properties. The wavelength of green
synthesized NPs based on light absorbance in
the range of 300 to 600 nm with a resolution of
1 nm will be measured by loading the sample
of 2 ml in quartz cuvette in UV-Vis
spectroscopy.

Fourier Transform Infrared Spectroscopy
(FTIR)

The FTIR is an analytical tool meant for the
measurement of infrared intensity, wavelength,
or wave number of light of the green
synthesized NPs. Therefore, for FTIR analysis
a sample of 0.5 g of NPs will be used and the
spectra will be scanned in the range of 4000—
400 cm™ at a resolution of 4 cm” for the
characterization of compound functional
groups present over the surface of green
synthesized NPs. The FTIR data measures the
interaction between the metallic ion and
protein molecules. Therefore, when an infrared
light interacts with the sample of NPs, the
chemical bonds show the stretching,
contracting, and bending nature of
nanoparticles as indicated by a peak in FTIR
and the result will be matched with the
standard library search of Infrared charts.
Scanning Electron Microscope (SEM)

In this study, SEM will be used to characterize
the size and morphology of the nanoparticles.
SEM with magnification ranging from 20X to
approximately 30,000X with a spatial
resolution of 50 to 100 nm will be used. For
the imaging, a sample of 0.5 mg NPs will be
dusted on one side of the double-sided
adhesive carbon conducting tape. The tape will
be mounted on an § mm aluminum stub. The
sample will be observed at different
magnifications and the images picturized.
Biological Activity of Ethanol Extract of
Tangerine Peels and its TiO, Nanoparticles
Determination of Total Phenol



The total phenol content of the extract is
determined by the method of (Singleton et. al.,
1999). 0.2 ml of the extract was mixed with
2.5 ml of 10% Folin-ciocalteau’s reagent and 2
ml of 7.5% Sodium carbonate. The reaction
mixture was subsequently incubated at 45°C
for 40 mins, and the absorbance was measured
at 700 nm in the spectrophotometer, garlic acid
would be used as standard phenol.
Determination of NO radical scavenging
ability

Sodium Nitroprusside in aqueous solution at
physiological pH spontaneously generates NO,
which interacts with oxygen to produce nitrite
ions that can be estimated by use of a Greiss
reagent. Scavengers of NO compete with
oxygen, leading to reduced production of NO.
Briefly, 5mM sodium nitroprusside in
phosphate-saline was mixed with the extract,
before incubation at 25°C for 150 min.
Thereafter the reaction mixture was added to
the Greiss reagent. Before measuring the
absorbance at 546 nm, relative to the
absorbance of a standard solution of potassium
nitrate treated in the same way with Greiss
reagent (Ebrahimzadeh et al., 2010).
Determination of total

carotenoid

Weigh 2.5 g of fine blended sample into a
conical flask, add 30 ml of hexane and 20 ml
of ethanol, and then add 2 ml of 2% NaCl. Mix
very well and transfer content into a separating
funnel, allowing it to stand for about 10
minutes to allow for extraction of carotenoid
run the lower content off and collect the upper
layer (extractant phase). Measure the
absorbance @ 436 nm wusing a UV
spectrophotometer (Bao et al., 2005).
Determination of Total Flavonoid

The total flavonoid content of the extract was
determined wusing a colourimeter assay
developed by (Bao, 2005). 0.2 ml of the
extract was added to 0.3 ml of 5% NaNO; at
zero time. After 5 min, 0.6 ml of 10% AICl;
was added and after 6 min, 2 ml of 1M NaOH
was added to the mixture followed by the
addition of 2.1 ml of distilled water.
Absorbance was read at 510 nm against the
reagent blank and flavonoid content was
expressed as mg rutin equivalent
Anti-proteinase determination

The test was performed according to the
modified method of Oyedepo et al. (2007) and
Sakat et al. (2009) The reaction mixture (2 ml)
contained 0.06 mg trypsin, 1 ml 20 mM Tris

HCI buffer (pH 7.4) and 1 ml test sample was
used. The mixture was incubated at 37°C for 5
min and then 1 ml of 0.8% (w/v) casein was
added. The mixture was incubated for an
additional 20 min. 2 ml of 70% perchloric acid
was added to arrest the reaction. The cloudy
suspension was  centrifuged and the
absorbance of the supernatant was read at 210
nm against the buffer as blank.

