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Abstract 

The aquatic life and populations near the contaminated water sources are seriously at risk for health problems 

when dye pollutants are disposed of in surface water sources. This study investigated the potential of using a 

jackfruit waste based on chitosan nanocomposite to treat water contaminated by dyes used in the textile 

industry. Several techniques, including X-ray diffraction, scanning electron microscopy, fluorescence 

spectroscopy, Ultraviolet-visible spectroscopy, and Fourier transform infrared spectroscopy, were used to 

characterize jackfruit waste based on chitosan nanocomposite. Using the batch adsorption method, the suggested 

adsorbent's adsorption capacity was examined. After carefully adjusting the testing parameters, including the 

adsorbent dose (0.3 g), initial dye concentration (80 mg/L), contact period (24 hours), solution pH (6.4), and 

temperature (30 °C), the optimum performance was attained. Utilizing a Jackfruit Waste Based on Chitosan 

Nanocomposite, Rhodamine dye was able to be removed from water with an efficiency of 90.0% utilizing the 

Langmuir and Freundlich isotherms, respectively. The adsorbent exhibited heterogeneous surfaces, and 

Rhodamine Dye adsorbed spontaneously via thermodynamics. Investigations were conducted into the 

antibacterial activity of Jackfruit Waste Based on Chitosan Nanocomposite. Furthermore, the present results 

reveal that Jackfruit Waste Based on Chitosan Nanocomposite is promising in future for the removal of organic 

dyes and other contaminants like toxic heavy metals from water and wastewater. 
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Introduction 

The processing industry of Jackfruit (Artocarpus 

heterophyllus lam) produced a significant amount of 

waste, which was disposed of as peel, seed, and latex. 

If these wastes are not properly disposed of, they are 

known to result in major environmental issues such 

greenhouse gas emissions, asphyxiation, offensive 

odors, and water pollution. The most crucial thing is 

to use the bioactive compounds from these waste 

materials for their prospective uses as flavoring, 

colorant, antioxidant, and texturizing agents 

(Trilokesh and Kiran Babu, 2023; Antunes and 

Cavaco, 2010; Fonseca et al., 2002). Animal feed can 

be made from solid waste that is produced during 

various unit activities, such as coring and peeling, and 

has a high nutritional value. If fruit wastes can be 

transformed into such a variety of value-added goods, 

the fruit processing facility will turn a profit (Bajwa et 

al., 2016, Ganesh Moorthy et al., 2017, Chomlog et 

al., 2019). According to recent reports, significant 

lignocellulosic biomass made from jackfruit waste 

was biochemically characterized (Chomlog et al., 

2019). The jack fruit tree is widely grown in India and 

is well-known for its edible fruit and seeds. The waste 

from non-edible jackfruit is usually burned or 

dumped in landfills. 13,460 acres are under 

cultivation for jackfruit in India (Ganesh Moorthy et 

al., 2017). In India, 2700–11800 kg of non-edible 

garbage are produced annually (Ganesh Moorthy et 

al., 2017). A key component in supporting the circular 

economy might be the biorefinery that uses jackfruit 

waste to produce bioenergy ( Bergstron, 2013). 

 

In the present work, synthesis and characterization of 

Jackfruit waste based on Chitosan Nanocomposite to 

explore its form, crystallographic structure, and 

thermal properties. According to a number of studies, 

leftover jackfruit can be used to create inexpensive, 

efficient adsorbents that can be used to remove heavy 

metals and harmful colors from the environment 

(Abdulmohsen et al., 2022; Abbas, 2013; Domun et 

al., 2015; Gu et al., 2013). Peel from jackfruit was 

chosen as a predecessor because of its inherent 

durability and strength. The activation method may 

tolerate harsh circumstances for precursors with high 

mechanical strength, which increases the yield of 

adsorbent. The goals of the investigation were to 

produce a green blend of Jackfruit Waste Based on 

Chitosan Nanocomposite for photodegradation, 

antimicrobial activity, and dye adsorption, as well as 

to synthesize based on Chitosan Nanocomposite by 

green course using Jackfruit Peel product peels. Gram 

negative bacteria were tested for the antibacterial 

qualities of the Jackfruit Waste Based on Chitosan 

Nanocomposite. In particular, the effects of 

adsorption and physical and chemical alteration of 

the jackfruit waste based on chitosan nanocomposite 

at equilibrium were examined for dye uptake. As a 

result, a color adsorption process based on chitosan 

nanocomposite made from fruit peels was presented 

for jackfruit waste. 

 

Materials and methods 

Chemicals, reagents, and media 

Analytical grade Raw Chitosan, Glacial Acetic Acid, 

and Rhodamine dye was purchased from Sigma 

Aldrich Pvt Ltd, India. Bacterial isolates, Gram-

positive Staphylococcus aureus and Bacillus subtilis, 

and Gram-negative Escherichia coli, Enterobacter sp 

and Pseudomonas fluorescens were procured from 

standard vendors. 

