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ABSTRACT:

India being an agricultural land, generates a lot of agricultural wastes. In the present study, cellulose
was extracted using different methods using waste sugarcane bagasse one of the agricultural wastes
generated in India including rice husk and rice straw, which was utilized to prepare a nanogel (waste
valorisation). According to the pollution control board, India emits one of the highest levels of heavy
metals, including chromium (V1) and arsenic (As Il1), a major source of water pollution. The heavy
metals in high quantities in effluents interfere with natural water bodies and supplies, have severe
toxicological consequences for the environment, and influence human health significantly. Discharge
of heavy metals such as arsenic and chromium spreads toxicity as well as decreases the water quality.
As a result, effluents must be thoroughly treated before discharging which emphasizes the need of
water reusability options. The idea for the current work is to design an efficient, sustainable and cost-
effective nanogel to remove heavy metals from contaminated water. The cellulose nanogels have
exceptional stability, dispersion of functional groups, and even a large surface area. The nanogels
had strong antibacterial activity against E. coli, S. aureus, P. aeruginosa, and E. gergoviae, which are
generally present in contaminated water. The nanogels also have an excellent adsorption ability for
arsenic ions (As I11) as well as chromium ions (Cr VI), commonly found in contaminated water. This
study demonstrates the adaptability of cellulosic nanogels as potential wastewater treatment
materials, with dual functionality in heavy metal adsorption and antibacterial activity. It emphasizes
the value of sustainable material design and the use of cellulose (renewable resource) in various
environmental applications. Chemical and Structural characterization were performed using Fourier
Transform Infrared spectroscopy, X-Ray Diffraction, and Scanning Electron Microscopy. Arsenic
adsorption was investigated using both a qualitative (strip assay) and quantitative (ICPMS) recorded
94% arsenic removal and chromium adsorption was recorded by using UV-Visible Spectroscopy
(Qualitative) at 540 nm and ICPMS (Quantitative) recorded 60% removal.
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INTRODUCTION

India, being an agrarian economy, generates a significant
amount of agricultural waste, with an estimation of 500
million tons per year (Cardoen et al., 2015, Kapoor et al.,
2020, Koul et al, 2022). Agricultural waste, a
consequence of agricultural activity, has emerged as a
key worldwide issue, posing environmental issues but
also possess the potential to be a beneficial resource for
sustainable development. Crop leftovers, rice husks, rice
stalks, rice straws, sugarcane bagasse are all examples of
agricultural waste that are frequently dumped or burnt,
causes pollution in the environment. Agriculture
produces roughly 998 million tons of agricultural waste
yearly. Global sugarcane production is calculated to be
over 1.8 billion tons per year, with bagasse accounting
30% roughly of total output, 500 million tons per year or
more (Hanan et al., 2023).

Globally, comparable practices in Brazil and China
showed the common issues connected with agricultural
waste management (de Campos et al., 2020, Zhao et al.,
2021). India, the world's second-largest sugarcane
grower after Brazil, which contributes to this total. The
country produces over 370 million tons of sugarcane
each year, approximately yields 120 million tons of
bagasse (Shukla et al., 2017, Dwivedi 2021, Konde et al.,
2021). Agricultural waste pollutes the air, land, and water
due to its improper disposal. For example, in India
(northern part), burning crop residues such as rice straw
worsens air pollution, leads to serious health and
environmental risks (Singh et al., 2022). Efforts to
adequately manage agricultural waste are critical to
reduce its impact on environment, increasing its
economic worth. Researchers are developing new,
scalable solutions and policy interventions for
sustainable management of waste. Sustainable practices
are critical for mitigating obstacles and realizes the
potential of agricultural waste on a worldwide scale.
Plant biomass generally consists of lignocellulosic
components, such as cellulose, hemicellulose, and lignin.
Byproducts from plant biomass are a sustainable,
renewable, and cost-effective source and also act as a raw
material for production of various industrial biopolymers
(Shaghaleh et al., 2018, Jha and Kumar, 2019). Bagasse
is rapidly being used in India to make paper, bioplastics,
and other value-added products, indicates a shift toward
circular economy practices (Hossam and Fahim, 2023,
Solomon and Misra, 2024). As bagasse is generated in
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large amount however, open burning of bagasse or
incorrect disposal can lead to various environmental
problems such air pollution and emission of greenhouse
gas (Kumar et al., 2020, Powar et al., 2022). Sugarcane
bagasse contains 40-50 % is glucose polymer which is a
part of cellulose content, an example of agricultural
biomass (Shaikh et al., 2009). The cellulose present in
SCB is mostly crystalline in nature, hemicelluloses are
amorphous and 25-35% present in SCB and the last is the
lignin content with wax, mineral and other compounds
(Wyman, 1999, Jacobsen and Wyman, 2002). Cellulosic
fibres isolated from sugarcane bagasse and their
derivatives have been used for various applications such
as paper, packaging, water, textiles, purification,
biomedical devices, sensors, and drug delivery due to
their rare properties includes high surface area, low
density, and mechanical strength (Michel et al., 2013,
Gond and Gupta, 2020, Mahmud and Anannya, 2021,
Chandel et al., 2023).