Heat-induced hemolysis

The reaction mixture (2 ml) consisted of 1 ml
test sample and 1 ml of 10% RBCs
suspension, instead of the test sample only
saline was added to the control test tube. All
the centrifuge tubes containing the reaction
mixture were incubated in a water bath at 56
°C for 30 minutes. At the end of the
incubation, the tubes were cooled under
running tap water. The reaction mixture was
centrifuged at 2500 rpm for 5 min and the
absorbance of the supernatants was taken at
560 nm.

Lipoxygenase activity

Anti-lipoxygenase activity was studied using
linoleic acid as substrate and lipoxidase as
enzyme. Test samples were dissolved in 0.25
ml of 2M borate buffer pH 9.0 and added 0.25
ml  of lipoxidase enzyme  solution
(20,000U/ml) and incubated for 5 min at
250C. After which, 1.0ml of linoleic acid
solution (0.6mM) was added, mixed well, and
absorbance was measured at 234nm.
Indomethacin was used as the reference
standard.

LC-MS Analysis

Protocol for LCMS Analysis (Generic
Method) using LC Waters e2695 separation
module with W2998 PDA and couple to ACQ-
QDA MS The samples were analyzed using
liquid chromatography (LC) tandem mass
spectrophotometer (MS) as described by
(Piovesanaet al., 2018) with  some
modifications. The extracted samples were
reconstituted in methanol and filtered through
a polytetrafluoroethylene (PTFE) membrane
filter with 0.45 um size. After filtration, the
filtrate (10.0 pl) was injected into the LC
system and allowed to separate on Sunfire C18
5.0 um 4.6 mm x 150 mm column. The run
was carried out at a flow rate of 1.0 mL/min,
with Sample and Column temperature at 25°C.
The mobile phase consists of 0.1% formic acid
in water (solvent A) and 0.1% formic acid in
acetonitrile (solvent B) with a gradient as
below:



Table 1: Solvent Gradients A and B

Time %A %B
0 95 5

1 95 5

13 5 95
15 5 95
17 95 5

19 95 5

20 95 5

From the ratio of A/B 95:5 this ratio was
maintained for a further 1 min, then A/B 5:95
for 13 min, to 15 min. then A/B 95:5 to 17
min, 19 min, and finally 20 min. the PDA
detector was set at 210-400 nm with a
resolution of 1.2 nm and a sampling rate of 10
points/sec. The mass spectra were acquired
with a scan range from m/z 100 — 1250 after
ensuring the following settings: ESI source in
positive and negative ion modes; capillary
voltage 0.8 kv (positive) and 0.8 kv (negative);
probe temperature 6000C; flow rate 10
mL/min; nebulizer gas, 45 psi. MS is set in
automatic mode applying a fragmentation
voltage of 125 V (Piovesanaet al., 2018). The
data was processed with Empower 3. The
compounds were identified based on the
following information, elution order, retention

time (Rt), fragmentation pattern, and Base
m/z.

RESULTS AND DISCUSSION

Results

Extraction

The result for the extraction yield of Citrus
reticulate of 500 g of powdered plant sample
concerning the solvent medium used in the
extraction is given in Table 1.

Formation of TiO;Nanoparticles

Titanium dioxide (TiO,, analytical grade,
purity >99.85%) was used as a precursor
directly without further purification for the
synthesis of TiO, NPs and purchased from
Fisher Scientific, UK. The ethanol extract of
the powdered citrus peel was utilized for the
green synthesis of Cr-TiO;NPs.