 

Preparation of jackfruit peel waste powder 

Jackfruit Peel waste was acquired from nearby 

markets and a local fruit Market. After being carefully 

cleaned three times with tap water to remove any dirt 

or water-soluble contaminants, they were roughly 

chopped into small pieces with a knife and then finely 

processed using a food processor. They were then 

dried in an oven set to 50°C for 48 hours after being 

exposed to the sun for a week until they were crisp. 

After that, they were powdered and given three 

successive washes in distilled water to get rid of the 

color and turbidity. Subsequently, the particles were 

sieved in order to choose a range of mesh sizes for use 

as adsorbents in this investigation. For later usage, 

the fine powder was gathered and kept in an airtight 

container. 
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Synthesis of chitosan nanocomposite using jackfruit 

peel waste powder  

The following is how chitosan nanocomposite has 

been created. 95 ml of distilled water were used to 

dissolve 1 g of the raw chitosan powder. 5 milliliters of 

acetic acid were added to this mixture. The solution 

was agitated for 24 h at room temperature. For 

twenty minutes, the stirring reaction was conducted. 

After that, 1 g of powdered leftover jackfruit peel 

powder was added and stirred for 30 minutes. The 

reaction was conducted in a boiling water bath with a 

nitrogen environment and a flow rate of 1 ml/min. 

Following the completion of the reaction, the final 

product is dried for two hours at 60°C in a hot air 

oven. 

 

Photocatalytic activity 

Under UV light illumination, the photocatalytic 

activity of Jackfruit Waste Based on Chitosan 

Nanocomposite was investigated by measuring the 

amount of rhodamine dye that degraded in an 

aqueous solution. To make a suspension, 0.1g of the 

adsorbent and 0.2 L of dye were mixed together in a 

known quantity. The suspension was shaken to 

guarantee that the adsorbent was exposed to light in 

an even manner. The distance between the bulb and 

the beaker base under UV light was 13 cm. 

Throughout each experiment, which was conducted 

every 180 minutes, a 10 mL sample of a liquid was 

taken every 20 minutes. After the photocatalyst was 

removed, the dye degradation was monitored using a 

Shimadzu UV1650 PC spectrometer and 

centrifugation at 3000 rpm for 20 minutes. The 

decreasing absorbance was measured at regular 

intervals between 0 and 180 minutes. 

 

Batch equilibrium studies 

In order to obtain the required concentration of 

Rhodamine dye solution (20-120mg/L) through 

equilibrium studies for a 100-ml stock of equilibrium, 

the Rhodamine dye solution was prepared and 

diluted. 0.1g of Jackfruit Waste Based on Chitosan 

Nanocomposite was added to each flask, and it was 

shaken for the 24hrs. Studies on equilibrium were 

done at different adsorbent doses (1.0, 2.0, 3.0g/L), 

temperatures (300C, 450C, 600C) and pH levels (5.4, 

6.4, 7.4) Following the solutions' centrifugation, the 

transparent liquid was measured at 590 nm using 

spectrophotometer. The equilibrium adsorption rate, 

qe (mg/g), was calculated by 

q� = C� − C�
m  × v             (1) 

Where, CI and CF are the liquid-phase concentrations 

of dye at initial time and equilibrium (mg/L), 

consecutively; V is the volume of solution (L); and m 

is the mass of used dry adsorbent (g).  

 

Antibacterial assay 

The antibacterial activity of the Jackfruit Waste Based 

on Chitosan Nanocomposite was tested using the agar 

well diffusion method. The bacterial strains were 

cultured in nutritional broth (NB) at 35°C for the 

entire night. The inocula of Pseudomonas 

fluorescens, Bacillus subtilis, Staphylococcus aureus, 

Enterobacter sp and Escherichia coli were evenly 

dispersed on the surface of nutrient agar plates. 

Different doses of the jackfruit waste based on 

chitosan nanocomposite (25, 50, 75, and 100 g/mL) 

were applied. The plates were incubated at room 

temperature for duration of 24 hours. The 

antibacterial activity was measured by measuring the 

inhibitory zone that developed around the well. 

Following three replicates of each measurement, the 

means and standard error of the means were 

calculated. 

 

Results and discussion 

UV–visible spectroscopy 

The UV-visible diffuse reflectance spectra of the 

nanocomposite fabricated from jackfruit waste are 

shown in Fig. 1. The collected UV-visible diffuse 

spectra at room temperature range from 200 to 1100 

nm. While Jackfruit Waste Based on Chitosan 

Nanocomposite has its absorption peak in the range 

520 nm, chitosan increases its absorption edge to 

longer wavelengths in the range 300-900 nm (Aadr et 

al., 2008). 