Cellulose includes hydroxyl groups because of its special
structure as it can be modified chemically to improve its
ability for adsorption of heavy metals (Yu et al., 2013,
Ahmad et al., 2015, Kaur et al., 2022) such as Lead Pb
(I1) (Gémez et al., 2021). Cellulose-based biomaterials
such as membranes, hydrogels, aerogels and
nanocellulose composites display exceptional adsorption
capabilities because of their porosity, high surface area,
and functionalized surface chemistry due to the presence
of functional groups like amine, carboxyl, and thiol
groups can be grafted to cellulose, increasing the
material's affinity for heavy metal ions (Patel et al.,
2023). Additionally, cellulose composites exhibits
synergistic activity when incorporated with nanoparticles
like silver or graphene oxide improving adsorption
efficiency and reusability (Liu et al., 2022). Agricultural
residues generated globally or in India, such as sugarcane
bagasse, rice straws, rice husks, and wheat straw, are
significant sources of cellulose for heavy metal
adsorption applications. By utilizing these residues, its
provides a sustainable feedstock for biomaterial
synthesis and also plays a role in waste management
challenges in the field of agriculture (Kumar et al., 2023).
Water is a vital resource for sustaining life on Earth, faces
major challenges due to overgrowing population and
dwindling of surface water resources. Groundwater,
comprising a mere of 10.63 million-km® of freshwater
and 30.1% of 1386 million-km® of total water
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(Mukherjee, 2018). By the growing heavy metal
poisoning of water supplies there are serious issues in
public health and environment due to the presence of
contaminants such as arsenic, chromium, lead, cadmium,
and mercury are generally bioaccumulative in nature,
hazardous, and non-biodegradable, removing them from
water systems is a crucial task (Ali et al., 2022). In the
Earth’s crust, Arsenic (As) is ranked the 53rd most
abundant element in the earth’s crust with the level of
1.5 mg/L (National Research Council 1977; Sarkar et al.,
2011). confronts mounting pressure exacerbated by high
arsenic concentrations—a pervasive global issue
threatening the health of an estimated 200 million people
exposed to arsenic levels exceeding WHO limits in
drinking water (George et al., 2014).