Table 2: Extraction of Citrus reticulata

SOLVENT Weight of extract (g) Percentage yield (%)
Ethanol 50 10.00

Ethyl acetate 28 5.60

n-hexane 15 3.00

Figure 1: Colour Change of synthesized TiO;nanoparticles from ethanol extract of Citrus reticulate

peels



=] = = -
(=] o] o N
1 1 1 1

Absorbance
©
F Y
|

0.2+

0.0

—— Absorbance

200 300 400

500 600 700 800

Wavelength(nm)

Figure 2: UV-Vis absorption spectra for the synthesized CrTiO,-NP

Characterization

Ultraviolet-visible (UV-Vis) Spectroscopy
This Uv-vis spectroscopy was employed to
examine further that CrTiO,-NP has been
formed, Figure 4.1 shows that the ethanol
extracts of C. reticulate were able to reduce
ferric nitrate nonahydrate to iron nanoparticles
at 380 nm being the surface plasma resonance.
Figure 4.1 revealed the curve absorbed by
each spectrum that gave the iron nanoparticles
within the wavelength range of 380 nm for
CrTiO;NP formed.

Yol
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FTIR Spectroscopy

To evaluate ethanol extract and green-
produced TiO2 NPs from the ethanol extract of
C. reticulate, FTIR spectroscopy was carried
out on FTIR (Alpha II, Brucker, Billerica,
MA, USA) spectrometer  equipment.
Additionally, the sample scan was performed
using 64 scans at a resolution of 4 cm™,
covel:ring the wavenumber range of 4000—400
cm .

000 1500 1000 50)
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Figure 3: FTIR spectrum of TiO, nanoparticles



Figure 4:Scanning electron microscopy image showing nanoparticles

Table 3: Antioxidant Activity of EEPCr and CrTiO,-NP

C. reticulata CrTiO,-NP Control
1 Flavonoid mg QE/g 32.15+1.32 34.45+0.37 35.552 pg/ml (Quercetin)
2 Phenol mg GAE/g 47.81+£0.22 49.91+1.53 58.492 pg/ml (Gallic acid)
3 Carotenoids pg/mL 4.54+0.21 2.30+0.18

SEM

The SEM images show that the NP
conglomerate caused an increase in the TiO»
NP size and that the TiO, NPs had a uniform
spherical morphology. Figure 4.3

shows the SEM image of TiO, NPs prepared
by green synthesis. Microscopic analysis
revealed that the developed NP system is
spherical and polygonal. In the current
investigation, the surface morphology and size
of the green synthesized TiO. NPs were
studied using SEM analysis.

Biological Activities

Content Phenolic

Numerous studies indicate that because of
their antioxidant action, phenolic chemicals
are vital for human health. The total phenolic
content of the ethanol extract of the peels of
C. reticulate and its TiO,NP was compared in
Table 4.2. This was determined using the

equation y = 0.006x + 0.027 (R2 = 0.990) to
yield (47.81%1.71) mg gallic acid equivalent/g
of extract and (49.91£1.53) mg gallic acid
equivalent/g of its synthesized nanoparticle
Content of Flavonoids

As indicated by Table 4.2, the ethanol extract
of the peels of C. reticulata and its TiO,NP
had a good quantity of flavonoid content
(32.15 £ 1.32) mg quercetin equivalent/g of
extract after the calibration curve (y = 0.022x
+ 0.182; R2 = 0.994) was constructed based on
the obtained data while that of CrTiO,-NP is
34.45+0.37 mg quercetin equivalent/g
Content of Carotenoids

Table 4.2 compares the carotenoid content of
ethanol extract of the peels of C. reticulata
and CrTiO,-NP. This indicates that the
ethanol extract of the peels of C. reticulata
and CrTiO,-NP has a moderately low
carotenoid concentration of 4.54+0.21 and
2.30+0.18