 

The selected concentration of Jackfruit Waste Based 

on Chitosan Nanocomposite dopant in fruit skin 
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creates oxygen vacancies as a result of the charge 

compensation effect, which enables the Jackfruit 

Waste Based on Chitosan Nanocomposite to migrate 

towards the visible range (Ahamed et al., 2015; 

Manjusha et al., 2012). The band gap of the 

concentration of Jackfruit Waste Based on Chitosan 

Nanocomposite is 2.60 eV, in agreement with 

previous research. This highlights the fact that 

significant changes can be seen in the presence of 

high chitosan concentrations and that the fruit peel 

host lattice is closely linked to the apparent 

absorption phenomenon of Jackfruit Waste Based on 

Chitosan Nanocomposite. 

 

Fig. 1. Absorption spectra of jackfruit waste based on 

chitosan nanocomposite 

 

Fig. 2. X-ray diffraction (xrd) analysis of jackfruit 

waste based on chitosan nanocomposite 

 

Fig. 3. FTIR spectra of Jackfruit Waste Based on 

Chitosan Nanocomposite 

 

X-Ray diffraction 

The X-ray diffraction patterns of a chitosan and 

Jackfruit Waste Based on Chitosan Nanocomposite 

are given in Fig. 2. The XRD pattern's significant 

crystallinity in the (1 1 1) and (2 0 0) planes was 

responsible for the distinctive peaks of the Jackfruit 

Waste Based on Chitosan Nanocomposite (Fig. 2), 

which were located at 21.84° and 40.6°, respectively 

(Avinash et al., 2015; Liu et al., 2015; Liu et al., 

2016). All of the diffraction peaks provide strong 

evidence for the cubic anatase structure of the 

Jackfruit Waste Based on Chitosan Nanocomposite 

(JCPDS card 00-006-0696). In contrast to the 

chitosan NPs, the chitosan peaks in the XRD pattern 

of the Jackfruit Waste Based on Chitosan 

Nanocomposite were seen to weaken and move right. 

The peak intensities of the Jackfruit Waste Based on 

Chitosan Nanocomposite increase with chitosan 

content, according to the nanocomposite XRD 

pattern. The stronger hydrogen bonds in the chitosan 

complex that result from its combination with 

chitosan could account for these results. Each peak's 

shape was widened since the chitosan polymer and 

Jackfruit composite were present. 

 

Fourier transforms infrared spectroscopy 

FT-IR spectra of the jackfruit waste based on the 

chitosan nanocomposite are displayed in Fig. 3. The 

N–H stretching of hydrogen-bonded amino groups 

and the C–H stretching vibration of alkyl are 

represented by the characteristic bands at 3441 to 

2923 cm−1, the C–H stretching of CH2 in fatty acids 

by the band at 2426 cm−1, and the C≡C terminal 

alkynes by the band at 2333 cm−1(Avinash et al., 

2015; Azhar et al., 2005; Jamroz et al., 2019; 

oberdorster et al., 2005). The conjugated alkenes 

with symmetric C=C stretching are responsible for the 

bands observed at 1729 cm−1. In comparison to the 

pure Jackfruit Waste based on Chitosan 

Nanocomposite, the bands shift between 800 and 

400 cm−1 because of the presence of C–Br stretch 

alkyl halides, acetylenic C–H bend alkynes, and C–H 

bend (mono) aromatics (Camila et al., 2014; 

Jyotishkumar et al., 2009). The stretching vibration 

of the C-N stretch aliphatic amines on the surface of 

the jackfruit waste based on chitosan nanocomposite 

is responsible for the large peaks that occur at 1070 

cm-1 (Zapata et al., 2008). 
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According to the results of the FTIR study, the fruit 

peel macromolecules and the C–N stretch aliphatic 

amines inorganic network were bonded by both 

covalent and hydrogen bonds in the jackfruit waste 

based on chitosan nanocomposite, as indicated in 

(Table 1). 

 

Table 1. Peak and functional group of jackfruit waste 

based on chitosan nanocomposite 

SL Peak 
(cm-1) 

Functional Group 

1 3441 N–H stretching with hydrogen 
bonded amino 
groups 

2 2923 C–H stretching vibration of alkyl 
3 2426 C-H stretching of CH2 in fatty acid 
4 2333 C≡C terminal alkynes 
5 1729 C=C stretch (conjugated) alkenes 
6 1449 C–N stretch aliphatic amines 
7 1070 C-H bend (mono) aromatics 
8 780 acetylenic C-H bend alkynes 
9 617 C–Br stretch alkyl halides 

 

Fig. 4. The particle size and distribution of Jackfruit 

Waste Based on Chitosan Nanocomposite 

 

Fig. 5. SEM image of jackfruit waste based on 

chitosan nanocomposite 

 

Dynamic light scattering 

To ascertain the size distribution of the chitosan 

nanocomposite derived from Jackfruit waste, 

Dynamic Light Scattering (DLS) was employed. The 

amount of scattered light that passes through a 

nanoparticle solution is measured using the DLS 

technique (Dhand et al., 2016; Domun et al., 2015). 

