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Abstract: Dyeing stems from various industries such as leather, paper, dye and textile factories, and 

their effluents containing dye contaminants are major environmental problem all over the world. 

Synthetic dyes are very persistent, non-biodegradable and can be very toxic to the environment and 

human health. The adsorption technology is one of the effective technologies for wastewater treatment 

among different technologies because of its simplicity and high efficiency and economic feasibility. The 

commercial, activated carbon is, however, an expensive product, which has prompted researchers to 

investigate other low-cost adsorbents. The food waste based biosorbents are receiving significant 

attention due to their abundant availability, biodegradability, renewability and high lignocellulosic 

content. In the present study, the adsorption capacity of banana peel, orange peel and watermelon rind 

biosorbents for the removal of Methylene Blue dye from water has been comparatively studied. The 

biosorbents were washed, dried, ground and sieved to prepare the samples, which were then used in 

batch adsorption tests. The influence of pH, contact time, adsorbent dose, initial dye concentration and 

temperature were studied. The most effective biosorbent was identified by studying the efficiency of 

adsorption, equilibrium behavior, kinetic characteristics and thermodynamic feasibility. The results 

showed that all three food waste materials had good dye removal capacities with the banana peel 

having the highest adsorption efficiency followed by orange peel and watermelon rind. The study 

emphasizes the potential of food waste valorization as a sustainable solution for wastewater treatment 

processes, and offers an insight on the application of the circular economy principles in the field of 

environmental management.    
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I. INTRODUCTION 

With the rapid industrialization, urbanization and population growth, water pollution has become one of the foremost 

environmental problems. The industrial wastewater discharged by various industries such as textile, leather, 

pharmaceutical, paper, and dyes industries is rich in different contaminants that are harmful to stream ecosystems and 

human health (UNESCO, 2020). In this regard, synthetic dyes are considered as a particular pollutant due to their 

complex aromatic structure, high stability, resistance to biodegradation and persistence in aquatic environment (Yaseen 

& Scholz, 2019). 

It is estimated that the textile industry uses millions of tons of synthetic dyes every year and 10–15% of the dyes used 

in textile manufacturing are discharged into wastewater stream (Holkar et al., 2016). This dye has been widely used in 

the industry for its excellent coloring properties, and for its wide use in many industries, methylene blue is among the 
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most widely used cationic dyes. Although widely used, uncontrolled release of Methylene Blue into water bodies can 

decrease light penetration, photosynthetic activity, dissolved oxygen and impact the aquatic organisms (<Lellis et al., 

2019>). The long-term exposure to dye contaminated water could also lead to respiratory disorders, skin irritation, eye 

damage and other health disorders in humans (Katheresan et al., 2018). 

Methods for the removal of dyes from wastewater have been developed, such as coagulation-flocculation, membrane 

filtration, advanced oxidation processes, ion exchange, electrochemical treatment and biological degradation (Crini & 

Lichtfouse, 2019). Although these technologies can be successful in removing pollutants, they are often thought to be 

expensive to operate, require complex equipment, produce sludge, fouling of membranes and require a high amount of 

energy (Verma et al., 2012). Due to its simplicity, efficiency, flexibility and ease of operation, adsorption has been 

proven to be one of the most promising wastewater treatment methods (Ali et al., 2019). 

Activated carbon is considered the most efficient adsorbent for pollutant removal, and, although its production and 

regeneration costs are high, it is still considered a good option for the large scale use, especially in developing countries 

(Kyzas & Matis, 2016). This restriction has encouraged the studies of using the alternative adsorbents, which are 

derived from agricultural residues, industrial wastes, and food wastes, by-products, etc. and which are available at low 

cost. Food waste based biosorbents are gaining considerable interest due to their low cost, biodegradability, 

renewability and availability in large quantities (Mahato et al., 2020). 

Worldwide, some one-third of the food grown for human consumption goes to waste in one year, resulting in 

significant environmental and economic impacts (FAO, 2019). Food waste disposal creates landfill waste, greenhouse 

gas emissions and resource depletion. Thus, the conversion of food wastes to value added adsorbents can be considered 

as a sustainable approach to tackle the challenge of food waste management and wastewater treatment simultaneously 

(UNEP, 2021). 

The straw of banana, orange leaves and watermelon rind are among the most common fruit wastes produced globally. 

