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ABSTRACT 
Fruit residues represent a promising source of bioactive compounds for sustainable material development. In this 
study, citrus sinensis (orange) peel extract was intercalated into montmorillonite (MMT) clay through a modified 
freeze–thaw method to synthesize citrus sinensis peel-modified montmorillonite (OPMT). The synthesized 
material was characterized by UV–Vis, FTIR, XRD, and SEM analyses, confirming the successful incorporation 
of peel-derived functional groups into the modified montmorillonite clay. Biological assays demonstrated 
significant antimicrobial activity, particularly against Candida albicans. The antioxidant, antidiabetic, and 
anticancer potential were also observed. The results highlight that OPMT is a biocompatible and environmentally 
sustainable compound with potential applications in environmental remediation, food packaging, and biomedical 
fields. 
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INTRODUCTION 

Fruits constitute an essential component of the 
human diet and play a vital role in maintaining health 
(Sharma et al., 2020). Although, large quantities of 
fruit residues are generated during post-harvest 
handling, processing, and consumption                                          
(Singh and Kumar, 2019). These residues, mainly 
composed of peels, cores, and injured tissues, account 
for approximately 10–20% of the total fruit mass and 
are generally discarded as waste (Li et al., 2021). 
However, it possesses favorable physicochemical and 
functional properties (Patel et al., 2018). Transforming 
fruit wastes into value-added functional composites 
represents a promising approach for sustainable 
utilization (Zhang et al., 2022). 

Among various fruits, citrus sinensis peels 
(orange peels) are rich in bioactive compounds such as 
vitamin C, carotenoids, polyphenolics, antioxidants 
and nutraceuticals (Martínez et al., 2020, Anwar et al., 
2008). Orange peel residues can serve as an efficient 
and sustainable source for developing functional 
materials with potential applications in food, 
pharmaceutical, and environmental sectors (Ahmed et 
al., 2021; Chen et al., 2022). Citrus peel has been also 

utilized in the preparation of molasses, pectin, dried 
pulp, and as cattle feed (Anwar et al., 2008). 

Citrus sinensis peel (orange peel) is a major 
by-product generated from the citrus processing 
industry and represents approximately 45–50% of the 
fresh fruit weight             (Sudha et al., 2016, Yangı̇lar, 
2013). The chemical composition of dried citrus peel 
generally contains 6.78% protein, 4.14% fat, 2.10% 
ash, 3.33% fiber, and 86.65% carbohydrates       (Zhou 
et al., 2020). 
 Montmorillonite (MMT) is a dioctahedral 
smectite clay mineral originating from volcanic ash 
altered by chemical weathering (Rajasekar et al., 
2016). The general chemical formula of MMT is (Al₂–
xMgx)Si₄O₁₀(OH)₂·nH₂O (Munir et al., 2020). In this 
structure, silicon (Si) and aluminium (Al) are the major 
framework elements, while Mg²⁺, Fe²⁺ and Al³⁺ occur 
as exchangeable cations (Munir et al., 2020). 

MMT has been extensively applied in 
polymer nanocomposites, surface coatings, food 
packaging, and drug delivery systems (Belghazdis and 
Hachem, 2022, Edraki et al., 2021). The intercalation 
of citrus sinensis peel extract into MMT occurs through 
ion exchange and hydrogen bonding (Karimi and 
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Salem, 2010). Such interactions enhance the stability 
of bioactive compounds against environmental 
degradation, supporting their use in functional 
materials (Gutierrez et al., 2017). 
 In this study, citrus sinensis peel extract was 
incorporated into modified MMT to develop citrus 
sinensis peel-modifiied montmorillonite (OPMT), 
which was characterized using spectroscopic and 
microscopic techniques and evaluated for 
antimicrobial, antioxidant, antidiabetic, and anticancer 
properties. 
2. MATERIALS AND METHODS 
2.1. MATERIALS 

Montmorillonite clay was obtained from India 
Mart (Chennai, India). Chemicals were purchased from 
Sigma-Aldrich (Bangalore, India). Fresh citrus 
sinensis peels were collected locally. 
2.2. Methods 
 Preparation of modified clay 

5g of montmorillonite was treated with 100 
mL of 1M NaCl, ultrasonicated, centrifuged, 
repeatedly washed and dried at 60 °C (Floody et al., 
2011). 
Removal of residues 