The average size was determined using most of the 

particle sizes present in a sample. The results show 

that the Jackfruit Waste Based on Chitosan 

Nanocomposite was synthesized.  As seen in Fig. 4, 

the average size distribution was found to be 74 nm. 

 

Scanning electron microscopy 

The size and form of the Jackfruit Waste Based on 

Chitosan Nanocomposite were assessed by SEM 

analysis presents the chitosan-based nanocomposite's 

SEM micrograph of the wasted jackfruit fruit in an 

easy-to-read manner. The average diameter of the 

composite particle is around 200 nm, and its particle 

size is uniform (Egusquiaguirre et al., 2012; Bulut et 

al., 2006). The backdrop of chitosan and jackfruit 

waste-based chitosan nanocomposite binding is 

shown in vivid detail in the Fig. 5. 

 

It was discovered that the chitosan nanocomposite 

made of Jackfruit waste  was widely dispersed and 

offered a rough surface area for attachment. Jackfruit 

Waste Based on Chitosan Nanocomposite exhibits 

uneven nanocomposite clusters with agglomerated 

and spherical shape, as is seen in Fig. 5. 

 

FL spectroscopy 

Fig. 6 displays the fluorescence spectrum of the 

jackfruit waste-based chitosan nanocomposite. 

Jackfruit waste based on chitosan nanocomposite was 

discovered to have a maximum fluorescence peak of 

687 nm at the excitation wavelength of the 

Fluorescence (FL) band, which appears at 591 nm 

(Elhariry, 2011). These findings show that the 

concentration and particle size of the chitosan 

nanocomposite based on jackfruit waste affected both 

the fluorescence emission band intensity and the 

absorption band (Faure et al., 2019). The 

fluorescence spectra of Jackfruit waste based chitosan 

nanocomposite present at a succession of emission in 

the domain 300 to 800 nm. 

 

Photocatalytic properties of jackfruit waste based on 

chitosan nanocomposite 

The Rhodamine dye's degradation under UV light was 

utilized to gauge the photocatalytic activity of 

Jackfruit Waste Based on Chitosan Nanocomposite.  
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Fig. 6. Fluorescence spectra of jackfruit waste based 

on chitosan nanocomposite 

 

  

(a) (b) 

Fig. 7. (a) Percent degradation of Rhodamine dye 

with Jackfruit Waste Based on Chitosan 

Nanocomposite and (b) UV−visible spectra 

 

Fig. 8. Reaction Mechanism for the degradation of 

rhodamine 

 

 

Fig. 9. Zone of inhibition of Jackfruit Waste Based on 

Chitosan Nanocomposite various bacterial strains 

Rhodamine dye is a common industrial pollutant and 

an important family of synthetic organic dyes used in 

the textile industry (El Nemr et al., 2009; Ghaffari-

Moghaddam et al., 2014). The interaction between 

the dye molecule and the photocatalyst increased the 

degradation efficiency (Gu et al., 2013). The Jackfruit 

Waste Based on Chitosan Nanocomposite that were 

generated under UV irradiation decolored 

Rhodamine dye by 94% in around 180 minutes, 

indicating that silver nanoparticles had completely 

broken down the dye molecules (Sanchez-Martína et 

al., 201; Taha et al., 2020). According to Glogowski et 

al. (2006), the increasing removal of the absorption 

bands of Rhodamine dye indicated that the functional 

groups that gave the dye its unique color were 

disintegrating. The time-dependent UV-vis 

absorption spectra of rhodamine dye in the presence 

of Jackfruit Waste Based on Chitosan Nanocomposite 

are displayed in Fig. 7 (a) and 7(b). 

 

Mechanism of photocatalytic degradation of the dye 

The breakdown of rhodamine dye is shown in Fig. 8 

as a process that is dependent on light. Prior to being 

exposed to ultraviolet light, the dye is adsorbed on the 

catalyst's surface (in this case, a Jackfruit Waste 

Based on Chitosan Nanocomposite - CS NCs). This 

allows the valence electrons to be excited and migrate 

from the valence band to the conduction band, lifting 

a positive hole (h+) inside the valence band (GuifuZuo 

et al., 2010; Hameed and El-Khaiary, 2008a; 2008b). 

Adsorbed water molecules on the surface of the 

photocatalyst react with positive holes and free 

electrons to produce •OH radicals, and free electrons 

change dissolved oxygen into superoxide anion O2
• 

radicals. These light-generated radicals degrade the 

dye molecules into simple molecules like CO2 and 

H2O (Han et al., 2006; 2008; Taha et al., 2020). 
 