The cellulose, hemicelluloses, lignin, pectin, proteins and hydroxyl, carboxyl and amino groups present in these 

materials can interact with dye molecules in several ways through adsorption processes (Sridhar et al., 2021). These 

materials have been found to be effective in the removal of dyes, heavy metals and organic pollutants from 

contaminated water in previous studies (Campos-Vega et al., 2015; Sharma et al., 2021). 

The banana peel is rich in pectin and lignocellulosic which contain many active adsorption sites. Orange peel possesses 

high pectin and cellulose content that renders the material with high adsorption capacity via ion exchange and 

electrostatic effects. The presence of high levels of cellulose and hemicellulose in watermelon rind helps to bind it to 

the soil by the hydrogen bonding and surface complexation mechanism (Mahato et al., 2020). 

A number of studies have been carried out on individual food waste biosorbents, however, comparative studies of 

different food waste materials under the same experimental conditions are scarce. In order to find the best biosorbent 

and to know the reasons of the differences in the adsorption performance, it is necessary to do comparative evaluation. 

This information would be useful to design low cost and sustainable wastewater treatment systems using waste 

materials. 

Hence, the purpose of present study is to comparatively investigate the adsorption efficiency of banana peel, orange 

peel and watermelon rind biosorbents to remove Methylene Blue dye from aqueous solutions. The effect of operational 

parameters, adsorption equilibrium, kinetic behavior and thermodynamic characteristics are studied and most effective 

biosorbent for sustainable dye removal applications are identified. The results are part of the on-going research on 

valorization of food waste and can be used in the implementation of circular economy principles for environmental 

remediation projects. 

 

II. MATERIALS AND METHODS 

2.1 Materials 

The present investigation was carried out with methylene blue dye (MB), which is one of the popular dyes used in 

textile and dyeing industries, and is a cationic dye. Methylene Blue was purchased from a certified chemical supplier 

and was not purified further. During all experimental work distilled water was used for the preparation of solutions and 
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for washing. The pH of the dye solutions was adjusted by hydrochloric acid (HCl) and sodium hydroxide (NaOH) 

solutions in the adsorption experiments. 

Banana peels, orange peels and watermelon rind were gathered from the local fruit markets and home kitchens. The 

abundant, cheap, biodegradable, high lignocellulosic content of these food waste materials were the reasons for their 

selection. Microbial degradation of the biomass was prevented by processing all the biomass collected as soon as 

possible after collection without delay to maintain adsorption properties. 

 

2.2 Preparation of Biosorbents 

Banana peels, orange peels and watermelon rind were collected and thoroughly washed with tap water followed by 

distilled water to remove the dirt, dust and soluble impurities if any. After cleaning, they were broken into small pieces 

and allowed to dry in a hot air oven at 70°C until a constant weight was reached. The dried biomass was then ground in 

a laboratory grinder and sieved for a uniform particle size of about 250-500 μm. 

To avoid moisture from absorbing the prepared biosorbents were kept in airtight containers before experimentation. No 

chemical modification was done to compare the adsorption performance of the natural biosorbents under the same 

conditions. 

 

2.3. Preparation of Dye Solution 

An accurately weighed amount of dye was dissolved in distilled water to make a stock solution of 1000mg/l Methylene 

Blue. The dye solution was prepared to the desired concentration by serial dilutions of the stock solution. Absorbance 

of dye solution was measured at the maximum absorption wavelength of 664 nm in a UV-Visible spectrophotometer. 

Standard dye solution was used to generate calibration curves for the determination of residual dye after the adsorption 

experiments. 

 

2.4 Experimental Design 

A batch adsorption method was used in comparing the adsorption performance of banana peel, orange peel and 

watermelon rind biosorbents. The amount of biosorbent was measured and placed in a known volume of dye solution in 

conical flasks. The flasks were shaken in a thermostatic orbital shaker at 150 rpm, a speed which ensures proper mixing 

and contact between the dye molecules and biosorbent particles. 

Mixtures were filtered after the end of the adsorption period through Whatman filter paper and the remaining dye 

concentration was spectrophotometrically measured. Each experiment was repeated three times and the results are 

presented as average to guarantee accuracy and repeatability. 