 Modified clay (2 mg) was mixed with 30% 
H₂O₂ (1:2), stirred for 3 h, neutralized with 0.5 M 
NaOH and then stirred for 1 h and dried at 60 °C (James 
et al., 2008). 
Preparation of peel extract 

 Citrus sinensis peels were washed, air-dried, 
powdered and mixed with methanol           (1:10 w/v) 
and subjected to shaking and filtered through Whatman 
No. 1 filter paper (Gowdhami et al., 2014). 
Synthesis of citrus sinensis peel-modifiied 
montmorillonite 
  2 g of modified clay was combined with 40 
mL of peel extract, frozen at 20 °C for         24 h, and 
thawed at room temperature (Nooria et al., 2015). 
2.3. Characterization 

• UV–Vis spectroscopy  
UV-Vis spectrum of citrus sinensis peel-

modifiied montmorillonite was recorded using 
Shimadzu UV-1800 spectrophotometer in the 
wavelength range of 200-800 nm. 
 

• FTIR 
FTIR analysis of citrus sinensis peel-

modifiied montmorillonite was performed using the 
KBr pellet method to analyse the different functional 
groups of the prepared compound. The spectrum was 
collected in the range of 500-4500 cm-1 with Shimadzu 
FTIR-8400s spectrometer. 

• XRD 
 XRD patterns of citrus sinensis peel-

modifiied montmorillonite was obtained over a 2θ 
range of 20–80°. The average crystallite size was 
estimated using the Debye–Scherrer equation. 

• SEM 
Surface morphology of citrus sinensis peel-

modifiied montmorillonite was analyzed using VEGA 
3 Tescan  scanning electron microscope under a 
vacuum range of 0.005–2000 Pa. 
2.4. Evaluation under antimicrobial studies 
 The performance of citrus sinensis peel-
modifiied montmorillonite under microbial attack was 
analysed by antibacterial and antifungal studies. Agar 
disc diffusion (Kirby-Bauer) method was used for the 
determination.  The microbial strains E. coli, 
Staphylococcus aureus, Candida albicans and 
Aspergillus niger were used for antimicrobial assay. 
The ability to inhibit the bacterial growth of citrus 
sinensis peel-modifiied montmorillonite was identified         
(Bauer et al., 1966). 
2.5. Antioxidant Assays 

• DPPH assay: Performed with different concentrations 
(6.25–100 μg/mL) of citrus sinensis peel-modified 
montmorillonite (OPMT) using ascorbic acid as 
standard. Absorbance measured at 520 nm (Blois, 
1958). 

• ABTS assay: ABTS•+ generated by potassium 
persulfate oxidation and citrus sinensis peel-modified 
montmorillonite (OPMT) tested at 6.25–100 μg/mL. 
Absorbance measured at 734 nm (Sricharoen et al., 
2014). 
 
2.6. Antidiabetic Assays 

• α-Amylase inhibition: Enzyme and substrate 
incubated with citrus sinensis peel-modified 
montmorillonite (OPMT) using acarbose as standard 
and absorbance measured at 540 nm after DNSA 
reaction (Kwon et al., 2006). 

• α-Glucosidase inhibition: Reaction with p-
nitrophenyl-α-D-glucopyranoside and citrus sinensis 
and absorbance measured at 405 nm; acarbose used as 
control           (Dewi et al., 2007). 
2.7. Anticancer Assays 

• MTT assay: MCF7 breast cancer cells exposed to 
citrus sinensis peel-modified montmorillonite (OPMT) 
at varying concentrations; cell viability assessed at 570 
nm   (Mosmann, 1983). 

• SRB assay: Protein binding assay performed on MCF7 
cells and absorbance recorded at 510 nm (Skehan et al., 
1990, Vichai and Kirtikara, 2006). 
3. RESULTS AND DISCUSSION 
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3.1. UV-Vis Spectroscopy 
 The citrus sinensis peel-modified 
montmorillonite (OPMT) exhibited absorption peak 
between 200–300 nm, corresponding to π→π* and 
n→π* transitions, attributed to phenolic compounds 
such as flavonoids and limonene. This confirmed the 
successful intercalation of peel extract into modified 
montmorillonite. 
                              

 
             Fig. 3.1 UV-Vis spectroscopy of citrus 
sinensis peel-modified montmorillonite 
3.2. FT-IR analysis 
 FTIR spectra of citrus sinensis peel-modified 
montmorillonite showed O–H stretching at 3420 cm−1, 
C–H stretching at 2920 cm−1, and Si–O stretching near 
1030 cm−1, confirming incorporation of citrus peel 
extract into modified montmorillonite. 
                