CS NCs + hν → e− + h +  

H2O + h+ → OH・+ H +  

O2 + e− → O2・−  

OH + dye → degradable product  

O2 – + dye → degradable product 

 

Antibacterial activity 

The goal of this work was to assess the synthesized 

Jackfruit Waste Based on Chitosan Nanocomposite 
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with its antimicrobial activity and its dependence of 

that action on the chosen microbial species, namely, 

staphylococcus aureus, Pseudomonas sp, Bacillus 

subtilis, Enterobacter and Escherichia coli. The 

different species of bacteria shown zone of inhibition 

in the well diffusion method of antimicrobial activity 

were investigated (Jayakumar et al., 2010; Kumar et 

al., 2020). The different patterns of the zone of 

inhibitions were observed in Fig. 9. Synthesized 

Jackfruit Waste Based on Chitosan Nanocomposite 

showed antibacterial activity against both Gram-

positive and negative bacteria. Pathogenic bacteria 

are grown in nutrient broth and 24 hrs culture of 

these strains were swabbed uniformly onto the 

individuals plates containing muller hinton agar 

using sterile cotton swabs (Krishnarao et al., 2012; 

Jin et al., 2009). About 5 wells were made and the 

purified Jackfruit Waste Based on Chitosan 

Nanocomposite at different weight like 25 µl, 50 µl, 75 

µl and 100 µl were added into each well on all plates. 

The plates were incubated for 24 h at 37°C in an 

incubator. After incubation the different levels of zone 

formation around the well was measured as shown in 

(Table 2). 

 

Table 2. Zone of inhibition of Jackfruit Waste Based 

on Chitosan Nanocomposite against selected bacterial 

Strains 

Zone of inhibition (mm in diameter) 
Conc. Bacillus  

subtilis 
E. 

coli 
Enterobacter 

sp. 
S. 

aureus 
P.  

fluorescens 
25 µl 1.6 1.8 2 2.0 1.2 
50 µl 1.9 2 2.4 2.2 1.8 
75 µl 2.0 2.4 2.5 2.4 2.0 
100 µl 2.2 3.5 2.5 2.6 2.2 

S= Staphylococcus, P= Pseudomonas, E= Escherichia, 

E= Enterobacter 

 

Fig. 10. Effect of Rhodamine dye uptakes at different 

dosages with dye concentration 

Adsorption of rhodamine dye 

Effect of adsorbent dosages 

As the dosage level was increased and the original dye 

concentration was lowered, the efficiency of dye 

removal increased (Azhar et al., 2005). According to 

Kaur et al. (2007), the ideal equilibrium time for 

different dyes with distinct charcoal adsorbents 

derived from agricultural leftovers (bagasse, 

groundnut shells, pea shells, tea leaves, and wheat 

straw) is between four and five hours. Generally 

speaking, dye adsorption rose as sorbent dosage 

increased. Kaur et al. (2007) a sorbent dose of 5 (g/L) 

was applied for acidic dyes, the ratios of dye sorbed 

had gotten close to their maximum values (Kaur et 

al., 2007).  Hema et al. (2007) reported the 

experimental results of the adsorptions of Rhodamine 

B (RDB), Malachite green (MG), and Congo red (CR) 

at different initial concentrations (5, 10, 15, 20, 25, 

and 30 mg/L) with contact time on activated carbon. 

As the initial concentration of Rhodamine dye is 

increased, the % adsorption drops; nevertheless, as 

the dye concentration increases, the actual amount of 

dye adsorbed per unit mass of Jackfruit Waste Based 

on Chitosan Nanocomposite increases (Fig. 10). This 

indicates that the initial dye concentration has a 

significant impact on the adsorption (Hema et al., 

2007, Shanker and Chinniagounder, 2012) 

Rhodamine dye solution was used in the studies, 

initially diluted to 20 to 120 mg/L, and stirred at 30 

°C with 0.1 mg/L of jackfruit waste based on chitosan 

nanocomposite. As illustrated in Fig. 10, adsorption 

at various dye concentrations began quickly and 

subsequently decreased progressively as adsorption 

progressed until equilibrium was attained. El Nemr et 

al. (2009) credit the quick adsorption at the first 

contact period to the positively charged surface of the 

Jackfruit Waste Based on Chitosan Nanocomposite. 

According to Shanker and Chinniagounder (2012), 

the rhodamine dye solution required a contact period 

of 24 hours to attain equilibrium.  Because of the low 

ratio of starting dye molecules to surface area at lower 

concentrations, fractional adsorption becomes 

independent of starting concentration (Hema et al., 

2007). According to Shanker and Chinniagounder 

(2012), dye molecules must first experience the 
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boundary layer effect before diffusing from the 

boundary layer film onto the adsorbent surface and, 

ultimately, into the adsorbent's porous structure. 