Table 4: Anti-inflammatory Activity of EEPCr and CrTiO,-NP

C. reticulata CrTiO,-NP Control
1 Cyclooxygenase % 21.42+0.32 23.13£1.62 63.252 (Dicloflenac)
2 Lipo-oxygenase % 32.46+1.42 53.53+0.13 75.141 (Dicloflenac)
3 NO % 31.73+£0.79 41.53+0.79 60.2321 (Dicloflenac)
4 Protein denaturation % 47.61+0.71 21.62+1.32 72.628 (Aspirin)
5 Anti-proteinase % 59.04+0.49 58.32+1.05 73.985 (Aspirin)
6 Heat-induced % 57.14+0.13 42.42+1.63 70.431 (Aspirin)




Anti-lipoxygenase Activity

The assay quantifies the CrTiO,-NP and the
peel extracts’ inhibitory activity against LOX,
the primary enzyme in the manufacture of
mediators involved in inflammatory lipids,
including leukotrienes, hepoxilins, lipoxins,
and other hydroxylated fatty acid derivatives.
The peel extract of C. reticulate showed low
activity (32.46+1.42) as compared to CrTiO»-
NP (53.53+0.13) while the positive control
employed Diclofenac (75.141) as shown in
Table 4.3.

Cyclooxygenase Activity

The effects of CrTiO.-NP and ethanol extract
from the peels of C. reticulate on the
production of prostaglandins were determined
by the percentage inhibition of
Cyclooxygenase activity. The results are
tabulated in (Table 4.3). The extract showed
moderate activity as compared to the positive
control employed Diclofenac (63.252) though
the synthesized nanoparticle (23.13+1.62)
displayed a better activity than the extract
(21.42+0.32)

Inhibition of protein denaturation

The CrTiO2-NP and ethanol extract of the peel
of C. reticulate were analyzed for their anti-
inflammatory activity and compared with the
standard Aspirin. The denaturation of proteins
is one of the well-documented causes of
inflammation. The results of the present study
show that the extract (47.61£0.71) is
moderately effective in inhibiting heat-induced
albumin denaturation compared to the positive
control (72.628) though fairly better than the
CrTiO,-NP (21.62+1.32)

Nitric Oxide Activity

The CrTiO,-NP and ethanol extract of the peel
of C. reticulate was assessed for percentage

inhibitory activity —against nitric oxide
produced in vitro. Nitric oxide radical,
generated by photochemical decomposition of
sodium nitroprusside and eventually leading to
stable nitrite ions, was found to be averagely
inhibited by the extract (31.73+0.79) and good
activity for the nanoparticle formed the peels
of C. reticulate (41.53+£0.79) as compared with
the positive control as Dicloflenac (60.2321).
Heat-induced Haemolysis

The ethanol extract from the peels of C.
reticulata and its synthesized nanoparticles
were effective in inhibiting heat-induced
haemolysis when compared with the standard
Aspirin. The results from Table 4.3 displayed
that the extract at a concentration of 100 pg/ml
shows 57.14+0.13 while CrTiO,-NP shows
42.42+1.63 as compared with the standard
(70.431).

Anti-Proteinase Inhibitory Activity
Neutrophils are found in lysosomes and are
recognized to be a rich source of serine
proteinase. It has been previously documented
that  leukocyte  proteinase  contributes
significantly to the development of tissue
damage during inflammatory reactions, and
proteinase inhibitors significantly reduce tissue
damage. (Das & Chatterjee, 1995). The
ethanol extract from the peels of C. reticulata
and its synthesized nanoparticles exhibited
significant anti-proteinase activity as shown in
Table 4.3 (59.04+0.49 and 58.32+1.05). It
showed a percentage inhibition of 48.15+0.38
as compared with the standard employed
which is Aspirin (73.985).

LCMS

The result from the LCMS is shown in Table
5, nine compounds were revealed in the
extracts and drawn in Figure 4.5.