In Asia arsenic contamination is found in India and
Bangladesh (Sracek et al., 2004; Mukherjee et al., 2008;
Mukherjee et al., 2011) leads to various diseases like skin
cancer, lung cancer, reproductive, neurological, and
immnunological (Ferreccio et al., 2000, Centeno et al.,
2006, Ameer et al., 2015, Ahmad and Bhattacharya,
2019). The major route of Arsenic entry in humans is
majorly via the intake of drinking water rich in Arsenic
(Shahid et al., 2017b; Tabassum et al., 2018). Chromium
is also reported as heavy metal contamination in India
and globally (Akhtar et al., 2020). In Vellore, Tamil Nadu
due the the presence of Tannery industries results in
contamination of chromium in the local environment,
human health is affected by many groundwater arecas
(Saha et al., 2011). Sukinda valley is one of the major
mining sites in Odisha, India as a source of chromite is
recognized as one of the most polluted places globally
due to its highly toxic nature. The hexavalent chromium
contamination results in almost 95% of India’s
chromium production (Das et al., 2021). Among all 300
sites were identified as chromium exposure globally
which results in various defects in human health and in
worldwide 16 million peoples are at risk of chromium
exposure. As per the reported studies and survey carried
out, natural water bodies can contain high levels of
chromium up to 4000 nmol/L (Rahman et al., 2023).

To overcome all the harmful effects there are various
treatment methods reports among which, Arsenic
treatment methods reported till date are chemical
precipitation and lon exchange by the addition of
aluminium or iron salts to arsenic contaminated water
resulting in precipitation of arsenic and can be easily
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removed by sedimentation or filtration (Fu and Wang,
2011), Bioremediation process where microorganisms
convert arsenic to less toxic forms, immobilizing it in
soils or sediments which is easily manageable (Rahman
et al., 2023), nanofiltration or reverse osmosis selectively
removes arsenic ions based on their charge and size
resulting in producing high quality water (Pezeshki et al.,
2023), The most used treatment for removal of heavy
metals is Adsorption process where , graphene oxide,
silica nanoparticles and activated carbon are used to bind
and remove arsenic ions from water. This method is
generally used due to its high surface area and affinity of
these materials for arsenic (Das et al., 2021). Chromium
treatment methods reported till date are reduction-
precipitation method where chromium (VI) can be
reduced to chromium (III) which is less toxic form by
using reducing agents like ferrous sulphate. The
chromium (III) can be precipitated and easily removed
and chemical precipitation method by using sodium
hydroxide or lime which converts chromium (VI) to
chromium hydroxides which are insoluble in nature and
can be easily removed (Fu and Wang, 2011), The
process of bioremediation converts chromium (VI) to
less toxic chromium (III) and can be easily removed from
the environment (Rahman et al., 2023), and adsorption
process can be done with Silica nanoparticles and carbon
nanomaterials like activated carbon (Das et al., 2021).

Similarly, studies have also been reported on
Biomaterials derived from natural sources like cellulose,
alginate and chitosan are biodegradable and eco-friendly.
Biomaterials can aslo be modified to adsorb selective
heavy metal ions from contaminated or polluted water
(Yu et al., 2021). Cellulose and cellulose based products
used as an adsorbent for various pollutants (Mubarak et
al., 2024). Cellulose films and hydrogels have superior
moisture retention and antimicrobial qualities in the field
of wound healing, which speeds up the recovery process
(Li et al., 2023, Deng et al., 2023, Meng et al., 2023). In
addition, bagasse cellulose is reported for sustainable
packaging materials (Patel et al., 2023, Yin et al., 2024).
Cellulose aerogels for heavy metals removal from water
(Zhou et al., 2004, Wang et al., 2019, Chen et al., 2019,
Syeda et al., 2022). The rice straw extracted cellulose is
used for hydrogel preparation and its application in Cu
(IT) absorption, cellulose based biomass materials are
used for wastewater treatment where oil-water
separation, dye adsorption and heavy metals adsorption
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are studied. Plant based agricultural waste adsorbents are
used for dye removal as well as heavy metal removal
(Kadry et al., 2019, Jiang et al., 2021, Boakye et al.,
2022). The present study is based on waste valorisation
in which cellulose is extracted from sugarcane bagasse
(agricultural waste) and further used in the nanogel
preparation which has dual functionality of antibacterial
activity and heavy metal adsorption capacity.

1. EXPERIMENTAL PROCEDURE
Materials

Sugarcane bagasse was obtained from a sugarcane juice
vendor in Raipur, Chhattisgarh. Sodium hydroxide flakes
or pellets (Loba Cheime Pvt. Ltd.) 97% extra pure,
Sodium hypochlorite, Sodium arsenite, and Potassium
dichromate (Loba Cheime Pvt. Ltd.)