 

Fig. 11. Effect of Rhodamine dye uptakes at different 

temperatures with dye concentration 

 

Fig. 12. Effect of Rhodamine dye uptakes at different 

pH with dye concentration 

 

Fig. 13. Langmuir isotherm for the adsorption of 

Rhodamine dye using Jackfruit Waste Based on 

Chitosan Nanocomposite at different adsorbent 

dosages 

 

Fig. 14. Langmuir isotherm for the adsorption of 

Rhodamine dye using Jackfruit Waste Based on 

Chitosan Nanocomposite at different pH 

Fig. 10 shows the impact of an adsorbent Jackfruit 

Waste based on Chitosan Nanocomposite doses on 

the elimination of Rhodamine dye from an aqueous 

solution with a starting concentration of 100 mg/L of 

Rhodamine dye. According to Pugazhendhi et al. 

(2015), the elimination of Rhodamine dye increased 

as the adsorbent dose rose. This data can be explained 

by the fact that an increase in adsorbent dose led to 

an increase in the number of active sites on the 

adsorbent surface, which in turn increased the 

amount of Rhodamine dye removed. The % removal 

of Rhodamine dye approaches nearly a constant value 

beyond a certain level (0.3 g for Jackfruit Waste 

Based on Chitosan Nanocomposite) (Szakiel et al., 

2012; Rajan et al., 2015; Poots et al., 1976; Pashaei-

Fakhri et al., 2021). The decrease in the gradient in 

concentration of rhodamine dye molecules could be 

the cause of this. At optimal conditions, the maximum 

removal of Rhodamine dye for Jackfruit Waste Based 

on Chitosan Nanocomposite was found to be 78.0 

mg/g (Szakiel et al., 2012; Rajan et al., 2015; Pashaei-

Fakhri et al., 2021). 

 

Effect of temperature  

Kaur et al., (2007) demonstrated the adsorption of 

dye at temperature utilizing an environmental 

Jackfruit Waste Based on Chitosan Nanocomposite. 

The difference in the adsorbent rate could be caused 

by the quantity of positive charges present on the 

sorbent surface, which prevents the negatively 

charged dye molecule from being rejected and 

increases adsorption. As temperature increased, so 

did the dye's adsorption (Fig.  11). For Rhodamine dye 

at 100 mg/L concentration, the greatest percentage 

removal of 98.2 mg/g was achieved with an adsorbent 

dose of 3.0 g/L. The availability of additional surface 

area for adsorption by the adsorbent was the cause of 

the rise in dye adsorption with adsorbent dosage. It 

was discovered that dye adsorption was higher at 

higher temperatures than it was at lower ones 

(Lucarelli et al., 2000; Poots et al., 1976; Ho and 

McKay, 1998a; 1998b; Namasivayam et al., 1998, 

Namasivayam et al., 2001). The curves show a high 

tendency for the process to generate monolayers. 
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Fig. 15. Langmuir isotherm for the adsorption of 

Rhodamine dye using Jackfruit Waste Based on 

Chitosan Nanocomposite at different temperatures 

 

Fig. 16. Freundlich isotherm for the adsorption of 

Rhodamine dye using Jackfruit Waste Based on 

Chitosan Nanocomposite at different adsorbent 

dosages 

 

Fig. 17. Freundlich isotherm for the adsorption of 

Rhodamine dye using Jackfruit Waste Based on 

Chitosan Nanocomposite at different pH 

 

Fig. 18. Freundlich isotherm for the adsorption of 

dye using Jackfruit Waste Based on Chitosan 

Nanocomposite at different temperatures 

In addition to producing a swelling effect within the 

internal structure of the nanomaterial, a temperature 

increase would increase the mobility of the large dye 

ion and allow the large dye molecule to penetrate 

further (Namasivayam et al., 2001, Namasivayam and 

Kavitha, 2002; Ho and McKay, 1999). As a result, the 

chemical interaction between the functional groups 

on the adsorbent surface and the adsorbate should be 

the primary determinant of the adsorption capacity, 

which should rise as temperature does (Namasivayam 

et al. 2001; Namasivayam and Kavitha, 2002; Ho and 

McKay, 1999). 

 

Effect of pH 

One crucial characteristic that controls the adsorption 

process is the pH of the solution. This study examined 

how the pH of the solution affected the utilisation of 

jackfruit waste to remove rhodamine dye. Based on 

the study of Chitosan Nanocomposite with varying 

solution pH, the findings are shown in Fig. 12. As the 

pH rose from 5.4 to 6.4, there was a rise in the 

elimination of rhodamine dye. The pH of 6.4 

produced the highest percentage of Rhodamine dye 

removal (Waranusantigul et al., 2003; Yi et al., 2010). 