Table 5: Compounds Identified from EEPCr

S/N Identified compounds Molecular weight
1 Neohesperidin C2sH36015
2 3-feruloylquinic acid C17H2009
3 Hesperidin C2sH34015
4 Rhamnoside Ca1H2001
5 Nobiletin C21H2O0s
6 Tangeretin CaoH2007
8 Dihydroquercetin CisH1007
9 4,5-dihydroxy-6,7-dimethoxyflavone; C;7H4Os

7-methylcapillarisin

Discussion
UV-vis spectroscopy

To confirm the presence of nanoparticles in
the resulting solutions, the UV-vis spectra



were analyzed. UV-vis absorption
spectroscopy is an important technique to
monitor the formation and stability of metal
NPs in aqueous solution. The absorption
spectrum of metal NPs is sensitive to several
factors, including the shape, size of the
nanoparticles formed and the particle-particle
interaction with the medium and Sonnichesen
et al. (2002) asserted that the absorption
maximum (Amax) depends on the shape and
size of the plants’ nanoparticles. Figure 4.1
shows the UV-vis absorption spectra for
CrTiO,NPs nanoparticles between 200 and
400 nm. The absorption for CrTiO;NPs
appears at 380 nm in UV-Vis spectroscopy.
Similar studies were conducted by Roopan et
al. (2012). The optical absorbance of the TiO»
nanoparticles was evaluated using the UV-
visible absorption spectrum. Since all of the
samples are extracted from the same solvent
(ethanol), as can be seen in the UV-visible
spectrum above, they all have the same pattern
of absorbance (Zhao et al., 2007). According

to Rathod and Waghuley's (2015) findings,
which also indicated that % absorption is
higher on the lower wavelength side, the
optimum absorption in this study is higher on
the lower wavelength side. The crystal
structure of TiO2 determines its various
properties. According to Amano et al. (2022),
anatase TiO2 can only absorb UV radiation
with wavelengths less than 390 nm due to its
3.2 eV band gap. Conversely, rutile TiO, can
absorb visible light at wavelengths shorter than
410 nm and has a band gap of 3.0 eV (Alijani
et al., 2022). One-dimensional TiO, nanotubes
(TNTs) have a high active surface area and are
a good choice for UV photodetectors. TiO;
nanowire arrays have remarkable UV light
sensitivity as well; at 7 pW/cm2 UV
illumination, a high photoresponsivity of 7.7 x
103 A/W is attained. It was discovered that
TiO; semiconducting thin films were
transparent in the UV-visible range and that
their refractive index varied with wavelength.

Figure 5: Structures of Compounds identified in the ethanol of Citrus reticulata

FTIR Spectroscopy

These functional organic groups' presence in
the nanoparticle formed suggests that the
organic source was in charge of reducing TiO»

(Algahtani et al., 2020b; Algahtani et al.,
2022; Anbumani et al., 2022; Ansari et al.,
2022). 1449.41 cm™! is the absorption peak of
the C=C backbone stretching vibration of the



aromatic ring. The Ti—O-O bond is responsible
for the peak located at 682 cm ™' in the TiO»
NPs FTIR spectra. This study validated the
ethanol extracts of the peels of C. reticulate 's
capping action for the generated TiO2 NPs,
which stabilized them (Thandapani et al.,
2018; Thakur et al., 2019; Algahtani et al.,
2020a). The absorption peaks around 3430
cm ! for the characteristic absorption peaks of
the joined hydroxyl group. The peaks of some
intensity at 3043 cm ™' are the absorption peaks
of C-H stretching vibrations on the benzene
ring. Increasing aromatic ring condensation
and higher aromatic ring substitution. FTIR
spectrum of TiO, nanoparticles, Ti-O bending
mode, and deformative vibration of Ti-OH
stretching mode may be observed at 483 cm ™
and 1623.50 cm ' respectively. There were
noticeable peaks at 3430.53, 1779.04, 1639.76,
1449.41, 1162.46, and 682 cm™" (Figure 4.2).
The presence of alkyl halide, aliphatic nitro,
aromatic amide, carbonyl amide, flavonoids,
phenol, and secondary alcohol that may have
contributed to the environmentally friendly
synthesis of TiO, NPs was indicated by the
detected peaks. Asymmetrical and
symmetrical stretching vibrations of a
hydroxyl group (-OH) may be observed at
3434.53 cm .