 
               Fig. 3.2 FT-IR spectrum of citrus sinensis 
peel-modified montmorillonite 
 
 3.3. XRD analysis 
 The XRD patterns revealed the crystalline 
structure of citrus sinensis peel-modified 
montmorillonite. The presence of several well-defined 
diffraction peaks suggests the              semi-crystalline 
structure of citrus sinensis peel-modified 
montmorillonite. The characteristic peaks at 26.7° 
corresponds to MMT, confirms the formation of citrus 
sinensis peel-modified montmorillonite. 
 

                             

 
                   Fig. 3.3 XRD pattern of citrus sinensis 
peel-modified montmorillonite 
 
3.4. SEM analysis 
 SEM micrographs of citrus sinensis peel-
modified montmorilloniten exhibits a layered and flaty 
morphology. The particles appear as irregular plate-like 
structures. Hence, it was  suitable for bio-medical 
applications. 
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      Fig. 3.4 SEM microphotographs of citrus 
sinensis peel-modified montmorillonite 
 
3.5. ANTIMICROBIAL ACTIVITY 
 Disc diffusion results showed the inhibition 
zones against E. coli (15.2 mm),                             S. 
aureus (13.2 mm), Candida albicans (16.8 mm) and 
Aspergillus niger (14 mm) with stronger antifungal 
activity against C. albicans (16.8 mm) compared to 
control. It indicates enhanced antimicrobial efficacy of  
citrus sinensis peel-modified montmorillonite 
(OPMT). 

 

                 Graph 3.1. Antibacterial activity of 
OPMT against E. coli and S. aureus. 
    

                     
  Graph 3.2. Antifungal activity of OPMT against 
Candida albicans and Aspergillus niger. 
 
3.6. Antioxidant analysis 
 The antioxidant potential of citrus sinensis 
peel-modified montmorillonite (OPMT) was evaluated 
using DPPH and ABTS radical scavenging assays. A 
dose-dependent increase in scavenging activity was 
observed, confirming the contribution of phenolic 
compounds from citrus sinensis peel extract. At higher 
concentrations (100 µg/mL), OPMT exhibited 
comparable activity to the standard ascorbic acid. It 
demonstrates that the incorporation of peel-derived 
polyphenols into montmorillonite enhances free radical 
neutralization. 

 
Graph 3.3. Dpph scavenging activity of OPMT                     

 
                          Graph 3.4. ABTS radical scavenging 
activity of OPMT 
3.7.  Antidiabetic analysis 
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 The inhibition of α-amylase and α-
glucosidase enzymes by citrus sinensis                    peel-
modified montmorillonite (OPMT) indicated its 
antidiabetic potential. Both enzymes play key roles in 
carbohydrate hydrolysis and postprandial glucose 
regulation. The citrus sinensis peel-modified 
montmorillonite demonstrated moderate inhibitory 
activity, though lower than the standard drug acarbose. 
It suggests that bioactive phytochemicals from the peel 
extract retained functional integrity after intercalation, 
providing glucose-lowering potential through enzyme 
inhibition. 

 
Graph 3.5. α-Glucosidase inhibition activity of 
OPMT 

 
Graph 3.6. α-amylase inhibition activity of OPMT 
 
3.8. Anticancer analysis 

The cytotoxic effect of citrus sinensis peel-
modified montmorillonite (OPMT) was tested against 
MCF-7 human breast cancer cells using MTT and SRB 
assays. The results revealed the concentration-
dependent decrease in cell viability, with significant 
cytotoxicity observed at higher concentrations. The 
activity can be attributed to phytochemicals such as 
flavonoids and limonoids intercalated into 
montmorillonite, which may induce apoptosis and 
disrupt cellular metabolism.  

 
Graph 3.7.  MTT assay activity of OPMT 
 

 
Graph 3.8.  SRB assay activity of OPMT 
 
4. CONCLUSION 
 A green synthesis approach was employed to 
produce organo-montmorillonite using citrus sinensis 
peel extract. The characterization techniques 
confirmed the successful intercalation and enhanced 
surface chemistry. The organo-montmorillonite 
exhibited significant antimicrobial, antioxidant, 
antidiabetic and anticancer activity, demonstrating its 
potential as a nature- compatible for biomedical and 
environmental applications. 
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