The reason for the rise in Rhodamine dye removal as 

the pH of the solution rises is that at low pH levels, 

the surface of the adsorbent Jackfruit Waste Based on 

Chitosan Nanocomposite became more positively 

charged, which decreased the attraction of 

Rhodamine dye to the adsorbent's active sites (Mckay 

et al., 1987). Because the adsorbent surface is more 

negatively charged at higher pH levels, more 

Rhodamine dye molecules are drawn to it. The zero 

point charge of the adsorbent (pHzpc) can be used to 

describe how pH affects the elimination of rhodamine 

dye. When the pH of the solution is lower than pHzpc, 

the adsorbent surface is positive. Because of 

competition between the ions and positive dye 

molecules in the aqueous solution, there were fewer 

dye molecule uptakes under these conditions. Even 

though the adsorbent surface is negatively charged, 

the solution pH increase above indicates a modest 

increase in adsorption-as long as the Rhodamine dye 

molecules are positively charged (Hameed and 

Khaiary, 2008).  
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Table 3. Langmuir and freundlich isotherm constants at different adsorbent dosages, ph and temperatures 

(rhodamine- jackfruit waste based on chitosan nanocomposite) 

Adsorbent Dosage (g/L) Longmuir Isotherm -model parameters Freundlich Isotherm -model parameters 
1.0 K= 80.63; b= 1.24; R2= 0.9906 KF=1.0395; n= 0.96; R2= 0.9435 
2.0 K=35.27;  b= 2.58; R2= 0.9964 KF=0.9872; n=1.01; R2= 0.9433 
3.0 K= 24.80; b=4.03;R2= 0.9892 KF = 2.5704; n= 0.398; R2= 0.8964 
pH Langmuir Isotherm -model parameters Freundlich Isotherm -model parameters 
5.4 K= 41.55; b= 2.14; R2= 0.9915 KF=0.5344; n=0.996; R2= 0.9435 
6.4 K= 80.63; b= 1.24; R2= 0.9906 KF=1.0395; n= 0.96; R2= 0.9435 
7.4 K= 70.57; b= 0.93;R2= 0.9920 KF= 0.936; n=1.06; R2= 0.9493 
Temperature (0C) Langmuir Isotherm -model parameters Freundlich Isotherm -model parameters 
30 K= 80.63; b= 1.24; R2= 0.9435 KF=1.039; n= 0.96; R2= 0.9435 
40 K=68.29; b= 2.09; R2= 0.9457 KF = 0616; n= 0.62; R2= 0.9457 
60 K= 14.11; b= 7.87; R2= 0.9942 KF = 0.484; n= 0.531; R2= 0.9261 

 

The pH of 6.4 was determined to be the ideal value 

based on the current findings for the upcoming 

experimental investigations. The initial pH of the 

solution can have a big impact on how well dyes 

adsorb. In this instance, the adsorbent's surface 

(Jackfruit Waste Based on Chitosan Nanocomposite) 

becomes highly protonated at low pH, or acidic 

circumstances, which favors the anionic type of 

adsorption of the aforementioned group of 

Rhodamine dye. A decrease in adsorption is observed 

as the pH of the Jackfruit Waste Based on Chitosan 

Nanocomposite is raised because the surface's degree 

of protonation gradually decreases (Ofomaja, 2008). 

Moreover, species of Rhodamine dye and hydroxide 

ions (OH) compete with one another when pH rises, 

with the former being the more prevalent species at 

higher pH levels (Ncibi et al., 2007; 

Parameswaranpillai et al., 2015). Reduced sorption 

capacity ultimately results in a decrease in the 

percentage of Rhodamine dye adsorption. This is 

because the net positive surface potential of sorbent 

media decreases, which in turn reduces the 

electrostatic attraction between the (sorbent) 

Rhodamine dye species and the (sorbate) adsorbent 

material surface Jackfruit Waste Based on Chitosan 

Nanocomposite. 

 

Langmuir and Freundlich isotherm 

Adsorption Isotherms the Langmuir and Freundlich 

(Langmuir, 1916; Freundlich, 1906) models are the 

two adsorption isotherm models (Eq-2-5) that have 

been used to characterize the adsorption properties of 

the adsorbents. The previously stated adsorption 

isotherm models were examined in their nonlinear 

version. The Langmuir theory's fundamental premise 

is that decolorization occurs at particular locations 

inside the adsorbent. The decolorization experiment 

data from this study was fitted into an isotherm 

equation with respect to temperature, pH, and 

adsorbent doses. 

q� = KbC�
(1 + bC�)                         (2) 

1
q�

= 1
K + 1

KbC�
                          (3) 

Where Ce is the equilibrium concentration of the 

Rhodamine dye solution (mg/L), K is the Langmuir 

constant associated with the affinity of the 

Rhodamine dye molecule to the adsorbent (L/mg), 

and qe is the adsorption capacity at equilibrium 

(mg/g). Table 3 lists the corresponding coefficient of 

determination values (R2) for the adsorption isotherm 

parameters, which were determined by fitting the 

adsorption isotherm data to the adsorption isotherm 

models. The existence of distinct functional groups on 

the surface and/or varied adsorbent–adsorbate 

interactions are the causes of the heterogeneity. 