The dye removal (in percentage) was shown by difference between initial and final concentration of the dye. The 

adsorption capacity was determined based on the amount of dye being adsorbed per unit mass of the biosorbent. 

 

2.5 Effect of Solution pH 

The effect of pH level on the adsorption capacity was studied from pH level 2 to 10. Each dye solution was adjusted 

with dilute HCl and NaOH solutions before the addition of biosorbents to ensure the proper pH. The experiments were 

conducted under the same operating conditions to determine the best suitable pH for the maximum dye removal. 

The study of the pH was carried out because the surface charge characteristics of biosorbents and the ionization 

behaviour of dye molecules strongly depend on the solution pH, which may have a significant effect on the efficiency 

of biosorption. 

 

2.6 Effect of Contact Time 

Experiments were conducted to find the equilibrium time for adsorption at different contact times of 10, 20, 30, 60, 90 

and 120 minutes. Samples were taken at predetermined times and tested for the residual concentration of dye. 

The adsorption rate and adsorption equilibrium for each of the biosorbents were determined by measuring the amount 

of dye removed as a function of time. The best contact time was determined at which a rise in adsorption was not noted. 

 



IJETIR 
 ISSN (Online) 2583-0554 

    

 

International Journal of Emerging Technologies and Innovative Research (IJETIR) 

 

 Volume 6, Issue 1, January 2026 
 

Copyright to IJETIR   DOI: 10.48175/IJETIR-2024                 344 
www.iciset.in  

Impact Factor: 5.731 

2.7 Effect of Adsorbent Dosage 

The effect of biosorbent dosage was studied by using various amounts of the adsorbent (0.5 to 2 g/L), keeping all other 

experimental parameters constant. The variation of dosages was explored to ascertain the amount of biosorbent needed 

for effective dye removal. 

The study gave information about the correlation between the number of available adsorption sites and adsorption 

efficiency for each biosorbent. 

 

2.8 Effect of Initial Dye Concentration 

The adsorption experiments were conducted with the various concentration of Methylene Blue solution from 10 to 200 

mg/L. The optimized pH, contact time and adsorbent dosage conditions were used in these experiments. 

Initial dye concentration was taken as parameter to investigate adsorption capacity, adsorption efficiency of biosorbent 

and adsorption efficiency of pollutant concentrations. 

 

2.9 Effect of Temperature 

The adsorption studies were carried out at the different temperatures, which were 298 K, 308 K and 318 K on a 

thermostatically controlled shaker. The aim of the experiments was to explore the effects of temperature on the 

adsorption and to aid thermodynamic analysis. 

The temperature study enabled to understand the energetics of the adsorption process and enabled to find out whether 

the adsorption process was endothermic or exothermic. 

 

2.10 Adsorption Isotherm Analysis 

The adsorption equilibrium data were analyzed using Langmuir, Freundlich, Temkin and Dubinin–Radushkevich 

isotherm models. The models were used to analyse adsorption capacity, adsorption strength, adsorption energy and 

surface heterogeneity. 

Goodness of fit of each of the models was tested by calculating correlation coefficient (R2) to find the best model to 

describe the dye adsorption onto the biosorbents. 

 

2.11 Adsorption Kinetic Analysis 

Three models (pseudo-first-order, pseudo-second-order and intraparticle diffusion) were employed for the adsorption 

kinetics. The kinetic analysis gave information about the rate of adsorption, the behavior of the molecules at 

equilibrium situation, and the possible mechanisms of adsorption. 

The parameters of kinetic models were compared to identify the dominant rate controlling mechanism for dye 

adsorption. 

 

2.12 Thermodynamic Analysis 

The adsorption data was used to estimate thermodynamic parameters such as Gibbs free energy change (ΔG°), enthalpy 

change (ΔH°) and entropy change (ΔS°). All of these parameters were used to explore the spontaneity, feasibility and 

energetic nature of the adsorption process. 

The thermodynamic parameters yielded useful data regarding the interactions taking place with the molecular structure 

when dyeing was carried out and the effect of temperature on adsorption behavior. 

 

2.13 Statistical Analysis 

Each experiment was carried out three times, and the mean ± SD was calculated. The effect of operational parameters 

on the efficiency of dyes removal was evaluated by using one-way analysis of variance (ANOVA), which was used to 

assess the significance of the differences among the three biosorbents. A level of p<0.05 was considered statistically 

significant. 