Extraction of cellulose from sugarcane bagasse (SCB)

Sequential treatment of sugarcane bagasse with alkali
and acidified bleaching agent

Sugarcane bagasse was grounded to powdered from and
was added in a beaker containing 100 ml of distilled
water boiled in water bath at 60°C for 4-5 hr, cool and
filtered. The residue was treated with 4.5% sodium
hydroxide for 4-5 hr at room temperature and the mixture
was filtered. The filtered residue was further treated with
4.5% sodium hypochlorite was acidified with the help of
acetic acid to pH4 and 2.5% sodium hydroxide for 4 hr
at 100°C before washing with distilled water to pH
neutral and the reaction mixture was filter. The final
product was dried at 50-60°C in hot air oven for 12-14 hr
with small optimization in the protocol by Mzimela and
his coworkers as shown in Figure 1 (Mzimela et al.,
2018).

Dewaxing by

SCB in 100 ml - Boiling for 4hrs in

d. water water bath at 60°C
* cool and filter

Filter and wash the
residue with d. water till
the pH of wash was
neutral

Final product

Filter (residue)
for 6-7 hrs

Cellulose extraction (M2)

Residue then further
treated with 4%
NaOH at RT for 4 hrs
and filter

Residue was treated with
sodium hypochloride
acidified with acetic acid to
pH 4 and NaOH for 4 hrs at
100°C and cool

Fig. 1 Cellulose extraction protocol M2

Characterization Techniques of extracted cellulose
Fourier Transform infrared (FTIR) spectroscopy

The extracted cellulose was observed for the presence of
functional groups and Infra-red spectra of the samples
were recorded on a Benchtop Lt4100 Labtronics

580

spectrophotometer equipped with a standard ATR crystal
cell detector. The spectra were recorded within a range of
wavenumber of 400-4000 cm™ wavelength (Mzimela
2018, Sun 2004, Feng 2018).
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X-Ray Diffraction (XRD) analysis

To study the crystalline nature of extracted cellulose the
samples were characterized by XRD analysis, and
diffraction patterns of the cellulosic materials were
investigated at room temperature using an Advanced
Bruker AX D8 diffractometer in the range 26 = 10 - 90°,
equipped with nickel-filtered Cu Ka radiation (A = 1.542
A) at 40 kV and 40 mA. The scan speed was 0.5 sec/step
(Mzimela 2018, Sun 2004, Feng 2018).

Scanning Electron Microscopy (SEM)

The extracted cellulose studied by Scanning electron
microscopy Model number EM 30 Analytical
Technologies SEM-3000 with different resolution ranges
to study the surface morphology of the samples
(Mzimela 2018, Sun 2004, Feng 2018).

Preparation of extracted cellulosic nanogel

Keratin solution (7%) was prepared by dissolving 7 gm
commercial keratin powder mixed with 1 M urea (6
gm), 1.44 gm of (Sodium dodecyl sulphate) SDS (0.05
M) and 2% B-mercaptoethanol in 100 ml distilled water
was on magnetic stirrer till homogenized form is
obtained (Nayak 2015).

Extracted cellulose powder was mixed with keratin
solution in the ratio of 7:3 and mxed by using magnetic
stirrer for 2-3 hr, pH was set to alkaline by using 1M
sodium hydroxide (NaOH) and further 4-5% of cross-
linker glutaraldehyde (25%) was added in the mixture
and stirred for 2-3 hours till homogenous form is
obtained and the nanogel was cast in plates and further
dried in hot air oven at 50-60°C for 24-48 hrs till dry as
shown in Figure 2.

Cellulose (Polymer) Keratin (Co-Polymer)

Nanogel preparation

Stirred and pH set to neutral
using IN NaOII of solution

Nanogel

Addition of Glutaraldch_\dc
(Cross-linker)

Stir the solution for some time
to get a homogenized solution

!