 

A plot of (1/qe vs 1/Ce) resulted in a linear graphical 

relation indicating the applicability of the above 

model as shown in Fig 13-15. Where qe is the 

adsorption capacity at equilibrium (mg/ g), the values 

are calculated from the slope and intercept of 

different straight line representing the different 

adsorbent dosages, pH and temperature (b) energy of 

adsorption and (k) adsorption capacity and Q0 is 

represented by (K) as shown in Table 3. 
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The Langmuir isotherm constant (Q0) in eqn (3) is a 

measure of the amount of dye adsorbed, when the 

monolayer is completed. The Langmuir isotherm and 

surface can be applied, as shown by the R2 values, 

which are almost equal to unity and show a 

statistically significant linear relationship at the 95% 

confidence level.  

 

For heterogeneous surface energy systems, the 

Freundlich isotherm is employed (Ho and McKay 

1998; 1998b; Ho and McKay, 1999; McKay et al., 

1987; Namasivayam et al., 1998, Namasivayam et al., 

2001).  The observation revealed that the Freundlich 

adsorption isotherm model has higher R2 values and 

lower error values. This suggests that the model 

provides a more accurate description of the 

adsorption of Rhodamine dye onto the adsorbents. It 

was proposed that the adsorbents' heterogeneous 

adsorption surface. Rhodamine dye and adsorbent 

affinity was predicted using the separation factor, 

which was calculated using adsorption isotherm 

characteristics (Weber and Chakraborty, 1974). 

 

The sorption isotherm is the most convenient form of 

representing the experimental data at sorbent 

dosages, pH and temperature as shown in Fig. 16-18. 

q� = K�C�
�/�                        (4) 

1nq� = ����
��

����� 
                   (5)  

The various constants, associated with the isotherm 

are the intercept, which is roughly an indicator of 

sorption capacity (kf) and the slope (1/n) sorption 

intensity as shown in (Table 3). 

 

Conclusion 

In summary, we have successfully prepared an 

effective adsorption of dyes, photocatalytic and 

antimicrobial Jackfruit Waste Based on Chitosan 

Nanocomposite with the help of sol–gel and 

precipitation method. XRD, UV and FTIR confirmed 

the Jackfruit Waste Based on Chitosan 

nanocomposite characteristic featuring 

nanocrystalline in tetragonal anatase phase. SEM 

analysis revealed the spherically agglomerated 

morphology was investigated. The presence of 

Jackfruit Waste Based on Chitosan Nanocomposite 

played a vital role in altering physiochemical and 

antimicrobial activity of Jackfruit Waste Based on 

Chitosan Nanocomposite. This paper provides a 

protocol for the synthesis of a new hybrid material 

which has antimicrobial activity. Jackfruit Waste 

Based on Chitosan Nanocomposite showed 

appreciable photocatalytic activity against 

Rhodamine dye under UV irradiation and the 

degradation efficiency was estimated to be 94% in 180 

min. Overall, According to the FTIR analysis, the 

Jackfruit Waste Based on Chitosan Nanocomposite 

has a high concentration of carboxylic, amine, and 

hydroxyl groups on its surface. These groups promote 

strong interactions between the adsorbent and the 

adsorbate, which raises the adsorption capacity and 

dye removal effectiveness. Anions and cations are 

present in equal numbers in the wastewater solution, 

as indicated by the optimal adsorption at pH 6.4. For 

adsorbent doses more than 0.3 g/L, the adsorption 

capacity was negligible even though it rise further 

with adsorbent dose. Due to insufficient adsorption 

sites, the equilibrium took a bit longer to reach for 

solution concentrations above 80 mg/L. Nevertheless, 

the equilibrium was attained within 24 hours of 

adsorption. The experimental adsorption data was 

well fitted by a Langmuir and Freundlich isotherm 

model, indicating that the dye removal procedure 

utilizing Jackfruit Waste Based on Chitosan 

Nanocomposite is a good one. This work 

demonstrates the remarkable adsorption 

performance of a low-cost, sustainable biowaste-

derived Jackfruit Waste Based on Chitosan 

Nanocomposite towards textile dyes. Furthermore, 

after undergoing additional acid and basic 

treatments, approximately 95% of the Jackfruit Waste 

Based on Chitosan Nanocomposite can be recovered 

and used again for additional dye adsorption. 
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