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Abstract:

This study reports the green synthesis of Curcuma caesia thizome extract with Titanium dioxide (TiOz2)
nanoparticles. The rhizome extract biosynthesized gives Amber colour or reddish brown colored solution was
formed. UV—Vis spectroscopy revealed a sharp absorption peak at 334 nm, characteristic bioactive
compounds present in thizome extract.. FTIR spectra showed phytochemical functional groups of bioactive
compounds of rhizome extract, including O—H (3523 and 3265 cm™), C—H (2925 cm™), and C=0 (1720
cm™'), along with Ti—O-Ti vibrations below 800 cm™, confirming TiO: formation. X-ray diffraction patterns
exhibited distinct peaks at 27.4°, 36.1°, 41.2°, 54.3°, and 69.0° (20), corresponding to the rutile phase (JCPDS
21-1276), with an average crystallite size of 26-30 nm calculated by the Scherrer equation. SEM images
revealed aggregated particles with a size range of 50-150 nm, while EDS confirmed the elemental
composition with a Ti:O atomic ratio close to 1:2. The results establish green synthesis as a sustainable and
efficient approach for producing biosynthesized product with potential applications in photocatalysis,

antimicrobial activity, anticancer, anti inflammatory, antioxidant etc.
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Introduction:

Nanotechnology is one of the advanced sciences of the twenty-first century, having applications in diverse
fields including medicine, textiles, pharmaceuticals, agriculture, horticulture, electronics, cosmetics, and
material development [1-3]. Now, the use of nanomaterials in healthcare is considered one of the most
promising approaches. As the nanoparticles are biocompatible, highly bioavailable, and more precise, it has
been drawing huge attention in the field of biomedical sciences, specifically in bioimaging, drug delivery, and
cancer therapy [4,5]. However, the chemical synthesis of nanoparticles is discouraged by researcher due to
their toxic effects on the environment. It also poses not only hazards to mankind but also serious
environmental problems, including those affecting soil, water, and the atmosphere [6-8]. Therefore, alternative
methods such as green synthesis of nanoparticles are widely accepted due to their eco-friendly and
environmentally sound technologies [9]. Among different techniques of synthesis, the green method has
gained wider acceptance as it is cost-effective, eco-friendly, stable, and easy to store [10]. Plant extracts

contain bioactive compounds that can act as reducing and capping agents in nanoparticle synthesis [11].

TiO:2 nanoparticles become a new generation of advanced materials due to their brilliant and interesting

optical, dielectric, and photo-catalytic characteristics from size quantisation. It is one of the most widely used
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nanostructures in various Areas [12]. Titania is the only titanium oxide that occurs naturally [13,14,15,16].

TiO2 is an odourless, brilliantly white powder that, under normal conditions, is hydrophobic in nature. It is a
highly stable material that also works well as an opacifier. Some researches were focused on its effect on

bacteria, algae, plankton, fish, mice, and rats [17,18], but its impact on fungi or plants' growth was unclear.

This study demonstrates the synthesis of TiO2NPs using Curcuma caesia Roxb. Rhizome extract, commonly
known as black turmeric, is reported for the first time from these regions. Black turmeric (Curcuma caesia
Roxb.) of family Zingiberaceae, an industrially important plant, is now categorised as a critically endangered
species [19,20]. Black turmeric is an erect rhizomatous herb belonging to the Zingiberaceae family, consisting
of a bluish-black rhizome, which is why it is known as black turmeric. It has an intense camphoraceous odour
and many medicinal properties and is used in the pharmaceutical industry. Black turmeric has been used as a
folk medicine since ancient times. The Adi tribe of Arunachal Pradesh uses the rhizome of black turmeric as
an anti-diuretic. In contrast, the Khamti tribe, belonging to the Lohit district of Arunachal Pradesh, uses the
paste of fresh black turmeric rhizome to treat scorpion and snake bites. Its rhizome is also used as a muscle
relaxant, and it possesses anti-asthmatic activity. The advantages of curcumin present in the leaves and
rhizome of Curcuma caesia are one of the most powerful antioxidants, which will inhibit the formation of

reactive oxygen species, have anti-cancer, anti-inflammatory, anti-microbial, and wound healing effects.