Cast the solution in
the petri-plate

Place the plate in a hot
air oven for drying

Fig. 2 Nanogel preparation protocol

Characterization of prepared cellulosic nanogel
Fourier Transform Infrared Spectrum Analysis
(FTIR)

To study the presence of functional groups the prepared
cellulose nanogels were characterized, IR spectra of the
prepared cellulose nanogels were to identify the possible
chemical constituents involved in the preparation
procedure of cellulosic nanogels. The prepared nanogels
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were homogenized with potassium bromide (KBr)
analytical-grade and proceeded for FTIR analysis. The
samples were pressed into disks under vacuum using
KBr-press. The FTIR spectra were recorded using
Benchtop Lt4100 Labtronics, the spectra within the
range of 400-4000 cm™' was read at a resolution of 4 cm-
!, The FTIR analysis was performed at Agilent
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Technologies Mumbai, Maharashtra, India (Navya and
Sujatha, 2023).

X-Ray Diffraction Analysis (XRD)

The diffraction patterns of the cellulosic materials were
investigated using an Advanced Bruker AX DS
diffractometer in the range 26 = 10 - 90°, equipped with
nickel-filtered Cu Ko radiation (A = 1.542 A) at 40 kV
and 40 mA with scan speed was 0.5 sec/step at room
temperature (Navya and Sujatha, 2023).

Scanning Electron Microscopic Analysis (SEM)

Scanning Electron Microscopy was used to characterize
the morphology and particle size of prepared cellulosic
nanogel using scanning electron microscopy Model
number EM 30 Analytical Technologies SEM-3000 with
different resolution ranges. The samples were analyzed
at Mumbai, Maharashtra, India (Navya and Sujatha,
2023).

Swelling rate capacity of prepared cellulosic nanogel

To study the water retention capacity of the prepared
cellulosic nanogel, the dry nanogel (dry weight) was
incubated in distilled water for the period of 6-7 hrs, the
swollen weight is measured, and the swelling rate was
calculated by applying the Archimedes principle and its
calculation was done using dry and soaked weights of the
nanogels as shown in the following Eq 1:

_ w2-w1

Wr = x100
wi
(1)

Where, Wl=dry weight of the nanogel, W2=soaked
weight of the nanogel

(Nayak 2015, Zhang 2020, Kabiri 2004).
Antibacterial activity of prepared cellulose nanogel

The inhibition of bacterial growth of cellulosic nanogel
was carried out using the disk diffusion method.
Bacterial species such as Escherichia coli, Pseudomonas
aeruginosa, Staphylococcus aureus, and Enterobacter
gergoviae were used for the present study.

Fresh culture was prepared for the study, 5 ml of nutrient
broth was allowed to get inoculated by the pure culture
which was incubated at 37°C for 24 hours. Once the
growth was observed in the nutrient broth was set for a
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particular optical density by considering McFarland
turbidity standard. In this study, O.D. at 0.5 was
considered and set for inoculation, was achieved by
adding sterile nutrient water or sterile nutrient broth in
the culture broth till the desired O.D. was achieved.
Further, 10ul bacterial broth was inoculated on the
solidified Mueller-Hinton agar plates and spread
throughout the plate by a spreader. The culture was
allowed to diffuse completely in the agar medium for 5
minutes and the cellulosic nanogels disc and the (positive
control) antibiotic disc Tetracycline 30 mcg was placed
with the help of forceps and pressed gently to position
them perfectly on the agar surface.

Once the plates were diffused completely, they were
incubated at 37°C for 24 hours. After incubation time the
zone was observed, the zone of inhibition in millimetres
(mm) was recorded by using Himedia inhibition scale
(Tendencia et al., 2004, Cauwelier et al., 2004, Patel et
al., 2011, Jorgensen et al., 2015).

Heavy metal adsorption using cellulosic nanogels
The prepared cellulosic nanogels were tested for various
heavy metals present in industrial wastewater or
contaminated water.