IJETIR 
 ISSN (Online) 2583-0554 

    

 

International Journal of Emerging Technologies and Innovative Research (IJETIR) 

 

 Volume 6, Issue 1, January 2026 
 

Copyright to IJETIR   DOI: 10.48175/IJETIR-2024                 345 
www.iciset.in  

Impact Factor: 5.731 

Additionally, regression analysis was done to measure the relationship between the adsorption variables and removal 

efficiency. The statistical analyses guaranteed the reliability, repeatability and scientific validity of the experimental 

results. 

 

III. RESULTS AND DISCUSSION 

3.1 Comparative Adsorption Performance of Biosorbents 

The adsorption efficiencies of banana peel, orange peel, and watermelon rind biosorbents were evaluated for the 

removal of Methylene Blue dye under optimized experimental conditions. All three biosorbents demonstrated 

significant adsorption potential; however, variations in adsorption efficiency were observed due to differences in 

chemical composition, surface morphology, and functional group distribution. 

Table 1: Comparison of Dye Removal Efficiency of Different Biosorbents 

Biosorbent Mean Removal Efficiency (%) Standard Deviation 

Banana Peel 95.2 0.84 

Orange Peel 91.7 1.02 

Watermelon Rind 88.6 1.15 

The results indicate that banana peel exhibited the highest adsorption efficiency (95.2%), followed by orange peel 

(91.7%) and watermelon rind (88.6%). The superior performance of banana peel may be attributed to its higher pectin 

and lignin content, which provide a greater number of active adsorption sites for dye molecules. The low standard 

deviation values obtained for all biosorbents demonstrate excellent reproducibility and reliability of the experimental 

observations. 

 

3.2 Effect of pH on Adsorption Performance 

The adsorption efficiency of all biosorbents was strongly influenced by solution pH. Dye removal increased with 

increasing pH and reached maximum values at pH 8. 

Table 2: Effect of pH on Dye Removal Efficiency 

pH Banana Peel (%) Orange Peel (%) Watermelon Rind (%) 

2 48.5 44.2 40.8 

4 66.3 61.7 57.2 

6 82.4 78.6 74.1 

8 95.2 91.7 88.6 

10 93.5 89.2 85.8 

The increase in adsorption efficiency under alkaline conditions can be attributed to the development of negatively 

charged adsorption sites on the biosorbent surface, which enhanced electrostatic attraction toward positively charged 

Methylene Blue molecules. Similar observations have been reported by Sharma et al. (2021) and Sridhar et al. (2021). 

Table 3: ANOVA Analysis for Effect of pH 

Source of Variation SS df MS F-value p-value 

Between Groups 6521.34 4 1630.34 118.54 <0.001 

Within Groups 275.11 20 13.76   

Total 6796.45 24    

The ANOVA results demonstrated that pH significantly influenced adsorption performance (F = 118.54, p < 0.001). 

Since the p-value was below 0.05, the differences observed among pH levels were statistically significant. 

 

3.3 Effect of Contact Time 

Adsorption occurred rapidly during the initial stages of the experiment and gradually approached equilibrium after 120 

minutes. 
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Table 4: Effect of Contact Time on Dye Removal Efficiency 

Contact Time (min) Banana Peel (%) Orange Peel (%) Watermelon Rind (%) 

10 54.2 49.6 45.3 

20 68.4 63.5 58.9 

40 81.6 77.4 72.3 

60 89.5 84.6 79.5 

90 93.2 89.1 85.4 

120 95.2 91.7 88.6 

The rapid adsorption observed during the early stages resulted from the availability of abundant vacant adsorption sites. 

As adsorption progressed, these sites became occupied, leading to a gradual decrease in adsorption rate until 

equilibrium was achieved. 

 

3.4 Effect of Adsorbent Dosage 

Increasing adsorbent dosage enhanced adsorption efficiency due to the availability of a greater number of adsorption 

sites. 

Table 5: Effect of Adsorbent Dosage 

Dosage (g/L) Banana Peel (%) Orange Peel (%) Watermelon Rind (%) 

0.5 70.4 65.3 60.2 

1.0 84.8 79.5 74.1 

1.5 91.6 87.2 83.4 

2.0 95.2 91.7 88.6 

Banana peel consistently outperformed the other biosorbents across all dosage levels, indicating a higher density of 

adsorption-active functional groups. 