Several studies reported the use of plant extracts such as Solanum lycopersicum [21], Plantago asiatica [22],
Eclipta prostrate [23], Plumbago zeylanica [24], Punica granatum [25], Camellia sinensis [26], etc. for the
synthesis of nanoparticles. However, there is no report of the use of Curcuma caesia Roxb. (black turmeric)

rhizome extract for the synthesis of TiO2NPs.

Materials and methods:

Sample collection: (Materials)

The Rhizome powder of Curcuma caesia, used as the green source in this synthesis process (Fig. 1), was
procured from Holy Naturals online. It was taxonomically authenticated by Dr Dande Swana Sree,
Department of Botany (specimen code: DA 101), and a voucher specimen was deposited in the Herbarium of
Cluster University, Silver Jubilee Government College (A), Kurnool. The collected rhizome powder was

stored in an airtight container at room temperature until further use. The chemicals were used as received from

the vendor without further purification.

Fig. 1 Curcuma caesia rhizomes Soxhlet rhizome extract Biosynthesized TiO:NPs
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Preparation of the rhizome extract:
The ethanolic rhizome extract of Curcuma caesia was prepared by taking 20 g of powdered root, which was
placed in a Soxhlet apparatus (Fig. 1) and extracted with ethanol (95%) for about 6 hr at 35°C. The ethanolic
rhizome extract of Curcuma caesia was stored in a refrigerator at 4°C for further use. The rhizome extract

colour was dark brown.
Biosynthesis of Curcuma caesia rhizome extract with Ethanolic solution TiO: NPs:

The prepared rhizome extract was utilized for the biosynthesis of TiO> NPs. We first prepared 100 mL of a 1
mM ethanolic solution of TiO.. A partial turbidity solution was formed, so 10 mL of HCl was added for
solubility. Then, 20 mL of isolated rhizome extract was placed into a conical flask. The flask was then placed
on a magnetic stirrer. 50 mL (1 mM) of TiO2 nanopowder solution was added dropwise to the rhizome extract.
The biosynthesis of Curcuma caesia rhizome extract dark brown colour changes to amber-like or reddish
brown. The biosynthesis of the product solution was further analysed for characterisation of UV, IR, XRD,
and SEM.

Results and discussion:

UV-Visible Spectroscopic Analysis:
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Fig. 2 UV-Vis spectrum of rhizome extract of Curcuma caesia biosynthesised with TiO2Nps

UV-Visible spectral analysis of rhizome extract of Curcuma caesia biosynthesised with TIO2Nps shows that the
surface plasmon resonance (SPR) sharp absorption peak at 303 nm wavelength, which confirms the successful
amber colour rhizome extract biosynthesis of TiO2 NPs, which corresponds to the electron transition from
valence band (O 2p) to the conduction band (Ti 3d). After the peak, the absorbance gradually decreases
towards higher wavelengths (400-800 nm), forming a long tail (Blue shift), which suggests that particles are
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in the nanoscale range. The UV spectra show that additional peaks are not observed, which indicates the purity

and stability of the biosynthesized rhizome extract.

Fourier Transform Infrared Spectroscopic Analysis (FTIR):
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Fig. 3 FTIR spectrum of rhizome extract of Curcuma caesia biosynthesised with TiO2 Nps

The FTIR spectrum of the rhizome extract of Curcuma caesia biosynthesised with TiO2 Nps was shown in Fig.3.
The FTIR spectrum of biosynthesized rhizome extract with TiO2 Nps clearly shows different bioactive compounds
present in the green synthesized rhizome extract of Curcuma caesia. The FTIR spectrum exhibited a broad
absorption band at 3523 cm-1 & 3265 cm™ corresponding to the hydroxyl (-OH) group in phenols and
alcohols, and at 2925 cm™ corresponding to the C-H stretching of alkanes from bioactive compounds
(flavonoids, alkaloids, tannins, terpenoids, saponins, glycosides) in the rhizome extract. The peak at 2347 cm”
!'shows possible CO2 asymmetric stretching, and a sharp peak at 1720 cm™ corresponds to C=0 stretching of
carboxylic acids in plant metabolites that act as reducing/stabilizing agents. The peaks at 1185 cm™'& 1015
cm! indicate C — O stretching of alcohols, ethers, or esters present in phytochemicals. The peaks at 792 cm’!

& 699cm! correspond to Ti—O-Ti stretching vibrations, which confirms the formation of TiOz nanoparticles
[27].