Arsenic Adsorption

Qualitative analysis of Arsenic Adsorption (strip test)

To perform a qualitative analysis of Arsenic adsorption
using cellulosic nanogels, they were incubated with
Arsenic contaminated solution for 6-7 hrs and was
removed using forceps and supernatant and nanogel were
used for further study.

In the present study, the qualitative analysis of arsenic
adsorption was carried out using a Merquant test Kkit,
provides a visual indicator of arsenic presence in the
solution. In this technique the first step is by inserting a
test strip partly into the slot of the reaction vessel's top,
then carefully transfer 5 ml of the solution to be tested
into the vessel using a syringe. In step 2 teaspoon of
Reagent 1 was added to the vessel, and it was shake it
well. Step 3 includes addition of 8-10 drops of Reagent 2
(HCL 32%), and the jar was quickly shut using cap. The
reaction was left to react for 30 minutes, with periodic
gentle spinning. After the reaction period, the test strip
was withdrawn from the jar and quickly washed with
water, shaking removes any surplus liquid. The color
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change in the response zone on the strip was then
compared to the supplied color scale. This qualitative
evaluation of the color shift was used to identify the
presence of arsenic in the solution, with the intensity of
the color change indicates the amount of arsenic
(Narkhede et al., 2024).

Quantitative analysis of Arsenic Adsorption (ICPMS
analysis)

The prepared cellulosic nanogels were incubated in
contaminated water containing different concentrations
of arsenic (1, 2, and 3 ppm) for 6-7 hours and the
nanogels were dried. Further were characterized for
heavy metal adsorption using ICP-MS. The ICP-MS

2. RESULTS AND DISCUSSION
Extraction of cellulose from sugarcane bagasse (SCB)

studies were performed at NEERI, Nagpur, Maharashtra,
India (Narkhede et al., 2024).

Chromium Adsorption

Qualitative and Quantitative analysis of Chromium
Adsorption

The cellulosic nanogels were incubated with chromium-
contaminated solution for 6-7 hrs and was removed using
forceps further the nanogels and the supernatant were
used for the chromium adsorption via UV-visible
spectrophotometer at 540 nm and ICPMS analysis was
done by using Agilent 8900 ICP-MS Triple Quad
instrument (Shakya 2022).

As mentioned before, the extracted cellulose from sugarcane bagasse is cream colour as shown in Figure 3.

Fig. 3 Cellulose extracted from SCB by different methods

Characterization of extracted cellulose

The extracted cellulose was characterized for the
presence of functional groups, and surface morphology
by using FTIR and SEM. The phases and crystallinity of
extracted cellulose were characterized by XRD studied
for the crystalline structure.

Fourier Transform infrared (FTIR) spectroscopy

The functional groups present on the extracted cellulose
the peak observed bending C-H bond observed between
1366.1 cm™!, 1315-1335 cm’! shows the presence of C-H
rocking (alkyl group), C-O, C-O-C and f-glycosidic
linkages shows stretching and glycosidic bond in the
range of 1235-1265 cm’!, 1155-1170 cm™ and 895-900
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cm! and peaks between 980-990 cm’ shows the
presence of -OH group (Hydroxyl group), skeletal
vibrations are due to polysachride backbone between
500-800 cm™! and peaks observed between 445-460 cm™!
bending of C-H and O-H associated with cellulose,
respectively as shown in Figure 4 when compared with
the analysis of FTIR peaks reported O-H stretching broad
band at 3500-3200 cm'l; C-H stretching 2923-2906,
3420, 2894 and 2910 cm’!; 1428 cm’! shows the presence
of CH; bending; C-O-C pyranose ring skeletal vibration
occurs in the range of 1076-1023, 1054 and 1044 cm’';
C-O antisymmetric bridge stretching and B-glycosidic
linkages at 1248-1255, 1169, 1044, 902 and 903 cm™!
(Sun et al., 2004, Ren et al., 2007, Mandal et al., 2011,
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Owi et al., 2016, Mzimela et al., 2018, George et al.,
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Fig. 4 FTIR analysis of M2 cellulose

