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Abstract: Background: Hibiscus rosa-sinensis, a widely cultivated
ornamental species with recognized medicinal properties, was
employed for the preparation of organo-bentonite (HIBT-Hibiscus-
modified bentonite) through intercalation with modified bentonite
clay. The synthesis involved extraction of phytochemicals followed by
freeze—thaw method. The resulting material was characterized using
UV-Vis spectroscopy, Fourier-transform infrared spectroscopy
(FTIR), Scanning electron microscopy (SEM), and X-ray diffraction
(XRD). Antibacterial, antifungal, antioxidant, antidiabetic, and
anticancer activities were evaluated in-vitro. UV—Vis and FTIR
analyses confirmed the incorporation of phytoconstituents within the
modified clay, while XRD indicated a semi-crystalline structure. SEM
revealed a sheet-like morphology. The organo-bentonite exhibited
antibacterial and antifungal activity, particularly against Candida
albicans. Antioxidant assays (DPPH, ABTS) indicated moderate
radical scavenging activity. Enzyme inhibition assays demonstrated o-
amylase and o-glucosidase inhibitory potential, while cytotoxicity
assays (MTT, SRB) revealed dose-dependent activity against MCF7
breast cancer cells. These findings highlight the potential of Hibiscus
rosa-sinensis modified bentonite as a multifunctional biomaterial with
applications in pharmaceutical and biomedical fields.

Keywords: Hibiscus rosa-sinensis, organo-bentonite, intercalation,
biomedical applications.

INTRODUCTION

Natural products have long served as sources of food,
shelter, and medicine, with plant-derived compounds
contributing significantly to traditional and modern
therapeutic systems [1]. India possesses a rich
biodiversity that has supported the development of

traditional medicine [2]. Hibiscus rosa-sinensis,
commonly referred to as China rose, is native to
Southeast Asia and is widely recognized for its
ornamental and medicinal value. Various parts of the
plant are reported to possess analgesic, antipyretic,
anti-inflammatory, and antimicrobial properties,
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making it a source of biologically active metabolites
[3].

Clay minerals, particularly phyllosilicates, are layered
silicates with high surface area and interlayer
reactivity [4]. Among them, bentonite-a naturally
occurring aluminosilicate enriched with exchangeable
cations, has attracted significant interest due to its
adsorption capacity and ion-exchange properties.
Bentonite has been employed for both environmental
and therapeutic uses [5,6,7,8]. Modification of
bentonite through intercalation with organic
molecules produces organoclays, which have been
investigated for diverse applications ranging from oil
recovery to biomedical systems [9].

Recent studies have demonstrated the potential of
organo-modified clays in drug delivery, tissue
engineering, antimicrobial coatings, and antioxidant
formulations [10]. In this study, bentonite was
modified using a methanolic extract of Hibiscus rosa-
sinensis to synthesize organo-bentonite (hibiscus-
modified bentonite). The physicochemical properties
were characterized, and the biological activities,
including antimicrobial, antioxidant, antidiabetic,
and anticancer potentials, were systematically
evaluated.

MATERIALS AND METHODS

Bentonite clay was procured from a local source and
purified prior to modification. Hibiscus rosa-sinensis
flowers were collected, washed, and shade dried.
Analytical grade NaCl, H202, NaOH, CH30H and
other standard assay chemicals were employed in the
study.

Preparation of Modified Bentonite:

Bentonite (5 g) was dispersed in 1 M NaCl and
subjected to  ultrasonication, followed by
centrifugation and repeated washing until complete
purification. The solid fraction was

dried at 60 °C. To remove organic residues, the
modified clay was treated with 30% H.O: (1:2, w/v)
for 3 h, adjusted to neutral pH using 0.5 M NaOH,
and dried at 60 °C [11, 12].

Preparation of Hibiscus Extract:

Dried Hibiscus rosa-sinensis petals were powdered
and extracted with methanol in a 1:10 (w/v) ratio
under continuous shaking. The extract was filtered
through Whatman No. 1 paper [13].