SEM

The SEM image verified the formation of
titanium nanoparticles and displayed the high-
density titanium nanoparticles produced by the
ethanol extracts of the peels of C. reticulata.
Under a SEM, the majority of the
nanoparticles aggregated while very few were
dispersed. The produced titanium
nanoparticles from the peels of C. reticulata
were examined using a scanning electron
microscope (SEM) to reveal their spherical
shape and particle size, which ranged from 72
to 135 nm. The nanoparticles formed from the
ethanolic extract of the peels of C. reticulata
were  homogeneously  dispersed.  This
complements the studies of some authors on
the green synthesis of TiO,NPs employing
various plant extracts (Narayanan et al., 2021;
Selvi et al., 2022; Ravi et al., 2023; Pradeep et
al., 2024). The Scanning Electron Microscopy
result obtained in this study is in tandem with
the obtained by Haidar et al. (2017) where
TiO, nanoparticles calcined at 400°C have a
roughly spherical spongy shape with small size
nanoparticles around the range of less than 20
nm. When the temperature increases up to

600°C, the sizes become bigger and the
agglomeration becomes significant, as shown
in Figure 4.3. Further increase in temperature
up to 800°C, and 1000°C, TiO, nanoparticles
exhibited non-uniform particle shape due to
the agglomeration of initial particles with the
increase in crystalline size.

LCMS

Flavanones occur in higher amounts in the
Citrus genus than flavones. Flavanones are
contained more in the albedo and membranes
than in the juice sacs. The main flavonoids in
citrus fruits include hesperidin, naringin, and
neohesperidin. Table 4.3 shows the presence
of hesperetin, neohesperidin, tangeretin, and
nobiletin in the peels of Citrus reticulata.
Compounds identified in the ethanol extract
were more than the ones identified in the TiO»-
NP

These compounds are renowned for having so
many pharmacological activities
Neohesperidin, a flavonoid glycoside found in
citrus fruits, exhibits diverse medicinal
properties (Akhtar et al. 2022). It has been
studied for its potential therapeutic effects
against  various  conditions such  as
hypertension, obesity, and inflammatory
diseases (Zhang et al., 2022). Neohesperidin
has shown promise in inhibiting angiotensin
II-induced  hypertension and  vascular
remodeling, acting as an antioxidant (Kumar et
al., 2023). Additionally, it has been explored
for its role in treating bronchial asthma and
diseases related to Th1/Th2 cell immune
imbalance. Furthermore, neohesperidin has
demonstrated beneficial effects in attenuating
obesity, inflammation, and insulin resistance
by restoring gut barrier damage and
modulating intestinal microbiota composition.
These findings highlight neohesperidin's
potential as a therapeutic agent for a wide
range of complex disorders, although further
research is needed to confirm its safety and
efficacy for clinical use (Lu ef al., 2020).
Nobiletin, a polymethoxyflavone found in
citrus fruits, exhibits promising medicinal
properties. Research highlights its role in
inhibiting cancer cell proliferation through cell
cycle arrest and mitochondrial-dependent
mechanisms (Moazamiyanfarer al, 2023).
Moreover, nobiletin has shown potential as an
effective cancer chemoprevention agent by
targeting various cellular and molecular
pathways, overcoming issues like toxic effects
and multidrug resistance (Chen et al., 2023).