X-Ray Diffraction (XRD) analysis

The extracted cellulose was studied for its crystalline
structure where 20 peaks were observed 14.8°-16.5° with
plane/index of (110) and (T10) and other peak at 22.5°-
23.5° with 20 and (200) plane/index as reported in Figure
5 when compared with the control cellulose and other
reported values shows well defined peaks at 26=12.5°

(for 110 planes) and 22.5° (for 200 planes); similar peaks
reported where the diffraction peaks observed around
20=15.3 and 22.7° these are the characteristics peaks of
cellulose I designated by (100) and (002) planes the
strong diffraction peak of cellulose crystalline regions
(Sun et al., 2004, Liu et al., 2006, Mandal et al., 2011,
Owi et al., 2016, Mzimela et al., 2018, Melesse et al.,
2022).

— Collected Data-1
6.0e+003 -
z
2
g
2 4.0e+003} |
2
Q
=
2.0e+003w |
Wehong AN A oA A b oot
Mgy A heid g
0.0e+000 y ! .
. = = 50 80
Theta/2-Theta[deg]

584


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2025) 15(2), 577-596 | ISSN:2251-6727

50001
4000}
2 3000
92
=2
%)
=4
Q
=
2000
1000
. .

' — Collected Data-1]

20

0
Theta/2-Theta[deg]

60 80

Fig. 5 XRD peaks control and extracted M2 cellulose

Scanning Electron Microscopy (SEM)

The extracted cellulose shows thin elongated fibres with
smooth-rough structure as observed in Figure 6 when

compared with the control cellulose shows aggregations
observed at 10um resolution (Mandal et al., 2011, Owi et
al., 2016, Mzimela et al., 2018, George et al., 2020,
Melesse et al., 2022).

Fig. 6 SEM analysis of control and extracted M2 cellulose

Characterization of prepared cellulosic nanogel

The extracted cellulose is mixed with keratin to form a
homogenized form (nanogel) which is yellowish brown
in colour as shown in Figure 7. The prepared cellulose
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nanogels were characterized for surface morphology,
presence of functional groups was carried out by
Scanning Electron Microscopy and Fourier Transform
InfraRed spectroscopy, and the phases and crystallinity
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of cellulose nanogels were characterized by X-Ray
Diffraction.

Fig. 7 Cellulosic nanogels prepared from extracted cellulose

Fourier Transform infrared (FTIR) spectroscopy

The cellulose nanogel was studied for presence of
functional groups the ftir peaks observed between 3200-
3400 cm™! determines O-H stretching of cellulose, 2953
cm’! N-H stretching of keratin, 1638.2 cm™! amide I, C=0
stretching of keratin, 1589.7 cm™ amide IT (N-H bending)

of keratin, 1215.1 cm”! CH2 /CH3 bending and Amide
I (C-N stretching), 1130 cm? (C-O stretching of
cellulose), 1012.0, 821.9 cm™ and 575 cm™' shows the
presence of PB-glycosidic linkages of cellulose and
skeletal vibrations of cellulose/keratin when compared
with the reported results as Figure 8 (Navya and Sujatha,
2023).

Transmittance

-7.59

Ty (it 7T e S

™7 T
360032002800240020 1800 1600

1200 1000 800 600

Wavenumber (cm-1)

Fig. 8 FTIR analysis of control and M2 nanogel
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X-Ray Diffraction (XRD) analysis nature of cellulose, due to interaction between cellulose
and keratin in nanogel matrix and also due to structural
modifications or crosslinking during nanogel synthesis
as showcased in Figure 9 when compared with the
reported data where the hydrogel synthesized showcased
amorphous nature. (Navya and Sujatha, 2023).