[JRTI2509113 International Journal for Research Trends and Innovation (www.ijrti.org) b105



http://www.ijrti.org/

© 2025 IJRTI | Volume 10, Issue 9 September 2025 | ISSN: 2456-3315

X-ray Diffraction (XRD): Quantitative results
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Fig. 4 XRD pattern rhizome extract of Curcuma caesia biosynthesised with TiO2 Nps

The analysis of the X-ray diffraction of the rhizome extract of Curcuma caesia with green-synthesised TiO2
nanoparticles is shown in Fig. 4. The sharp and intense diffraction peaks at (110) and (111) confirm the
formation of highly crystalline nanoparticles. The Bragg diffraction angle and XRD peaks have Miller indices
of 20 =28.49, 31.75, 40.58, 45.41, 50.24, 58.74, 66.41, and 73.74 for (110), (101), (111), (210), (211), (220),
(301), and (202) respectively, which verifies the polycrystalline structure of the rhizome extract
biosynthesized TiO. NPs. The absence of additional impurity peaks indicates phase purity of the
biosynthesized nanoparticles. The average crystallite size was found to be 26.4 nm, and the diffraction pattern

revealed the rutile phase of the developed TiO2 nanoparticles.

Scanning Electron Microscope (SEM):

Fig. 5 SEM images of rhizome extract of Curcuma caesia biosynthesised with TiO2 Nps
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Fig. 6 EDS (Energy Dispersive X-ray Spectroscopy)

Field Emission Scanning Electron Microscopy (FESEM) was employed to examine the morphological
characteristics of rhizome extract of Curcuma caesia biosynthesised with TiO2 NPs at various magnifications, as
shown in Fig. 5. At lower magnification, the particles appeared as irregularly shaped agglomerates. However,
upon closer inspection at a higher magnification, they were found to be made up of compact, crystalline-like
grains with rough surfaces. This morphology indicates aggregated nanostructures with particle sizes between
50 to 150 nm. The nanoparticles' tendency to cluster is likely due to their high surface energy, a common trait
in green-synthesised oxides. The observed characteristics confirm the successful formation of nanoparticles

with a varied particle size distribution.

The elemental composition was confirmed by Energy Dispersive X-ray Spectroscopy (Fig. 6). The spectrum
showed two major peaks corresponding to titanium (Ti) and oxygen (O), with no additional impurity peaks
detected, confirming the purity of the synthesized material. Quantitative EDS analysis revealed Ti (76.11 wt%,
51.56 at%) and O (23.89 wt%, 48.44 at%), giving an approximate atomic ratio of 1:2 (Ti:O), which is
consistent with stoichiometric TiO2. The high titanium weight percentage is attributed to its greater atomic
mass compared to oxygen. Overall, the combined SEM and EDS results confirm that the green synthesis
approach successfully produced pure TiO: nanoparticles with crystalline morphology and correct elemental

composition.
Conclusions:

In this study, the rhizome extract of curcuma caesia biosynthesized with TiO2 nanoparticles were successfully
synthesized via a green route. The present work successfully demonstrated an eco-friendly, cost-effective, and
sustainable approach for the biosynthesis of titanium dioxide nanoparticles using rhizome extract of Curcuma
caesia as a natural reducing and stabilizing agent. The nanoparticles were confirmed by UV—Vis, FTIR, XRD,
SEM, and EDS analyses. The surface plasmon resonance (SPR) sharp absorption peak at 303 nm wavelength,
which confirms the successful amber colour rhizome extract biosynthesis of TiO2 NPs. The FTIR spectrum
of biosynthesized rhizome extract with TiO2 Nps clearly shows different bioactive compounds (flavonoids,

alkaloids, tannins, terpenoids, saponins, glycosides) present in the green synthesized rhizome extract of Curcuma
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caesia. FTIR confirmed nanoparticle formation and the role of phytochemicals in stabilization. XRD showed

rutile-phase TiO: with an average crystallite size of ~26-30 nm. SEM revealed aggregated nanostructures
with particle sizes ranging from 50 to 150 nm, while EDS confirmed elemental purity with a Ti:O atomic ratio
close to 1:2. The findings demonstrate that green synthesis is an eco-friendly, cost-effective method for
producing pure TiO: nanoparticles. Biosynthesized rhizome extract with TiO- adapt to various biomedical

applications.
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