5



Additionally, nobiletin's antioxidative, anti-
inflammatory, and anti-viral properties make it
a valuable phytochemical for various health
conditions (Lin et al., 2020). Its ability to
induce cell death in malignant cells while
reducing normal cell toxicity underscores its
dual effect, making it a compelling candidate
for enhancing tumor suppression with low
toxicity (Arshad et al, 2023). Overall,
nobiletin's diverse mechanisms and low side
effects position it as a significant natural
compound with therapeutic potential in cancer
treatment and beyond.

Tangeretin, a flavonoid compound found in
citrus  fruit  peels, exhibits  diverse
pharmacological properties (Agarwal & Murti,
2022). It shows promise as a natural anticancer
agent, synergizing with chemotherapeutic
drugs and reversing cancer resistance.
Tangeretin's antioxidant, anti-inflammatory,
and anticancer effects make it a potential
candidate for reducing chemotherapy-induced
toxicity (Ahamad et al., 2021). Additionally,
tangeretin's hepatoprotective, neuroprotective,
and antitumor activities highlight its
therapeutic potential in various disorders.
Studies suggest that combining tangeretin with
cytotoxic agents like 5-Fluorouracil enhances
chemotherapy effectiveness, particularly in
colorectal cancer, by modulating miR-21
expression and PI3K/Akt signaling. Overall,
tangeretin's  multifaceted pharmacological
profile positions it as a promising natural
compound for medicinal applications,
especially in cancer treatment and reducing
chemotherapy-related side effects (Arafa et al.,
2021).

Dihydroquercetin (DHQ) is a bioflavonoid
with  diverse pharmacological activities,
including antioxidant, anti-inflammatory, and
capillary-protective properties. It has shown
therapeutic potential in various conditions
such as chronic venous insufficiency, chronic
obstructive pulmonary disease, bronchial
asthma, atherosclerosis, Alzheimer's disease,
and even as a potential regulator of oxidative
stress in COVID-19 therapy (Zhang et al.,
2022). Different dosage forms of DHQ have
been developed, including tablets and gels for
topical use, to enhance its bioavailability and
efficacy (Orlova et al, 2022). Studies have
demonstrated the safety and efficacy of DHQ
in mitigating neuroinflammation and related
neurodegenerative disorders, making it a

promising candidate for managing conditions
like Alzheimer's and Parkinson's diseases.
Conclusion
The study investigated the green synthesis,
characterization, and biological importance of
titanium dioxide (TiO2) nanoparticles derived
from the peels of Citrus reticulata (mandarin
orange). The nanoparticles were synthesized
using a simple, eco-friendly, and cost-effective
method by exploiting the reducing and capping
properties of the Citrus reticulata peel extract.
The synthesized  nanoparticles  were
characterized using various analytical
techniques: UV-vis spectrophotometry, FTIR,
and SEM analysis. FTIR showed the presence
of functional groups from the peel extract,
indicating their role in stabilizing the
nanoparticles. SEM analysis revealed the
spherical shape and size range of 72-135 nm
for the nanoparticless. LCMS analysis
identified several phytochemicals in the
nanoparticles,  including  Neohesperidin,
Hesperidin, Nobiletin, Tangeretin, and
Dihydroquercetin, which are known to have
good biological activities such as antibacterial,
antioxidant, anticancer, anti-inflammatory,
antidiabetic, and anti-Alzheimer's. The study
evaluated the antioxidant and  anti-
inflammatory activities of the ethanol extract
of Citrus reticulata peels (EEPCr) and the
synthesized nanoparticles (CrTiO,NP). The
nanoparticles demonstrated significant anti-
inflammatory and antioxidant properties,
which were attributed to the phytochemicals
present in the peel extract. The findings
highlight the successful green synthesis of
TiO, nanoparticles using Citrus reticulata
peels, their physicochemical characteristics,
and their promising biological applications,
particularly in the fields of anti-inflammation
and antioxidant therapies. This eco-friendly
approach to nanoparticle synthesis holds great
promise for the development of sustainable
and biocompatible nanomaterials with diverse
applications.
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