The XRD peaks of cellulose nanogels shows the peak at
18-20°, 22-33°, 25-30° and 35-40° with 20 values, the
intense peak attributed to the B-sheet or a-helix structures
in keratin, the (002) plane confirming the crystalline

4000F i j i — Collected Data-1]
3000 B
g
=
[ 2000 T
kS
1000 m
o . . . .
20 40 60 80
Theta/2-Theta[deg]
Fig. 9 XRD peaks of M2 nanogel

Scanning Electron Microscopy (SEM) blending of cellulose and keratin with smooth and

n " hol c ul i uniform surfaces and some rough texture indicates the
The surface morphology o .extracted cellulose nanoge presence of keratin as observed in Figure 10 (Navya and
shows homogenous formation as well as successful .

Sujatha, 2023).

3

Fig. 10 SEM analysis of M2 nanogel
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Swelling rate capacity of prepared cellulosic nanogel

The swelling rate of extracted cellulose nanogels
showcased 167.425% compared with the control nanogel

(497.153%) as observed in Figure 11, when compared
with the cellulose hydrogel reported by Navya 2023
shows 200% swelling capacity at pH 10 (Navya and
Sujatha, 2023).

Swelling capacity

37.153

500

400

300

200

Swelling rate (%)

100

control

Nanogels

7.425

m2

Fig. 11 Swelling rate of extracted cellulose nanogels

Antibacterial activity of prepared cellulose nanogel

The antimicrobial activity of prepared cellulosic
nanogels against bacterial species such as Escherichia
coli, Staphylococcus aureus, Pseudomonas aeruginosa
and Enterobacter gergoviae when compared with control
Tetracycline 30 mcg M2 nanogel showcased Zone of

inhibition such as 18+1; 17£1, 18.33+1.53;
17.33£1.15mm when compared with the control
37.66+£2.08; 26.33+0.57; 28.66+0.57; 21£1 mm as
shown in Table 1 and Figure 12, 13. As per the reported
data by cellulose biomaterials showcased antibacterial
activity against E. coli, S. aurues and C. albicans (Hou et
al., 2009, Patel et al., 2021, Nemes et al., 2022).

Table 1 Antibacterial activity of cellulose nanogels
TET 30mcg M2
E. coli 37.66+2.08 18+1
S. aureus 26.33+0.57 17+1
P. aeruginosa 28.66+0.57 18.33+1.53
E. gergoviae 21+1 17.33%1.15
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Zone of Inhibition (mm
N
S

TET 30mcg

ANTIBACTERIAL ACTIVITY OF CELULLOSE
NANOGELS

E.coli [ES. aureus P. aeruginosa E. gergoviae

Nanogels

Fig. 12 Antibacterial activity of extracted cellulosic nanogels

;;1‘

Control E. coli S. aureus

P. aeruginosa E. gergoviae

Fig. 13 Antibacterial activity of cellulosic nanogels

3. CONCLUSION

The extracted cellulose and the cellulose nanogels were
characterized using various techniques such as XRD to
determine the crystalline nature, FTIR for the presence
of functional groups, and SEM analysis morphology of
the extracted cellulose appears to be rod shaped fibres
and nanogels were homogenous sheets. The cellulose
nanogels showcased antibacterial activity against gram-
positive and gram-negative bacterial species such as
Escherichia coli, Staphylococcus aureus, Pseudomonas
aeruginosa and Enterobacter gergoviae. The prepared
cellulose nanogels also show synergistic activity with
94% arsenic and 60% chromium removal from
contaminated water.

FUTURE PROSPECTS

589

The cellulose nanogel prepared from extracted cellulose
from sugarcane bagasse has bright future potential for
adsorbing heavy metals from contaminated water such as
arsenic and chromium, providing an effective and
environmentally friendly method for water purification.
Using agricultural waste, the waste valorisation approach
lessens the need for hazardous chemicals and improves
the nanogel biocompatibility. Because of their large
surface area and active adsorption sites, the cellulose
nanogels are useful for removing heavy metals. Future
studies might concentrate on incorporating these
nanomaterials into  scalable filtering systems,
investigating regeneration strategies and reusable for
economical reuse, and improving synthesis conditions to
increase adsorption capacity. Furthermore, research into
their effectiveness in various water matrices and long-
term environmental effects will be essential for real-
world use.
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