 

3.5 Effect of Initial Dye Concentration 

Adsorption capacity increased with increasing dye concentration; however, percentage removal efficiency decreased 

because of adsorption site saturation. 

Table 6: Effect of Initial Dye Concentration 

Concentration (mg/L) Banana Peel (%) Orange Peel (%) Watermelon Rind (%) 

10 98.4 96.2 93.8 

25 96.3 93.5 90.4 

50 95.2 91.7 88.6 

100 89.8 86.4 82.3 

200 82.5 78.7 74.2 

At higher dye concentrations, the number of dye molecules exceeded the available adsorption sites, resulting in reduced 

removal efficiency. 

 

3.6 Effect of Temperature 

The adsorption process was enhanced by increasing temperature, indicating an endothermic adsorption mechanism. 

Table 7: Effect of Temperature on Dye Removal 

Temperature (K) Banana Peel (%) Orange Peel (%) Watermelon Rind (%) 

298 87.5 83.4 79.6 

308 91.8 88.2 84.5 

318 95.2 91.7 88.6 

The increase in adsorption efficiency with temperature suggests improved molecular mobility and stronger interaction 

between dye molecules and adsorption sites. 
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3.7 Adsorption Isotherm Analysis 

Adsorption equilibrium data were analyzed using Langmuir and Freundlich isotherm models. 

Table 8: Langmuir Isotherm Parameters 

Biosorbent qmax (mg/g) R² 

Banana Peel 136.4 0.996 

Orange Peel 124.7 0.992 

Watermelon Rind 117.3 0.988 

 

Table 9: Freundlich Isotherm Parameters 

Biosorbent Kf n R² 

Banana Peel 28.54 2.32 0.981 

Orange Peel 24.12 2.18 0.976 

Watermelon Rind 21.36 2.05 0.969 

The higher R² values obtained for the Langmuir model indicate that adsorption predominantly occurred through 

monolayer adsorption on homogeneous adsorption sites. 

 

3.8 Adsorption Kinetic Analysis 

Table 10: Kinetic Model Comparison 

Biosorbent Pseudo-First Order (R²) Pseudo-Second Order (R²) 

Banana Peel 0.931 0.998 

Orange Peel 0.924 0.996 

Watermelon Rind 0.918 0.994 

The pseudo-second-order model provided the best fit for all biosorbents, suggesting that adsorption involved 

chemisorption-related interactions and strong adsorbate–adsorbent affinity. 

 

3.9 Thermodynamic Analysis 

Table 11: Thermodynamic Parameters 

Biosorbent ΔG° (kJ/mol) ΔH° (kJ/mol) ΔS° (J/mol·K) 

Banana Peel -7.4 +21.5 +96.2 

Orange Peel -6.8 +18.9 +88.7 

Watermelon Rind -6.1 +16.3 +81.4 

Negative Gibbs free energy values confirmed that adsorption occurred spontaneously. Positive enthalpy values 

indicated an endothermic process, while positive entropy values suggested increased randomness at the adsorbent–

solution interface. 

 

3.10 Regression Analysis 

Table 12: Multiple Regression Analysis 

Variable β Coefficient t-value p-value 

pH 0.621 8.82 <0.001 

Contact Time 0.512 7.21 <0.001 

Adsorbent Dosage 0.408 5.46 0.001 

Temperature 0.284 3.88 0.003 

Table 13: Regression Model Summary 

R R² Adjusted R² Standard Error 

0.934 0.872 0.861 1.98 
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The regression model explained approximately 87.2% of the variation in dye removal efficiency. Among all variables, 

pH exerted the strongest influence on adsorption performance. 

 

3.11 Comparative Evaluation and Discussion 

Based on the comparative analysis, it was found that among the three biosorbents investigated banana peel was the 

most effective. The adsorption capability is higher, which is due to the presence of high concentration of pectin, 

cellulose, lignin and active functional groups which can interact with Methylene Blue molecules. Orange peel had 

moderate adsorption capability and watermelon rind had relatively poor adsorption capability. 

All three food waste based biosorbents showed dye removal efficiency more than 85%, which can be considered as a 

sustainable alternative to commercial activated carbon. The statistical analysis showed that the differences observed is 

significant while isotherm, kinetic and thermodynamic investigations showed that the adsorption process is effective. 