Synthesis of Organo-Bentonite:

The modified freeze-thaw method was employed for
intercalation. The Hibiscus extract (40 mL) was mixed
with modified clay (2 g) to form a homogeneous
suspension. The mixture was frozen at 20 °C for 24 h
and subsequently thawed at room temperature,

yielding the organo-bentonite (HIBT-Hibiscus-
modified bentonite) [14].

Characterization
. UV-Vis spectroscopy

e UV-Vis spectrum of hibiscus-modified bentonite
was recorded wusing Shimadzu UV-1800
spectrophotometer in the wavelength range of
200-800 nm.

e FTIR

e FTIR analysis of the organo-bentonite was
performed using the KBr pellet method. The
spectrum was collected in the range of 500-4500
cm-1 with Shimadzu FTIR-8400s spectrometer.

e XRD

e XRD patterns of organo-bentonite was obtained
using XPERT Pro diffractometer (PANalytical,
JEOL) over a 20 range of 20-80°. The average
crystallite size was estimated using the Debye—
Scherrer equation.

e SEM

Surface morphology was analyzed using Tescan
VEGA 3 SBU scanning electron microscope under a
vacuum range of 0.005-2000 Pa.

Antimicrobial Assayb:

Antibacterial activity was evaluated against
Escherichia coli and Staphylococcus aureus using the
Kirby-Bauer disc diffusion method. Antifungal
activity was tested against Candida albicans and
Aspergillus niger. Zones of inhibition were measured
and compared with standard antibiotics [15].

Antioxidant Assays:

e DPPH assay: Performed with different
concentrations (6.25-100 pg/mL) of hibiscus-
modified bentonite (HIBT) using ascorbic acid as
standard. Absorbance measured at 520 nm [16].

e ABTS assay: ABTSe+ generated by potassium
persulfate oxidation; hibiscus-modified bentonite
(HIBT) tested at 6.25-100 pg/mL. Absorbance
measured at 734 nm [17].

Antidiabetic Assays

e oa-Amylase inhibition: Enzyme and substrate
incubated with hibiscus-modified bentonite
(HIBT) using acarbose as standard; absorbance
measured at 540 nm after DNSA reaction [18].

e o-Glucosidase inhibition: Reaction with p-
nitrophenyl-a-D-glucopyranoside; ~ absorbance
measured at 405 nm; acarbose used as control
[19].

Anticancer Assays
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e MTT assay: MCF7 breast cancer cells exposed to e SRB assay: Protein binding assay performed on
hibiscus-modified bentonite (HIBT) at varying MCF7 cells; absorbance recorded at 510 nm [21,
concentrations; cell viability assessed at 570 nm 22].

[20].
RESULTS And DISCUSSION

UV-Vis Spectroscopy

The organo-bentonite (hibiscus-modified bentonite) exhibited a distinct absorption band at ~275 nm, corresponding
to t—n* transitions of phenolic compounds. This band, absent in unmodified bentonite, confirmed the successful
incorporation of Hibiscus-derived phytoconstituents. The absorption profile below 300 nm was attributed to
flavonoids and

polyphenols, while the absence of visible-region absorbance indicated negligible amounts of anthocyanins.

Fig. 3.1 UV-Vis spectroscopy of hibiscus-modified bentonite.

FTIR Analysis

The FTIR spectrum of the Hibiscus-modified bentonite displayed a broad band at~3441 cm™, assigned to O-H
stretching from interlayer water and phenolic groups. Peaks near 2949 cm™ reflected aliphatic C—H vibrations,
whereas the band at 1635 cm™ indicated H-O-H bending with possible aromatic C=C contributions. The Si-O-Si
stretching at~1018 cm ™ confirmed the retention of the bentonite framework. Collectively, these features demonstrate
effective intercalation of Hibiscus within the modified bentonite clay.
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Fig. 3.2 FT-IR spectrum of hibiscus-modified bentonite.