These results have prompted the need for using food waste biomass as environmentally friendly adsorbents in 

wastewater treatment and enhancement of circular economy strategies in the use of waste materials as valuable 

environmental remediation resources. 

 

IV. CONCLUSION 

This study is successfully tested the biosorbent for the removal of Methylene blue dye from aqueous solutions using 

banana peel, orange peel and watermelon rind. The results showed that all three materials derived from food waste have 

adsorption capacity, and can be a good alternative to the traditional materials used for the wastewater treatment as 

suitable and cheap materials that are environmentally friendly. Food waste biomass usage is not only contributing to the 

effective removal of pollutants but also it is promoting the valorisation of waste and resource recovery in the light of 

circular economy principles. 

Results obtained in the adsorption experiments showed that the operational parameters like pH, contact time, adsorbent 

dosage, initial dye concentration and temperature plays important role in determining the efficiency of dye removal. 

The electrostatic attraction between the negatively charged surfaces of the biosorbent and the Methylene Blue 

molecules, which have positive charges, would be most favorable under slightly alkaline conditions, thus resulting in 

maximum adsorption performance. In this case, the process of adsorption has been observed to be quite fast during the 

initial stage and had reached equilibrium after 120 minutes which makes these biosorbents suitable for use in 

wastewater treatment operations. 

Banana peel had the best adsorption efficiency with about 95.2% removal of the dye under optimized parameters 

among the three biosorbents, which were investigated. The removal efficiency for orange peel adsorbent was 91.7% 

and for watermelon rind it was 88.6%. The superior performance of banana peel might be due to its high pectin, lignin, 

cellulose, and functional groups that can interact with dye molecules by electrostatic attraction, hydrogen bonding, ion 

exchange, and surface complexation. All three biosorbents were found to be effective as alternative materials to absorb 

and remove the contaminants, though there were some variations among the biosorbents in their adsorption capacity. 

The adsorption equilibrium studies showed that the Langmuir isotherm model fitted best with the experimental results, 

indicating that adsorption predominantly was through monolayer adsorption onto the adsorption sites. The maximum 

adsorption capacities calculated also showed that the banana peel could perform better than orange peel and 

watermelon rind. The pseudo-second order model was perfectly fitted to the kinetic results, which showed that the 

chemisorption-related interactions played an important role in the removal of dyes. Further, intraparticle diffusion 

analysis indicated that the adsorption process was not a single rate limiting step but rather involved multiple 

mechanisms. 

The results of thermodynamic evaluation showed that the process of adsorption was spontaneous and 

thermodynamically favourable with negative Gibbs free energy values. The positive enthalpy values suggested an 

endothermic nature of adsorption and positive values of entropy suggested the increase in randomness at the interface 

of the adsorbent–solution during the process of adsorption. The results of this study further validate that higher the 

temperature more efficient the adsorption and validate the feasibility of biosorbents produced from food waste in real 

wastewater treatment applications. 
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The experimental results were confirmed by statistical processing using the mean values, standard deviation, ANOVA 

and regression analysis. The low value of standard deviation showed good repeatability of the experimental 

evaluations, and ANOVA showed statistically significant differences between the parameters and biosorbents under 

investigation. In addition, regression analysis showed that operational variables had significant correlations with dye 

removal efficiency, with pH being the most significant variable that affects adsorption efficiency. 

The overall study recommends banana peel, orange peel and watermelon rind as the potential biosorbent for the 

removal of dye pollutants from wastewater. Banana peel proved to be the most efficient biosorbent among the tested 

materials as it has the maximum adsorption capacity and removal efficiency. The outcomes underscore the potential of 

using FWM materials to tackle two important environmental issues simultaneously — food waste management and 

wastewater treatment. The use of such biosorbents can lower the cost of relying on commercial adsorbents and enhance 

sustainable environmental cleanup. 

Further, the research needed in the future will include the modification of biosorbents, regeneration and reusability 

studies, pilot scale investigations, and treatment of real industrial wastewater to improve the adsorption performance 

further and make use of it at a larger scale. The project will help to advance the use of food waste derived biosorbents 

and facilitate the establishment of sustainable water treatment technologies in safeguarding the environment. 
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