XRD Analysis

X-ray diffraction patterns revealed a semi-crystalline structure with reduced intensity and broadening of basal
reflections. The characteristic (001) reflection near 7° 26 was significantly diminished, suggesting expanded interlayer
spacing and partial exfoliation due to intercalation. The intense peak near 26.6° indicated structural modification,
supporting the semi-crystalline nature of the synthesized hibiscus-modified bentonite.
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Fig. 3.3 XR]j pattern (;f hibiscus-modified bentonite

SEM Analysis

SEM images confirmed morphological changes. The hibiscus-modified bentonite exhibited sheet-like, fragmented

structures with increased surface roughness. These modifications reflect the deposition of Hibiscus phytochemicals,

enhanced surface heterogeneity and properties favorable for adsorption and antimicrobial interactions.
oy i POl L TR £ G s L o

SEM HV: 15.0 KV
SEM MAG: 1.00 kx
Datomidiy): 04/28/26 | View feld: 127 pm

Antimicrobial Activity

The organo-bentonite (hibiscus-modified bentonite) displayed notable antibacterial activity against E. coli (16 mm
inhibition) and S. aureus (15 mm), comparable to the reference antibiotic. Antifungal tests revealed higher inhibition
against Candida albicans (18.5 mm) than the control, whereas Aspergillus niger inhibition (14 mm) was lower than
that of the standard. These findings indicate that Hibiscus-modified bentonite has selective antifungal activity, with
enhanced efficacy against Candida albicans.

Table 1. Antibacterial activity of hibiscus-modified bentonite

Bacteria HIBT Control (Amikacin)
E. coli 16 mm 16 mm
Staphylococcus aureus 15 mm 15mm
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Table 2. Antifungal activity of hibiscus-modified bentonite

Bacteria HIBT Control (Amikacin)

Candida albicans 18.5 mm 15 mm

|Aspergillus niger 14 mm 18 mm
Antioxidant Activity

The DPPH assay revealed concentration-dependent radical scavenging, with maximum inhibition of 18.80% at 100
ug/mL and an ICse value of 277.09 pg/mL, indicating moderate antioxidant potential. The ABTS assay
demonstrated stronger activity, with 26.77% inhibition at 100 pg/mL and an ICso of 182.11 ug/mL. These results
suggest that Hibiscus intercalated into the modified bentonite clay retain their redox-active functionality.

Dpph scavenging activity of Sample HTBT ABTS Radical Scavenging activity of HTBT

Ay 30

Percentage of Inhibition
percentage of Inhibition
"
“w

o 20 40 60 80 100 120 ] 20 a0 60 80 100 120
Concentration (meg/ml) Concentration (mecg/mil)

Antidiabetic Activity

The a-amylase inhibition reached 25.3% at 100 pg/mL, with an ICso of 208.53 pg/mL, demonstrating moderate
activity. a-Glucosidase inhibition was more pronounced, increasing progressively from 1.09% at 25 pg/mL to
55.53% at 200 pg/mL. This indicates stronger inhibitory potential toward a-glucosidase compared with a-amylase,
highlighting the material’s relevance as an antidiabetic.

a-Amylase Inhibition activityof HTBT « -Glucosidase inhibition activity of HTBT

Percentage of Inhibition
Percentage of Inhibition

o 20 40 60 80 100 120 o 50 100 150 200 250
concentration (mecg/mi) Concentration (mcg/mil)

Anticancer Activity

The MTT assay on MCF7 breast cancer cells showed a dose-dependent reduction in viability, with ICso = 220.58
pg/mL. The SRB assay corroborated these findings, with ICso = 251.06 pg/mL. Although less potent than
doxorubicin, the organo-bentonite demonstrated measurable cytotoxic effects, indicating potential for further
exploration as a supplementary anticancer material.
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MTT Asaay of hibiscus-modified bentonite
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